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CONVERSION FACTORS, ABBREVIATIONS, AND VERTICAL DATUM

Multiply By To obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
square foot (ftz) 0.09290 square meter
acre 4,047 square meter
inch per hour (in/hr) 254 millimeter per hour
inch per year (in/yr) 25.4 millimeter per year
foot per day (ft/d) 0.3048 meter per day
cubic foot per second (ft3/s) 0.02832 cubic meter per second
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
ton per day (ton/d) 907.2 kilogram per day
ton per day 370.78/(ft*/s) milligram per liter (mg/L)
foot squared per day! (ft¥d) 0.09290 meter squared per day
degree Fahrenheit (°F) °C = (°F-32)5/9 degree Celsius (°C)

!The standard unit for transmissivity (T) is cubic foot per day per square foot times foot of aquifer thickness [(ft3/d)/ft2]ft‘ To
avoid confusion to the nontechnical reader, the mathematical expression has been reduced to foot squared per day (ft%/d).

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum
derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea
Level Datum of 1929.
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DEFINITION OF TERMS

Aquifer. A geologic formation, group of formations, or
part of a formation that contains sufficient saturated
permeable material to yield significant quantities of
water to wells or springs.

Equipotential line. A line in a two-dimensional ground-
water flow field such that the total hydraulic head is
the same for all points along the line.

Evapotranspiration. Water withdrawn from a land area
by evaporation from water surfaces and moist soil,
and by plant transpiration.

Hydraulic conductivity. The volume of water at the
existing kinematic viscosity that will move in unit
time under a unit hydraulic gradient through a unit
area measured at right angles to the direction of flow.
Units of hydraulic conductivity are:

( length3/time)
(lengthz) (length/length)

(feet3/day) J

[ for example, 5
(feet™) (feet/feet)

but, as in this report, are commonly simplified and
reported as length/time (for example, feet per day).

Hydraulic gradient. Change in total hydraulic head per
unit of distance in a given direction.

Hydraulic head. Height above a standard datum of the
surface of a water column that can be supported by
the static pressure at a given point.

Phreatophyte. A plant that can live with its roots in and
obtains water from the saturated zone.

Porosity. The ratio of the volume of void spaces in
sediment or rock to its total volume.

Potentiometric surface A surface that represents the
level to which water will rise in a tightly cased well.
More than one potentiometric surface may be
required to describe the distribution of hydraulic
head if hydraulic head varies appreciably with depth
in the aquifer.

Recharge. The processes involved in the addition of
water to the zone of saturation.

Saturated thickness. The thickness of the saturated zone
in an aquifer.

Specific storage. The volume of water released from or
taken into ground-water storage per unit volume of
the porous medium per unit change in hydraulic
head.

Specific yield. The ratio of the volume of water that
saturated rock or sediment will yield by gravity to the
volume of the rock or sediment.

Steady state. Condition under which the magnitude and
direction of ground-water flow velocities are constant
with time.

Storage coefficient. The volume of water an aquifer
releases from or takes into storage per unit surface
area of the aquifer per unit change in head.

Subcrop. The areal extent of a truncated rock unit at a
buried surface of unconformity. The subcrop would
be the surface outcrop if overlying beds were
removed.

Transient. Condition under which the magnitude and
direction of ground-water flow velocities vary with
time.

Transmissivity. The volume of water of the existing
kinematic viscosity that will move in unit time
through a unit width of the aquifer under a unit
hydraulic gradient. Units of transmissivity are:

(length3/time)
(length) (length/length)

(feet3/day) )

(for example, (feet) (feet/feet)

but, as in this report, are commonly simplified and
reported as lengthz/time (for example, feet squared
per day).

Water table. That surface in a ground-water body at
which the water pressure is atmospheric. It is defined
by the levels at which water stands in wells that
penetrate the water body just far enough to hold
standing water.
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Hydrologic and Chemical Interaction of the Arkansas
River and the Equus Beds Aquifer Between Hutchinson
and Wichita, South-Central Kansas

By N.C. Myers, G.D. Hargadine, and J.B. Gillespie

Abstract

Large chloride concentrations in Arkansas
River water have the potential to degrade water
quality in the adjacent Equus beds aquifer
between Hutchinson and Wichita, Kansas. The
aquifer is an important source of water for
municipal, industrial, agricultural, and domestic
uses.

A three-dimensional, finite-difference,
ground-water flow-model program (MODFLOW)
was used with data from past studies and data
collected during 1988-91 to simulate aquifer and
stream conditions during the late 1930’s, during
1940-89, and during 1990-2019. Results of
ground-water flow-model simulations indicated
that declining water levels in the Equus beds
aquifer since the 1940’s have caused base flow in
the Arkansas and Little Arkansas Rivers to
decrease. In 1940, the Arkansas and Little
Arkansas Rivers had simulated net base-flow
gains within the model area of about 21 and about
67 ft/s (cubic feet per second), respectively. By
the end of 1989, the Arkansas River had a simu-
lated net base-flow loss of about 52 ft3/s, and the
Little Arkansas River had a net base-flow gain of
about 27 ft*/s. Simulations for 1990-2019 showed
that the water-level changes in a selected model
cell located in the central part of the Wichita well
field could range from -0.2 to -78 feet. Water-
level changes in a selected model cell located near
the Arkansas River could range from +1.3 to
-1.2 feet. In model simulations where only
pumpage varied, net base-flow loss from the

Arkansas River to the aquifer ranged from about
59 ft*/s (no increase in pumpage since 1989) to
117 fe%/s (a 3-percent per year increase in
pumpage since 1989) by 2019.

Assuming a chloride concentration of
630 milligrams per liter, the median concentration
in Arkansas River water collected during
1988-91, the quantity of chloride discharged from
the Arkansas River to the aquifer was estimated to
have increased from about 21 tons per day in
1940 to about 100 tons per day in 1989. By 2019,
chloride discharge was indicated to range from
about 110 tons per day (associated with no
increase in pumpage since 1989) to 200 tons per
day (associated with a 3-percent per year increase
in pumpage since 1989).

