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Saline Water in

the Little Arkansas River Basin Area,

South-Central Kansas

CONCLUSIONS

Ground water in unconsolidated deposits of Pleisto-
cene age in part of the Little Arkansas River basin
has been polluted by the influx of saline water. The
source of the saline water generally is oil-field brine
that leaked from disposal ponds on the land surface.
Locally, pollution by saline water also has been
caused by upwelling of oil-field brine injected under
pressure into the “lost-circulation zone” of the Lower
Permian Wellington Formation and, possibly, by
leakage of brine from corroded or improperly cased
disposal wells. Anomalously high concentrations of
chloride ion in some reaches of the Little Arkansas
River probably can be attributed to pollution by
municipal wastes rather than from inflow of saline
ground water.

Hydraulic connection exists between the “lost-
circulation zone” and unconsolidated deposits, as evi-
denced by the continuing development of sinkholes,
by the continuing discharge of saline water through
springs and seeps along the Arkansas River south of
the Little Arkansas River basin and by changes in
the chloride concentration in water pumped from
wells in the “lost-circulation zone.”

The hydraulic head in the “lost-circulation zone”
is below the base of the unconsolidated deposits, and
much below the potentiometric surface of the aquifer
in those deposits. Any movement of water, therefore,
would be downward from the “fresh-water” aquifer
to the saline “lost-circulation zone.”

INTRODUCTION

Deposits of sand and gravel in the Little Arkansas
River basin form one of the most productive aquifers
in Kansas. Ground water from wells in the deposits
is the principal water supply for all uses in the basin.
Withdrawals of ground water are expected to in-
crease from about 88,000 acre-feet (110 hm3)! in 1973
to about 210,000 acre-feet (260 hm?) in 2000 (Kansas
Water Resources Board, unpub. data, 1972). The
possibility that the reduction in hydraulic head asso-
ciated with such a large increase in withdrawals
might cause saline-water intrusion from underlying
rocks of Permian age is of concern to local water users
and to State water-planning and management agen-
cies. Degradation in chemical quality of the fresh-
water supply could inhibit continued economic growth
in the area.

This study, made by the Kansas Geological Survey
and the U.S. Geological Survey, analyzes available
information and evaluates the potential for pollution
of fresh water in the principal aquifer under the with-
drawal pattern of the mid-1970’s, especially in the
area of the well field used by the city of Wichita for
municipal water supply (fig. 1).

1 A conversion of English/metric units and abbreviations is
given on page 3 of this report.
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Ficure 1.—Location of Little Arkansas River basin and the well field used by the city of Wichita for municipal water supply.

The purpose of the study is to summarize infor-
mation concerning the nature, areal distribution, and
hydrology of permeable zones in the Permian rocks,
and to analyze the hydraulic-head relation between
the zones and the overlying alluvial aquifer. Data
from chemical analyses of ground water and of low
streamflow and data from water-level measurements
in wells were evaluated to determine the hydraulic
connection between aquifers.

In this report, water is classed generally in terms
of dissolved-solids concentrations in mg/1 (milligrams
per liter). Fresh water is defined as having less than
1,000 mg/1 dissolved solids, saline water is 1,000 to
35,000 mg/1, and brine is more than 35,000 mg/L

The effects of saline-water intrusion from the un-
derlying Permian rocks could be obscured by similar
effects produced from other sources of saline water
{table 1). For example, past practices for disposing of
oil-field brine have introduced salts into the soil and
alluvial aquifers, causing localized pollution of water
supplies in the basin area. Therefore, it was necessary
to draw pertinent information from an extensive body
of published and unpublished data describing the
geology; the recovery and storage of oil, gas, and salt;
the disposal of municipal and industrial waste; and
the quality, development, and use of water supplies.

Information was compiled from published compre-
hensive reports including those by Williams and Loh-

man (1949), Petri and others (1964), and a compendium
of reports relating to the proposed storage of atomic
wastes in the Kansas salt beds (Bayne and Brinkley,
1972). This information was supplemented by data
obtained from published reports of limited scope and
distribution; from files of government agencies and
private industry; and from oral and written commu-
nications with individuals. Field data were collected
only when required for interpretation of information
from other sources. References to published informa-
tion are included in the comprehensive reports; there-

TasLE 1.—Potential sources of significant quantities of saline
water, both natural and manmade, in the Little Arkansas River
basin area.

1. NATURAL SOURCES
A. Wellington Formation
(1) Hutchinson Salt Member (sodium chloride )
(2) Lower gypsiferous section (calcium sulfate)
(3) Solution zones
B. Dakota and Kiowa Formations
C. Unconsolidated sediments ( weathering products)

2. MANMADE SOURCES
A. Oil-field brine
(1) Residual salts from surface disposal ponds
(2) Shallow disposal wells ( “lost-circulation zone”)
(3) Improperly cased or plugged production, injection,
or disposal wells
B. Wastes from development and operation of LPG storage
sites
. Municipal or industrial waste
(1) Surface disposal drains or ponds
(2) Subsurface disposal wells
. Irrigation return flow (subsurface drainage)
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fore, duplication herein was deemed unnecessary.

Data from maps compiled by D. B. Richards
(written commun., 1972) showing the configuration
of the water table in the alluvial aquifers and of the
underlying bedrock surface were used extensively for
compilation and analysis of information. A general-
ized map showing the saturated thickness of Quater-
nary deposits also was compiled from data and maps
by D. B. Richards (written commun., 1972) to expedite
preparation of this report.

Acknowledgment of the efforts of each of many
persons who have contributed information used in
this report would be impractical. However, the au-
thors are particularly grateful to Messrs. Ralph O’Con-
nor and William Biegler, District Geologists for the
Kansas Department of Health and Environment, for
providing unpublished data, for suggesting potential
sources of information, and for facilitating collection
of additional basic data vital to the study. Their as-
sistance in providing perspective that governed the
selection and evaluation of pertinent data eliminated
much fruitless and time-consuming research.

