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INTRODUCTION

Purpose of Investigation

Ground water in the Smoky Hill River Valley near Abilene has a
past history of lowe-quality water, The city of Abilene has recently
begun to search for additional water supplies to mset increasing demands
and Abilene has no good source of information te guide them in their
search, This investigation of the geology and ground-water guality of
the Smoky Hill River Valley near Abilene was made to obtain a better
understanding of the water quality of the area and its relation to the
geology and to determine the source of any pollution,

No detailed or extensive study of the water quality or geology
had been done before this investigation, although Latta (1949) made a
water resource study that reported water quality for three wells and
defined the general geoclogy in the area, Abilene and surrounding town-
ships presently have adequate water supplies, tut this study should be
useful in locating future water supplies for agricultural, municipal,

and industrial purposes,

Location of Area
Approximately 45 square miles were investigated in the Smoky
Hill River Valley in northern Dickinson County, Kansas (Fig, i). The
area is 10 miles long, 4 to 4} miles wide, bounded on the west by Sand
Springs and on the east by Enterprise (Fig, 2); Abilene is in the north-

central part of the area,
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|smoky Hill River

Dickinson County

() 5 10  Miles
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Fig, 1. Location of study in Diekinson Co., Kansas,
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Previous Investigations

Only one investigation (Latta, 1949) dealing primarily with the
geology and ground-water resourcaes of the Smoky Hill Valley, including
Abilene, has been made, Brief references to geology or ground water
in parts of the area have been made in several reports listed below,

Haworth (1897) included a brief description of the Smoky Hill
Valley in a report on the physiography of western Kansas, Bailey (1902)
discussed briefly the quality of water from Sand Springs, which is cne
source of Abilene's municipal water supply, Parker (1911) reported the
analyses of water from wells at Enterpriss, Moore (1940) dsscribed the
ground=water resources of Kansas, Lohman, et al, (1942) reported ground-
water supplies in Kansas that were available for national defense indus-
tries and included a description of supplies in the Smoky Hill River
Valley, Part of a report by Latta (1949) described the geology and
ground=water resources of Dickinson County in the Smoky Hill Valley, and
Shenkel (1959) discussed the geology of the Abilene Anticline. The Kan-
sas Water Resources Board (1967) published a generalized report on irri=-

zation in Dickinson County,

Well Location and Numbering System
Wells and test holes are located according to General Land Office
surveys, in the following order: township, range, section, quarter sec=-
tion, quarter—quarter section, guarter-quarter-quarter section (10-acre
tract), Where two or more wells are within the same 10-acre tract, the
wells! locations are numbered serially according to the order in which

they were inventorled, The quarter sections, quarter—quarter sections



and 10-acre tracts are designated a, b, ¢, and d in a counter-clock-
wise direction, beginning in the northeast quarter, For example, well
number 1 has a location of 13 {E 13ddd and is in the SE}, SEi, SE%,
Seec, 13, T.13S., R,1E.

Wells and samples are numbered in the order in which samples
were collected from the wells, Where two samplss were collected from
the same well the samples are lettered in the order in which they were
collected, For example, two samples were collected from well #1, sam-
ple 1a and sample ib; only one sample was colleected from well #2, The
sample with the lowest percent error of analyses (p., 45-47) is always

cited where water quality in wells with duplicate analyses is discussed.
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GEOLOGY IN RELATION TO GROUND WATER

The area is underlain, in part, by beds of shale, limestone,
and gypsum of the Permian Period and, in part, by clay, silt, sand, and
gravel of terrace, dune, and alluvial deposits of Pleistocene to Recent
age (Fig, 2)., The Ancestral Smoky Hill River cut a deep valley in Post-
Kansan = Pre-Wisconsina time which was later partly filled with clay,
silt, sand, and gravel of Wisconsinam (Late Pleistocene) aggradation.
This report is concerned mainly with alluvial deposits, and more speci-
fically with the sands and gravels, which are the principal source of
ground water used in the area,

Four cross sections of the valley were drawn from logs of test
holes and wells obtained from Latta (1949) and 0, S. Fent (Fig., 4-7).
The location of wells and test holes used in construction of the cross

sections and lines of cross sections are in Figure 3.

Bedrock
The alluvium in the valley is underlain by the upper part of the
Doyle Shale, the Winfield Limestone, the Odell Shale, and the }olans
Limestone of the Chase Group (Fent, 1974) (Plate 1), The upland sur-
face on either side of the Smoky Hill Valley is underlain by the upper

part of the Chase Group, Gearyan Stage and the lower part of the
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% Figure 4 Geologic cross section A-A' and profie of woter fable
(see Figure 3 for locotion of cross section)
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Legend for Figures 4 -7

Logs used bo construct cross sections n Figures 4 -7 were
obidined from Fent {Appendsx I), ond Loma(1949.0 105-11)

Figure 5 Geologic cross section B-B' and profile of water table
(see Figure 3 for lncation of cross section)
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Figure 6 Geologic ctross section C—C' and profile of woter table
(see Figure 3 for location of cross section)

Wellmgion Fm " . ot
e
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Winfield Limestone

Doyte Shale 7y i

Figure 7 Geologic cross section D—D' and profile of water table
(see Figure 3 for location of cross section)
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PLATE I

GENERALIZED STRATIGRAPHIC SECTION
ABILENE AREA, KANSAS
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Wellington Formation, Sumner Group, Cimarronian Stage, Lower Pesrmian
Series, Permian System (Fig, 2) (Plate 1), Wells for part of Abilene's
municipal water supply at Sand Springs produce water from solution cavi-
ties in the Herington Limestone Member of the Nolans Limestone (Latta,
1949 p. 46),

No salt beds exist in the Abilene area, but the Futchinson Salt
Member of the Wellington Formation, Summer Group, is in the subsurface
25 miles west of the study area in Saline County (Lee, 1956 p, 117).
The Hutekinson Salt is mentioned here because it may be a possible
source of ground-water contamination in the Abilene area, The Gage
Shale and the lower part of the Wellington Formation contain beds of
gypsum (Fent, 1974) which alsc may affect the ground-water quality
(Plate 1).

Terrace and Dune Sand Deposits

Pleistocene terrace deposits underlie dune sand in the north-
west corner of the area, north of Sand Syrings (Figs. 4-5), The terrace
deposits may be Kansan and Illinoian in age because elevations at which
they occur conform tec Pleistocene stream profiles of the area that were
postulated by Bayne and Fent (1963 p, 370), The Kansan are terrace is
topographically below the Illinoian terrace in the Upper Smoky Hill
Valley at Salina, west of the investigation area, whereas the Kansan
terrace is higher than the Illinoian terrace east of Abilene (Bayne and
Fent, 1963 p., 374). At what point the Kansan and Illinoian terraces
reverse positions is unknown but the change seems to occur west of
Abilene in the investigation area (3ayne and Fent, 1963 p. 374). There~

fore, the age of these terraces is unlknown,
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The lower terrace deposit is 10 to 21 feet thick whereas the
upper terrace deposit is 3 to 14 feet thick, and thins to a featheredpge
at the northern valley boundary, Both terrace deposits consist princi=-
pally of unconsolidated and poorly sorted silts, sands, and gravels
which overlsp one another irregularly (Latta, 1949 p, 30).

Dune sand is on top of the terrace deposits north of Sand
Springs in the northwest corner of the area and in a smaller area north
of Detroit in the northeast corner (Fig, 2), The dune sand consists of
grayish—orange to light gray (as reported in drillers' logs), fine te
medium guartz sand that in a few places contains such silt, It ranges
in thickness from 3 to 20 feet north of Sand Springs, but is much
thinner and probably not more than 15 feet thick north of Detroit
(Latta, 1949 p. 31).

The dune sand is above the water table and, therefore, does not
supply water to wells, but the sand is loose, very permeable, and pro=-
vides excellent recharge for underlying water-bearing beds (Latta, 1949

pe 31)s

Alluvium
Alluvium of Wisconsina (Late Pleistocene) and Recent age occurs
in the Smolky Hill Valley (Fig, 2) and is the most important source of
water for stock, domestic, irrigation, industrial, and municipal sup-
plies. All large wells in the area derive water from sand and gravel
beds of the alluvium,
Alluvium is composed of clay and silt in the upper part, and

sand and gravel in the lower part. At some places, silt and clay lenses
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oceur within the gravels and fine sand may be interbedded with silt and
clay. Sandy and silty clay ranging in thickness from 1 to 55 feet and
from yellow to grayish—crange to light-gray to dark-gray to blue-gray
(as reported in drillers! logs) mostly occurs on top of the gravels,
Fine to coarse sand and some gravel occur at a few places rarely, imme-
diately above the gravel, Gravel ranges ir thickness from 2 to 56 feet,
Figure 8 is an isopach map of the saturated thickness (rock or soil in

which all the interstices are filled with water) in the area,

METHODS OF INVESTIGATION

Field Procedure

Selection of Wells,--Locations of wells for water-table measure-

ments were obtained from the Division of Water Resources of the Kansas
State Board of Agriculture and through personal contact with residents
in the area, Permission for use of wells and well information was
obtained by letter and perscnal contact, Wells were selected for water
analyses because of location and accessibility within the area of inves-
tigation,

Water-Table Measurements,--Depth-to-water measurements were made

to the nearest 0,05 foot with a steel tape, Elevations of measuring
points at the wells were surveyed to the nearest 0,1 foot using an auto-
riatic level (borrowed from the Department of Civil Engineering, Kansas
State University) and United States Coast and Geodetic Survey first-
order benchmarks, Locations and elevations of the benchmarks were pro-

vided by Kansas State Highway Cormission,
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Maps and Cross Sections.--Base maps were constructed from

Solomon, Kans., Abilene, Kans., and Chapman, Kans. quadrangles of the
U, S. Geological Survey, 7.5 minute series; aerial photographs were
examined to aid in establishing the locations of wells, Elevations of
wells and test holes drilled by the Kansas Geological Survey were taken
from Latta (1949), while elevations of wells and test holes provided by
0. S. Fent were measured to the nearest five feet from the quadrangles,
Isocon maps indicate concentrations of dissolved constituents in the
ground water at the depth from which the water samples were drawn,

Collection of Water Samples,--The well system was thoroughly

flushed and pressure tanks were drained tefore representative ground=-
water samples were collected, One-liter polyethylene sample bottles,
rinsed three times with water from the well, were filled to eliminate
air spaces, capped tightly, and immediately iced until they were anal-
yzed for bicarbonate, caleium, magnesium, sodium, potassium, and nitrate,
From seven wells two ml of concentrated HC]l were added to the liter bot-
tles to aid in analysis for iron.