A particle-tracking program (MODPATH),
which used the results from the flow model, was
used to simulate the distribution in the aquifer of
chloride from the river during the same time
periods. Particle-tracking simulations show that,
during 194089, the simulated distribution of
particles representing chloride from the Arkansas
River expanded from relatively narrow bands
near the river to a wider distribution within the
aquifer and the Wichita well field. Particle-
tracking simulations indicate that chloride
discharge from the Arkansas River may have
reached the edge of the Wichita well field as early
as 1963.

Abstract 1



INTRODUCTION

Background

Large chloride concentrations in Arkansas River
water have the potential to degrade water quality in the
adjacent Equus beds aquifer. Since 1940, total ground-
water withdrawals from the Equus beds aquifer in the
study area for municipal, industrial, and agricultural
uses have increased from about 15,270 to as much as
138,630 acre-ft/yr in 1988 (Spinazola and others,
1985; data on file with the U.S. Geological Survey,
Lawrence, Kans.). Many of the wells near the Arkan-
sas River have poorer water quality than wells farther
away from the river. Further development of the
aquifer could increase infiltration of Arkansas River
water to the aquifer, thereby increasing chloride
concentrations in the aquifer and decreasing stream-
flows in the Arkansas River. An understanding of how
the stream-aquifer system responds to various system
stresses (such as ground-water withdrawals from
wells, drought, large or small river flows) could lead to
improved management of the available water
resources near the Arkansas River. A 4-year study to
evaluate the hydrologic and chemical interaction
between the river and the aquifer was begun in 1988 as
a joint effort of the Kansas Water Office; the Equus
Beds Groundwater Management District No. 2
(Halstead, Kansas); the Bureau of Reclamation, U.S.
Department of the Interior; and the U.S. Geological
Survey (USGS).

The purpose of the 4-year study was to improve
understanding of the hydrologic and chemical inter-
action of the Arkansas River and Equus beds (stream-
aquifer system) so that water-management agencies
can develop strategies to minimize aquifer water-
quality degradation and streamflow declines. In this
study, “hydrologic interaction” includes the effect of
water levels in the Equus beds aquifer on flow in the
Arkansas and Little Arkansas Rivers, the effect of the
Arkansas River on water levels in the aquifer, and the
quantity of water exchanged between these rivers and
the aquifer. “Chemical interaction” includes the
quantity of chloride being discharged from the
Arkansas River to the aquifer and the distribution of
chloride from the river in the aquifer.

Specific objectives of this study were to develop
a detailed understanding of the geology, hydrology,
and chloride concentration near the Arkansas River; to
use this information to develop a three-dimensional
ground-water flow model; to use the ground-water
flow model as a tool to help understand the flow
between the river and aquifer and horizontal and

vertical flow in the aquifer near the river; and to use
the ground-water flow model and a particle-tracking
program to estimate the horizontal and vertical distri-
bution of chloride from the Arkansas River in the
aquifer. It is the intent of the Bureau of Reclamation to
use the ground-water flow model developed by the
USGS to develop a solute-transport model to simulate
chloride transport in the aquifer (Shirley Shadix,
Bureau of Reclamation, written commun., 1993).

Purpose and Scope

This report presents the results of a hydrologic
and chemical-interaction study of the Arkansas River
and Equus beds aquifer, and flow-model and particle-
tracking simulations of the stream-aquifer system
between Hutchinson and Wichita in south-central
Kansas. The primary geologic section considered
consists of unconsolidated sediments of Pliocene and
Pleistocene age (Equus bed sediment) that underlie
and border the Arkansas River. The Equus beds
aquifer, which consists of Equus beds sediment, is the
primary aquifer that is considered. The Permian-age
Wellington Formation and Ninnescah Shale, which
underlie the unconsolidated sediments, are discussed
relative to their effect on ground-water flow and
ground-water quality in the unconsolidated sediments.
Most of the water-level measurements and water-
quality samples for this study were collected from
1986 to 1990; however, model-calibration simulations
of ground-water flow cover 1940-89. In addition,
model simulations are used to estimate the effects of
natural and human-induced stresses on the stream-
aquifer system. The sources of chloride and move-
ment of chloride from the Arkansas River into the
Equus beds aquifer are discussed.

Description of Study Area

The study area is located in south-central
Kansas in parts of Reno, Harvey, McPherson, and
Sedgwick Counties (fig. 1). The reach of the Arkansas
River between Hutchinson and Wichita and the
associated unconsolidated sediment (part of the Equus
beds aquifer) are the focus of this study. However, use
of a ground-water flow model necessitated the inclu-
sion of major aquifer stresses, such as the Wichita well
field and the Little Arkansas River (fig. 2), and bound-
aries, such as the contact between Permian-age
bedrock and Equus beds sediment, in the study area.
Principal cities in the area are Hutchinson, Newton,
and Wichita. Other towns in the area are shown in
figure 2.

Hydrologic and Chemical Interaction of the Arkansas River and the Equus Beds Aquifer Between Hutchinson and Wichita,
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(fig. 34). Changes in pumpage had the most effect on
water levels. Changes in recharge had a moderate
effect, and changes in streamflow had the least effect
on water levels. Simulations with no increase in
pumpage showed water-level declines from 1989
levels that ranged from 0.2 ft (large recharge, large
streamflow) to about 10 ft (small recharge, small
streamflow) by the end of 2019. These simulations
show that, with no increase in pumpage in the Wichita
well field area, water levels probably will remain
within 10 ft of 1989 water levels, depending on long-
term climatic conditions that affect recharge and
streamflow. Simulations with a 1-percent per year
increase in pumpage showed water-level declines
from 1989 levels that ranged from about 27 to 42 ft by
the end of 2019. Simulations with a 2-percent per year
increase in pumpage showed water-level declines
from 1989 levels that ranged from about 54 to 69 ft by
the end of 2019. Simulations with a 3-percent per year
increase in pumpage showed water-level declines
from 1989 levels that ranged from about 75 to 78 ft by
the end of 2019.