Well-Numbering System

The system of numbering wells and test holes in
this report is based on the U.S. Bureau of Land Man-
agement’s system of land subdivision. The first num-
ber indicates the township; the second indicates the
range west or east of the sixth principal meridian;
and the third indicates the section in which the well
is located. The first letter denotes the quarter section
of 160-acre (65-hm?) tract; the second, the quarter-
quarter section or 40-acre (16-hm?®) tract; and the
third, the quarter-quarter-quarter section or 10-acre
(4-hm?) tract. The letters are designated a, D, ¢, and
d in a counterclockwise direction beginning in the
northeast quarter of the section. Where there is more
than one well in a 10-acre (4-hm?) tract, consecutive
numbers are added in the order which the wells are
inventoried. For example 19-4W-34baa indicates a
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Rosw | Raw _|rR3w mz2w] Riw
Cor = i St
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I I 17
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Ficure 2.—Diagram showing the system of numbering wells

and test holes in Kansas.

well in the northeast quarter of the northeast quarter
of the northwest quarter of sec. 34, T.19S., R4 W.
(fig. 2).

For those readers who are familiar with or are
interested in the metric system, the English units of
measurements given in this report also are given in
equivalent metric units (in parentheses) using the
following abbreviations and conversion factors:

English unit Multiply by Metric unit

inch (in) 2.540 centimeter (cm )

foot (ft) .3048 meter (m)

mile (mi) 1.609 kilometer (km)

acre .4047 square hectometers
(hm?)

square mile (mi*) 2.590 square kilometers (km?)

acre-feet (acre-ft) 1.233 X 10 cubic hectometers

(hm?)
cubic feet per second cubic meters per second
(£t%/s) .0283 (m®/s)

barrel (bbl) 1590

cubic meters (m®)
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GEOHYDROLOGIC SETTING!

The relation of unconsolidated deposits to con-
solidated bedrock formations in the Little Arkansas
River basin area is shown on the surficial-geologic
map (pl. 1). Also shown are the locations of geologic
sections thdt are pertinent to interpretation of sub-
surface geology.

In the vicinity of the Wichita well field (fig. 1),
undifferentiated deposits of Pleistocene age (mostly
alluvium) overlie bedrock units of Early Permian age.
The alluvium consists primarily of heterogeneous,
interfingered lenses of silt, clay, sand, and gravel;
individual lenses do not extend over large areas. As
much as 250 feet (76 m) of saturated alluvium occurs
in a buried valley known as the McPherson channel
and nearly 300 feet (91 m) of saturated alluvium
occurs in an ancestral channel of the Arkansas River
(pl. 2). Ground water in the alluvium is recharged
by the infiltration of precipitation within the basin.
Discharge of ground water from the alluvium is to
streams, springs, wells, the underlying rocks of Per-
mian age, and by evapotranspiration,

Ground-water movement in the alluvium of the
basin generally is southeastward and southward to-
ward the confluence of the Arkansas and Little Ar-
kansas Rivers. Locally, water moves toward the
channels of the Little Arkansas River and its major
tributaries. In the southern part of the basin, water-
level gradients adjacent to the major streams indicate
that most of the streamflow during periods of little
precipitation is contributed by inflow of ground water.
At the northern end of the basin near McPherson,
gradients indicate that some ground water moves
northward into the Smoky Hill River drainage.

Rocks of Early Permian age that underlie the
alluvium consist primarily of shale, gypsum, anhydrite,
and salt; they represent (in ascending order) the
Wellington Formation, Ninnescah Shale, and Stone
Corral Formation of the Sumner Group. These rocks
were deposited mostly under marine conditions when
the sea was restricted in area and the climate was
arid (Williams and Lohman, 1949, p. 78). Ground
water in the Lower Permian rocks generally is highly
saline water or brine occurring in solution channels
and evaporite-solution breccias in the Wellington
Formation. The water is recharged principally by

1 The classification and nomenclature of rock units used in
this report are those of the Kansas Geological Survey and differ
somewhat from those of the U.S. Geological Survey.
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leakage from the overlying alluvium and is discharged
to streams and springs. Some recharge may be de-
rived from precipitation on the outcrop area along
the eastern margin of the basin and move down-
gradient in the Permian rocks or laterally into the
alluvium.

Locally, saline water is pumped from wells in the
Wellington Formation for secondary recovery of oil
and for displacement of liquified petroleum gas (LPG)
stored in “jugs,” or manmade solution cavities, con-
structed in salt beds in the Wellington.
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Wellington Formation

In Reno County, the Wellington Formation can
be divided in the subsurface into three members as
shown by the type geophysical log in figure 3. The
lowest part, termed the lower anhydrite member, con-
sists of about 200 feet (61 m) of gray anhydrite and
shale with several beds of dolomite. The middle part,

the Hutchinson Salt Member, consists of

feet (107 m) of salt with lesser amounts of shale and

about 350 nescah Shale.

anhydrite. The uppermost part, termed the upper
shale member, consists mainly of gray shale with thin
beds of gypsum, anhydrite, dolomite, and siltstone.
The upper shale member is reported to be about 250
feet (76 m) thick, but the upper contact may be ques-
tionable at some locations because the member con-
tains red beds similar to those in the overlying Nin-
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Detailed logs and cores of the complete section
of the Wellington Formation in Rice County, about
25 miles (40 km) west of McPherson, show the fol-
lowing ranges in thickness—lower anhydrite member,
137 to 168 feet (42 to 51 m); Hutchinson Salt Member,
269 to 281 feet (82 to 86 m); and upper shale member,
187 to 252 feet (57 to 77 m), although placement of
the upper contact may be questionable. Abrupt
truncation of the eastern edge of the salt, as shown
by some authors (fig. 4), is ascribed to dissolution
rather than to nondeposition or to facies change.

