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EXECUTIVE SUMMARY

Groundwater resources play a
vital role in the 1livelihood and
economy of <central and western
Kansas. Decline of water tables and
realized or potential water-quality
problems in some areas serve as
reminders that these fresh-water
resources are part of a dynamic
system that is subject to change. A
consideration of water quality, in
addition to data on groundwater
quantity and availability, is becom-
ing increasingly important for

resource management decisions.
Indeed, water quality becomes a
dominant factor in parts of south-
central Kansas.

Brines produced in both devel-
opment and operation of o0il and gas
fields and from dissolution of salt
contained in bedrock units serve as
potential sources for groundwater
degradation in the Equus beds. The
areal extent of the o0il and gas
fields and the common use in the
past of evaporation ponds for brine
disposal suggest the need for a

chemical-quality monitoring network

of wells throughout the Equus beds

area. The oil-field brine contami-
nation area near Burrton appears not
to have produced significant changes
in water quality for wells in the
Wichita well field area. However,
irrigation well sites exist north of
the Arkansas River, where an influx
of subsurface brine is indicated.
Poorer water quality is also noted
in the Arkansas River Valley.

Other areas covered by this
series of studies are Greeley,
Wichita, Scott, Lane, and southern
Wallace counties (Kansas Geological
Survey Chemical Quality Series 2);
Hamilton, Kearny, Finney, and north-
ern Gray counties (Chemical Quality
Series 4); Stanton, Grant, Haskell,
Morton, Stevens, Seward, Meade, and
southern Gray counties (Chemical
Quality Series 6); Ford County and

the Great Bend Prairie--Kiowa,

Edwards, Pratt, Kingman, Stafford,

Barton, Rice, and Reno counties
(Chemical Quality Series 7); and
Cheyenne, Sheridan, Graham, Logan,
Gove, and northern Wallace counties

(Chemical Quality Series 8).
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CHEMICAL QUALITY OF IRRIGATION WATERS IN THE

EQUUS BEDS AREA, SOUTH~-CENTRAL KANSAS

L. R. Hathaway, T. C. Waugh, O. K. Galle, and H. P. Dickey

Abstract

Wet-weather conditions in the
Equus beds area during the scheduled
sampling period in July 1979 limited
sample collection to four irrigation
wells. Water samples from an addi-
tional 41 irrigation wells were
obtained in August 1979. The lim=-
ited amount of pumpage of these
systems prior to sampling in 1979
suggested the need for further
sampling before evaluating the
chemical quality of irrigation
waters in the Equus beds region. 1In
July 1980, water samples were ob-
tained from 110 pumping irrigation
wells and from tail-water |pits
associated with six of those
wells.

Groundwaters from the portion
of the study area north of the
Little Arkansas River are predomi-
nately calcium~bicarbonate in char-
acter. Sodium~chloride~type waters
are found locally in the Arkansas
River Valley, and a gradation from
these sodium-chloride waters toward
the calcium-bicarbonate-type waters
is noted for the region between the
Arkansas and Little Arkansas riv-
ers. Locally high chloride values
within the Equus beds area reflect
contamination of the fresh-water
aquifer by natural processes or
human activity.

Introduction

This study is the sixth and
final part of a program established
in 1974 to obtain a chemical-quality
data base for irrigation waters from
the major unconsolidated aquifer
systems of western Kansas. Loca-
tions of the present and previous
study areas (Hathaway and others,
1975, 1977, 1978a, 1978b, 1979) are
illustrated in Figure 1. A small
overlap exists in east=-central Reno
County between the present study and
the sampling program carried out in
1977 1in the Great Bend Prairie
area. A generalized location map of
the present study area is provided
in Figure 2. Wells sampled during
this study fall within the region
covered by the Equus Beds Ground-
water Management District #2.

Irrigation, domestic, and
municipal wells in the Equus Beds
area derive water primarily from

unconsolidated Pliocene and Pleisto-













Williams and Lohman, 1949; Stramel,
1956, 1967; Bayne, 1956; Lane and
Miller, 1965; and Leonard and Klein-
schmidt, 1976). Additional geohy-
drologic information pertaining to
the study area is provided by Gogel
(1981). Discussions of the Pleisto-
cene drainage history of the study
area are also found in Fent (1950)
and Frye and Leonard (1952). Adams
(1903), Schoewe (1949), Frye and
Leonard (1952), and Frye and Schoewe
(1953) discuss the physiographic
subdivisions of Kansas and also
provide a general overview of the
topographic features of the study
area.

The present study area falls
within the Great Bend physiographic
region as defined by Frye and
Schoewe (1953). The surface of the
Great Bend region coincides with an
eastward projection of the High
Plains surface, making the placement
of this region into either the Great
Plains or Central Lowlands physio-
graphic province problematic.
However, on the basis of geohydro-
logic similarities, Moore (1940)
placed the Equus beds, the Great
Bend Prairie area, and western areas
of the State underlain by the Ogal-
lala Formation into a common western
Kansas groundwater region.

The surface topography of the

study area is mainly that of a plain

whose surface is modified by the
presence of low sand dunes, shallow
depressions, and the southeasterly
trending Arkansas and Little Arkan-
sas rivers., The major sand-dune
occurrence in the study area is in a
region between Burrton and the
Little Arkansas River in Harvey
County. This area represents the
eastern terminus of a belt of sand
dunes that extend northwestward
along the southern margin of the
Little Arkansas River Valley into
Rice County. Williams and Lohman
(1949) considered these sand dunes
to provide a high rate of recharge
(from infiltration of precipitation)
to the Equus beds in the area near
the Wichita well field. However,
Stramel (1967) suggests that the
presence of a substantial silty-clay
zone (Sappa Formation) wunderlying
the dunes in this area would impede
recharge of +the deeper aquifer
zones, with ultimate loss of most of
this infiltration water to the
Little Arkansas River.

Evidence of subsidence of the
land surface in the Equus beds area
is most apparent along the western
side of the McPherson Channel. A
linear trend of sink holes and
undrained depressions exists from a
point northeast of Conway southward

to Colwich. Many of these features

predate heavy pumpage for oil and



water in the area; however, active
subsidence continues today. The
development of the surface subsid-
ence features in the Equus beds area
has been ascribed to dissolution of
salt and gypsum from underlying
Permian~aged units (Leonard and
Kleinschmidt, 1976).