Simulated water levels for a model cell (layer 1,
row 23, column 24) adjacent to the Arkansas River
remained relatively stable compared to water levels in
the Wichita well field because of the nearby presence
of the Arkansas River (fig. 35). Changes in streamflow
had the most effect on water levels, whereas pumpage
and recharge showed the least effect. Simulations with
no increase in pumpage since 1989 showed water-
level changes from 1989 levels that ranged from about
+1.3 ft (large recharge, large streamflow) to about
-0.5 ft (small recharge, small streamflow). Simulations
with a 1-percent per year increase in pumpage showed
water-level changes from 1989 levels that ranged from
about +1.0 to -0.7 ft. Simulations with a 2-percent per
year increase in pumpage showed water-level changes
from 1989 levels that ranged from about +0.9 to
-1.0 ft. Simulations with a 3-percent per year increase
in pumpage showed water-level changes from 1989
levels that ranged from about +0.7 to -1.2 ft.

Simulations using average recharge and stream-
flow were used to estimate the possible effect of
changes in pumpage on the volume of water lost from
the Arkansas River to the Equus beds aquifer and on
base flow in the Arkansas River (fig. 36). Within the
model area, the estimated cumulative loss from the
Arkansas River to the aquifer by the end of 2019,
assuming no increase in pumpage since 1989, was
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about 65 ft¥/s, and the cumulative gain was about

6 ft3/s, giving a net base-flow loss from the river of
59 ft3/s (fig. 36A). Assuming a 1-percent per year
increase in pumpage, the estimated cumulative loss
from the river by the end of 2019 was about 84 ft¥/s,

and the cumulati

ve gain was about 4 ft/s, giving a net

base-flow loss from the river of 80 ft>/s (fig. 36B).
Assuming a 2-percent per year increase in pumpage,
the estimated cumulative loss from the river by the end
of 2019 was about 99 ft%/s, and the cumulative gain
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CUMULATIVE NET STREAMFLOW GAIN (+) OR LOSS (-),

30 T T 'l T

| I T 7T T T I T T T 7T I T T T T I T T T T ] T T T T "I T T T T l T T T T I T T T T I T L] T T
L ) Steady
r A Arkansas River state ]
20 -
5 ]
10 — -
I 1 ]
% = 4
J: -
Q - MZ 1
(%) r 4
T o[ 3 3
o r ]
[ L 4 :
w C ]
i 20 .
(6] L ]
o r ]
3 -0 5 7
Z - STEADY STATE SIMULATION—Simulated cumulative ]
L net streamflow gain or loss for the steady-state ]
-40 - simulation ]
L 1 TRANSIENT SIMULATION AND NUMBER—Simulated 6 ]
-50 |- cumulative net streamflow gain or loss and transient ]
- stress-period number 4
_60 C i 1 1 1 I 1 1 I i I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 i l 11 1 1 l 1 1 1 1 I 1 1 1 L l 1 111 7
815 810 805 800 795 790 785 780 775 770 765
[m)
2 70 LA B B B B T T T T T T T 7T T T T T T T T T TT T T T T T T T T Lo |
8 - ! ! ! ! ! ! ! ! Steady state ! 7
e I B. Little Arkansas River ]
C g0 _— STEADY-STATE SIMULATION—Simulated cumulative net ]
& F streamflow gain for the steady-state simulation 1 1
w L ]
w L 1 TRANSIENT SIMULATION AND NUMBER—Simulated ]
O 50 | cumulative streamflow gain and transient _
o g stress-period number 2 4
3 L 3 ]
z i 4 ]
z O >
<< L 4
O] R 4
(g) i i
30 -
g O f 6
E - -
< L ]
W i 4
= 20 - —
» L ]
[ | 4
w 4
-4 r 4
S 1of ]
[ + .
IS T ]
D N B
% 0 i 1 ) I I ) T I i1 1 1 | 11 L1 l ) Y l 11 ) l | T 'S ] T S | l 1 1 1.1 I i 4 1 1 I V|
O 65 60 55 50 45 40 35 30 25 20 15 10 5

MILES UPSTREAM OF MOUTH OF RIVER

Figure 32. Simulated cumulative net streamflow gain from or loss to the Equus beds aquifer at end of each
stress period for the (A) Arkansas River and (B) Little Arkansas River.

Simulation of Stream-Aquifer Interaction



56

110 T T T

100

90

80

70

60

50

40

CHLORIDE DISCHARGE, IN TONS PER DAY

30

]TTYl]ITIIIIITTrIIII]III][IIII'IllII[lTllllll

1989

1979

1970
1963

1958
1952

20

1940

10

LZBLINLERLA L L N I L L L L L L O O O AL ML B

I e e T S T NV S SN S U AT HAT ST VAN G ST S A S A S

o b e by oy e b vy bey g g by b b v by g

0
815 810 805 800 795

790 785 780 775 770 765

MILES UPSTREAM FROM MOUTH OF ARKANSAS RIVER

Figure 33. Estimated cumulative chloride discharge from Arkansas River to Equus beds aquifer at end of each stress period
based on simulated streamflow loss from the Arkansas River and assuming a chloride concentration of 630 milligrams per liter.

was about 2 ft%/s, giving a net base-flow loss from the
river of 97 ft¥/s (fig. 36C). Assuming a 3-percent
increase in pumpage, the estimated cumulative loss
from the river by the end of 2019 was about 118 ft%/s,
and the cumulative gain was about 1 ft/s, giving a net
base-flow loss from the river of 117 ft3/s (fig. 36D).

During the simulated 1990-2019 period, esti-
mated chloride discharge from the Arkansas River to
the aquifer increased over 1989 estimated quantities
(fig. 37) in proportion to increases in loss of river
water. Assuming no increase in pumpage since 1989
and a 630-mg/L chloride concentration in Arkansas
River water, the estimated cumulative chloride-load
discharge within the model area was about 110 ton/d
by the end of 2019 (fig. 37A). Assuming a 1-percent
per year increase in pumpage since 1989, the esti-
mated cumulative chloride-load discharge within the
model area was about 142 ton/d by the end of 2019
(fig. 37B). Assuming a 2-percent per year increase in

pumpage since 1989, the estimated cumulative
chloride-load discharge within the model area was
about 169 ton/d by the end of 2019 (fig. 37C).
Assuming a 3-percent per year increase in pumpage
since 1989, the estimated cumulative chloride-load
discharge within the model area was about 200 ton/d
by the end of 2019 (fig. 37D).