The Wellington Formation dips gently westward
from the Little Arkansas River basin. If the thickness
and composition of the formation had remained con-
stant in the subsurface and the dip had extended
uniformly, the Hutchinson Salt Member would have
subcropped at the base of the unconsolidated aquifers
and would have cropped out on the east side of the
basin. Geologic section Y-Y’, shown on figure 5, has
been modified from Williams and Lohman (1949) to
show the projected top of the Hutchinson Salt. The
projected intersections with the bedrock surface are
based on the assumption that the contact between the
Wellington and overlying Ninnescah Shale, shown in
published geologic sections, is correctly placed about
200 feet (61 m) above the salt. In the subsurface
east of the McPherson channel and on the surface
east of the basin, the salt is conspicuously absent.

The primary porosity and permeability of the rocks
of the Wellington Formation are characteristically
low, but the included salt and anhydrite beds are
soluble in fresh water. Where fresh water is in con-

tact with evaporite beds, solution channels capable
of transmitting large quantities of water can develop
and grow as long as circulation is maintained.

Because wells drilled into the solution cavities
generally result in a rapid loss of drilling fluids, local
drillers and geologists use the term “lost-circulation
zone.” The term is used in this report to describe
that interval within the Hutchinson Salt Member
where the solution cavities commonly occur. The
interval also has been called the “shallow disposal
zone” owing to the large volumes of oil-field brines
that formerly were discharged into the interval.

Test holes in the basin commonly penetrate shale
and gypsum below the bedrock surface in the strati-
graphic position where the Hutchinson Salt Member
would be projected. North and west of the projected
intersection of the Hutchinson Salt Member and the
bedrock surface, shown on section Y-Y’, dissolution
and removal of the salt evidently was caused by
ground-water circulation beneath the upper shale
member of the Wellington.

Correlation of logs of oil wells (Lee, 1956) sug-
gests that the shale settled on residual debris after
dissolution and removal of all or part of the under-
lying salt and anhydrite, as shown on section W-W’
in figure 6. This process of dissolution and collapse
leads to formation of evaporite-solution breccias.
Relatively thin, and probably discontinuous remmants
of salt were reportedly identified beneath shale in
the subsurface east of the McPherson channel on the
basis of drillers’ and geophysical logs according to
Goebel (Bayne and Brinkley, 1972). The fine-grained
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residual debris that remains after partial dissolution
of the salt may restrict the circulation of water and
preserve the remainder of the salt.

“Lost-Circulation Zone”

Drilling fluids commonly are lost in solution cav-
ities at depths from about 350 to 550 feet (107 to
168 m) below land surface in or near the area of
subsidence. This highly permeable interval or “lost-
circulation zone” is of varying thickness and is ob-
served at the stratigraphic position of the Hutchinson
Salt Member.

The reported depth below land surface to the top
of the “lost-circulation zone” generally increases south-
ward from about 350 feet (107 m) near McPherson
to about 550 feet (168 m) at the Arkansas River. The
altitude of the top of the zone generally decreases
from about 1,100 to 1,000 feet (335 to 305 m) above
mean sea level, a difference of 100 feet (30 m), in the
35-mile (56-km) interval along the line of wells. The
minimum altitude of the eroded surface of the Wel-
lington Formation in the basin is about 1,160 feet
(354 m) in the Wichita well field west of Halstead
where the salt evidently has been removed (J. D.

Winslow, written commun., 1971). Well records in-
dicate that the “lost-circulation zone” does not inter-
sect the bedrock surface anywhere in the basin,

Where the “lost-circulation zone” underlies oil
fields, its limits are fairly well defined by the locations
of shallow disposal wells; elsewhere the limits are
questionable. According to oil-field workers, permea-
bility in the Wellington Formation would be inade-
quate for disposal east of the county road between
Burrton and McPherson. In a well drilled through
the Wellington Formation into the underlying Chase
Group about 1.5 miles (2.4 km) southeast of Burrton,
the zone was reported to be absent. Logs of several
wells drilled east of the existing disposal wells sub-
stantiate the reports. Solution evidently progressed
until the remaining salt was unable to support the
open structure, and the channels collapsed or were
plugged with residual material that prevented the
circulation of water.

Cursory examination of radioactivity logs of wells
in the Burrton and Buhler oil fields revealed that
the most permeable zones commonly appear near
the top of the evaporite section, but these zones are
not necessarily correlative from well to well. The
top of the shallow disposal zone varied as much as




and of fresh water in the overlying unconsolidated aquifer west of McPherson.

2

[Dissolved constituents and hardness given in milligrams per liter.]

TasLe 2—Chemical analyses of brine from “lost-circulation zone
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system, probably faults or fractures in the Wellington
Formation, to cause dissolution of the salt. In the
past, large quantities of the resulting brines probably
moved out of the basin through similar permeable
systems so that the weakened beds collapsed.

South of the Little Arkansas River basin, the
Arkansas River and its tributaries have deeply eroded
the Wellington Formation so that the confining layers
over the “lost-circulation zone” appear to have been
breached. High concentrations of chloride are con-
tained in water from the alluvium along the Arkansas
River. Saline-water springs issue from the Wellington
Formation in Sumner County near Belle Plaine,
Adamsville, and Geuda Springs (Walters, 1961).
Highly mineralized water containing more than 32,000
mg/l of chloride from flowing wells in the NEX4 of
sec. 27, T.33 S., R2 E. is believed to originate in the
salt zone (R. E. O’Connor, oral commun., 1973). This
area and the channel of the Arkansas River adjacent
to it may represent the discharge area for water in
the “lost-circulation zone” in the Little Arkansas
River basin.