Surface drainage in the study
area 1is provided by the Arkansas
River, Little Arkansas River, and
their tributary systems. Both
rivers have a southeastward trend in
the study area, with the Little
Arkansas River joining the Arkansas
River just south of the study
area. The Little Arkansas River is
generally a gaining stream in the
study area, with water being dis-
charged from the aquifer to the
stream (Stramel, 1967). The Arkan-
sas River appears to be nearly in
equilibrium with the aquifer system
in the study area, neither gaining
from nor 1losing to it (Lane and
Miller, 1965). Recent observations
made on these two river systems
indicate that their hydrologic
behavior in the study area is gener-
ally the same as that noted in 1967
(J. Gillespie, personal communica=
tion, 1981). A topographic high in
the northern part of the study area
serves as a surface~water divide fof
McPherson

drainage in northern

County. The area north of this

divide is drained by the Smoky Hill
River, a part of the Kansas River
system. The principal surface
drainage features of the study area

are depicted in Figure 4.

Bedrock

The bedrock floor underlying
the unconsolidated deposits in the
study area consists primarily of
units of early Permian age, the
Wellington Formation and the
Ninnescah Shale. The Wellington
Formation is the predominant bedrock
unit of the area. It is overlain by
the Ninnescah Shale near the western
boundary of the study area (Fig.
5). In the northeastern corner of
the study area the Kiowa Shale,
Cretaceous age, underlies the uncon-
solidated deposits (Willigms and
Lohman, 1949).

Gogel (1981) indicates the
presence of a groundwater divide in
the unconsolidated aquifer just
south of the Conway-McPherson area,
which generally appears to coincide
with the observed surface-water
divide. North of the divide,
groundwaters flow northward toward
the Smoky Hill River Valley. South
of the divide, groundwaters appear
to flow south and eastward toward
the Little Arkansas River. In the

study area south of the Little

Arkansas River groundwater flows in




Figure 4. Drainage systems of the study area.

an east-southeasterly direction.
Depth to water in the study area
varies from about 100 feet in the
area north of McPherson to less than
10 feet in the Arkansas River Val-

ley.

The Wellington Formation, which
dips gently westward and southwest-
ward, can be divided into three
members in the subsurface of eastern
Reno County. The lower member

(Anhydrite member) consists mainly









anhydrite from the Wellington For-
mation, followed by collapse of the
upper shale member and subsidence of
the overlying deposits, has influ-
enced the depositional pattern of
Pleistocene streams in the study
area. This collapse zone that has
developed in the Wellington Forma-
tion is a highly permeable interval
in the Equus beds area. Drillers
have commonly called this interval
the "lost-circulation zone"; Gogel
(1981) also refers to this zone as
the Wellington aquifer. The Wel-
lington aquifer trends north=-south,
generally paralleling the Wellington
Formation-Ninnescah Shale contact in
the western portion of the study
area. Downward leakage of fresh
water from the overlying unconsoli-
dated deposits into the Wellington
aquifer continues to promote the
dissolution of salt and anhydrite,
with subsequent westward progression
of the system and surface subsid-
ences.

The Wellington aquifer in the
Equus beds area has served as a
source of brine for secondary oil-
recovery operations, for industrial
chemical feedstock, and for recovery
of 1liquid hydrocarbons stored in
man-made cavities in the Hutchinson
Salt Member.

The system has also

been used as a means for disposal of

0il-field brines (Leonard and Klein-

schmidt, 1976).

Soils

Figure 6 1is a general soil
association map of the study area.
This map has been produced by com-
bining data for individual counties
covered by this report. Some group-
ing of the various soil associations
presented on county soil maps and
some regrouping of mapping units to
better reflect the proportional
pattern of soils in natural land-
scapes for a multi-county area was
necessary (Hoffman and Dowd, 1974;
Penner and Wehmueller, 1979; Rockers
and others, 1966; Rott, in press).

Favorable climatic conditions
(mean annual temperature of ~57°F
and mean annual precipitation of ~30
inches) have allowed the formation
of deep soil profiles in the study
area, except where otherwise not-
ed. Most of the soils with a clayey
subsoil are either moderately well
drained or somewhat poorly drain-
ed. The Little Arkansas River
serves to divide soils in the study
area into two broad groups. Soils
north and east of the river are
predominately clayey and loamy with
surface

well-developed drainage

features. South and west of the

river, soils tend to be sandy and



Table 1. Soil Associations of the Equus Beds Area

Lancaster-Hedville~Edalgo

This association 1is on sloping to steep landscapes. The soils have a
loamy or silty surface layer and a loamy or clayey subsoil. They are
moderately deep and shallow. Outcrops of the Dakota and Kiowa formations
occur in this association. Groundwater availability in areas covered by
these soils is limited.

Ladysmith-Goessel=Tabler

This association is on nearly level and gently sloping landscapes. The
soils have a silty or clayey surface layer and a clayey subsoil. Most
wells in this association yield only a small amount of water.

Crete~Smolan~Ladysmith

This association is on nearly level to sloping landscapes. The soils have
a silty surface layer and a clayey subsoil. There are a few small areas
of saline and sodic soils within this association.

Pratt-Carwile~Dillwyn

This association is on nearly level to dune landscapes. The soils have a
sandy or loamy surface layer and a sandy or clayey subsoil. Depth to
water ranges from one to five feet in some of these soils. There is
little runoff to stream systems from this association. A few small areas
of saline and sodic soils occur in this association.

Farnum-Naron=-Carwile=Drummond

This association is on nearly level and gently undulating landscapes. The
soils have a loamy surface and a loamy or clayey subsoil. There are
several areas of saline and sodic soils. Runoff from this association is
slow, and the amount of runoff is lower than from the area east of the
Little Arkansas River.

Blanket-Farnum-Vanoss

This association is on nearly level to sloping landscapes. The soils have
a silty or loamy surface layer and a clayey, loamy, or silty subsoil.
There are a few small areas of saline and sodic soils in this
association. Runoff from this association is slow, and the amount is
lower than that from the area east of the Little Arkansas River.

Detroit-Elanco~Hobbs

The major occurrence of this association in the study area is on the
nearly level flood plain of the Little Arkansas River. The soils have a
silty surface layer and a clayey or silty subsoil. There are a few small
areas of saline or sodic soils in this association.

Lesho-Lincoln-Canadian-~-Waldeck

This association is on the nearly level and gently undulating flood plain
of the Arkansas River. The soils have a loamy or sandy surface layer and
subsoil. Most of the soils are underlain by sand below the subsoil. Many
of these soils have a seasonal water table at a depth of less than six
feet. There are a few small areas of saline and sodic soils.
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also obtained from tail-water pits
associated with six of the irriga-
tion wells. A similar sampling
program in July 1979 was cancelled
after the collection of samples from
four wells because of wet weather
conditions that resulted in many of
the irrigation systems being shut
down during the sampling period.

Water samples from 41 irrigation
wells in the Equus beds area were
obtained from John Yost, Halstead,
in August 1979. Thirty-five of the
45 wells from 1979 were resampled
during the 1980 sampling program.
Overlap of the Great Bend Prairie
(1977)

(1980)

study area with the Equus

beds study area resulted in

the resampling of three wells from

the earlier study. Historical data

prior to 1979 were found for about
15 percent of the wells sampled in
1980.