Particle Tracking

MODPATH is a program developed by Pollock
(1989) that computes and displays the location
through time of water particles using results from the
MODFLOW flow-model program. MODPATH was
used to display the zones of interaction between the
Arkansas River and the Equus beds aquifer and to
simulate the paths that particles of water from the
Arkansas River follow as they move through the
aquifer. Assuming that dissolved constituents, such as

Hydrologic and Chemical Interaction of the Arkansas River and the Equus Beds Aquifer Between Hutchinson and Wichita,
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Figure 34. Estimated water levels at model row-5, column-24 in Wichita well field for simulations assuming (A) no
increase in pumpage since 1989, (B) a 1-percent per year increase in pumpage since 1989, (C) a 2-percent per
year increase in pumpage since 1989, and (D) a 3-percent per year increase in pumpage since 1989. The abrupt
declines of water-level altitude in (B), (C), and (D) result from switching from upper layer to middle layer water-level
altitudes when the water-level altitude declined below the bottom of the upper layer model cell—Continued.
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Figure 35. Estimated water levels at model row-24, column-23 near Arkansas River for simulations assuming (A) no
increase in pumpage since 1989, (B) a 1-percent per year increase in pumpage since 1989, (C) a 2-percent per year
increase in pumpage since 1989, and (D) a 3-percent per year increase in pumpage since 1989.
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Figure 35. Estimated water levels at model row-24, column-23 near Arkansas River for simulations assuming (A) no
increase in pumpage since 1989, (B) a 1-percent per year increase in pumpage since 1989, (C) a 2-percent per year
increase in pumpage since 1989, and (D) a 3-percent per year increase in pumpage since 1989—Continued.
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Figure 36. Estimated cumulative net streamflow loss of water from Arkansas River to Equus beds aquifer at
end of each stress period assuming (A) no increase in pumpage since 1989, (B) a 1-percent per year increase
in pumpage since 1989, (C) a 2-percent per year increase in pumpage since 1989, and (D) a 3-percent per
year increase in pumpage since 1989.

Simulation of Stream-Aquifer Interaction

61



CUMULATIVE NET STREAMFLOW GAIN (+) OR LOSS (),
IN CUBIC FEET PER SECOND

CUMULATIVE NET STREAMFLOW GAIN (+) OR LOSS (-),
IN CUBIC FEET PER SECOND

10 1

T T

LI S SN S L L [ S O Ly (R L A L (N N Ay [N N B B 1 B B

C. 2-percent per year increase in pumpage

-100

-110

AR NN RN R AR RS AR RN AR R RERAN RS RERRN RAREN LR

———-

2019

2009

LOSS AT END OF
1 1999

~,
(R Ll

ISUNEANETE SNSRI CRETE SRNNE ANENE FRENI FRUNE SUNUE FRUNE FENNS RURTY FUTT!

-120 e e vy v e b sy by e by v e by e by by b by gy
810

815

10

795

790 785 780 775 770 765

TTTTT

T T 1T

LIS S AL N L B N L L Y L L L B (L L B B

D. 3-percent per year increase in pumpage

]
H
o

AN R R RN AR AN A AR R RS RARRS RARRS AR RAREY REAN)

-120 e b e e v e by e b e by v b v by e b by

LOSS AT END OF

NI FENTE SRETI NNV FRNTI FUNYE SU VI FENCE AN UE U U SN FEUNE SNNEY SURT

795

790 785 780 775 770 765

MILES UPSTREAM OF MOUTH OF RIVER

Figure 36. Estimated cumulative net streamflow loss of water from Arkansas River to Equus beds aquifer at
end of each stress period assuming (A) no increase in pumpage since 1988, (B) a 1-percent per year increase
in pumpage since 1989, (C) a 2-percent per year increase in pumpage since 1989, and (D) a 3-percent per

year increase in pumpage since 1989—Continued.
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Figure 37. Estimated cumulative chloride discharge from Arkansas River to Equus beds aquifer at end of each stress period
assuming a chloride concentration of 630 milligrams per liter and (A) no increase in pumpage since 1989, (B) a 1-percent per
year increase in pumpage since 1989, (C) a 2-percent per year increase in pumpage since 1989, and (D) a 3-percent per year
increase in pumpage since 1989.
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Figure 37. Estimated cumulative chloride discharge from Arkansas River to Equus beds aquifer at end of each stress period
assuming a chloride concentration of 630 milligrams per liter and (A) no increase in pumpage since 1989, (B) a 1-percent per
year increase in pumpage since 1989, (C) a 2-percent per year increase in pumpage since 1989, and (D) a 3-percent per year
increase in pumpage since 1989—Continued.
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chloride, move with ground water, the particle tracker

also was used to simulate the location through time of

chloride particles in the aquifer.

Although MODPATH simulates the advective
transport of constituents such as chloride, it does not
simulate the concentration of chloride in the aquifer.
MODPATH does not account for dispersion, mixing,
or retardation that may occur during the transport of
the chemical constituent and does not correctly simu-
late the flow paths of particles in a solution that is
much denser than the surrounding solution, such as
concentrated oil-field brine in freshwater.

In addition to the aquifer properties, stresses,
and boundary conditions required by MODFLOW,
one additional property, aquifer porosity, was required
for the particle-tracking program. A porosity of 0.20
was uniformly assigned for all three layers of the
model and was chosen as an average of the
0.15 specific yield used in the flow model and the
0.25 porosity used by Spinazola and others (1985) in
their solute-transport model.

The assumptions and limitations of the
MODPATH program are: .

(1) MODFLOW output represents steady-state condi-
tions (the version of MODPATH used did not
simulate transient conditions).

(2) Particles moving horizontally from one model cell
to another cell in the same model layer move to
the same location coordinates within the new
cell as in the previous cell.

(3) For cells in which the volume of discharge to a
well or river or other hydraulic sink is less than
the volume of ground-water flow into the cell
(weak sinks), it cannot be determined whether
any particular particle discharges to the
hydraulic sink or flows through the cell.

(4) Particle paths through weak-sink cells may not be
accurate if discharge from the cell cannot be
represented as being uniformly distributed
across a cell.

In addition to these assumptions and limitations,
all of the assumptions and limitations inherent in the
MODFLOW program applied. Path-line accuracies
due to weak-sink cells and large cell sizes (discretiza-
tion error) may be improved by finer discretization in
space and time.