RELATIVE HYDRAULIC HEADS
Results of Water-Level Measurements

Upward movement of saline water from the “lost-
circulation zone” into the alluvial aquifer could occur
only if the hydraulic head in the zone is higher than
the head in the overlying aquifer. Nearly simul-
taneous measurements of water levels in wells in the
“lost-circulation zone” (locally termed salt-water wells)
and in wells in the overlying alluvium (fresh-water
wells) were compared at three sites in the basin dur-
ing March and May 1973 (fig. 7). Measurements in
the Burrton and Buhler fields were facilitated by Mr.
Harold Millard of Tomlinson Oil Company, Wichita,
who acidized the wells and altered the well-head
fittings. Water levels in wells of Security Under-
ground Storage, Inc., near Conway, are based on
pressure readings in air tubes obtained with the assis-
tance of Messrs. L. D. Stephenson, General Manager,
and Jack O'Neill, Plant Superintendent. Records of
measurements in wells located near Clearwater (29-
2W-2), were provided by Mr. H. V. Coates, Manager
of Technical Process Engineering, Vulcan Materials
Co., Oatville,

At all the sites, the altitudes of water levels in the
“lost-circulation zone” were higher than the reported
top of the zone, but were lower than the bedrock
surface and lower than water levels in the overlying
alluvium (table 3). The configuration of the water
table in the alluvium in the Little Arkansas River
basin area is shown on plate 3.

At site 1 in the Burrton field, the computed height
of the potentiometric surface of the brine (h;) above
the top of the “lost-circulation zone” in the salt-water
well was 280 feet (85 m); the computed height of
the water level in a fresh-water well in the alluvial
aquifer (h;) was 456 feet (139 m) above the top of
the zone; and the difference in hydraulic head (ah)
was 176 feet (34 m). Similarly, the differences in head
were computed to be 85 feet (26 m) at site 2 in the
Bubhler field and 99 feet (30 m) at site 3 near Conway.
In 1961, the static level of the brine in the well in
sec. 26, T.29 S., R.2 W., south of the basin near Clear-
water, was reportedly about 60 feet (18 m) lower than
the water level in the overlying fresh-water aquifer
and about 10 feet (3 m) below the bedrock surface
(H. V. Coates, oral commun., 1973),

Where hydraulic connection exists between the
fresh-water aquifer and the “lost-circulation zone,” as
indicated by the area of numerous sinkholes and sur-
face depressions shown on plate 2, fresh water would
move downward toward the zone with the lower
hydraulic head. The measured water levels suggest
that local drawdowns in the alluvium of at least 80
feet (24 m) or an equivalent increase in head in the
“lost-circulation zone” would be necessary to induce
saline water to flow upward into the fresh-water
aquifers. If the head of brine in the “lost-circulation
zone” is converted to that of fresh water based on the
density of saturated salt water, however, the amount
of drawdown or equivalent increase in head needed
to induce intrusion would be smaller.

Density Differences

If it is assumed that water in the “lost-circulation
zone” is saturated with salt and that water in the
overlying rocks is fresh, the calculated difference in
head between the zone and the fresh-water aquifer
(Ahg) would be less than that computed in wells
(ah) having fluids of different densities. The specific
gravity of water saturated with salt (NaCl) is about
1.17. Therefore, the calculated height of an equiva-
lent column of fresh water (af.) above the zone would
be 1.17 times greater than the computed height of
a column of salt water.

Measurements at site 1 in the Burrton field show
that the altitude of fresh water in the shallow aquifer
was 1,446 feet (441 1n). If the top of the “lost-circula-
tion zone” at an altitude of 990 feet (302 m) is chosen
as datum, the hydraulic head of the brine (hs) at an
altitude of 1,270 feet (387 m) is 280 feet (85 m). Thus,
the head in the fresh-water aquifer is 176 feet (54 m)
higher than the head of the brine (Ah) in the zone.
The calculated head (hf.) of a fresh-water column
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above the zone at this site is given by:

hf. =1.17 hs
=117 x 280
= 328 feet (100 m)

The measured fresh-water level (hf) in the shallow
aquifer was about 456 feet (139 m) above datum,
which is 128 feet (39 m) higher than the calculated
head of a fresh-water column (hf.) above the “lost-
circulation zone.” The residual difference (Ahy) is
the part of the total difference (Ah) not accounted
for by density differences and probably represents
head loss across the intervening beds. If there had
been no recent disposal in the zone, the difference
might have been larger.

Results of similar computations using measure-
ments at site 2, in the Buhler field, show that the
measured altitude of the fresh water in the alluvial
aquifer was only about 18 feet (5 m) higher than the
head of the equivalent fresh-water column above the
“lost-circulation zone” calculated from density differ-
ences. By allowing for errors in assumptions regard-
ing the depth to the permeable zone, the specific
gravity of the waters, and continuity of water move-
ment through fractured Permian rock, the system
actually could be in static equilibrium in some parts
of the basin. If the top of the “lost-circulation zone”
is at an altitude of 912 feet (278 m) instead of the
reported 1,020 feet (311 m), density differences alone
could account for the difference in water level and
hydraulic head of the two zones. In that case, a
relatively small decrease in water level in the fresh-
water aquifers or a small increase in head in the
“lost-circulation zone” could reverse the apparent
hydraulic gradient.