The 1980 sampling program

produced 15 duplicate sets of sam-

ples, resulting from individual

field personnel's collection of two

consecutive sets of samples from

wells within their sampling area

(Individual Duplicate Sets). Anoth-

er group of six duplicate sets of
samples was obtained by having two
different field crews collect sam-
ples from wells located along bound-

aries of the different sampling

areas (Overlap Duplicate Sets).

12

Five of the Overlap Duplicate sites

also corresponded to Individual

Duplicate sites. Time intervals
between collection of Overlap Dupli-
cate sets varied from part of one
day to one day.

Figure 7 shows the locations of
wells sampled during the 1980 sam-
pling program. The thickness of the
saturated unconsolidated sediments
underlying these wells is generally
40 feet or greater (Bayne and Ward,
1967) . The areal distribution of
the sampling sites in McPherson and
reflects

northern Harvey counties

the present state of irrigation

development in this area. The

frequency of irrigation wells in
this area is greater in the region
overlying the McPherson Channel than
in that part of the study area that
is comprised of southeastern McPher-
son and north-central Harvey coun-
ties. The sand dune area north of
water-quality problems in

well

Burrton,

the Burrton area, and the
distribution noted above effectively
serve to divide the sampling sites
into a northern group and a southern
group.

Sample-handling procedures and
analytical methodologies for the
1980 sampling program were generally
the same as those described earlier

1979). Field

(Hathaway and others,

measurements of water temperature,







work was performed at the Xansas
Geological Survey laboratories.

Fluoride (F) analysis was by

ion=-selective electrode. Chloride

(Cl), sulfate (SO4), and phosphate
(PO4) determinations employed Tech-

nicon Auto-Analyser II systems.

Nitrate (NO3) levels were determined
by ultra-violet absorption spectros-

A Jarrell-Ash Atom Comp

COPY .

inductively coupled argon plasma

emission spectrometer (ICP) provided
for silica

the means of analysis

(Ca), magnesium

(x),

(Si02), calcium
(Mg),
strontium (Sr), iron (Fe), manganese

(Cu)

sodium (Na), potassium

(Mn), and boron (B). Copper

determinations were made by graph-
ite-furnace atomic absorption spec-
troscopye.

A one~liter unacidified sample

(for major constituents) and a 250

ml acidified sample (for NO and

3

PO,) were collected at each of the

4

six tail-water sites. The sample

for NO3 and PO4 was collected into a

pre-acidified bottle and filtered

upon returning to the Kansas Geolog-

ical Survey laboratories. This

procedure may result in the release

of PO, from suspended sediment in

4

the sample, but probably reflects

the potential available PO, levels
of these

waters should they be

recycled back into the fields. The

same set of samples was collected at

14

each well site, with the 250 ml
acidified sample also being used for
trace element determinations.
Groundwater samples obtained
from wells in the Equus beds area in
1979 were refrigerated after collec-
tion and were packed in ice during
their return to the Kansas Geologi-
cal Survey laboratories. All analy-
ses of these samples were performed
at the Survey's laboratories using
the same procedures employed on
samples from the 1980 program.
Standard deviations for deter-
minations of selected constituents
for the two different duplicate sets
of samples from the 1980 sampling
program are presented in Table 2.
The the

similarity of standard

deviations for the two sets of

duplicate samples probably reflects
the short time interval involved in
the collection of samples in the
Overlap Duplicate group, making them
appear more like Individual Dupli-
cate sets.

A comparison of waters from
tail-water pits and associated wells
the and

is presented in Results

Discussion section of this report.

A general compilation of the chemi-

cal-quality data for irrigation

waters collected in the 1980 sam=-
pling program is presented in Ap-

pendix A by county and location.



Table 2. Standard Deviations of Data for Duplicate Sets, 1980
Individual Overlap
Determination Duplicate Sets Duplicate Sets
to to
$i0, 0.7 ppm* 0.7 ppm*
Ca 0.8 ppm 1.6 ppm
Mg 0.4 ppm 0.6 ppm
Na 2.2 ppm 2.4 ppm
K 0.2 ppm 0.2 ppm
Sr 0.02 ppm 0.01 ppm
HCO4 0.4 ppm 0.9 ppm
S04 1.5 ppm 2.6 ppm
Cl 2.1 ppm 2.4 ppm
F 0.00 ppm 0.04 ppm
NO4 0.2 ppm 0.3 ppm
PO4 0.03 ppm 0.02 ppm
Fe 32 ppb** 17  ppb**
Mn 10 ppb 8.7 ppb
Total Solids 1 ppm 6.8 ppm
Specific Conductance (Lab) 1 pmho* ** 25 pmho* * *
* parts per million or milligrams per liter
** parts per billion or micrograms per liter
*** micro-mhos at 25°C
r, = range of analysis of

sample pairs

N = number of sample pairs

15



Mapping of Chemical-Quality Data

The 40-foot saturated thickness
contour of Kansas Geological Survey
Map M-5 (Bayne and Ward, 1967) was
used in this report as a general

boundary for the presentation of

areal chemical-quality data of the

1980 sampling program. The areal

extent of selected soil associa-

tions, especially of those in the
Arkansas River Valley, was also used
as a general guide in mapping the
chemical=-quality data. 1979 data
from well sites not resampled in the
1980 sampling program were also
included to enhance the coverage in
the study area. A comparison of the
well covered by

1980

sites

both 1979

data for

sampling in and
suggests that the data are indis-
"tinguishable within the concentra-
tion range intervals used for map-
ping of the data in this report. A
lack of reasonably uniform sample
coverage throughout the portion of
the study area having more than 40
feet of saturated thickness, the
observed variations in water quali-
water

and uncertainties in

ty,
quality arising from the presence of
several o0il and gas fields have

necessitated a discontinuous mapping
of the chemical-quality parameters

within this region of interest.

16

Results and Discussion

The specific conductance of a
water sample 1is a measure of the

sample's ability to <conduct an

electrical current. This ability
increases with increasing concentra=-
tions of dissolved salts, and is
generally reflected by an increase
values.

in specific conductance

Thus, an areal display of specific
conductance data (Fig. 8) for irri-
gation waters from the study area
provides general insight into the
present chemical=-quality status of
groundwaters in this portion of the
Equus beds. It should be noted that
the data used to produce the chemi-
cal-quality maps in this report are
based on waters being produced by
existing, active irrigation wells in
the extent

the study area. However,

to which each well provides a truly

representative, integrated sample of
the entire water column of the
aquifer at each site is largely

unknown. Wells in a given area that
are screened in the upper portion,
the lower portion, or in all produc-
ing zones of the aquifer can probab-
ly be expected to produce water of
somewhat different quality. There=-

fore, areal representations of

chemical=quality data derived from
this study should be viewed as
guides to the general status of the

aquifer system. Ranges and means







Table 3.