Particle-tracking simulations were done using
ground-water flow-model results from the steady-state
simulation, from the end of each stress period in the

transient simulation, and from the end of each stress
period in the transient hypothetical simulations.
Ending conditions from each transient stress period
were used in the steady-state particle-tracking
simulations to represent each transient stress period.
This approach is generally valid if it is assumed that
most of the change in storage occurs early in the
transient stress periods and that the later part of each
transient stress period approaches steady-state
conditions. These assumptions are generally satisfied
for stress periods 1-6 (194089, fig. 38) and for stress
periods for all variations of the hypothetical simula-
tions except for the large pumpage, small recharge,
small streamflow simulation (fig. 38). The error in
simulated particle location will be larger for those
stress periods where most of the storage change does
not occur early in the stress period. This error cannot
be quantified without a transient particle-tracking
simulation. Generally, however, the error probably
would be to overestimate the distance of particle
movement.

To track the flow of water from the Arkansas
River into the aquifer, one particle was placed near the
upper surface of each Arkansas River model cell. This
distribution of particles in river model cells will be
called the “source distribution.” The particle tracker
then was used to simulate particle flow paths through
the aquifer, for specified periods of time, under the
steady-state conditions used to represent ground-water
flow-model stress periods.For the steady-state ground-
water flow-model simulation, particles representing
chloride from the river were tracked to represent the
steady-state distribution of particles in the aquifer in
the late 1930s. This steady-state distribution of
particles and the source distribution of particles were
combined and used as the starting particle distribution
for particle-tracking simulations during the first
transient stress period. The resulting particle
distribution from each stress period and the source
distribution of particles were combined and used as
the starting particle distribution for each following
stress period. For the 1940-89 and 1990-2019 stress
periods, the particle-tracking simulations were made
for a period of time corresponding to the length of
each transient stress period. Thus, the MODPATH
program was used to simulate the distribution of
Arkansas River chloride in the aquifer at the end of
each stress period.
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Figure 38. Simulated rate of storage change for stress periods 1-6 (1940-89) and hypothetical stress periods 1-3
(1990-2019). Hypothetical stress-period rates of storage change are for no, small, average, and large pumpage increases

and small recharge and small streamflow simulations.

Discussion of Particle-Tracking Results, 1940-89

The MODPATH program was used to simulate
the distribution in the aquifer of particles representing
chloride from the Arkansas River (fig. 39). The lines
in figure 39 show the maximum extent of chloride
from the river at the end of each stress period; the lines
do not indicate chloride concentration. In the upper
model layer, the steady-state (pre-1940) distribution of
chloride particles was limited to a small area near
Hutchinson, a narrow band along part of the upstream
reach of the river, and a wider band along the down-
stream reach of the river (fig. 39A4). In the middle and
lower model layers, particles are distributed in narrow
bands near part of the downstream reach of the river

(figs. 39B and 39C). The distribution of particles in the
upper layer indicates areas where the Arkansas River
was naturally losing water to the aquifer prior to 1940.
For 1940-89, the particle-distribution areas in all three
layers are larger with each successive stress period
(fig. 39), and new distributions of particles emerge as
longer reaches of the river begin to lose water to the
aquifer. The particle-tracking simulations indicate that
most of the chloride from the river stayed in the upper
model layer, but some moved into the lower two
layers. The shape of the 1989 distribution of particles
in the upper layer generally is similar to the shape of
the 100-mg/L line of equal chloride concentration in
the upper unit (fig. 194). Particle distributions indicate
that chloride in the upper and middle aquifer units may
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-203-C.—Drilled December 2, 1986.
Altitude of land surface, 1,380.8 feet.

Thickness, Depth,
in feet in feet
Clay, Silty, BIOWN.....cc.. .t e e e s e e aees 4 4
Sand, fine- to medium-grained, and gravel .............cccccvieveiccnniir e 39 43
Silt, ClaYY, TAN ..o e e et 34 77
Sand and gravel; clayey, arkOSIC.........cccevierriiiiiiiiieeie e e 35 112
Silt, clayey, Sandy, tan ... e s 48 160
Sand, medium- to coarse-grained, and gravel; arkoSiC.........ccccceceviverrniinecccnennnne 56 216
Shale, gray, with thin limestone and gypsum layers..........ccoccooocrivinieniieenie e, 12 228
EB-204-C.—Drilled November 18, 1986.
Altitude of land surface, 1,378.2 feet.
Thickness, Depth,
in feet in feet
Silt, SANAY...eiiieiieice ettt e e e s e e resae s sba e b e nnan 10 10
Sand, coarse-grained, and gravel ...........cocceevirieecnirennie e 38 48
Clay, SitY oo e 10 58
Sand, medium-grained, and gravel ............ccoceeiieiiiciiicncn s 40 98
Sand, fine-grained, and Clay ........cccceeeriiemmiiinieiiie e 104 202
GFAVEL..ceee ettt ettt ettt s e e e ta e sh e e st e e see e ar e nn e s e e nan e st e s nnan 1 203
L0 1= SRS 2 205
Sand, fine- to Medium-graiNed...........cccceiiierniiiiience e e 28 233
SRAIE ... e e e e s st sae s nne s nen s 4 237
EB-205-C.—Drilled November 24, 1986.
Altitude of land surface, 1,380.5 feet.
Thickness, Depth,
in feet in feet
Silt, clayey, dark-Drown ............ccoiirr e s 10 10
Sand, medium- to coarse-grained, and gravel ...........c.cccveevveeenrienrie s e s e 8 18
Clay, silty, gray t0 tan .........ccooviimireeee e e e 10 28
Clay, silty; sand, coarse-grained; and gravel............cocceovreiic e 10 38
Sand, coarse-grained, and gravel .........c.cocevrireeiiiine st 10 48
Sand, medium- t0 coarse-grained.........ccoccovvivierniiecei e 10 58
Sand, medium-grained, ClAYEY........ccc.eeevirieriiiieetr et eee e er e sae e e srr e e 10 68
ClAY, B8N oo e e e e e e e e e bt e e et e e bae s sernr e saneas 7 75
Sand, fiNe-graiNed.........c..cooiviiiriree et st r e sre e e ne s 5 80
Sand, medium- t0 Coarse-graiNed.........ccoceeeuveriereriiinire et st 18 98
Sand, medium- t0 coarse-grained...........ccoovvrevrnreniinniien e 75 173
Clay, hard, dark-gray ..........cccccovirimierereee e sree e rrnrese eeeaeasenesemrersne e s senenas 35 208
SRAIE ...t e e s eee s 3 21
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-206-C.—Drilled November 9, 1986.
Altitude of land surface, 1,396.9 feet.