EVIDENCE FOR HYDRAULIC CONNECTION
Continuing Subsidence

Active subsidence of the land surface along the
west side of the McPherson channel from a point
northeast of Conway southward to Colwich is cited
by several authors as evidence for continued solution
along the truncated eastern margin of the salt. Sink-
holes and undrained depressions that are readily ap-
parent on topographic maps and aerial photographs
roughly delineate the extent of the solution zone in
the subsurface (pl. 2). Abrupt northeastward deflec-
tions of the generally southeastward courses of the
Little Arkansas River and other streams where they
cross the solution zone (pl. 2) probably are not
coincidental. These topographic features, which im-
ply circulation of water within a permeable and
porous evaporite sequence and continuing subsidence,

Kansas Geol. Survey—Chemical Quality Series No. 3

began to form long before widespread pumpage of
water and oil began. Many of the depressions pre-
date historical record, but new sinks appear each year.
Thousands of dollars have been spent in Saline, Mec-
Pherson, Reno, Harvey, and Sedgwick Counties to
realign roads, railroads, bridges, and pipelines offset
by subsidence along the salt front (F. W. Wilson,
Kansas Geological Survey, written commun., 1973).

Continued subsidence of the land surface implies
circulation of ground water and consequent dissolu-
tion and transportation of large volumes of salt and
gypsum. A minor part of the subsidence may repre-
sent washing of fine-grained material into the inter-
stices of underlying channel sand and gravel, but
most was initiated by solution. Data from oil wells re-
vealed extensive development of secondary porosity
and permeability in the evaporites in the subsurface
near the truncated margin of the salt.

Most of the former disposal wells north of Burrton
are near the center or on the steep west bank of the
McPherson channel (pl. 2). South of the Little Ar-
kansas River, the trend of these wells diverges south-
westward across a saddle in the bedrock surface be-
tween Burrton and the Arkansas River. This saddle
may reflect subsidence of the bedrock surface over
the “lost-circulation zone.” Although no disposal wells
are known east of the trend, their absence may only
reflect the absence of oil production. Sinkholes and
larger undrained depressions there suggest active
solution in the subsurface; therefore, additional study
of available subsurface data to define the presence
or absence of the “lost-circulation zone” between the
line of disposal wells and the Wichita well field is
warranted.

Chemical-Quality Changes During Pumping

Site 3 is near the southern edge of a topographic
depression (Big Basin) that encompasses more than
4 square miles (10 km?) as shown in figure 8. The
depression probably was formed by subsidence re-
sulting from dissolution of the underlying salt. Active
subsidence suggests hydraulic connection between the
unconsolidated deposits and the “lost-circulation
zone,” but chemical analyses of samples collected
from fresh-water well 2 and salt-water well 1 in
March 1973 (table 2) indicate no mixing of the fresh
water with the brine. Instead, the head relations and
topography suggest that the overlying fresh-water
aquifers are a local source of recharge to the “lost-
circulation zone.”

Changes in the salt content of water from wells
in the “lost-circulation zone” suggest localized con-
nection with the overlying fresh-water aquifers. When




Leonard and Kleinschmidt—Saline Water In the Little Arkansas River Basin Arca, South-Central Kansas 13

R. 4 Ww.
M F
v
£
"(" Big Basin
¥
“Q‘ T
28 .Obersv"( 27 .
X
. k"*‘&
Williams v
ol F =
\ U.5. 56 M )““**&.\."u*y)
2 .
s |.\s if F-3087s.40
e oors 19
5.5 S-6 F-l
®5-7
33 34 S.
) /2 | MILE
bttt 1 . ]
0 172 | KILOMETER

EXPLANATION

®5-|
Salt-water wetll
with name or identification number

oF-1
Fresh-water well
with identification number

[
Test hole
drilted to'lost-circulation zone”

Ficure 8.—Location of salt-water and fresh-water wells near
Conway (Security Underground Storage, Inc.).

pumping begins, water from the wells is about 85
percent saturated with salt. With continued pumping
it soon becomes saturated. The chemical analyses and
hydrometer readings show that the assumed value
for specific gravity of 1.17 used for calculation is
valid. Lateral movement of salt water into the well
bore evidently far exceeds the rate of local infiltration
of fresh water into the aquifer. A thin layer of in-
filtrated fresh water probably overlies salt water in
the “lost-circulation zone” until stratification is de-
stroyed by turbulent mixing during pumping.

The ratio of sodium to chloride concentrations in
the sample from salt-water well 1 was 0.64 (concentra-
tions in mg/1), which is typical of water from the
Permian rocks; it indicates that the water is unaffected
by oil-field brine. Sodium-to-chloride ratios in oil-
field brines normally are less than 0.50 (Leonard,
1964). Wells that previously discharged brine into the
“lost-circulation zone” are located about 4 miles (6 km)

south and about 10 miles (16 km) north of the well
field.

POLLUTION OF WATER IN THE ALLUVIUM

More than 45 wells are known to have been used
for shallow disposal of oil-field brine in the basin (pl.
2); most of them were drilled specifically for that
purpose. Some abandoned oil wells were converted
to disposal wells by perforation of the casing opposite
permeable zones. In 1936, about 22,500 barrels (3,600
m3) of brine per day containing about 60,000 mg/1
of chloride were discharged by 15 shallow disposal
wells in the part of the Burrton field that is in the
Little Arkansas River basin. However, none of the
shallow disposal wells in the basin are in operation
at present (1975), because State regulations require
a minimum depth of 1,000 feet (305 m) for disposal
of oil-field brine in this area.

Pressure Injection of Brine

The fluid column above the injection zone in the
Wellington normally provided adequate head for
gravity disposal of large volumes of brine into the
formation. However, well-head pressure was applied
in the Burrton area. Localized pollution of potable
water in the overlying unconsolidated aquifers by
upwelling of salt water around the casings of some
wells was recognized in the late 1930’s. At that time,
the State ordered the use of pressure to be discon-
tinued on wells injecting into the shallow zone.
Pollution effects from this previous method of dis-
posal apparently persist in the Burrton area.