Temperature of Ground Water,--Ground water was collected in a

two-gallon plastiec container to minimize temperaturs change and the
temperature recorded to the nearest 0.1° C, The thermometer was immersed

in the water to a uniform depth for each measurement,

Laboratory Procedure
This investigation does not consider all the dissolved consti-
tuents of natural waters, but only those constituting the major part

of the dissolved-solids content which govern the use of ground water,
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The cations analyzed were caleium, mapnesium, sodium, potassium, and

for some samples, iron, The anions analyzed included chloride, nitrate,
sulfate, and bicarbonate. The speecific conductivity and total dissolved
solids of the water samples were determined also, The maethods of analy-
sis included titrimetric, turbidimetric, specific ion electrolysis,

and atomic absorption/flame emission spectrophotometry, General descrip=-
tions of the analysis ars given in Table 1 whereas detailed procedures
for analysis of each ion or radical and the specific conductance are in

Appendix II,

DISCUSSION AND INTERPRETATION OF DATA

Water Table

The upper surface of the zone of saturation in permeable rock
or soil is called the water table and is at atmospheric pressure as if
it were in an open tank., Under this unconfined or free condition the
acquifer (a permeable material through which water moves) is referred
to as a water-table aquifer or unconfined aquifer,

The zone of saturation may include both permeable and impermeable
layers of sediment or rock. Wherse an aquifer is between impermeable
layers, both the aquifer and its water are confined, and the water within
the pores of the aquifer is at pressures greater than atmospheric
(Johnson Div,, 1972 p, 21-22). In the investigation area, the aquifer
is almost totally unconfined, except at a few places,

The water table is not a stationary surface but fluctuates up
and down in response to additions or withdrawals from the ground-water

reservolr, It rises when more water is added to the zone of saturation
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by vertical percolation and drops during drought periods when previously
stored water flows laterally toward springs, streams, wells, and other
points of ground-water discharge, or is evapotranspired,

Water-level measurements were made during the winter (Table 2)
within a three-day period to insurs an essentially instantaneous over=
view of the water table, Winter is the most stabls time to measure
water levels because the aquifer has adjusted to recharge following the
previous growing season and has not been affected by withdrawals from
irrigation wells and plants during the spring growing season,

Shape and Slope g£ Water Table,-=The water table is not a flat

surface but has irregularities that are related to topography, geology,
and hydrologzy. The shape and slope of the water table in the area is
shown with contour lines (lines connecting points of equal elevation)
drawn on the water table (Fig. 9). In this area the shape of the water
table conforms eclosely to the surface topography.

Ground Water Movement,--Ground water can move only toward an

area of discharge in response to a hydraulic gradient, The direction
of movement is always down-slope and at right angles to a water-table
contour. The ground-water movement in the study area is generally from
northwest to southeast (Fig, 9).

The shape and slope of the water table indicate that the recharge
area for the aquifer is in the hills north of Sand Springs, A great deal
of recharge occurs by vertical percolation of water through the loose
and highly permeable dune sand (Latta, 1949 p, 31). In many river val=-
leys, the source of appreciable recharge is underflow from up-valley,

This is seemingly not so in the study area becauss 1) water-table does
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not slope in the valley direction, and 2) there is a lack of correla-
tion of depth versus concentration (p., 87), Underflow derived from an
up-valley source would be expected to contain more dissolved constitu-
ents because it has had greater residence time (see p, 42 for explana-
tion of residence time) in the aquifer,

Ground-water discharge (return to the surface) may be by natural
springs or seeps, by flow into surface streams, through water wells
drilled into an aquifer, and by evapotranspiration., Two of the more
obvious methods of discharge in the area are through wells and from the
spring in the Herington Limestone Member of the Nolans Limestone at Sand
Springs, Water-table contours near Mud Creek (Fig., 9) indicate water
flows into or contributes to the flow of Mud Creek, Finally, if ground
water is not discharzed before reaching the southern edge of the area,
it either discharges into the river, leaves the area as subsurface flow,

is evapotranspired through plants, or evaporates from the soil,

Quality of Ground Water Related to Use

Total Dissolved Solids,=--The concentration of total dissolved

solids (TD3) in water includes ionized and nonionized rock, mineral,

and sediment in solution., It does not include suspended sediments, col-
loids, or dissolved gases, The TDS concentration is therefore the numer-
ical sum of all concentrations of dissolved solids as determined accur-
ately by chemical tests, The residue left after evaporation does not
equal the TDS because gases are driven off, bilcarbonate converts to car-
bonate, sulfate deposited as gypsum traps some of the water, and small

amounts of magnesium, chloride, and nitrate may be volatized (Davis and
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DeWiest, 1966 p, 100), However, the residue after evaporation and
specific conductance (see p, 23 ) provide a verification ¢f the accuracy
of determinations of total dissclved solids,

The recommended maximum TDS for drinking water is 500 pmm
(USPHS, 1962); water with higher concentrations may have a disagreeable
taste, Water for most domestic and industrial uses should be less than
1000 ppm and water for most agricultural uses should be below 3000 ppm
(Davis and DewWiest, 1966 p, 100), Total dissolved solids in drinking
water in the U, S, range from 100 to 900 with a typical value from 300
to 400 ppm., The total dissolved solids of water analyzed in this pro-
ject ranzed from 211 to 2458 ppm (Table 3) and 10 of the 16 wells anal=-
yzed had TDS concentrations greater than 500 ppm,

Specific Conductivity,--The specific conductance of natural

waters is given in micromhos (umhos), and measures the ability of water
to conduct an electric current, Specific conductivity usually increases
as total dissolved solids increase because most dissolved solids are
largely ionized (the ions carry the electric current), The specific
conductivity of a particular sample of water depends on the number, type,
and charge of ions, their mobility or rate of movement, and the temper-
ature,

Relation of TDS to Specific Conductance,--Total dissolved solids

(ppn) divided by specific conductivity (i mhos) can be determined for
each sample and an average made of all samples, An estimate of the
total dissolved solids in a water sample from an area can be made by

using the followling formula:
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SpC (A) = TDS
where SpC = specific conductance measured in i mhos at 25° C,

(A) = the average of TDS for all the samples
SpC

TDS = total dissolved solids

In the formula above, (A) has an average value of 0,65 ppm/.u mho
and a range from 0,55 to 0,75 ppri/u mho in natural waters in the United
States, The hizher wvalues are generally associated with waters high in
sulfate (Hem, 1971 p. 99). Ground water in the area had a range of 0,53
to 0,82 ppm/u mho and an average of 0,63 ppm/.umho, Well #9 (sample b)
had a value of 0,82 ppm/umho (Table 3) which probably can be attributed
to high sulfate content from dissolution of gypsum in the Gage Shale
(Plate 1).

The equation for a linear regression of total dissolved solids
versus specific conductance of samples in the investigation was computed
(Graph 1) (Appendix ITIT), The specific conductance of ground water in
the Abilene area can be related to total dissolved solids through the
expression:

TDS

0,65(SpC) + 6

where TDS total dissolved solids

and SpC = specific conductance measured in ¢ mhos at 25° C,
Using this expression an estimate of the total dissolved solids in a
particular water in the investigation area can be made if specific con-
ductance for the water is known.

Hardness.--~Hardness of water 1s that quality that prevents

lathering because calcium and magnesium salts form insoluble soaps
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(Johnson Div,, 1972 p, 66). The total hardness of water may be divided
into carbonate and non-carbonate hardness. Carbonate hardness (formerly
called "temporary hardness") is calcium and magnesium that would combine
with bicarbonate and the small amount of carbonate; it can be removed by
boiling. HNon=-carbonate hardness is caused by calecium and magnesium that
normally combines with sulfate, chloride, and nitrate ions and it cannot
be removed by boiling (Johnson Div., 1972 p. 67).

The U, S, Public Health Standards (1962) do not specify any
value for hardness, The adjectives "hard" and "soft" as applied to
water arse inexact, and some writers have tried to improve this situa-
tion by adding qualifying adverbs, Durfor and Becher (1964) suggested
the following hardness scale:

Hardness Range

(mg/1 of CaCOB) Description
0=~ 60 -=Soft,
61-120 ——we- -m==me=oderately hard,
121180 e — Havd,
¥ore than 180 Very hard,

Total hardness in the area ranged from 161 to 1198 ppm with
typiecal values from 300 to 500 ppm (Table 3), Carbonate hardness
ranged from 110 to 495 ppm with typical values from 300 to 400 ppm
(Table 3) and noncarbonate hardness ranged from 0 to 803 ppm with typi-
cal values from 50 to 200 ppm (Table 3)., According to the hardness
classification, the water ranged from hard to very hard, Fig, 10 is a
map of hardness wvalues in the Abilene area,

Hydrogen-Ton Activity (pH).--The pH 1s a measure of the hydro-

gen-ion activity and 1s the negzative log to the base-10 of the hydrogen-

ion activity in moles per liter, The pH values were measured in the
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water samples after they were brought inte the laboratory, and seven

pH measurements were also made at the well sites, Laboratory pH mea=
surements ranged from 7.05 to 7.80 with an average of 7,44 (Table 3)

and field measurements, made by Whittemore, 1974, ranged from 6.99 to
7.31 with an average of 7,17 (Table 3), The average difference between
laboratory measurement and field measurement was 0.27; pH measured in
the lab was higher becausse CO2 came out of solution which had the effect
of reducing hydrogen-ion activity and raising pH between time of collec-
tion and time of measurement, Reactions are as follows (Hem, 1971 p.