Thickness, Depth,
in feet in feet
Silt, ClAYEY....ceiie et e s a e e et e e e rnarenenan 10 10
Sand, fine-grained, Sl .........ccco e 25 35
Sand, COarse-graiNeQd ..........cocverieriiirrieieerrseeee et s st e s ssees s srsasesssnesessensennes 30 65
Sand, coarse-grained, and Gravel...........ccceveveeeceierieesre e e 5 70
ClaY, SANAY ...ceeeieeeririeecr et rte et st e st e e s esae s e r s e ra e s 25 95
Sand, medium- t0 fine-grained ........cccocoieeeeree et 70 165
Sand, medium- to coarse-grained, and gravel..........ccccociiiiivcreccienn e 95 260
£ =YL= YOO PR 8 268
EB-207-C.—Drilled December 14, 1986.
Altitude of land surface, 1,392.8 feet.
Thickness, Depth,
in feet in feet
Clay, DIOWN ...ttt ecene s e s s sren s e asensnnn s 42 42
Sand, medium- to coarse-grained, and gravel............cccccoviericnennic e 60 102
Silt, clayey, and clay, Silty..........coooreiieiir s 18 120
Sand, fine- to Medium-grained ............cocceeiieeerreecerrr e s 30 150
SHlt, ClAYEY .. .eiiieiceereersiert et er e s e et e st et e e s baerat s s s e e s e e e e sanaeneneeaneereranns 10 160
Sand, medium- to coarse-grained, and gravel........c.c.coccervrrnneene e 30 190
Sand, medium- to coarse-grained, Clayey ......c..cccoeeveanecnernirrcre e e 10 200
Sand, Medium-grained ...........ccooiviiieriereir i e s e 40 240
Sand, medium- t0 coarse-grained ...........ccceerrrrinrrrm e 6 246
1S £ 7= L= T U 4 250
EB-208-C.—Drilled October 28, 1980.
Altitude of land surface, 1,418.7 feet.
Thickness, Depth,
in feet in feet
£ Y0111 = Uo] SRR 5 5
Clay, tan, and sand, fine-grained ...........cc.ceirerviinirierene e s s s 5 10
Sand, coarse-grained, with a few thin clay layers............coccoccominnninnnnn. 75 85
ClaY, QrEEN ... ittt vt renr e e rr s e e asae e s e e e s e nr e s e r e e r e es 15 100
Clay, DIUE-Gray .......cccueeeerenereereirerr ettt seee e et se e s sn e e rnsans e enssaes 23 123
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-209-C.—Dritled May 26, 1987.
Altitude of land surface, 1,423.7 feet.

Thickness, Depth,
in feet in feet
S0l 1t e s e ee et s r e s re e s s anee e sanansareens 4 4
Sand, coarse-grained, arkOSIC .........ccceeiiiiueiiiieiiiee e eree s e e 51 55
Clay, Silty, SANAY .......ooiii i e 5 60
£07: T o I8 {1972 o [ =11 1 =T [ U S 30 90
Clay, tan, Whit€, BrOWN .........c.oie e 10 100
Sand, fine- to medium-grained, with a few thin clay layers...........cccceevrevinnnnene 73 173
Shale, tan, yellow, grading to dark-gray .......c...ccccceeocrrereccmnirnc e 9 182
EB-210-C.—Dirilled June 1, 1987.
Altitude of land surface, 1,424.7 feet.
Thickness, Depth,
in feet in feet
Clay, silty, sandy, red-Brown .............ociii it 25 25
Clay, silty, SANAY, GraY .......coeeeieiiriiieiir et errre s st sseens 5 30
ST 1o B {10T= o 1 2= 1] 1Yo [ USSR 8 38
Clay, silty, Sandy, Gray .......c.ccccovreiiiiicnie e 17 55
Sand, fiN@-graiN@d...........occuriiiierricie et sae e s s 25 80
Sand, medium- to coarse-grained, arkoSiC ........cccuvivveereeircrieire e 15 95
Clay, silty, tan, BroWn........occiie e s 21 116
Sand, fine- to coarse-grained, arkoSiC ........c.ccccceeiiiriceiinicrieee e 70 186
Clay, silty, tan, DrOWN...........ei e e e e 1 187
Sand, fine- to coarse-grained, arkosic, gypsiferous .........ccooovveiiiininnrccnnnnnn, 55 242
EB-213-C.—Drilled April 6, 1988.
Altitude of land surface, 1,475.8 feet.
Thickness, Depth,
in feet in feet
SOil, SiltY, SANAY ...cccniiiiiiie e e e e 12 12
Sand and gravel; arkOSIC........cuuveriiiiiriiieiecrr e e e ee e s sanns 37 49
Clay, tan, YEIOW .......ooiicciieier sttt mr e e sser s e ar e s aesan e e 1 50
Sand and gravel; arkOSIC......c.euueeiiiiriiircciere et e e e e et e e s e e s 32 82
Silt, clayey, sandy, tan, gray............ccccirimeniinerniierrnreceeere e e ee e 21 103
Sand, fine- to Medium-grained............ccoeeiiiieiiiiieeeie e e e e e 9 112
Sand and gravel; arkOSIC........cueeeiiiiiecieieeecieee e ee e e e snner et e e 4 116
Clay, silty, sandy, tan, gray .......cccccoviiiemrccenrcerrerrr e eeerremrers e e s s srer e s 6 122
Sand, fine- to medium-grained, arkosic, with a few thin clay layers..................... 73 195
Clay, gray, and pieces of green Shale ..........c.ccceciirieeeninirrnn e 5 200
Sand and gravel; arkOSiC.........cccceiiieiiieeenveeee et e e 16 216
Clay, white, grading to sand, clayey, red-brown .........cccccocorrriniriinniiennnneee 4 220
Sand, fine- to Medium-grained............ccccvecverecieeeecsres e 18 238
Clay, GFAY .eeeeniieiirerier e sttt srr e st er et s te e s ee e s n e e neseenraerens 2 240
SaNd aNnd GrAVE ........oceiiiiiiicc e e e 2 242
Clay, silty, and Silt, ClayY.......c.occuirrierie e e e 40 282
Shale, maroon, gray, green, weathered.............cccceveerviniiierenec e 23 305
Shale, dark-gray .......cocoeireeri ettt e st n e e e b 8 313
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-214-C.—Drilled April 12, 1988.
Altitude of land surface, 1,473.1 feet.