Subsequently, most of the oil-field brine that was
separated from oil produced in the basin was returned
to the deep producing formations, but the use of a
few shallow disposal wells continued until recent
years. The shallow wells were checked periodically
with vacuum gages to ascertain that the injection
zone was accepting brine under gravity conditions.
Negative readings of 15 to 30 inches (38 to 76 cm) of
mercury during injection were common (R. E. O’Con-
nor, written commun., 1973). Oil production in the
basin is declining. As the casings became clogged
with deposits of manganese and iron sulfides, the
shallow disposal wells that could not be rejuvenated
by acidification generally were abandoned and
plugged. Use of several disposal wells was discon-
tinued bccause solution of salt by injected brine or
by leakage of ground water from the overlying
aquifers apparently caused sinkholes at the sites.
Some subsidence in the basin undoubtedly resulted
from one or both of these causes, but a relatively
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infinitesimal part of the total subsidence above the
solution zone secems to be man-induced.

Changes in Chloride Concentration

Results of more than 4,500 chemical analyses of
samples of ground water were compiled from private
and public files to describe the areal, vertical, and
chronological distribution of the ions. The data were
recorded on digital tapes and punch cards to facilitate
analysis and interpretation. Preliminary evaluation
of the data, utilizing ecomputer programs developed
by D. V. Maddy and J. M. McNellis, reveals that a
comprehensive description of water quality in the
basin would be extremely difficult because of the
manner in which water samples were collected for
analysis.

With the exception of the Wichita area, where
systematic sampling began in 1940, analyses are er-
ratically distributed in time and space. Methods of
collection and analysis of the samples varied widely,
many sampling locations are poorly or inaccurately
recorded, and the depth of the zones sampled com-
monly are poorly defined. Some of the most useful
information consists of analyses of samples from
municipal wells which were provided by the Kansas
Department of Health and Environment (G. A. Stol-
tenberg, written commun., 1973). However, the sam-
ples were labeled according to local numbering sys-
tems that were not necessarily consistent from year
to year. Even after organization and evaluation of
the data, the locations where many of the samples
were collected are questionable.

The natural waters from the unconsolidated aqui-
fers in the basin normally contain less than 100 mg/]
of chloride ion; therefore, higher concentrations com-
monly indicate the presence of oil-field brine or other
pollutants. Calcium and bicarbonate are the principal
ions in unpolluted water; high concentrations of
sodium and chloride generally indicate pollution with
oil-field brine. The concentration of chloride in sam-
ples from most of the municipal-supply wells in the
basin was less than 50 mg/l. Notable exceptions in-
clude samples from Galva and Burrton where exces-
sive concentrations of dissolved solids, mainly sodium
and chloride, have caused abandonment of several
wells. As late as 1972, the city of Burrton found it
necessary to construct a new supply well about 2
miles (3.2 km) north of the original well field. At
both Galva and Burrton the source of saline water
appears to be oilfield brine introduced into the
aquifers through surface ponds or shallow disposal
wells several decades before stringent legislation reg-
ulating brine disposal had been enacted. Problems

with excessive hardness, iron, and manganese have
caused several other cities to seek new sources of
ground water; however, low concentrations of chloride
suggest that these problems are unrelated to intrusion
from the “lost-circulation zone” or to pollution from
oil-field brine.

The configuration and position of the regional
water table in the unconsolidated aquifers (pl. 3)
suggest that water containing high concentrations of
dissolved solids west of the Wichita well field in the
vicinity of Burrton might move into the supply wells.
To evaluate that possibility, the city of Wichita estab-
lished outpost wells upgradient from the well field.
Chemical analyses by city personnel of samples col-
lected periodically from the outpost wells and the
city wells (D. Withrow, written commun., 1972) show
that the concentration of chloride in samples from
some wells in and adjacent to the western part of the
field fluctuated widely and varied with depth.

Maximum concentrations of chloride measured
during various periods since 1935 and the trend of
changes in concentration from 1966-72 are shown
with reported sampling depths in plate 4. Most of
the samples from municipal wells probably represent
a mixture of waters from various zones. In general,
the concentration of chloride increased with depth
in the unconsolidated aquifer. The relation could be
caused by upward movement of saline water through
natural fractures in the bedrock or through wells.
However, stratification due to the infiltration of di-
lutant rainfall and to the greater density of saline
water than that of fresh water is more probable. In
the vicinity of disposal ponds, the highest concentra-
tions of chloride normally occur near the surface
(Williams and Lohman, 1949). Because of the in-
homogeneity of the unconsolidated deposits, high con-
centrations of saline water in the affected aquifers
can occur anywhere in the saturated section.

In the area adjacent to the western part of the
well field (fig. 9) relatively high concentrations of
chloride (100 to 500 mg/l) are increasing with time
as a result of lateral migration of saline water from
the vicinity of the Burrton field and from the Arkansas
River valley. However, in the areas of greatest draw-
down in the Wichita field (1940-72), the maximum
concentrations of chloride did not increase appre-
ciably. In some parts of the field, such as northwest
of Bentley, the concentrations have decreased slightly.

The geologic section shown in figure 10 is approx-
imately parallel to the direction of maximum slope
of the water table in the fresh-water aquifer. The
location map (fig. 11) shows the relation of disposal
wells, active sinkholes, the approximate boundary of
the salt (according to Kulstad, 1959), and the apparent
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Saline Water In the Litile Arkansas River Basin Area, South-Central Kansas

Leonard and Kleinschmidt
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eastward movement of the isochlor representing 200
mg/l of chloride. Also shown are locations of five
recommended sites for test holes to further sample
the “lost-circulation zone.” High concentrations of
chloride in samples collected from wells over the de-
pression in the bedrock surface west of Burrton may
represent saline water from the underlying “lost-
circulation zone” that intruded the fresh-water aqui-
fers when brine reportedly was injected under pres-
sure several decades ago.