89):

B -
B+ C(:v3 = HC‘O3
g + HCO,™ = H,00,(aq)
Hzcoj(aq) = COz(aq) + HZO(i)

Iron,=--The principal sources of dissolved iron in ground water
are the oxide and sulfide species of iron minerals. Weathering or solu-
tion of iron-bearing silicates can produce an accumulation of ferric
oxyhydroxides, commonly responsible for the red or yellow color of
rocks and soils (Hem, 1971 p. 114-116),

Water with greater than 0,3 ppm iron is considered undesirable
(USPHS, 1962), Greater concentrations of iron stain plumbing fixtures
and clothes during laundering, encrust well screens, and plug pipes
(Jobnson Div,, 1972 p. 71)., When water with a high concentration of
iron is exposed to air, iron may yrecipitate, turning the water reddish-
brown, Concentrations of iron in the area ranged from 0,01 to 7,1 ppm

(Whittemore, 1974) (Table 3).
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Caleium, --Subsurface waters in contact with sedimentary rocks
derive most calcium from solution of calelte, aragonits, dolomite,
anhydrite, and gypsum (Davis and DeWiest, 1966 p, 102). Ground water
associated with limestone would commonly be saturated with ecaleite
(Hem, 1971 p. 140), If sulfate is the major anion in the water and
the concentration of bicarbonate is low, the solubility of ecaleium
sulfate (gypsum) will tend to control the final caleium concentration
in the water (Davis and DeWiest, 1966 p. 103),

Typical values of calcium in ground waters in carbonate roeks
are 4 to 120 ppm and, with gypsum, are 600 ppm (Langmuir, 1970 p. 7).
Coneentrations of calcium in the area range from 46 to 378 ppm with a
typical range from 100 to 200 ppm (Table 3), Fig., 11 is an isocon map
of calcium concentrations in the area,

Haznesium.;-The most common source of magnesium in sedimentary
rocks is dolomite, In addition, most calcite contains a small amount
of magnesium, so dissolution of limestone commonly yields magnesium
also, Magnesium is in lower concentrations than caleium in natural
waters, despite magnesium®s higher solubility, because dolomite dis-
solves slowly and calcium is more abundant in the earth's crust (Davis
and DeWiest, 1966 p, 104),

Magnesium concentrations were from 9.9 to 61 pmm with a typieal
range from 20 to 40 ppn (Table 3) and are on the isocon map (Fig, 12).

Sodium,-~The primary source of most sodium in natural water is
the release of soluble products during weatherinz of plagioclase feld-

spars (Davis and DeWiest, 1966 p, 104), and from evaporites such as
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halite or rock salt, Ground water in limestone formatlions may have
only a few parts per million out of several hundred ppm dissolved solids
(Johnson Div., 1972 p. 73). All natural water contains measurable
amounts of sodium (Davis and DeWiest, 1966 p, 105), Typical ground-
water sodium concentrations range from 10 to 90 ppm and most ground
water contains 50 ppm sedium (Davis and DeWiest, 1966 p, 98),

Ground water analyzed had sodium concentrations ranging from 9,6
to 695 ppm, but only two wells had greater than 10C ppm (Table 3). Fig,
13 is a map of sodium concentration in the Abilene area,

Potassium,-~Although potassium in the earth's crust is about as
abundant as sodium, potassium is commonly less than one=tenth the con-
centration of sodium in natural water, Potassium enters into the struec-
ture of illite during weathering and potassium-rich minerals ars more
resistant to weathering (less soluble) than sodium minerals (Davis and
DeWiest, 1966 p, 106),

Most ground water in the U. S. contains less than 10 ppm potas=-
sium and commonly ranges between 1,0 and 5,0 ppm (Davis and DeWiest,
1966), Ground waters in the area Lad concentrations ranging from 1,2
to 9.9 (Table 3) except well #9 which had a concentration of 74 ppm,
Figure 14 is a map of potassium concentrations in the study area,

Nitrate.--Most nitrate in water comes from organic sources or
from industrial and agricultural chemicals (Davis and DeWiest, 1966 p,
110). Range of nitrate content for different waters is great and seems
to be unrelated to any geologic formation,

Nitrate content of soil can accumulate from plant debris, animal

wastes, and nitrate fertilizers and additional amounts emanate from the



Contour interval 10 ppm.

ntration (ppm) of ground water in Abilene area.

Fig. 13, Sodium conce
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discharge of sewage wastes, FHigh nitrate concentratioens in water from
a well may be caused by direct flow of surfaece water into the well, or
by percolation of contaminated water into the aquifer from overlying
soil zones, Large amounts of nitrate in well water may indicate pollu-
tion from such sources as cesspools, barnyards, and feedlots, A high
nitrate content indicates pollution and is a warning that the water
should be tested for harmful bacteria which also may be carried into
the aquifer from sources of pollution mentioned above (Johnson Div.,
1972 p. 75).

The United States Publie Health Service has stated that concen-
trations of nitrate greater than 45 ppm is undesirable in water for
public use because it may cause cyanosis or methaglobinemia in infants
(USPHS, 1962), Cyanosis causes the baby to become listless, drowsy,
and the skin turns blue; the condition may result when water containing
excessive nitrate is used in preparing the baby!s formula, Nitrate in
drinking water does not cause cyanosis in adults or older children
(Johnson Div,, 1972 p. 75).

Nitrate concentrations ranged from 1.8 to 65 ppm with typical
values of 20-40 ppm (Table 4), Eecause nitrate had no trends when
plotted on the map, no contours of nitrate values were made, Howsver,
five wells had nitrate concentrations greater than 45 pmm (Fig, 15).
Three wells (#1, #2, and #5) were analyzed for this study and two addi-
tional wells ([11] and [12]) were analyzed by the Kansas Geological
Survey, Well [11] lists an average value of analyses made in 1961,
1963, and 1967 of 53 ppm, Well [12] was analyzed in 1968 and had a

concentration of 53 ppm.
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Table 4, Nitrate concentrations in wells in the Abilene area,

Sample Sample Sample
or Nitrate or Nitrate or Nitrate
Well # gNojl_ Well # gwoBI_ Well # guoBJ_
1a 65 ba g 11 3,0
1b 60 6b 1.8 12 21
2 53 7 14 13 17
3 gt 8 61 15 3.2
4 2.6 %a 57 16 3.7
5a 53 9b 30 17 24
5b L6 10 25 [11] KGS 53

[127 KGs 53

Sulfate,--In areas of sedimentary rocks, sulfate in ground water
is derived principally from dissolution of gypsum (CaSOu) (Johnson Div,,
1972). The recommended maximum sulfate concentration of drinking water
is 250 ppm (USPHS, 1962), Water with sulfate concentrations in excess
of 250 pom may have a bitter taste and a laxative effect on thoss not
accustomed to it, Concentrations of ground water in the U. S, range
from 5 to 100 ppm with a typical value of 30 pom (Davis and DeWiest,
1966 p. 98). Concentrations of sulfate ranged from 27 to 880 pom with
a typical range from 50 to 250 ppm (Table 3) in ground water in the
Abilene area, Four wells analyzed had sulfate concentrations greater
than the 1limit set by the U. S, Public Health Service; three are domes-
tic wells and one is a stock well, Figure 16 is a map of sulfate con-
centrations,

Chloride, --Most chloride in ground water is derived from (1)
chloride from ancient sea water entrapped in sediments; (2) solution of
halite and related minerals in evaporite deposits; (3) concentration by

evaporation of chloride contributed by rain or snow; and (4) solution
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Lo
of dry fallout from the atmosphere, particularly in arid regions (Davis
and DeWiest, 1966 p, 109).

Maximum concentration of chloride in drinking water is 250 pmm
(USPHS, 1962), Water with excessive chloride is very corrosive and can
cause a disagreeable taste, and if greater than 350 ppm, is undesirable
for most irrigation or industrial uses (Johnson Div.,, 1972 p. 74)., Con=
centrations of chloride in ground water in the United States rance from
5 to 100 ppm with a typieal value of 20 ppn (Lanemuir, 1970 p, 2),
Chloride concentrations in water analyzed here ranged froem 10 to 1230
pm with typieal values from 20-120 pom (Table 3), Only well #17 (1230
prm) had a concentration greater than 350 ppm, Figure 17 is a map of

chloride concentrations in the Abilene area,

Bicarbonate {HCOB:l (Alkalinity),==The amount of a standard con-
centration of sulfuric acid needed to titrate a water sample to an end-
point of pH 4.5 is a measure of the alkalinity of the water, Alkalinity
is a reliable measure of carbonate and bicarbonate ions for most natural
water because alkalinity is caused largely by bicarbonate and carbonate
ions, althouzh hydroxide, iron, silicate, and phosphate will have a
small effect on alkalinity (Davis ard DeWiest, 1966 p, 106),

Dissociation of bicarbonate to carbonate ions is effective
largely above a pH of 8,2, Below 8.2 most carbonate ions add hydrogen
to become bicarbonate ions (HY + 0032' — HCOB'), and the ratio of
bicarbonate to carbonate increases to more than 100 to 1, The alkalin-
ity titration above a pH of 8.2, therefore, measures carbeonate ions ard
below 8.2 measures bicarbonate ions (Davis and DeWiest, 1966 p. 107).

Because the pH values of the waters in the study area are below 8,2
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(Table 3), alkalinity of the water is listed as bicarbonate (HCOB-)
valuses,

Most carbonate and bicarbonate ions in ground water are derived
from carbon dioxide in the atmosphere, carbon dioxide and caleium car-
btonate in the seoil, and solution of carbonate rocks, These factors
probably contribute to the bicarbonate of ground water in the Abilene
area but possibly the solution of calcium carbonate in the sand and
silt fractions of the aquifer contributes the most (Beck, 1974).

Ground water generally contains more than 10 ppm but less than
800 ppm bicarbonate. Concentrations between 50 and 400 pym are most
common (Davis and DeWiest, 1966 p. 107), Bicarbonate values in this
area range from 134 to 604 ppm with typical values from 350 to 520 ppm.