Thickness, Depth,
in feet in feet
Yo | U OSSR 4 4
Sand, fine-grained, and gravel; arkoSiC .........cccvuivererirrnierveerrsercerre e e e 54 58
L0 (A7 | - P 16 74
Sand and gravel; arkOSIC ......ccceuiiiireererieareniee e eree e e eae e s 23 97
Clay, tan, YEIOW......ccocirciieiieceeeie st s s rrne s sn e e s e e s ne e saressnee e 12 109
I Ao | SR 84 193
Sand, fine-grained, and gravel; arkOSiC .........cccccreeerrrierrereee s e e e e see e 23 216
Clay, SANAY, TAN ..o e e e s e 19 235
Clay, silty, SANAY, Gray......ccoeoiiererreeee et nn e e 36 271
Sand and gravel; arkOSIC .......cccovvererieeiirneeieerirneretscreertesseeseeses st s sseseessses e naeen 9 280
Silt, sandy, red to DrOWN ..........oo e 8 288
Sand and gravel, some dark red-brown ironstone..........cccoccveeveerrcereceereccerceeen 3 291
Shale, gray, Weathered .........c.cccvveeriiniienieenin ettt e 19 310
Shale, dark=gray .........cccccceeverririieiriersse i srere e raesssee s s s esss sesesssessseessressnsens 20 330
EB-215-C.—Drilled March 31, 1988.
Altitude of land surface, 1,464.9 feet.
Thickness, Depth,
in feet in feet
RS Yo Y N o {0 o [T 5 5
Silt, sandy, tan, DrOWN..........oo e s s 5 10
Sand and gravel; arkOSIC ......ccueivveirrcie v et ra e e s 23 33
Clay, tan, gray, YEIOW ........cccooiiiieiececeree et e s s se e e e eens 3 36
Sand and gravel; arkosic, PiNK.........ccceevreeeericereserr e 12 48
Sand, fine- to medium-grained, tan ........ccccooirreninnnnre e 70 118
Clay, SiltY, Gray ........corireeieeciteeeeecer e se s rer e s er e s e e e e e e e s sna s e nn e s sra e s rmnernens 15 133
Sand, fine- to medium-grained, arkosic, PiNK .......ccccccevrerirerieriiernssee e cnreeeereens 25 158
Clay, sandy, tan, YeHOW............ov et e e e mee e e e e 9 167
T 1 1o JE U SR 5 172
Clay, taN, QrAY .....ccoccmrieieiiiretrrenr ettt srt e s re e e st s et e s et e et g e e s e neaean 3 175
Sand, fine- to coarse-grained, arkosiC, PINK ......cccccorveerirricieniere e 37 212
Clay, tan t0 Gray.......ccvcceerciriirirre s srnet e e e st e s ees e s e e rr e s s reaesanees 3 215
Sand, fine, to medium-grained, arkosic, PiNK.........cccceeierrrenincmnrereeer e 13 228
ClaY, TN ...t s e seteeere e rabeaannee s 2 230
Sand, fine- to medium-grained, arkosicC, PiNK ....c.ccccevueerrcrireenvineenr e reersereieesnnees 55 285
ShalE, GraY......ceiecieeree et et re et st ra et e s e ra e ereassrareesaanen 13 298
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-216-C.—Drilled November 19, 1987.
Altitude of land surface, 1,464.3 feet.

Thickness, Depth,
in feet in feet
Clay, Sandy, DIOWN ........c.ccovriirerir et s e s s n e 7 7
Sand and gravel; arkOSIC..........cuveiieiviiir e e 81 88
ClAY ..ttt e e et e e st e e R e e e et ene e reenerenne 2 90
Sand and GraVel......ccoeiiecceeceere e st a e e e ea et s e s 5 95
ClaAY et e re e s e e s s shb e e e et e ea s b ee s e nr s e s btesanes 9 104
SaNd and GrAVEL ... e e et e e a e b snes 6 110
L0 - Y OO 6 116
Sand and Gravel ... e e 28 144
L - Y PSP 5 149
Sand and Gravel ... e enene 61 210
(07 - OO OSSPSR 4 214
SanNd and Gravel.....o..ceceiereieiiiiieeesrre et ne e e nnenerenas 30 244
101 - PR 1 245
SaNd and Gravel.......coocceeiirrirerrr e e e e e e s e e nrne e eesens 46 291
LAY oot e e e e e aeeneeeeee e s eea e neeaeeaaeaeaabrreeaarabraaeannrns 1 292
SaNd AN Gravel .....cceeerer e e s e s snne e 8 300
SANASIONE ..ot et e e st e neaeeans 5 305
Sand, fiNe-grained.......cc.coeccereie s e s e 9 314
Shale, gray, some anhydrite..........cccooiiiiiimicce e e 7 321
EB-217-C.—Drilled November 11, 1987.
Altitude of land surface, 1,460.0 feet.
Thickness, Depth,
in feet in feet
Soil, clayey, sandy, DrOWA ... e 1 1
SaNd AN Gravel ........ooecciiiicceeee et et 129 130
ClAY 1ot et e e s 3 133
Sand and Gravel ......c..cocrrreciireir et e e 18 151
ClAY ettt e bbb 4 155
1= T Lo [T 15 170
L0 1= PO P SRR 2 172
L= 1 Vo U SO SURURRPO 9 181
Y ettt sr e s et e nen e re e nn e nenenes 1 182
SANA .ot e e et e et srae e te e s e e s e b s n e e s be e e sann 16 198
ClAY o e e e 8 206
£ 1o Lo OO O OO STPTTRRP 44 250
L] == PO OUSOPTUPPRUR 2 252
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-218-C.—Drilled November 5, 1987.
Altitude of land surface, 1,472.7 feet.