Variable

SlO2
Ca

Mg

Na

Sr

HCO

sO

Ccl

Fe

Total Solids

Specific Conductance

*median value listed in place of mean

18

Min/Max

Mean

12/42

25

32/252

89

5.7/55

15

12/408

71

0.9/9.8

3.2

0.2/2.2

0.6

89/450
288

14/259
67

3.5/685

89

0.1/1.1

<0.1/82

5.1*

0.12/2.0

0.46

<8/5500

8*

<3/1100

53*

200/1638

506

311/2790

855

Summary of Ranges and Means for Chemical-Quality Data

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppb)

(ppb)

(ppm)

(Hmho at 25°C)




McPherson Channel in areas north of

the Wichita well field do have

higher specific-conductance levels,
suggesting a localized alteration of
Poorer

water quality

waters are derived from wells in the

quality.

Arkansas River Valley, especially in
Sedgwick County. Moving northward
from the Arkansas River toward the
Little general

Arkansas River, a

transition from poorer quality
waters to better quality waters is
observed.
Discussions of the chemical
quality of groundwaters in the Equus
beds have been presented by several
authors. In 1897 Haworth and Beede

described groundwaters in the Equus

beds as being of good quality.
Lohman in 1940 noted that ground-
waters from the McPherson-Halstead

region of the Equus beds were gener-

ally of good quality, except where

contamination by oil-field brines

had occurred. Appreciable amounts

of iron were also noted in the

groundwater south of McPherson.

Lohman also described waters from
the alluvium of the Arkansas River

Valley as being of good quality

except for a zone of about two miles

in width which encompasses the

present river channel. The poorer

quality of groundwaters in the

Arkansas River Valley system between

Hutchinson and Wichita has Dbeen
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attributed to contamination by

natural, industrial, and oil-field

brines and by inadequately treated
sewage (Bayne, 1956).

Considerable exploration and

development of o0il and gas resources

has occurred 1in the Equus beds
area. In the early history of this
development, "evaporation" or dis-

posal ponds were the principal means

of handling the brines produced.

Infiltration of brines from these
leaky ponds has led to local pollu-
tion of the groundwater. Earlier
attempts at pressurized disposal of
brine into shallow disposal wells
also contributed to the deteriora-
tion of water quality in the uncon-
solidated sediments in the region of
the Burrton oil field (Williams and
1949;

1976).

Lohman, Leonard and Klein-

schmidt, Initiation of
water-flood operations for secondary
recovery in oil fields of the Equus
beds area has provided yet another
potential mechanism for brine con-
tamination of the fresh-water aqui-~-
fer. The situation created in the
Burrton area continues to be a major
concern in the operation of wells in
the Wichita well field region. At
present, both the City of Wichita

and the Equus Beds Groundwater

Management District #2 maintain

chloride monitoring programs for

observation wells in the vicinity of




Burrton and the Wichita well

field.

The patterns noted earlier for
the specific~conductance data of
Figure 8 are in general agreement
with groundwater-quality observa-
tions made for the Equus beds since
1940. Areal displays of the sodium,
chloride, and sulfate data from the
1980

10,

sampling program=--Figures 9,

and 11, respectively--tend to
reflect the same general features
found in Figure 8. The area between

the Arkansas and Little Arkansas
rivers has broad transitional pat-
terns for sodium and sulfate concen-
tration levels, which are similar to
the situation found in the specific-
conductance The

data. chloride

data, however, show a much smaller

and narrower transition zone, which
is restricted primarily to an area
near the Arkansas River in Sedgwick
County and to the extreme southwest-
ern corner of Harvey County. A
comparison of the groundwater-quali-
ty data presented by Williams and
Lohman (1949) with data from the
present study suggests that pumpage
of wells in the Wichita well field
area has produced 1little apparent
change in the chloride concentration
levels of waters in this region.
Chloride and sulfate analyses for
samples collected in March 1981 from

28 of the municipal wells in the
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well field also support the notion
that chloride levels have remained
fairly constant in this area since
1940. However, some increases in
sulfate levels appear to exist for
municipal wells near Kisiwa Creek,
in the area south of Halstead; and

elevated sulfate levels are also
apparent in Figure 11 for parts of
the Kisiwa Creek area. Thus, it
appears that the heavy pumpage in

this area has not induced upward
movement of brine from the bedrock,
marked eastward movement of the
Burrton brine plume, or movement of
poorer quality water from the Arkan-
sas River Valley toward the well
fields The presence of the transi-
tion zone may be a reflection of the
higher incidence of saline and sodic
soils, shallower water table, and
sandier soils in this portion of the
Equus beds.

Between Burrton and McPherson,
localized deterioration of ground-
water quality through intrusion of
brine solutions 1is suggested by
concurrent increases in sodium and
chloride concentration and specific-
above

conductance values regional

background 1levels. The affected

wells appear to be underlain by the

eastern margin of the Wellington

aquifer and are in the proximity of
0il fields, both sources of brine.

Chloride values by themselves













be below the potentiometric surface
of water in the overlying fresh-
water aquifer in this area (Gogel,
1981). Thus, little contamination
from brines in the Wellington nor-
mally would be expected at these
sites wunless the wells have been
screened at the very bottom of the
fresh-water aquifer. Site D, which
is northeast of Halstead, is well
east of the area underlain by the
Wellington aquifer. This site has
exhibited an increase in its chlo-~
ride level from 12 to 53 ppm and a
in the Na/Cl ratio from

0.47

decrease
1.83 to between 1973 and
1980, While the present chloride
level at this site is not abnormally
high in comparison to other irriga-
tion wells sampled in the surround-
ing area, these changes may indicate
the possible onset of brine intru-
sion. ©Na/Cl ratios in the range of

0.50-0.65 are associated with a

number of wells in the Arkansas
River Valley and a few well sites
scattered through the study area
north of the river.

A definitive determination of
pollution sources contributing to
the deterioration of 1local ground-
water quality in the Equus beds will
probably require a more refined
geochemical approach to the investi-
gation of these waters. A detailed

study of the variations in concen-
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tration of selected trace constitu-

ents~--such as iodide, bromide,
boron, and lithium--relative to that
of a conservative major component of
the waters such as chloride may
prove useful in these evaluations.
It should be recognized that verifi-
cation of oil-brine pollution of
local groundwater at a well site is
one problem; the determination of
the point in time for the brine
intrusion of the fresh-water aquifer
system 1is a separate and possibly
complex issue.