Concentrations of bicarbonate in the area are in Figure 18,

Interpretation of Data

Isocon (equal concentration) maps of dissolved constituents in
the Abilene area indicate that concentrations of ealeium (Fig, 11),
magnesium (Fig, 12), sodium (Fig., 13), potassium (Fie, 14), chloride
(Fig. 17), sulfate (Fig, 16), and bicarbonate (Fig, 18) increase from
north to south. This can be explained as a function of the residence
time of ground water in the aguifer, As water flows from north to
south through the aquifer (Fig, 9), ground water in the southern part
of the area has been in, or has resided in, the aquifer for a longer
time than water to the north, Therefors, water in the southern part of
the aquifer will have more dissolved constituents than in the northern

part because 1) it has been in the aquifer lorger and, thus, has had
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Ll
more time to dissolve rock and sediment and 2) it has come in contact
with more dissolvable rock and sediment by {lowing through the aquifer,

Most calcium in the area is probably derived from the dissolu-
tion of primary calcium carbonate in the sand and silt fractions of
the aquifer (Beck, 1974), lirestone (CaCOBJ, and gypsum, because all
are in the area (Plate 1) tLogs of Wells, App. I). A high concentra-
tion of caleium in the eastern part of the area, just north of the
river (Fig. 11), coupled with an extremely high concentration of sul-
fate (784 ppm) for the same area (Fig. 16) is caused by well #9 (13 3B
18¢dd) whick is in or close to gypsum. Perhaps salt (NaCl) has been
dissolved by ground water because the sodium concentration in well #17
(13 1E 356bbb) is 695 ppm and is associated with a high concentration of
chloride (1230 ppm). The ccntamination is not derived locally because
no salt beds are in the area and the Smoky Hill River lacks high enough
sodium and chloride concentrations to affect the well (USGS, 1973 p.
297). The source of contamination is probably salt brine from the
Hutehinson Salt Member of the Wellington Formation moving up dip from
the west,

Wells #1, #2, [11], and [12] have concentrations of nitrate
greater than 45 ppm (Table 4), A feedlot was operated from 1360 to
1968 in the SW} of Sec, 7, T.13S., R2E,, and a feedlot has operated in
the 5Ef of Sec, 12, T.133., R.1E. since 1955. Runoff from the feedlots
percolating through the loose and permeable dune sands may explain the
high nitrate content in the four wells. The ground-water flow (Fig, 9)
indicates thg feedlots could be the source of high nitrates, Wells #1

and #2 which are used by Abilene, should be monitored in the future te
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determine if the nitrate concentration increases, The high value of
nitrate in well #9 is caused by its proximity to a livestock pen,
while the souree of pollution for well #5 is unknown,

Dissolved iren in the ground water is probably derived from
solution of iron-bearing silicates in the alluvium, Iron concentra-
tions seem to increase toward the southern and southeastern parts of
the area, possibly because ths iron concentration inereases with

increasing depth or increasing saturated thieckness,

Accuracy of Water Analyses
According to Rainwater and Thatcher (1960):

Some errors are practically unavoidable in analytical
work, Errors may result from the reagents, from the limitation
of the method or instruments employed, or even from impurities
in distilled water, The analyst's skill and general judgment
have a direct bearing on the accuracy of the analytical state-
ment, After the chemical analysis of the water sample has been
completed, there are several ways by which the validity of the
results can be evaluated, No one method gives conclusive proof
of the accuracy of the determinations, but the process of check-
ing may bring to light some dubious results or may suggest some
additional constituents of the sarmple that were not considered
in the analysis.

A common method for validating the accuracy of a water analysis
is balancing the chemical equivalents of the major ions; the sum of the
equivalents of cations should equal the sum of the anions, The equiva-
lents per million (epm) of the anions and the epm of the cations should
balance to within one or two percent (ses equation p, ) for waters of
more than 150 ppm total dissolve solids, if all major ions have been
determined accurately (Rainwater and Thatcher, 1960 p, 83), Equivalents
per mlllion is determined by using the following expression:

concentration (opm) of ion

epm = formula weirht of the ion
charge of the ion
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Table 5 lists errors for 20 water analyses which were calcu-
lated using the following expression:

= Anion erm - Cation eom y 40

Percent error : -
Anion epm + Cation epm

Table 5. Percent Error for Water Analyses

Sample # Fercent Error Sample # Percent Error
ia 2.3 8 1.0
1b 0.6 9a 8.1
2 1.8 9b 3.2
3 3.9 10 3.1
L 1.6 11 7.1
5a 2,9 12 1.5
5b 0.6 13 18,2
ba - 6.6 15 Tal
6b 2.4 16 1.8
7 24 i7 8.5

The total anion equivalents ranged from 0,64 to 8+% higher than
cation, although sample 13 lists an 18.2% error; most errors were
between 1 to 3 percent, Calcium determinations were low in the first
13 samples possibly because calcium was complexing with sulfate or
because caleium and sulfate precipitated during the 2 to 5 weeks after
bicarbonate had been analyzed and before concentrations of caleium and
sulfate were determined, causing erroneous calcium and sulfate values
and introducing the error,

To cbeck the error for calcium and the stability of the ionic

concentrations, four duplicate samples (1b, %, %, €b) were taken
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(duplicates of 1a, 5a, %a, aﬁd 6a respectively) and calcium was anal-
yzed within 1 day after bicarbonate, A lanthanum solution (see calecium
procedure App., 1I) was added to the samples to break up complexes of
the calcium ion, Samples 15, 16, and 17 were also analyzed at this
time following the same procedure. 1In the four duplicate samples errors
were reduced from the first anal&ses from 2.3 percent (la) to 0,6 per=-
cent (1b), 2,9 percent (5a) to 0.6 percent (5b), 6.6 percent (6a) to
2.0 percent (6b), and 8,1 percent (9a) to 3.2 percent (9b),

However, during these analyses, samples 15 and 17 (not duplicate
samples) recorded 7.2 percent and 8,1 percent errors respectively, No
reason for this error has been determined but it may have been caused
by interferences from high concentraticns of Ka' and C1- in both samples,

Except for the calcium concentration, the values of the dissolved
constituents did not change appreciably, indicating the chemical compo-

sition of ground water in the area is stable,

Possible Utilization of Ground Water

Most interpretations of quality of ground-water data are made
to determine if the water is satisfactory for a proposed use, All class-
ifications of water according to possible uses, should be used with cau-
tion and should not be rizidly applied because for economie or avail-
ability reasons an area may be forced to use a water supply, even though
it doesn't meet USPHS recommendations,

Public Use,--Standards for drinkinz water are based on 1) objec=
tionable tastes, odors, or colors, and 2) substances with adverse physio-

logical effects. Iron and hardness are the two constituents analyzed in



this report that may produce.undesirable tastes, odors, or colors;
sulfate, chloride, and nitrate may have adverse physiological effects
(Davis and DeWiest, 1966 p. 120),

Wells #9, #11, and #16 had sulfate concentrations above the
USPHS standard of 250 ppn (Table 3) (Fig, 16) and well #17, south of
the river, has a chloride concentration above the USPHS standard of
250 pm (Table 3) (Fig, 17). High concentrations of nitrate in wells
#5 and #9 are probably caused by local effects, such as feed lots,

Considering only the chemical quality of ground water, future
public water supplies should be obtained in the northern half of the
study area where concentration of the dissolved constituents is lowest
and the water is least hard, Areas in the southern part of the study
area near the river, esvecially south of the river, should be avoided,
The area northwestlof Abilense with the high nitrate content should also
be avoided until the problem has been resolved and the nitrate content
drops below the USPHS standard of 45 ppm,

Arricultural Use,--Water required for nondomestic purposes on

farms and ranches includes that consumed by livestock and that used for
irrigation., Water used by stock is subject to quality limitations of
the same type relating to quality of drinking water for human consump-
tion, lost animals, however, are able to use water considerably higher
in total dissolved solids than water considered satisfactory for humans,
McKee and Wolf (1963) rervorted the concentration limits of total dis=-

solved s0lids for stock water as follows:
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Stock Concentration
(mg/1)
Poultry~mc—emcacaaa- -— 2,860
PigS=sem—m —— —————————————— I, 290
Horses—- s o B 6,435
Cattle (dairy)-—-: - — - 7,150
Cattle (beef)eaaaa- O TR 10,100

Sheep (adult)=emecmceccmcmcmmnmam—== 12,900

The chemical quality of water is an irportant factor in eval=-
uating its usefulness for irrigation, Total concentration of dissolved
solids and relative rroportions of calcium, magnesium, and sodium must
be known., The caleium and magnesium content of the soil and subsoil,
topograrhy, position of the water table, armounts of ground water used
and the method of application, kinds of crop grown, and climate of the
area also need to be.considsred (Walton, 1970 b, 459),

If salinity of irrigation water is high, excess soluble matter
left in the soil from irrigation rmust be removed by leaching the top-
soil and allowing the resulting solution to percolate to the water
table, If the water table rises excessively, this process of drainage
disposal of salts may not be effective,

Besides potential dangers from high salinity, a sodium hazard
sometimes exists, The two principal effects of scdium are a reduction
in scil permeability and a hardening of the soil. BEoth effects are
caused by replacement of caleium and magnesium ions by sodium ions on
soil clays and colloids (Davis and DewWiest, 1966), and can be estimated

by the sodium adsorption ratio (SAR) expressed as:
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Na
S =
il /Ca z Me

where: Na, Ca, and Mg represent concertrations in
millieguivalents per liter,
Table 6 lists the SAR valués for wells in the investigation area which

are plotted on the standard SAR diagram (Fig, 19),

Table 6, Sodium Adsorption Ratios for wells in the study area

Well No, SAR Well No, SAR
la LR I A A B B BB 0‘5 8 L2 B B B B B B B A B A A RN ) 100
1b LE R R NS EEE NN O‘S 9a LR L A B B OIB
2 LA BRI L B L B AL 013 9b LA B B B N A O'?
3 tecesecnsnenes 0.3 10 vavesesiwssnnsis 005
B saamees s asmans Do W sisveniissimeas 0.7
53. ssrPoreseog e 1-0 12 R A A RN RN B ] 0-4
5B seessenasesess 1.0 13 wesvamesss s pupme OuD
63. ses o eeeaprdose s 1.1 15 E R I I I A A A R R 109
6b e e 08 pPaasdean I.O 16 @8 ® 20 & P e d e ep e 1.1
7 cesesescsencas 0.7 PP i P |

All wells in the area are suitable for use by stock and, all but
one (#17), for irrigation. 3Because many wells have a hizh salinity haz-
ard, proper leaching of the soil should be maintained to insure that
salts in irrigation water are not being deposited in the soil, but are
percolating down through the soil layer (Fiz, 19).