Unless the level of water in the “lost-circulation
zone” is appreciably lower in the line of the section
(fig. 10) than where it was measured about 3 miles
(4.8 km) to the north, it is higher than the bedrock
surface in the depression west of Burrton and higher
than the bedrock surface of the Wichita well field.
However, since 1940 at least, the altitude of the water
table in the fresh-water aquifers apparently remained
well above the measured potentiometric surface of
water in the “lost-circulation zone.” Qil-field brine
introduced into the aquifer by discontinued disposal
practices probably accumulated in the depression as
a result of the density difference between brine and
fresh water. Reports of lack of permeability in the
section penetrated by salt-water disposal well (SWD-1)
and nearby test holes indicate that the “lost-circula-
tion zone” is absent under the Wichita well field east
of the boundary shown in figure 11. Even if the
zone were present beneath the well field, maximum
drawdowns probably would have been insufficient
to reverse the hydraulic gradient and induce intrusion
of significant quantities of saline water.

Movement of saline water down the natural
ground-water gradient probably was accelerated to-
ward the well field along the steeper gradients that
resulted from pumpage in 1940-72. However, the
maximum drawdown shown in figure 10 for January
1955, during a period of drought, represented only a
small part of the thickness of the saturated section.
Recharge from precipitation on the expanding area
influenced by pumping appears to have been adequate
to dilute the saline water and prevent significant
deterioration of water quality. Low concentrations
of chloride in the areas of maximum drawdown sub-
stantiate Stramel’s (1967) suggestion that withdrawals
from storage represent only a small part of the total
water withdrawn by wells.

POLLUTION OF WATER IN STREAMS

Seepage-Salinity Surveys

Low streamflow of the Little Arkansas River and
its tributaries consists mainly of efluent ground water,
presumably from the upper part of the fresh-water

Kansas Geol. Survey—Chemical Quality Series No. 3

aquifers. Results of nine scepage-salinity surveys
made during 1960-72 by the U.S. Geological Survey
and various State agencies show that the concentra-
tions of chloride at many stations along the river ex-
ceeded 250 mg/l, the maximum concentration recom-
mended for drinking water by the Kansas Department
of Health and Environment. Discharge measurements
were made and water samples were collected during
the surveys at the sites shown on plate 5. To relate
the quantity and quality of inflow to natural and
manmade sources of saline water, the data were
compiled and prepared for analysis using a computer
program (Seepsal) developed by Leonard and Morgan
(1970).

Natural waters in the well-leached unconsolidated
aquifers in the Little Arkansas River basin generally
contain less than 500 mg/1 dissolved solids, of which
calcium and bicarbonate are the predominant ions.
High concentrations of chloride, a change from
calcium bicarbonate to sodium chloride type water,
and a gain in the chloride discharge in or immediately
downstream from the reach underlain by the “lost-
circulation zone” would suggest contributions of salt
water from the zone. Conversely, losses of chloride
discharge in the reach might suggest infiltration of
river water into the zone.

Figure 12 shows that although the concentrations
of chloride varied widely from survey to survey, the
highest concentrations generally were in the vicinity
of the reach between river miles 60 and 80, presum-
ably underlain by the “lost-circulation zone” (pl. 2).
Figures 13 and 14 show that sodium and chloride
were predominant ions in the same reaches. Although
the stations were too widely separated to define the
precise reaches in which changes occurred, the max-
imum concentrations apparently occur upstream from
the “lost-circulation zone,” near the mouths of tribu-
taries draining old oil fields.

Profiles showing the measured water discharge at
the stations as percentages of the water discharge at
Valley Center (station 17.5) were relatively parallel
from survey to survey (fig. 15). There is no evidence of
a significant increase or decrease where the river
crossed the “lost-circulation zone.” Similar profiles for
the chloride discharge or load (fig. 16) differed greatly
as a result of the variable concentrations and variable
inflow showing no localized increase or decrease near
the zone. The concentration of chloride in the river
generally decreased downstream from Buhler (river
mile 68.1) as a result of dilutant inflow, but the
chloride discharge generally continued to increase
i a downstream direction to Halstead (river mile
41.6). The sources of chloride in the stream evidently
are diverse.
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y Center during seepage-salinity surveys.

Analyses by Kansas Department of Health and Environment.]

Tasre 4.—Chemical analyses of water samples from the Little Arkansas River at Valle
[Dissolved constituents given in milligrams per liter.
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Although the water discharge increased between
river miles 41.6 and 35.2, the chloride discharge (load)
decreased in the reach during five of the surveys
(fig. 16). Because chloride is a relatively inert ion
under the conditions encountered during the surveys,
the concomitant gains of water discharge and losses
of chloride discharge suggest that river water could
have been withdrawn from the channel in the reach
and replaced by a large quantity of tributary inflow
containing a small chloride load. The ground-water
gradient, however, indicates that pumpage in the
adjacent Wichita well field may greatly reduce the
amount of inflow from the west so that most of the
gain in water discharge was from tributary inflow.

Yield Index

To evaluate the relative pollutive effects from the
various drainage areas during each survey, the per-
centage of chloride discharge contributed at each
station was divided by the percentage of drainage
area of that station, and both percentages are referred
to similar quantities describing the station on the
river at Valley Center (17.3). The quotient is a dimen-
sionless number termed the chloride-yield index
(Leonard, 1972).