Elevated iron contents of
groundwaters in the Equus beds have
been noted in areas contaminated by
oil=-field brine, in the sand-dune
area of Reno and Harvey counties,
and in the alluvial valley of the
Arkansas River (Williams and Lohman,
1949). (1965)

Lane and Miller

observed that iron contents of

groundwaters in Sedgwick County
seemed to be influenced by depth in
material

the aquifer, nature of

making up the aquifer, well con=-

struction, frequency of pumping,

presence of iron bacteria, and a

number of other factors. Manganese
is a trace element that behaves in
somewhat the same manner as iron in
the aquifer system. Elevated con-
centrations of either iron or manga-
nese may impart undesirable charac-

teristics to the water, such as
















manganese, and phosphate found in
the present study.

Nitrate concentrations in
excess of 30 ppm are mainly associ-
the

ated with wells in southern

portion of the study area where
sandier soils and relatively shallow
exist.

water—-table conditions

Nitrate 1levels in wells overlying
the McPherson Channel in Harvey and
generally are

McPherson counties

less than and the median

15 ppm,
level for the entire study area is
only 5.1 ppm.s A comparison of data
from the 1979 and 1980 sample col-
lections shows a constancy of the
nitrate concentration levels over a
one-year period of time and wunder
different seasonal cumulative pump-
ing conditions, July 1979 being wet
and July 1980 being dry.

Figures 16 and 17 present areal
groundwater classifications by
cation and anion types, respective-
ly. Water-type classifications used
in this report are based upon the
percent contributions made by vari-
ous chemical species to the total
number of milliequivalents per liter
of cations or anions in each sam=-
ple. Conversion of the chemical-
quality data of Appendix A from
parts per million to milliequiva-
lents per liter can be achieved by
use of the factors listed in Table

4. These milliequivalent-per-liter
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values reflect combining capacities
of the various chemical species in
the water sample.

These figures suggest that Ca-

HCO, type waters provide the domi-

3
nant underlying fabric for ground-

water classification in the study

area. Water chemistries are modi-

fied along the Arkansas River to

produce Na=Cl, Na-~mixed, mixed-
mixed, mixed-Cl, and Na—HCO3 type
classifications. The Na-HCO4 clas-
sification suggests that Ca~-HCO4

type waters may be interacting with
sodium=-rich clay minerals to liber-
ate sodium and fix calcium in parts
of the river valley system. The

area between the Arkansas and Little

Table 4. Factors for Conversion
from Parts Per Million to
Milliequivalents Per Liter

Species Multiply By

Calcium (Ca) 0.04990

Magnesium (Mg) 0.08226

Sodium (Na) 0.04350

Potassium (K) 0.02557

Strontium (Sr) 0.02283

Bicarbonate (HCO3) 0.01639

Sulfate (SO4) 0.02082

Chloride (C1) 0.02821

Fluoride (F) 0.05264

Nitrate (NO3) 0.01613










Sodium adsorption ratio (SAR)

values can be calculated £from the

chemical quality data using the
equation
N
SAR = (Na)
(Ca) + (Mg)
2

The quantities in parentheses are

milliequivalent per liter values of
the specified ions. The areal
distribution of SAR values for the
study area is shown in Figure 18.
SAR values in excess of 3.0 are

associated with wells in the alluvi-

um of the Arkansas River Valley
system. Northward, SAR values
diminish to values 1less than 1.5
near the Little Arkansas River.

North and east of the Little Arkan-
sas River SAR values tend to remain
below 1.5 except at locations where
brine intrusion seems to have occur-
red.

Specific=conductance data from
Figure 8 and SAR data from Figure 16
can be used in conjunction with the
diagram in Figure 19 to evaluate the
general alkali and salinity hazards
associated with the use of the
groundwaters for irrigation purposes
(U.s.

1954).

Salinity Laboratory Staff,

Also, factors such as the

characteristics of the soil and

depth to the water table should be

considered in the overall compatib-

32

ility assessment. Compatibility of

water quality with an irrigation

usage probably is an immediate

concern in the study area for por-
tions of the Arkansas River Valley

where higher dissolved salt and

sodium 1levels produce classifica=-

tions that range up through that of
medium

alkali-very high salinity

hazard. In these areas the sandier

soils help to compensate for the
poorer water quality, but the shal=-
low water table may impede leaching
of the soluble salts from the upper
portions of the soil columns.
Residual waters collected into
tail-water pits associated with
flood irrigation operations repre-
sent a reusable

potentially re-

source. The water-quality data for

samples collected from six tail=-

water pits and their associated

irrigation wells

Table 5.

are compared in
The locations of the tail-
water pits are shown in Figure 20.

Increases in pH and carbonate levels

and decreases in bicarbonate and
calcium 1levels for tail waters
compared to corresponding well

waters probably reflect the effects
of CO, loss in the higher tempera-
ture environments of the surface~
water samples. Concentration levels

of magnesium, sodium, sulfate, and

chloride in the tail waters general-

ly show no increase to only a slight
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SPECIFIC CONDUCTANCE, IN MICROMHOS PER CM AT
25 DEGREES CENTIGRADE
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Figure 19. Diagram showing

relationship between
specifie conductance and
SAR in the evaluation of
salinity of alkali
hazards for irrigation.

do not seem to suggest any dominant

trends. Re-use of tail waters

probably should be monitored closely
in areas where higher specific-
conductance and SAR values exist for
groundwaters and where sodic soils

are common.

The results of the present
study and previous investigations
all indicate the chemical-quality

state of groundwaters of the Equus

30

35

beds area 1is one complicated by

alterations induced by both natural
and human-related sources. A scar-
city of irrigation wells in parts of
the present study area has precluded
a complete characterization of
groundwaters in regions having over
40 feet of saturated thickness.
Future stresses upon the groundwater
resources of the Equus beds from the
growing demands of municipal, agri=-

cultural, industrial, and domestic

sectors make it wvitally important
that the present chemical-quality
status as well as availability of
water in the aquifer system be known
for proper management of the re-
source. An effort should be made to
fill in the data base from this
study with samples, collected and

analyzed under controlled condi-

tions, from new wells in the poorly
covered regions of the Equus beds.
Establishment of an annual well-
monitoring program throughout the
Equus beds may be warranted in order
to evaluate movements of brines in
total unconsolidated

the aquifer

system. Analysis of samples from
this

should

monitoring system probably

include determinations of

major cation and anion species so
that it is possible to evaluate the
general validity of the analyses and
the nature of

changes taking

place.