Industrial Uses,--The water requirements for industrial water

supplies range widely and almost every industrial application has its
own standard. Ground water in the nsrthern vart of the investigation
area probably would be suitable for most industries, however, no attempt
to discuss the application of water for industrial use will be made

because industrial requirements have such a wide range,
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Linear Rerression Betwsen Dissolved Constituents
A linear regression of several points on a graph is made to
find the equation of the line that best fits the plotted points, By
determining this line one can find how y is dependent on x or kow y
changes as x changes, The general equation of the linear regression
is;
Yy=mx+ b

where x and y are variables and m and b are constants and

m = slope of the line
b = y-intercept of the line (value of y when x = 0)

A correlation coefficient (r) can be calculated to determine how
well x correlates with y., Values of r range from -1 to +1; an r value
of 0 indicates no correlation while +1 and -1 indicate perfect correla-
tion (all plotted points are on the regression line), A +1 r value
occurs when x ard y increase together and a -1 r value indicates that
larze values of x are associated with small values of y.

A t-test can be used to determine if r is significantly differ-
ent from 0, that is, that a correlation does indeed exist, If a calcu-
lated "t" value is greater than a table "i" value, then r is statisti-
cally significantly different frem O and a correlation between x and y
does exist, The "t" value can be calculated without actually caleulat-
ing the regression coefficient, as was done in this study,

A computer procram (App., ITI) was used to calenlate the linear
regression of each analysis in Table 3 against all other analyses in
the table (Harris, 1974), The procram calculated the equation for each

of 120 linear regressions and made a t-test of each linear regression
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to determine if the correlation coefficient was statistically signifi-
cantly different from zero at the 95 percent level or the 90 percent
level, The equations for the linear regressions and results of the t=-
tests are given in Appendix IV, Some correlations that were signifi-
cantly different from zerc at the 99,9 percent level will be briefly
discussed,

The nitrate analyses did not correlate with any of the other
analyses, indicating nitrate occurrence is not geologically dependent,
but is a result of man's activities (possible feed lot contamination),
Sodium and chloride were significant indicating salt is definitely con-
taminating the greound water in the area, Calcium and sulfate correla-
tion is significant at the 99.9 percent level and supports the theory
that gypsum is in the area., Sulfate and non-carbonate hardness are
significant at the 99.9 percent level indicating that sulfate composes
the largest percentage of non-carbonate hardness, Equations of linear

regressions that may be useful are given below:

X 3 8 Linear Regression % Level
calcium magnesium ¥y = 0.14x + 6 99,9
" total hardness ¥y= 3,07x + 24 "
n sulfate y = 2,44x - 187 n
sodium chloride y=1,78x = 4 n
specific total dissolved y = 0,65x + 6 n

conduectivity solids
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CONCLUSIONS

Ground water in the area near Abilene, Kansas, generally flows
from northwest to southeast as inferred from the contour map of the
water table and isocon maps (equal concentration)., Recharge occurs in
the northern part of the area and discharge is into Mud Creek and Smoky
Hill River, through domestic, public, and municipal wells, and through
evapotranspiration,.

Ionic concentrations of the water are generally lower in the
northern part of the area and higher in the southern part. This can be
attributed to residence time of the water in the aguifer because as the
water flows south, it continuss to dissolve rocks and minerals of the
aguifer, Ground water is also harder in the southern part of the area
than in the northern part,

High concentrations of calcium and magnesium are caused by dis-
solution of limestone and high concentrations of calcium and sulfate,
by solution of gypsum in the Wellington Formation and Doyle Shale, High
sodium and chloride concentrations are attributed to evaporites or salt
brine moving up dip from the west from the Hutchinson Salt Member of
the Wellington Formation, Hizh iron concentrations are the result of
dissoclution of iron oxyhydroxides in the alluvium,

High nitrate concentrations are probably caused by pollution
from livestock waste. The area northwest of Abilene may have unusually
hizh nitrate concentrations because of infiltration of runoff from feed-
lots into loose and highly permeable dune sand in the area, This would

facilitate movement of nitrate into the ground-water system where it
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would flow southeast, The wells northwest of Abilene, particularly
public water supply wells for the city, should be monitored for nitrate
concentrations and colloform bacteria, Nitrate concentrations in those
municipal wells (#1 and #2) are above U, S, Publiec Kealth Standards and
further increases would warrant discontinued use of those wells as a
public water supply.

Most ground water in the Abilene area is chemically qualifiad
for both publie and agricultural use, Future municipal wells should be
placed north of the river where dissolved constituents are lower and the
water is softer, The area just northwest of the city should be avoided
until nitrate concentrations have dropped below the 1limit set by the
U. S. Public Health Service. The ground water is good for both watering
livestock and irrigation (with the exception of well #17). However,
care should be taken to insure that all dissolved solids in the ground
water are leached from the soil and infiltrate to the water table,
Otherwise, salts will build on the surface and decrease permeability of

the soil, causing drainage problems,
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LOGS OF WELLS AND TEST HOLES

The following pages contain logs of 21 test holes and wells
drilled by 0, S. Fent (Hydraulic Drilling Co,) and 1 test hole drilled
by the Kansas Highway Commission. The numbers assigned to the logs
are the same as well and test hole numbers used in Figures 3-7, Logs
of test holes 3-338, 87 and 88 and 42 are in Latta (1949, p, 105-111).
Logs are listed by occurrence from north to south in cross sections
A-A' through D-D' and elevations of wells and test holes were deter-
mined to the nearest five feet from the Sclomon, Kans,, Abilene, Xans.,
and Chamman, Kans. 7.5 minute quadrangles of the U, S, Geologiecal

Survey,

12, Log of test hole in the SE: NWi NW: sec. 23, T.13S., R.1E., Dickin-
son Co,, drilled by 0. S, Fent, 1950, 3urface altitude 1,220 feet,

Deseription of Material Thickness Depth
(feet) (feet)
Dune sand:
Sand, medium to fine, 2.5 2,5
S5ilt and clay, light gray-green,
mottled yellow, 3.5 6
Sand, mediur to fine, 5.5 11.5

Terrace alluvium:
Silt, dark gray-brown downward to
lizht gray and red tan, sandy. 7.5 19
Sand, fine to coarse, 5 24
Silt, sandy light gray. 5 29
Silt, lizht gray and sand fine to coarse, 11 40
5ilt, sandy tan and light gray. 8 48
5ilt, sandy, tan and yellow, 25 73
Silt, compact, light pray and yellow
tan; contains mueh sand, {ine, 6.5 79,5
Gravel, fine and sand, some gravel,
medium; containz many thin zones of
clay and silt, yellow and gray-green. 13.5 93
Permian:
Shale, blue-gray and white, some pgypsum, 1 9l
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Description of Material Thickness Depth
(feet) (feet)

Limestone, argillaceous, gray-wiite, 9 103

Limestone, argillaceous, blue-gray, 25 128

Limestone, cherty, blue-gray.

13. Log of test hole in the Nw: Nwt SE? sec., 23, T.1335., R.1E,, Diclc-
inson Co., drilled by 0. S. Fent, 1950, Surface altitude 1,160

feet,
Dune sand and silt, light brown, 8 8
Sand, fine to coarsse, 11 19
Gravel, medium to fine and sand, 8 27
Permian:

Shale, gray. 2 29
Shale, calcareous, hard, white, 9 30
Limestone, hard, white, 1 31
Shale, ecalecareous, white, 3 34
Porous limestone. 1 35
Shale, calecareocus, white interbedded with

limestone gray. 3 38
Limestone gray and shale, dark gray, 2 40

9. Log of test hols in NE! NE: SW: sec, 12, T.13S., R.1E., Dickinson
Co,, drilled by O, S, Fent, 1967, Surface altitude 1,250 feet,
Depth Range (ft.)

Clay, tan. 0 3
Shale, yellow-gray (much fluid loss & to 30), 3 36
Shale, very soft, yellow-gray (Total fluid loss

at 37 ft. Dry). 36 40

Reamed and cased to 40 ft,
Limestone, hard, silty, broken and shale,
hard, calcareous (many temporary fluid

losses), 40 44
Shale, gray-creen and yellow, L6 52
Shale, red and green. 52 74
Shale, very soft, blue and dull red. 7L B0
Shale, dark gray; contains many thin gypsum

zZones, 80 84
Limestone, gray (temporary loss of circulation), 84 84,5
Shale, soft (lost balance of fluid), 84,5 85
Shale and gypsum (no sample of formation). 85 £8

Pumped water sample with intake at 84 ft,

Started pumping 1:30 pm,
Water at 2:15 pm 24 pgrains per gallon hardness,
Water at 2:35 pm 45 grains per pallon hardness,
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Log of test hole in NE: SEf SWi sec. 12, T.13S., R.1E., Dickinson
Co., drilled by 0. 5, Fent, 1967, Surface altitude 1,250 fest,

Description of Material

Shale, yellow-gray; contains many thin lime-
stones, Fluid loss 50 gpm betwsen 10 and
20, Cased to 21 ft,

Limestone, hard, white,

Limestone, hard, brown (fluid loss 10 gpm at
39,5 and 5 at 40*'),

Shale, yellow-gray, many thin limestones.

Shale, red and green, graces downward to
lizht blus-gray and 1lt, red,

Limestone, hard, brown and light gray

Shale, brittle, gray, interbedded with lime-
stone, silty, soft, light gray flecked black,

Shale, black to dark gray, clayey, firm, con-
tains thin gypsum zones at 91 and 94

Shals, light green

Shale, green and red

Shale, dull red-brown, silty, firm

Gypsum, white and shale, zray-green

Limestone, fairly hard, licht zray; contains
interbedded gypsum and hard calcareous shale,
lizht gray

Shale, hard, black and gray, contains thin
limestone

Depth Range
(ft.)

0 39
39 39.5
39.5 40,5
40.5 23
53 78.5
78.5 79.5
79.5 82
82 96
96 72
99 102

102 113
113 123
123 141
141 143

Loz of test hole in NEf NwWi NE* see. 13, T.13S., R.1E., Dickinson
Co,, drilled by 0, S. Fent, 1967, Surface altitude 1,245,

Sand, fine and silt

5ilt, sandy, buff

5ilt, sandy, tan

Shale, yellow and licht gray-creen, fractured
and stained on fragments, Fluid loss 5 gpm.
20 to 32 ft.

Limestone, fairly hard

Limestone hard; contains soft porous zones
at 33 and 34,5

Shale, green, contains thin limestone zones,
keamed and ecased to 32 ft, to regain partial
circulation depth from 20 to 34,5

Shale, red and green

S5hale, blue-zray and lisht gray

Limestone, silty, gray, coarse grained,
fairly friable

Shale, dark gray

0

9
13

16
32
32,5

36
L2
66

75
81

32.5

42

,
O

75

81
82
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Loz of test hole in SWi I NE! see, 13, T.135., R.1E., Dickinson
Co,, drilled by 0, S, Fent, 19567, Surface altitude 1,230 feet,.
Depth Ranze (ft.)