Yield indexes greater or less than 1 indicate that
the corresponding drainage areas contributed a
greater or lesser amount of chloride load per unit
area than the average chloride load for the basin, as
represented by the station at Valley Center. The
maximum yield indexes of chloride computed from
the 1960-72 seepage-salinity surveys are shown on
plate 5. The chemical quality and chloride load in
water discharged from the basin during the surveys
are indicated by the analyses of samples from the river
at Valley Center (table 4).

Drainage areas contributing a disproportionate
part of the chloride load to the river (yield index
greater than 1) generally include oil fields or mu-
nicipal sewage plants. In general, high chloride-
yield indexes were coincident with a similarly high
water-yield index where municipal effluent appre-
ciably affected the quantity of streamflow. The
highest chloride-yield index, ranging from about 20
to 40, was computed for Sand Creek (Rice County).
This stream, which drains an area known to have
been highly polluted with oil-field brine, probably
is the source of the high chloride concentrations
measured in the river near Buhler,

Sodium-to-Chloride Ratio

In the adjacent Walnut River basin, the ratio of
the concentration of sodium plus potassium to the
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concentration of chloride (both concentrations in mil-
ligrams per liter) in most oil-field brines was about
0.5 (Leonard, 1964). Excluding potassium, the ratio
would have been slightly lower. In brines from the
“lost-circulation zone” the ratios are about 0.6 (table
2), and in sewage effluent they are normally even
larger. Ranges for sodium-to-chloride ratios are shown
with the corresponding yield indexes on plate 5. Ab-
normally high ratios at stations below McPherson
and Newton suggest municipal effluent. Ratios of less
than 0.5 that correspond with yield indexes greater
than 2 are indicative of oil-field brine. There is slight
evidence from the seepage-salinity surveys that the
“lost-circulation zone” is contributing significant quan-
tities of salinc water to the river. If so, the effects
of the zone are obscured by an influx of larger quan-
tities of residual salts from oil-field brine or of effluent
from other sources. If the sites had been more
closely spaced, if data had been collected at the same
sites during consecutive surveys, and if the surveys
had been made only during periods of stable base
flow, the value of the surveys would have been greatly
enhanced.

RECOMMENDATIONS FOR FUTURE STUDIES

1. Results of additional chemical analyses of water
‘samples being collected from irrigation wells by
the Kansas Water Resources Board and from
public-supply wells by the cities of Wichita and
Hutchinson should be analyzed in conjunction
with data available in this study to compile the
following information:

a. Maximum concentrations of chloride, sulfate,
and dissolved solids during various time inter-
vals. Suggested periods are the decades 1936-
45, 1946-55, 1956-65, and 1966-75. Preliminary
evaluation of the data may suggest different
time intervals.

b. Percentage composition of selected chemical
constituents in representative water samples
collected during each of the intervals. Aver-
ages may be useful.

¢. Ratios of sodium to chloride and sulfate to
chloride for samples containing more than 100
mg/1 of chloride to denote the source.

d. Availability of data as a guide to selection of
existing wells or installation of additional wells
for long-term observation of chemical quality.

2. A network of obscrvation wells for the periodic
collection of samples from the fresh-water aquifers
should be established within and adjacent to the
areas of influence of the major well fields. All
samples should be collected and analyzed ac-

cording to standard methods. The analyses should
include, at least, determinations of hardness,
sodium, sulfate, chloride, specific conductance,
and pH. Samples should be collected from:

a. Irrigation wells in the water-level network be-
ing monitored by the Kansas Water Resources
Board.

b. Representative municipal- or industrial-supply
wells.

c. Test holes augered between areas where water-
quality problems are known to exist, and be-
tween major well fields.

All available logs of oil wells between the sus-
pected western boundary of the “lost-circulation
zonc” and the eastern boundary of the Little Ar-
kansas River basin should be correlated to deter-
mine the character and extent of the zone. Spe-
cial attention should be devoted to subsurface
conditions in the areas near McPherson and south-
east of Burrton where the potential for intrusion
of saline water into municipal well fields appears
to be greatest.

Future test drilling probably should be limited to
determining the causes of localized deterioration
of water supplies soon after this occurs, or of in-
vestigating areas where intrusion from the zone
is suspected. Because the configuration of the
potentiometric surface of the “lost-circulation
zone” is not known, quantitative prediction of the
rate and direction of movement of the included
salt water is purely speculative. Owing to the
geologic and hydrologic complexity of the zone
and its wide areal extent, installation of enough
test holes to describe subsurface conditions in the
zone in the entire basin would be prohibitively
expensive. The probability is high that a given
test hole along the truncated margin of the salt
might not penetrate the permeable zone. For ex-
ample, the proposed test holes at the locations
shown in figure 11 probably would yield informa-
tion to substantiate or negate the relation of high
concentrations of chloride in the fresh-water aqui-
fers near Burrton to the “lost-circulation zone.”
If tests are made, water levels should be measured
and samples collected at intervals of 50 feet (15 m)
using packers to isolate the sampled zones. Tech-
nical difliculties probably would be experienced
during drilling and plugging the zone; therefore,
an cxperienced drilling contractor should be con-
sulted or engaged.

Detailed seepage-salinity surveys of low flow in
the reach between stations at river miles 79.4 and
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51.6 along the Little Arkansas River should be
made in the fall after the first killing frost to
ascertain if there is significant interchange of
water between the “lost-circulation zone” and the
river. Similar measurements should be made in
summer under conditions of maximum ground-
water pumpage in the reach between stations at
river miles 41.6 and 35.2 to determine reasons for
losses in the chloride load during preceding sur-
veys. Measurements of water levels in the alluvial
aquifer and analyses of samples of ground water
from test holes near the river might determine the
possibility of induced movement of river water
into the adjacent well field.
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