Explanation

® Tail-water pit sites

e 21-3W-7BCD
e ?21-3W-17CCC

0\ 24-1W-18CAD

o!
|25-4W-13DAA

Figure 20. Locations of tail-water pite sampled in study.
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Appendix [

Chemical Quality Data



2 Ortho
Well sio Ca Mg Na K Sr l-lCO3 SO4 PO4r
Location ppm ppm ___ppm ppm____ppm ppm___ppm____ ppm ppm
HARVEY COUNTY
22~2W-32BCD 31 98 10 42 1.6 0.4 369 26 0.34
22-3W-2C 32 109 9.2 38 1.8 0.4 335 45 0.27
22-3W-5BBB 31 110 17 32 3.3 0.7 413 58 0.46
22-3W-6ABA 29 105 14 33 3.0 0.6 381 58 0.69
22-3W-8CB 34 110 23 30 4.0 0.9 364 103 0.21
22-3W-9C 30 121 19 34 2.7 0.7 360 107 0.35
22-3W-11ADC 29 82 8.0 30 1.5 0.3 267 26 0.26
22-3W-17CB 34 249 55 190 8.9 2.2 342 160 0.24
23-1W~18CAC 25 81 16 25 1.2 0.4 243 26 0.36
23-1W=-21BCC 33 84 12 62 1.2 0.4 400 31 0.34
23-1W=-34CBB 24 70 11 50 1.1 0.3 301 31 0.44
23-2W-4DBB 32 90 11 36 1.5 0.4 331 27 0.39
23~-2W-5CBD 26 42 5.8 33 1.7 0.2 218 14 0.86
23-2W-9BAA 34 99 11 40 1.6 0.4 344 25 0.36
23-2W-15ABC 30 81 11 30 1.2 0.4 311 21 0.33
23-2W-25CBD 27 20 12 24 1.4 0.4 274 19 0.37
23-2W-29BAC 26 35 5.9 31 2.1 0.2 182 18 0.94
23-3W~16DDB 24 40 6.9 44 2.0 0.3 224 19 1.0
23-3W~21ADC 24 136 25 97 6.5 0.9 89 21 0.2
23-3W-22DBD 28 32 5.9 29 2.1 0,2 161 15 1.2
23-3W-36ABC 25 36 7.5 26 2.6 0.3 126 31 2 0.72
24~-1W-8DAC 42 43 7.8 12 1.0 0.2 121 51 0.73
24-1W-15BCC 32 106 1 46 1.4 0.4 326 52 0.23
24-1W-18CCA 23 64 1 58 2.6 0.4 312 44 0.85
24-1W-29BBC 23 84 15 98 3.5 0.6 368 140 0.90
24-2W-5DDA 26 36 5.7 44 2.0 0.2 203 23 0.92
24-2W=-6DBD 23 51 9.0 34 2.8 0.4 199 61 0.97
24-2w-12ccCC 23 65 9.5 60 2.6 0.4 275 90 0.87
24-2W-17CAA 20 100 18 91 4.1 0.7 285 171 0.74
24-2W=-23BBC 21 113 16 49 4.3 0.6 205 259 0.61
24-2W-23BDC 20 62 9.9 35 3.8 0.4 171 93 0.86
24-2wW=-27C 25 86 15 69 3.2 0.6 276 158 0.91
24-2W-29DDB 22 82 15 76 3.4 0.7 314 109 0.71
24-3W=-5ACC 16 76 16 74 3.9 0.6 233 60 0.42
24-3W~8DBB 18 80 16 89 3.6 0.7 291 90 0.52
24-3W=-15DCD 18 118 23 100 5.3 1.0 358 154 0.46
24-3W-20BBD 17 107 17 100 4.3 0.7 322 112 0.30
24-3W-22CBB 18 112 20 127 5.0 0.8 331 156 0.32
24-3W-24C 12 89 16 62 3.1 0.7 31 105 0.22
24-3W~26B 16 109 18 87 3.7 0.8 374 84 0.37
24-3wW-32B 20 70 13 125 3.7 0.6 280 65 0.17
24-3W-36AAA 17 67 13 68 2.6 0.6 278 78 «50
McPHERSON COUNTY
18~3wW-31BBD 39 81 14 21 2.4 0.6 321 29 0.13
18=-3wW-33CCC 39 96 22 52 2.9 1.2 293 78 0.12
18-4W-29DAD 26 84 1 18 2.1 0.5 278 27 0.58
19-1W-32DCA 30 111 8.9 51 2.6 0.4 368 38 0.14
19-3W-17BAC 39 86 1 20 2.3 0.5 306 22 0.21
1A = 1979 KGS sampling program; B KGS-USGS data files; C = 1977 KGS sampling program.
ippm = parts per million.

ppb = parts per billion.
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3 Hardness as CaCO

Fe Mn Cu B Temp. Total Solids Total Non-Carbonate Sp.Cond.
ppb ppb ppb ppb °C 180°C ppm ppm ppm Umho at 25°C SAR pH
<8 <3 2 42 15.0 430 287 0 711 1.08 7.2
<8 <3 3 43 14.5 464 310 36 735 0.94 7.2
58 400 1 74 16.0 456 345 7 750 0.75 7.2
260 490 1 73 16.0 440 322 10 710 0.80 7.2
20 320 1 82 15.5 482 370 72 795 0.68 7.2
18 870 1 74 16.0 518 381 86 812 0.76 7.4
<8 <3 1 38 15.0 344 238 19 580 0.85 7.4
13 1100 1 122 15.5 1435 850 570 2600 2.83 7.0
<8 <3 1 48 16.0 374 268 69 642 0.66 7.4
<8 <3 1 44 16.5 409 259 0 710 1.67 7.5
15 <3 3 66 14.9 366 220 1} 611 1.47 7.2
<8 <3 2 40 15.1 415 270 1} 652 0.95 7.4
<8 200 1 26 15.0 246 129 1} 373 1.26 7.8
<8 <3 3 38 16.0 417 293 11 690 1.02 7.6
<8 <3 1 40 16.0 363 248 1} 577 0.83 7.6
<8 <3 1 33 15.0 380 274 50 635 0.63 7.6
10 260 3 28 16.4 234 112 0 333 1.28 7.4
770 350 <1 33 16.1 262 129 0 410 1.69 7.2
2100 190 1 23 16.0 777 443 370 1460 2.00 7.0
1900 250 1 25 16.3 200 104 0 320 1.24 71
84 27 1 36 15.2 238 122 20 368 1.03 6.9
180 420 1 23 17.5 212 140 40 311 0.44 6.8
<8 <3 1 40 15.1 465 312 44 779 1.15 7.4
1900 480 1 42 15.3 372 203 0 617 1.78 7.4
770 630 <1 46 15.4 572 273 0 899 2.58 7.4
540 250 1 35 15.9 237 113 0 391 1.80 7.3
2300 190 <1 36 15.0 314 165 2 480 1.15 7.6
2200 360 2 38 15.7 389 202 0 630 1.84 7.2
1800 330 <1 46 14.8 605 322 89 982 2.21 7.2
4100 530 <1 36 15.1 600 348 180 841 1.14 7.0
3400 430 <1 35 14.8 340 196 56 521 1.09 7.0
3500 560 1 41 15.0 482 277 51 769 1.80 7.2
660 520 2 38 15.6 489 267 10 835 2.02 7.6
1100 42 <1 37 14.5 488 256 65 852 2.01 7.6
910 150 1 46 14.0 528 267 28 904 2.37 7.4
1300 290 <1 54 14.0 694 390 97 1195 2.20 7.2
87 81 <1 42 14.0 547 338 74 1075 2.37 7.4
750 200 3 43 14.2 713 363 91 1200 2.90 7.4
280 43 1 39 14.8 475 289 34 807 1.59 7.8
380 76 1 49 14.8 589 347 40 1010 2.03 7.8
<8 <3 2 44 . 561 229 0 1021 3.59 7.4
850 150 1 46 . 422 221 1} 712 1.99 7.4
<8 853 2 55 16.0 370 260 0 575 0.57 762
<8 <3 2 98 15.1 518 331 1 853 1.24 7.3
<8 <3 1 41 15.8 321 255 28 550 0.49 7.3
<8 220 2 65 14.5 506 314 12 822 1.25 7.2
<8 <3 4 50 15.4 357 260 10 550 0.54 7.4
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1 2 Oortho