Clay, sandy, tan 0 5
Shalse, yellow and green, contains thin

limestones 5 13
Shale, green, contains thin limestones 13 23
Limestone, hard, brown, porous (5 gpm fluid

loss) 23 25..5
Shale, yellow and green 2545 825
Shale, red and green 32.5 57
Limestone, hard, brown and white 57 63
Shale, dark gray 63 67

17. Loz of test hole in NE: NW% Swi, see. 13, T.13S., R.1E., Dickinson
Co,, drilled by 0, S, Fent, 1907, Surface altitude 1,230 feet,
Dune and Terrace Deposits:
Sand, fine to medium and silt, tan 0 15
S5ilt, slichtly clayey, sandy, tan and
light gray 15 29
Sand, silty, slightly iron-cemented 29 23.5
Clay, light green 29.5 34
Clay, gray-white and white, contains
some interbedded sand, iron cemented
and caliche neodules 34 39.5
Clay, green, contains few thin caliche
beds and nodules 39,5 4,5
Loss of all fluid at 44,5 0,25 ft, open
cavity L4, s )
Limestone, hard L6 47
Shale, hard, blue-gray, Reamed and cased
hole to 47.5 ft, L7 57
Limestone, very hard, light gray 57 61,5
Shale, brisght green 61.5 6l
Shale, red and green [ 77
Gypsum, wnite, unweathered 77 30
18. Loz of test hole in LE} SW! SWt sec, 13, T.135., R.1E., Dickinson
Co., drilled by 0. 5, Fent, 19567, Surface altitude 1,225 feet,
Dune sand and Terrace deposits:
5ilt, buff, and sand, fine to medium 0 32
Clay, light greenish-gzray and yellow 32 Lg
Gravel, cemented with calecite L5 47.5
Permian:
Shale, yellow; grades downward to dark
blue=zray 47,5 50
Shale 50 59
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Depth Ranze (ft,)

Limestone, hard, dark gray 57 58
Shale, licht gray 58 60
Limestone, dark and light gray speckled darker

cray €0 61,5
Shale, bright green 61.5 bl
Shale, red and green 64 79.5
Gypsum, unweathered 795 80

27. Loz of test hole in SWy Nw: NEY see, 24, T,13S,, R.1E., Dickinson
Co., drilled by 0., S, Fent, 1967, Surface altitude 1,200 fest,

Dune and terrace deposits:

Sand, fine 0 9
Silt and clay 9 32
Sand, fine and silt 32 42
Silt and clay 42 57
Sand, fine and silt 57 72
Sand and gravel 72 75

Permian (Winfield limestone, Cresswell member)
Limestone, light gray, contains thin shale
zones 81 to 82 and 85 to 85,5 ft, 75 90

3. Log of test hole in NEL: N#* SE} sec., 24, T.135., R.1E., Dickinson
Co., drilled by 0. S, Fent, 1971, Surface altitude 1,160 feet,

Dune and terrace deposits:

Sand, fine to medium 0 i7
Sand, fine to medium and silt, buff 17 30
Silt, clayey, tan and light gray 30 43
Sand, fine to medium, interbedded with clay,

light gray 43 79.5

Winfield Limestone: {(Cresswell member)
Limestone, shaley, dolomitie, alternating fairly

firm and soft, buff and light gray 79.5 85
Dolomite, hard, unweathered, dark rray; contains
chert-caleite nodules and echinoid spines 85 20.5
Grant shale member

Shale, dark gray 90,5 95

6, Log of test hole in NWi Nk SEX sec, 25, T.135,, R,1E,, Dickinson
Co., drilled by O, S, Fent, 1966, Surface altitude 1,155 fest.

Alluvium:
Clay, fairly firm, dark pgray and brown 0 8
Silt, fairly soft, lipht brown (will pump slowly) 8 10

5ilt, soft, buff, sandy (will pump) 10 14



Silt, soft, sandy, dark gray (will pump)
Sand, fine to coarse

Gravel, medium to fine and sand

Clay, soft, gray (will pump)

Gravel, coarse to fine and sand

Clay, fairly soft, gray

Gravel, ccarse to fine and sand

Permian;

Shale, yellow

65

Depth Ranre (ft.)

14
20
22
32,5
33
Iy

45

51 plus

20
22
32.5
33
Ll

b5
51

19. Log of well in SE: Kw: SE} see, 36, T.13S., R.1E,, Dickinson Co,,
drilled by O, S, Fent, 1948, Surface altitude 1,155 feet,
Description of Material Thickness Depth

(6L, ) (ft.)
Soil 2 2
Clay, gray 5 7
S5ilt, light yellow-zgray 3 10
Clay, silty, dark gray 8 18
Silt, yellow-zray; contains much sand,
fine to mediunm 8 26
Sand, medium to fine and silt, gray; con-
tains wood at 30 and many snail shells 4 30
Sand, coarse to-fine 9 39
Gravel, medium to fine and sand 6 45

21. Log of well in the NW: KWi SE} sec. 9, T,13S., R.2E., Dickinson
Co.,, drilled by O, 3. Fent, 1953, Surface altitude 1,185,

Top soil, silty, black 1.5 1.5
Silt, sandy, soft, dark tan 3 4,5
Silt, soft, sand fine to coarse and some gravel 8.5 13

Permian:

Shale, clayey, gray-gresen 2 15
Limestone, hard, tan-gray 1.5 16.5
Shale, clayey, fairly hard, maroon and gray-

green to 23'., Dark red below 23!, 16,5 33
Shale, clayey, fairly hard, Green to gray-

green 5 38
Limestone, hard 6 La

38. Log of well in the NE{ NWi sec. 16, T,13S,, R.2E,, Dickinson Co.,

drilled by 0, S, Fent, 1953, Surface altitude 3,180 feet,

Fill
5ilt, sandy, red-brown

3



Description of HMaterial

Permian:

35.

36.

33.

Shale,
Shale,

Limestone,

Shale,

yollow=-gray, silty
silty, gray
fairly hard,

cream

silty, pray-creen and maroon;

contains thin interbedded limestones

Limestene,

bard, cream

Cavity, open

Thieckness
(ft.)

(@3 Vo)

S o~
W \n W

66

Depth
(ft.)

19
21
21:5

L9
51
5lad

Log of well in the N MW S' see, 15, T.135,, R.2E,, Dickinscn
Co., drilled by 0, S, Fent, 1553,

Top soil
Clay,
Clay,
Sand,
Sand,
Clay,
Sand,
Clay,
Clay,

tan

silty, dark cray
silty, tan

fine to medium and interbedded clay
fine to medium

Sand (no sample)
Permian:

Shale

Loz of well in Nwi SEF SEf sec,

drilled by 0, S. Fent, 1954,

Top seil

Silt, lizht brown
Clay, light brown
Clay, dark blue
Sand and gravel
Wellincton fm,

Shale

Log of well in NE: Nui:

drilled by 0. S.

Top soil,

Fent,

silty, black

Clay, dark gray
Clay, lirht tan

Sard,
Clay, tan

1

B
95

sec,

16, T,18,,

21,

Surface altitude 1,

fine to coarse and interbedded elay, tan
light tar to gray
silty, dark gray to gray-zcreen

TIiBSO

fire to medium and interbedded clay, tan

2w

Phg £uliy

R,2E,, Dickinson
Surface altitude 1,150 feet,

1
3
12
10
14

Die%inson
3. Surface altitude 1,145 feet,

125 feet,

Co.,

245
13

e
<

43

48 plus

Co.,

b,



Description of Material

Thieckness

(ft.)
Sand, fine to coarse and fgravel, fine 8
Gravel, fine to medium and sand 7
Permian:
Shale, calecareous, cream 0.5

67

Derth
(ft.)

48
55

5%.9

71. Loc of test hole in NEi SE: NEL see, 21, T.13S., R.2E,, Dickinson
Surface altitude 1,140 feet,

Co,, drilled by 0, S, Fent, 1671,

Alluvium:

Depth Range

Clay, corpact, dark gray grading downward
to Luff; becomes softer and silty downward 0
S5ilt, clayey, tuvff; becoming fine sandy and

very soft downward Q
Sand, very fine and silt, soft, buff 21
Gravel, fine and sand 26,5
Gravel, fire to medium and sand, silty 29
Silt, clayey, light gray 40
Gravel, medium to fine and sand 42

Permian:

Limestone, fairly hard, silty, light greenish-

gray 60

9

61

59. Log of test hole in NE: SWi KEE, T.13S., R.2E., Dickinson Co.,

drilled by 0. S. Fent, 1963.

Surface elevation 1,170 feet,

Thickness Depth
Fill:
Shale rubble 3.5 2.5
Permian:
Shale, gray-green 1 L,5
Shale, gray-green and porous boxwork limesstone 2,5 7
Shale, yellow and gray-creen, soft; czlcite
sears 8.5 to 9.5 ft, 2.5 9.5
Limestone, porous, hard, brown and yellow,
cavernous 1.5 11
Shale, very soft, weathered, becoming more
firm dovmward 6 17

87,

Loz of well in NW& KWh
drilled by 0, S, Fent, 1954,

Top soil, sandy

Sand, very fine, and silt

5ilt ard clay
Sard, very fine

Permian;

Limestone
Shale

SE; sec. &, 7.,135,, R.3E,, Dickinson Co,,
Surface altitude 1,140 feet,

1.0 1.0
13.0 14,0
5.0 16.0
9.0 28,5
2.5 31.0
€.0 39.0
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88, Log of well in SE* sEX NW: see, 8, T.13S,, R.1E., Dickinson Co.,
drilled by 0, 5. Fent, 1948, Surface altitude 1,150 feet,.

Description of Material Thickness Depth
(ft.) (ft.)
Soil 2 2
Silt, buff 5 7
Sand, fine to medium and silt, buff and
gray 10 17

Silt, buff, gray and brown; contains much
sand and many fragments of limestone

29~34.5 17:5 34.5
Permian:
Limestone, buff, contains crystals of
clear calcite and some chert 1.5 36
Shale, yellow and gray; contains calcite
veins 10 L6
Limestone, very hard, dark gray 0.7 h6,7

26, Log of test hole in NEL NWi NE: see, 24, T,13S,, R,1E,, Dickin-
son Co,, drilled by 0, S, Fent, 1967, Surface altitude 1,225 feet.