Well Hist. Sio2 Ca Mg Na K Sr HCO3 504 Ccl F N03 P04
Location  Data ppm ppm___ ppm ppm _ppm ppm ppm ppm  ppm ppm __ ppm __ppm
McPHERSON COUNTY (Cont'd)

19-3W-31BAB B 33 89 7.5 17 1.7 0.4 301 19 21 0.2 3.3 0.17
19-4W-11CCA 24 97 16 29 2.2 0.6 364 62 17 0.4 0.2 0.87
19-4Ww-14AA 30 82 13 19 2.4 0.6 297 34 19 0.4 1.4 0.16
19-4W~-26BCC 22 91 17 36 2.5 0.6 370 44 20 0.3 0.2 0.90
20-1W-22BBB  A,B 29 72 7.7 35 1.3 0.3 288 22 7.5 0.3 17 0.20
20-3W-19B A 31 78 1 18 2.5 0.5 286 27 12 0.3 2.3 0.19
20-4W=-10DA A 22 96 22 37 2.9 0.6 401 55 27 0.3 0.2 1.5

20-4W-12AAC  A,B 31 11 10 26 2.9 0.5 320 47 38 0.2 3.6 0.32
20-4W-23AAB 28 120 14 28 3.2 0.5 354 46 53 0.2 9.8 0.41
21-3W-2BAC A 38 76 7.9 22 1.6 0.3 267 17 24 0.2 2.4 0.33
21-3W~7BCA 29 91 16 28 3.2 0.6 336 54 15 0.3 0.2 0.68
21-3W-9B 29 252 22 136 6.0 1.2 317 30 534 0.1 3.6 0.32
21-3W-20BA A 27 81 10 26 2.2 0.5 325 17 19 0.3 0.1 0.51
21-3W-29BAD 30 83 13 28 3.1 0.6 334 18 15 0.4 <0.1 0.67
21-3W=-29CBC 26 121 13 36 3.3 0.5 450 26 28 0.3 0.3 2.0

21-3W-32DBD 25 67 9.3 31 3.3 0.3 225 36 35 0.3 19 0.78
21-3W-33BBC B 26 83 1 33 2.8 0.5 347 24 21 0.4 0.1 0.58
21-3W-35ACC 28 94 9.3 39 1.7 0.3 310 44 48 0.2 4.1 0.29
21-4W-13D 28 102 13 33 3.0 0.5 349 60 20 0.3  <0.1 0.40
21-4W~26DD 32 99 16 26 3.0 0.6 362 55 9.1 0.3 0.2 0.48

RENO COUNTY

22-4W-1BA 32 99 16 27 3.0 0.7 358 66 1 0.3 0.1 0.47
22-4W-24BAA  A,B 33 105 26 76 3.4 0.9 357 111 90 0.4 0.3 0.99
24-4W-7DCB 18 113 19 170 5.9 0.7 221 84 305 0.5 53 0.19
24-4W-14DA A,B 19 91 16 76 2,9 0.7 255 64 105 0.6 45 0.30
24-4W-31ACD c 27 85 13 48 2.3 0.4 339 27 34 0.2 24 0.36
24-5W-11A 15 127 18 269 7.1 0.8 233 123 472 0.6 8.1 0.24
24-5W-16AA c 25 68 8.8 32 2.2 0.3 275 16 16 0.3 19 0.22
24-6W-23CBD 25 44 7.1 20 0.9 0.2 97 32 8.8 0.4 82 0.56
25-4W-3BCB 26 73 1 47 1.9 0.4 317 24 23 0.3 26 0.34
25-4W-13DAA A 27 68 14 36 2.0 0.4 281 29 15 0.3 22 0.53
25=-4W-14BAC o 22 84 17 48 2.2 0.4 354 31 32 0.3 36 0.50

SEDGWICK COUNTY

25-1W~6DBB A 17 71 13 55 2.3 0.6 268 88 27 0.5 4.1 0.52
25=-1W-21B 19 97 16 58 2.7 0.8 367 88 32 0.7 0.2 0.31
25-1W-27ABC 19 104 19 50 2.9 0.9 351 108 30 0.6 3.8 0.27
25-1W=-31B A 24 81 17 101 4.6 0.8 301 69 128 0.5 3.2 0.15
25-1W-32BCB 17 90 19 134 4.7 0.7 179 119 220 0.4 37 0.16
25-1W-32CDA 21 11 20 110 4.6 1.0 269 79 220 0.4 5.4 0.14
25-2w~3DD 14 90 14 43 3.7 Q.7 289 65 26 0.6 33 0.27
25-2W=7DC 20 67 14 86 4.8 0.6 236 62 89 0.5 32 0.23
25-2W~10AAB 16 83 13 47 3.3 0.6 284 45 30 0.6 40 0.29
25-2W=12DBD 20 63 10 43 2.7 0.5 223 53 30 0.6 15 0.25
25-2W~15ABB 18 68 12 68 3.1 0.5 304 56 39 0.9 0.1 0.35
25-2W=15C A 18 63 13 47 2.2 0.5 204 40 44 0.6 56 0.18
25-2W-22BDA A 19 116 24 125 5.0 0.9 283 108 203 0.6 31 0.19
25-2W=22DAA B 18 100 22 107 9.8 0.8 273 89 158 0.6 33 0.18
25-2W-30DBB 20 20 20 354 6.8 0.8 201 136 558 0.6 0.9 0.46
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3 Hardness as CaC03