Dune and terrace deposits:

Sand, fine and silt 0 40
Silt and clay 40 56
Sand, fine 56 5
Silt and elay 65 gl
Sand and gravel, fine to coarse 91 101
Permian (Wiafield, Cresswell member)
Limestone, gray 101 105
Shale, gray and yellow 106 108
Limestone, gray 108 111

Limestone and shale, light gray (No fluid
loss in hole) 111 120
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Procedures of Chemical Analysis

General,-=-Al]l beakers, electrodes, and thermomeler were rinsed

between analyses several tirmes witl distilled water followed by distilled

deionized water and then dried, Pipets and cuvettes were either rinsed

ard dried or rinsed twice with sample water before use between analyses,

Reagent grade or primary standard chemicals were used for all analyses,

Bicarbonate (HCO.=) Analysis
-

1)

2)

3)
)

5)

6)

Method: titration,
Apraratus: Buret Corning Model 12 pH meter, magnetic stirrer,
0.1N H SOy, thermometer graduated in 0,1° C,
Procedure: .
Prepare C.1N H,50, solution by diluting 2.7 ml, conec, H50, to
1 liter with distilled-deionized water,
Standardize by titrating to the endpoint a weighed guantity of
Na2003 dried at 150° C for two hours,
Prepare 0,01N HZSOM from standard by dilution,
Pivette 25 ml, (or 50 ml.) of sample into a plastic beaksr con-
taining a teflon coated magnetie stirring bar,
Rinse the pH electrode with distilled-deionized water (hence-
forth referred to as D-D water) and dry, Measure initial pH
of sample., While the pH is stabilizing, measure the temperature
of a similar quantity of the sample in another plastic beaker
to the nearest 0,1° C,
Turn on magnetic stirrer (this should not ke cn for the initial

pll reading).
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7) Titrate the sample with 0,01N 550, and record the ml, and pH
values from a pH of 5.0 to pH 3.0 usine 12 to 15 readinzs (6
or 7 readings on either side of the 4,5 endpoint),

Caleulations: Prepare a Gran1

plot of the data to determine
exactly the ml, of 0,01N HZSOU used to reach the endpoint
by plotting ml. values on the abscissa and (V, + v)10-PH

on the ordinate where:

V = ml, of original sample volume

VO

1}

ml. of 0.0IN H,50, titrated
pH = pH reading corresponding teo V value

Then:

ml, of titrant at endroints(} of titrant)

Normality of sample water =
Y ml. of sample volume

Cone, of HCOB in ppm = N of sample water (61,02) 1000
Note: Because alkalinity tends to change after the samnle has been col=
lected, the titrations were performed within 12 hours after collection,

Nitrate (NO,7) Analysis
-

Method: specific ion electrode,

Apparatus and Reagents: Orion nitrate specific ion electrode,
calomel reference electrode, Corning lodel 12 pE-mv meter,
magnetic stirrer, 500 mg/1 N03 standard,

Procedure:

1) Prepare a 500 mg/1 NO4 solution by diluting 0.8153 z. of K105
dried at 105° C for 2 hours to 1 liter with distilled-deionized
water, From this 500 mg/1 solution prepare standards of 2, 10

25, 50, and 75 mg/1,

lor a description of Gran plots see Stum and Morsan (1970 b, 155-158),



72

2) Place electrodes in standard solution and turn on stirrer for
1 minute,

3) After stirring has stopped record a (+) mv reading to the
nearest 0,5 mv at 30 sec, and again at i1 min,

4} After all standards have been analyzed, startine with the
least ccncentratea and proceeding to the most concentrated,
analyze all the samples following the procedure outlined above,
After the samples have been measured, analyze a few more stan-
dards that are close to the concentrations of the samvles,
Calculations: Plot the standard curve on semi-logz vaper plot-
tinz concentration of standards in mz/1 on the logarithnmic
scale and +mv on the arithmetic scale. Read mz/1 concentra-
tion of NOB for the samples from standard ecurve, Calculate
corrections. for Cl and H003 using procedure in Langmuir and
Jacobson (1970). Approximate anion selectivity constants for
Cl~ and HCOB' ions were taken from Orion Research Ine., p. 10,
Note: nitrate should be analyzed within a few days after the
sample has been collected to insure that nitrate consuming

bacteria do not alter the values,

Chloride (Cl=) Analysis

Method: spescific ion electrode,

Apparatus and Reagents: Orion solid state chlori@e specific
ion electrode, double junction reference electrode containe
ing Ar=-ApCl inner electrode and 1M KNOB outer salt bridpe
solution, Corning lModel 12 pH-mv meter, 500 mz/1 C1™ stan-

dard,
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2)
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Procedure:

Pfepare a 500 mg/1 C1~ standard by dissolving in distilled-
deionized water 0,8243 g, of NaCl dried at 105° C for 2 hours
and diluting to 1 liter, From this 500 mg/l solution prepare
standards of 5, 10, 25, 50, 75, 100, and 125 mg/1.

Follow steps 2-4 in the procedure for analyses of nitrate,
Calculations: Follow the procedure for the determination of

nitrate, No interferences need be calculated,

Sulfate (S0, ) Analysis

1)

2)

3)

4)

Méthod: turbidimetry, (Modified from Ewing, 1960 p. 410),

Apparatus and Reagents: magnetic stirrer, Coleman Universal
spectrophotometer, 500 mg/l SO, solution, 30-40 mesh BaCl,
crystals, salt-acid glycerol solution,

Procedure:

Prepare 500 mg/1 soz solution by dissolving in distilled-

deionized water 0,7393 z. of NaZSOu, dried at 105° C for 2

hours, and diluting to 1 liter of solution, From this 500 mg/1

standard prepare standards of 25, 35, 50, 65, 75, 85, and 100

mg/1.

Prepare a salt-acid glycerol solution dissolving 120 g, NaCl

in about 400 ml D-D water, add 10 ml. cone. HC1l and 500 ml.

glycerol and dilute to 1 liter.

Pipette 50 ml, of standard (or sample) into a small beaker and

add 10 ml, of salt=acid glycerol solution, Put in magnetic

stirrer and begin stirring,

Add 0.3 g. of 30-40 mesh BaCl, ecrystals and continue stirring

for 1 minute,
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5) Stop stirrer for 3% minutes then stir for i minute,

6) Téka magnetic stirring bar out of the beaker and pour sample
into a 19 x 105 mm Coleman round cuvette (make sure cuvette
is absolutely clean and oriented in the same position for all
analyses; see Notes on Spectrophotometer, p. 74.

7) Within 5 min, read percent Transmittance on the spectrophoto=
meter by comparing aliquot against a blank solution of 50 ml,
D-D water and 10 ml, salt-acid glycerol solution, Analyze
samples using the Null Method, (Coleman spectrophotometer
inétructions)

Calculations: On seml-log paper plot a standard curve with
SOaz- concentration in mz/1 on the abscissa (arithmetic scale)
and percent Transmittance on the ordinate (logarithmic scale),
Sulfate concentrations in the samples are in mg/l from the

standard curve,

KNotes on Spectrophotometer

Find two cuvettes that are matched, Use square cuvettes, if pos-
sible, but if round cuvettes are used match them teo their maximum
Transmittance reading by placing the cuvettes in the well with the word
"Coleman" toward the top of the instrument, Then turn the cuvettes
slightly (within 459 of center either way) until the maximum transmit-
tance is obtained,

Each time a sample reading is taken the blank cuvette must be
first maximized and then set at O# T, After sliding the sample cuvette

into the beam it also must be maximized, Note: there will bte much
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less deviation in the sample cuvette reading when it is turned than
when the blank cuvette is turned,

All samples were analyzed using the Null Method,

After each sample is analyzed the sample cuvette must be thoroughly
cleaned by brushing to prevent the buildup of residue on the sides of
the cuvette,

Allow the spectrophotometer to warm up for at least 1 hour before
using.

Atomic Abscorption and Flame Emission Analyses,~-Because caleium,

magresium, sodium, potassium, and iron were all analyzed using an atomic
absorption/flame eriission spectrophotometer and because procedures for
their determinations are quite similar, they are discussed under one
heading, Caleium, ﬁagnesium, sodium, and iron were determined by
absorption whereas potassium was determined by flame emission.,
Method: Ca = Mz = Na - Fe absorption, K emissien,
Apparatus and Reagents: Perkin-Elmer 305B atomic absorption/
flame emission spectrophotometer, 500 mg/l Ca standard,
500 mg/1l Mg standard, 500 mg/l Na standard, 500 mg/1 K stan-
dard, 1000 mg/1 Rb standard, 10,000 mg/l La - 800 mg/1 Rb
solution,
Procedure:
1) Prepare 500 mg/l Ca standard with 1,2486 g, primary standard
CaC04 (dried at 105° C, for 2-3 hrs.) in 50 ml. Hy0. Add
about 10 ml, HC1l until CaCOq is totally dissolved and dilute

to 1 liter with distilled-deionized water,



2)

3)

i)

5)

6)

7)
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Prepare 500 mg/l Na standard by dissolving and diluting 1.2710
e, NaCl (dried at 105° C. for 2-3 hrs,) to 1 liter with dis=-
tilled-deionized water,
Prepare 500 mg/1 K standard by dissolving and diluting 0,9533
g, KC1 (dried at 105° C, for 2-3 hrs,) to 1 liter with distilled-
deionized water,
Prepare 500 mg/1 Mg standard by dissolving and diluting 4,1820
£. Hg201-6 H20 to 1 liter with distilled-deionized water,

Standardize using a prepared Mg standard (Instrumention Labora-

tory Ine.).