Fe Mn Cu B Temp. Total Solids Total Non-Carbonate Sp.Cond.
ppb ppb ppb  ppb °C 180°C ppm ppm ppm Hmho at 25°C SAR pH
<8 <3 2 37 15.0 251 253 7 550 0.46 7.5
1600 550 2 73 15.8 383 309 10 695 0.72 7.3
<8 53 2 49 15.6 304 259 15 569 0.51 7.4
2400 300 1 74 15.6 406 298 0 680 0.90 7.3
<8 360 2 47 14.4 351 212 0 525 1.05 7.2
10 120 <1 49 15.4 286 240 6 512 0.50 7.4
2700 590 <1 79 15.0 399 331 2 782 0.89 7.2
<8 67 1 50 15.0 432 319 56 693 0.63 7.4
<8 280 1 53 15.0 493 358 67 799 0.64 7.4
<8 <3 1 33 15.0 318 222 4 510 0.64 7.2
1200 350 1 64 15.3 379 294 18 652 0.70 7.4
76 574 <1 66 15.0 1182 720 460 2178 2.21 7.4
1100 450 <1 46 15.0 342 244 0 569 0.72 7.5
570 380 2 60 16.0 348 261 0 580 0.75 7.4
5500 700 1 66 15.0 481 356 0 779 0.83 7.4
<8 <3 2 36 15.5 353 206 21 555 0.94 7.0
280 360 1 56 15.5 378 253 0 620 0.90 7.3
<8 <3 2 46 15.0 426 273 19 699 1.03 7.4
450 400 2 72 16.0 404 309 23 685 0.82 7.4
<8 362 1 74 16.0 412 313 17 650 0.64 7.5
9 350 1 81 15.5 427 314 20 680 0.66 7.2
2400 830 1 101 15.0 592 370 77 1025 1.72 7.2
63 <3 2 50 14.0 889 361 180 1525 3.89 7.2
<8 5 2 38 14.5 569 294 84 939 1.92 7.2
<8 <3 2 40 15.0 345 266 0 699 1.28 7.4
47 300 2 53 15.0 1156 392 201 2025 5.91 7.6
<8 <3 3 35 15.2 322 206 0 519 0.97 7.4
<8 <3 3 28 13.9 263 139 60 384 0.74 7.0
<8 <3 1 43 15.0 360 228 0 625 1.35 7.4
<8 <3 2 55 15.0 346 228 0 571 1.04 7.2
<8 <3 2 59 15.0 435 280 0 735 1.25 7.4
480 120 1 30 15.0 397 231 12 660 1.57 7.4
250 190 1 37 14.5 485 309 8 800 1.44 7.6
160 280 <1 42 14.5 493 339 51 810 1.18 7.6
<8 <3 1 43 16.0 581 273 26 1010 2.66 7.4
<8 <3 <1 34 14.5 746 303 157 1290 3.35 7.0
8 <3 <1 41 15.7 707 360 140 1240 2.52 7.4
<8 20 1 49 15.0 434 283 46 700 1.11 7.4
<8 <3 2 43 14.7 492 225 32 835 2.49 7.2
<8 12 2 42 14.5 426 261 29 680 1.26 7.4
<8 150 <1 34 15.0 355 199 16 572 1.33 7.4
300 110 <1 39 14.7 406 220 0 683 2.00 7.4
<8 <3 1 44 14.8 380 211 44 611 1.41 7.2
<8 <3 <1 57 14.5 770 389 157 1310 2.76 7.2
<8 <3 1 52 15.0 673 341 117 1150 2.52 7.2
8 3 <1 65 14.9 1277 308 143 2277 8.79 7.5
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1 2 Oortho
Well Hist. SiO2 Ca Mg Na K sr HCO3 SO4 Ccl F NO3 PO4
Location Data ppm bpm ppm ppm ppm ppm ppm ppm ppm bpm ppm _ppm
SEDGWICK COUNTY (Cont'd)

25-2W-36ABB A,B 20 159 30 274 8.0 1.3 271 218 478 0.5 8.6 0.14
25-3W-2CCB 20 88 16 72 3.1 0.7 245 62 100 0.4 49 0.20
25-3w=-3D A 22 66 15 121 4.1 0.7 280 65 133 0.6 5.3 0.18
25=-3W-5BBB 19 72 14 137 3.9 0.6 261 a3 153 0.7 11 0.21
25-3W-6A A 16 87 17 144 4.8 0.7 271 130 167 0.9 5.2 0.22
25-3W-11CBD 20 129 26 173 5.1 1.0 339 202 216 1.1 1.1 0.18
25-3W-15ADC 19 139 29 408 7.9 1.1 218 210 685 0.5 1.6 0.24
25-3W-16DA 19 167 33 272 8.8 1.3 238 209 529 0.5 2.3 0.26
25-3W-26CBD 23 57 11 136 3.2 0.4 293 47 129 0.5 15 0.51
25-3W-30ABB 26 90 15 38 1.8 0.4 293 20 66 0.2 35 0.36
25-3W-33CB 28 73 14 33 1.6 0.3 272 37 19 0.2 20 0.49
26-1W-2DC 18 68 12 56 2.8 0.5 264 46 42 0.6 20 0.15
26~-1W-11D 18 62 11 67 3.3 0.5 212 59 61 0.4 37 0.18
26-1W=32BDA 24 33 6.8 95 2.5 0.2 207 33 65 0.5 24 0.87
26-2W-8AD 25 68 13 63 2.4 0.5 357 22 32 0.3 9.5 0.59
26-2W=-14ABC 21 70 14 126 3.8 0.5 236 72 165 0.4 16 0.76
26-2W-27ABA 27 64 1 40 2.2 0.4 318 16 11 0.2 5.1 0.56
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3 Hardness as CaCo4
Fe Mn Cu B Temp. Total Solids Total Non~-Carbonate Sp.Cond.
ppb ppb ppb  ppb °C 180°C ppm ppm ppm Umho at 25°C SAR pH
20 4 2 50 15.6 1334 522 300 2260 5.22 7.4
<8 <3 1 38 14.0 521 286 85 882 1.85 7.2
<8 64 2 47 15.1 561 227 0 990 3.49 7.6
<8 27 <1 41 14.8 666 238 24 1099 3.86 7.5
<8 8 2 60 15.0 696 288 66 1220 3.69 7.9
1000 780 1 53 14.7 940 430 152 1530 3.63 7.4
24 <3 5 72 15.0 1638 467 289 2790 8.20 7.6
<8 <3 <1 50 16.0 1393 554 359 2355 5.03 7.4
<8 <3 1 57 15.0 535 188 0 995 4.32 7.4
<8 <3 3 37 15.3 443 287 47 735 0.98 7.2
<8 <3 2 38 15.0 311 240 17 580 0.93 7.0
<8 <3 <1 36 15.0 381 220 3 672 1.64 7.2
<8 <3 1 35 15.0 456 201 27 710 2.06 7.4
<8 <3 1 47 16.0 393 111 0 634 3.93 7.2
<8 <3 2 52 15.0 402 224 0 702 1.83 7.2
49 <3 <t 51 «5 585 233 39 1093 3.59 7.2
<8 <3 1 40 .0 357 205 0 550 1.21 7.2
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