Using the above standards prepare six "Universal Standards™
containing the following concentrations in mg/1:

Ton StdA StdB StdC StdD Std E  Std F
Ca’t 25 50 75 100 125 175
Mgt 5 10 20 30 50 60
Nat 5 10 20 30 50 75
Kt 1 5 10 15 25 30

Prepare 1000 mg/l Rb solution in dilute HCl by dissolving
2,7021 g, Rb2003 in 5-10 ml. HCl and diluting to 1 liter,
Prepare 10,000 mg/1l La - 800 mg/1 Rb" solution by first adding
40 ml of water to 11,7 g, La203. Slowly and carefully add 50
ml concentrated EC1l to dissolve the La203 and dilqte to 100
ml, Dilute 100 ml L3203 solution to 500 ml with the 1000 mg/l
Rb solution. The La is a chemical releasing agent for Ca and

Mg analysis while Rb was used to decrease Na and K ionization,
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8) Prepare the water samples for analyses by combining 10 ml, of
sample with 10 ml, of La = Rb sclution. Prepare the "Univer-
sal Standards" by combining 10 ml., of standard with 10 ml, of
La - Rb Solution,

9} Analyze the calecium, magnesium, and sodium using absorbance
and potassium by emission of the atomic absorption unit fol=-
lowing the procedures in the Perkin-Elmer Analytical Methods
for Atomic Absorption Spectrophotometry (inteerating each -
reading over 10 seconds), Readings were taken using absorb-
ance mode and integration over 10 seconds,

Calculations: Or arithmetic graph paper vlot the standard
curves for each element using mg/l concentration on the abscissa
and absorbance on the ordinate, Absorbance values are plotted
and concentration of the particular element in each sample is
read from the standard curvs,

Iron Analysis,=--Concentrations of iron were determined by absorp-

tion by Whittemore (1974) from separate samples that were acidified upon
collection with 2 ml concentrated HC1l, Standard procedures as outlined
in Perkin-Elmer (1973) were followed in their analyses,

Specifie Conductivity, --

Method: specific conductivity electrode and meter,
Apparatus: Lab-Line Lectro Mho-lleter, Model kC-1, Mark IV
conductivity meter Lab-Line epoxy conductivity cell with

cell constant at 1,03, thermometer graduated in 0,1° C.
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Procedure:
1) Put selector switch on 103 and temperature selector on 25° C,
2) Place electrode in sample and read micromhos/em conductance,
3) Read temperature of water to nearest 0,1° C,
4) Correct specifie conductivity values to 25° C using the fol-
lowing formula:

Spec, Cond, = (measured conductance)(cell constant)[1 + 0,02(25-temp. of samplse)
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Equations and T-test Values for Linear Regressions of
Dissolved Constituents

Appendix IV,

Table 7. Equations of linear regressions of dissolved constituents

caLe IT 404.35 +  37.91X

MAGN -15,09 + 2,87 6,40 + 0,14%
S0DI -2156.97 + 153.81X 23,29 + 0,38X 73.45 + 0,21X
POTA ~67.22 + 5,23k -17.82 + 0,18% ~20,44 + 1,10
CHLO -3916,78 + 278,83( 26,43 4+ 0,75% 116,05 + 0.78%
NITR -68,96 + 646X 28,84 - 0,03% 28,14 - 0,1
SULF -1290.72 + 100,61 186,53 + 2,44 -231,77 + 15.1%
BCAR 3,64 + 27,93X 260,54 + 1,02X 260,74 +  6,33X
TOTL -1130.42 + 110,39K 24.37 + 3.07X 30,42 + 18,92X
CARB 0,93 + 23,03X 213,51 + 0.83X 197,38 + 5.19X
NCAR -1083,68 + 84,65 -171.86 + 2,17X 218,43 + 13,69%
SPCO -11501.65 + 871,83% 204,00 + 6A,60X 346,17 + 30,97
TDS -7474,.83 + 566,67 28,67 + 5.3 22,14 + 27,774
PH 6.93 + 0,0X . 7.51 - 0,00X 7,84 + 0,00
DPTH 207.56 - 10,83 54,75 - 0,03X 44 b0 + 0,21X
TEMP CALC MAGN
POTA 8.55 + 0,00X
CHLO 4,47 + 1.780  127.66 + 1.03X
NITR 25.47 =  0.01X 24,92 + 0,00X 26,04 - 0,01X
SULF 156,22 + 0,20X 74,01 +11,07X 154,20 + 0,13X
BCAR 389,38 + 0.26X 393,03 + 1.88X 391.57 + 0.13K
TOTL 456,63 + 0,22X 370,09 +11,78X 455,62 + 0,14x
CARB 319,08 + 0,21X 322,15 + 1.54% 320,96 + 0,11X
NCAR 147.04 - 0,00X 57.79 +10,07% 144,39 + 0,02X
SPCO 780,41 + 4,96X 988,79 +20,76% 791,68 + 2,78X
TS 532,97 + 2.91X  593.18 +19,21X 538,86 + 1,6L4X%
PH 7.46 = 0,00 7,46 - 0,00% 7.46 - 0,00
DPTH 53,88 - 0,05% 50,79 - 0,08X 53.81 - 0,03%
SODI POTA CHLO
SULF 195.56 - 0,95K
BCAR 430,82 - 0,850 396,36 + 0,23
TOTL 497,72 -  0,94X 281,71 + 1.12X 52,00 + 1.03X
CARB 353,10 = 0,70X 302,73 + 0.19X -0,10 + 0.82X
NCAR 156,99 - 0.40X 9,30 + 0,91X 24,38 + 0,30K
SPCO 1274,20 - 4,07k 766,58 + 2,36X -142.25 + 3.21X
TS 819,47 - 2,26X 418,80 + 2,00% -139,21 + 2,20
PH 7.34 + 0,00X 7.48 - 0,00X 7.42 + 0,00X
DPTH 47,65 + 0,10 51,64 - 0,01X 52,76 = 0,01X
NITR SULF BCAR



Table 7.

CARB
NCAR
SPCO
TD5
PH
DPTH

T0S
PH
DPTH

Continued

209,22 + 0,27X

-193.29 + 0,72X

209,48 + 2,03

40,86 +  1.69%

7.49 -« 0,00X

5301? S 0- le
TOTL

24,44 4+ 0,36X

=144,57 + 3,92

7.42 4+ 0,00

52.82 - 0,01X
CAR3

7.49 -~ 0,001
58-?1 - O.le
TDS

901.98 + 1,94

506,44 + 1,75K

7.47 - 0,00

51,11 - 0,0iX
NCAR

-142,55 + 25,88%
PH
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Table 8,

CALC
MAGN
S0DI
POTA
CHLO
NITR
SULF
BCAR
TOTL
CARB
NCAR
SPCO
TD3
PH
DPTd

BCAR
TOTL

NCAR
SPCO
TDS
PH
DPTH

*A t-test value is a calculated number that is compared with a t value
from a table to determine at what level the linear regression is sig=-

T<test values* for linear regressions of dissolved

constituents
1.25
0.59 7.79
2,98 0,70
0,76 5,62
3.03 0.78
0.80 0.39
1.27 9.94
0.51 2,70
1,17 29,83
0.51 2,70
1.13 745
3.14 2.69
3,06 3,92
0.51 0.76
1.95 0,62
TEMP CALC
1.4
10,95 2,66
1.41 2352,15
16,57 0.82
2,43 2,12
3.67 2,23
0,94 0,14
0.46 0,22
SULF BCAR

nificant,

0,06
4,53
)
0.27
7.26
2,52
10.18
2452
6.41
1.73
2,60
0.06
0.63
MAGN

2,66
8.30
2,50
3.69
0,57
0.39
TOTL

0.13
34,22
0.19
0.59
1.19
0.57
1.20
0,00
7.89
5.05
0.57
2.21
SODT

0.82
2,13
2.24
0.14
0.22
CARB

- " =

L

OONP‘"\'I.CDU\O\OOO
L OWN ORNO N NN O
FOFFORARORW

3
[

1461
2.59
0.74
0.33
NCAR

0.43
0,70
1,09
0.62
1,09
0,11
8,20
5.20
0.62
2,27
CHLO

17.88
Q.74
1.98
SPCO
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The quality of ground water in a 45 squars-mile arsa of the
Smoky Hill River Valley near Abilene, Kansas, was studied to mesasure
the influence of geology on quantity of dissolved solids, to determine
the source of any pollution, and to suggest possible uses for the
water, Post-Kansan, pre-Wisconsian dune sand, Kansan and Illinoian
terrace deposits, and Wisconsian and Recent alluvium in the area are
underlain by the Winfield Limestone, Odell Shale, and Nolans Limestone
of the Chase Group, Gearyan Stage, and the Wellington Formation, Summer
Group, Cimarronian Stage, all of the Lower Permian Series, Permian Sys-
tenm,

Elevations of the waﬁer table were measured in 33 wells and
ground-water samples were collected in 16 wells, Concentrations of
total dissolved solids in the ground water have a range from 211 to
2458 ppm and can be relatsd to specific conductivity by the expression
TDS = 0.65(SpC) + 5.59; pH of the ground water ranged from 7.05 to 7.8
when messured in the lab and from 6,99 to 7.31 when measured in the
field, Iron concentrations range from 0,01 to 7.1 ppm; calcium concen-
trations range from 46 to 378 ppm with a typical range from 100 to 200
ppm; magnesium concentrations range from 9.9 to 61 ppm with a typieal
range from 20 to 40 ppm; sodium concentrations range from 9.6 to 695
ppm but only two samples had concentrations greater than 100 ppm; potas=-
sium concentrations range from 1,2 to 74 ppm and all wells but one had
concentrations less than 10 ppm, Nitrate concentrations range from 1.8
to 61 ppm with a typical range from 20 to 40 ppm; sulfate concentrations
range from 27 to B8O ppm with a typical range from 50 to 100 ppm; chlor-

1de concentratlons range from 10 to 1230 ppm with a typical range from



20 to 120 ppm; bicarbonate concentrations range from 134 to 604 ppm
with a typical range from 350 to 520 ppm; and total hardness ranges
from 161 to 1198 with a typical range from 300 to 500 ppm,

Ground water 1s derived from alluvium and terrace deposits and
generally flows from northwest to southeast, The aquifer is recharged
from the north and discharge occurs through springs, wells, and evapo=-
transpiration, and into Mud Creek and Smoky Hill River, Concentrations
of dissolved constituents increase from north to south, Nitrate con=-
centrations range from 53 to 60 ppm in an area northwest of Abilene
which may be caused by percolation of feedlot runoff in that area, The
ground water is sultable for irrigation and stock and the chemical gual-
ity indicates that future municipal supplies should be obtained in the

northern part of the area,