Thickness, Depth,
in feet in feet
Soil, clayey, Silty, tan 10 Brown ... et 15 15
Sand, fine- to medium-grained, and gravel;
with clay, red t0 BrOWN..........oii e 88 103
SRAIE. ... et et see s 5 108
EB-219-C.—Drilled October 23, 1987.
Altitude of land surface, 1,465.6 feet.
Thickness, Depth,
in feet in feet
Soil, clayey, silty, tan to Brown .........cccocoiiriiir 15 15
Sand, fine- to medium-grained, tan to brown ... 73 88
Clay, Silty, BrOWN ... e 25 113
Sand and Gravel......cocc i et nn s 17 130
SRAlE, Gray.....uiiiiieeecieiiete e ce e e s ee e e e nen e ee e s e s e aa e a e rannennee s 3 133
EB-220-C.—Drilled November 15, 1988.
Altitude of land surface, 1,337.3 feet
Thickness, Depth,
in feet in feet
SOl SiltY, BIOWN ..ot r e e se e es v e s ar e e s aeaanenee s snee s 7 7
Sand and gravel; arkoSiC, PiNK........cccceecccieciiiienenere e s ssenesenesnanes 40 47
Shalg, Gray.....cecirieiriiiit et s s 13 60
EB-221-C.—Drilled November 7, 1988.
Altitude of land surface, 1,340.2 feet.
Thickness, Depth,
in feet in feet
S0il, SANAY, DFOWR ...ttt st s 2 2
Sand, fine-grained, tan ... e e 5 7
Sand and gravel, arkosic, tan to orange .........cccceeviriniie 44 51
Dolomite, sandy, tan to YEIOW ..........coi it 1 52
ShalE, faN...c i e e s 6 58
SRAIE, GrAY . .oiieeiiieeeicticeie et e s s s bt e e et st e e e s e e s r e e r e re e nreenn 6 64
Sandstone, fine-grained, gray.......ccccveveceeenireenniecrcnrreece st e 1 65
SRAIE, GrAY....iiiciiiiiiiiieiis et st re e s ee s ree s be et st eae e s ee s e e s s e e e san e renn 6 71
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-222-C.--Drilled November 11, 1988.
Altitude of land surface, 1,337.7 feet.

Thickness, Depth,
in feet in feet
Soil, clayey, silty, sandy, BrOWN ......c.cccciriiiiiiiie e e 5 5
Sand and gravel; arkoSiC, tan .......ccocvcveeiiiiier e e 12 17
Sand and gravel; arkosic, tan to 0range ..........c.cccceviinienninnne e e 62 79
Dolomite OF HMESIONE ......coccciiiiiicieeec s e e s se e e e e 2 81
SNAIE, GrAY ..ccueeimeiieitieetre ettt sttt b et e n s s e e ne s 10 91
EB-223-C.—Drilled November 14, 1988.
Altitude of land surface, 1,337.6 feet.
Thickness, Depth,
in feet in feet
S0il, SiltY, DTOWN...coiiiecii e e e s ba e s e s st rr e saae e raeas 6 6
Sand, fine-grained, tan..........c..coov oo aeeeneaes 5 11
Sand and gravel; arkoSiC, PINK ........ccccerrieiiieriiiin e eee e e e enre s sneeanes 32 43
Sand, clayey, YEOW tan .........ccco ittt e e nn e s 2 45
Sand, fine- to medium-grained, tan............ccoocriiiiiii e e 10 55
Clay, sandy, tan to BroWn ..........coo i e e et ae e 3 58
Sand, fine-grained, tan..........ccccociiiiiiicie e 13 71
Clay, sandy, tan t0 YEHOW ...........cccoiiiiir e s e s sa e e b e ennes 3 74
Sand, fine-grained, tan...........cocovveeriiiiii e 6 80
Sand, fine-grained, tan, with a few thin clay layers .........c.cccooonnnieiiiniicnineeen. 8 88
SaNASIONE, WHIE.....ceiiiierie e ree s et e s e s s rase s eneasane 3 91
Sand, fine-grained, tan..........cccoooie i e st s naees 2 93
SANASIONE, WHILE......coiiiiiiieie ettt s e s br e et sra e snee s baeesneasnans 3 96
ShalE, GrAY .....ceimiiiiciniee ettt e e e n e e 5 101
EB-224-C.—Drilled November 17, 1988.
Altitude of land surface, 1,342.2 feet.
Thickness, Depth,
in feet in feet
S0il, Clayey, SANAY.......ccoocreiiireiriererrretesrere e st e e e sse e ne s e a e a e e annas 11 11
Sand, medium- to coarse-grained, and gravel; arkosic, pinK ........ccccceceeiveernenncne 57 68
Clay, sandy, tan t0 YEHOW .........covvee et st sn e ae e 2 70
Clay, silty, SANAY, taN ......cocoieiiiiiee et esre e s r e e saraaenns 12 82
Sand, fine-grained, and silt, clayey, tan..........cccoovv it 60 142
Sand, fiNe-graiNed...........oci ittt et e e e s 12 154
SANASIONE, WHIE.. .evviieiiiciiieee ettt r e e e s ee e reeesaeessessassnsesnansnnees 6 160
SNAIE, GFAY ..c.eeiiirieirri ettt s e h e st n e anees 1 161
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-225-C.—Drilled November 22, 1988.
Altitude of land surface, 1,350.3 feet.

Thickness, Depth,
in feet in feet
SO, BIOWN ...ttt e s r sttt e et s sare s vt st eaeeenneemeesan e e e anansaoas 8 8
Silt, Clay@Y, DrOWN .......eeeiiirieierir e e e ssr e s se s sese s nassn e s resan s e n e s sesnenes 2 10
Sand, fine- to medium-grained, and clay, yellow;
clay layers near bottom of interval ............cccociiriiiiiineecirc e 28 38
Sand, fine- to coarse-grained, and gravel.........ccoc.coevrivrniircnenncrnre e 2 40
Sand, fine- to coarse-grained, tan .......cccccvecirrcvr e e 18 58
107 1T - o OO USRI 2 60
Sand, fine- 1o coarse-grained, tan ...........cceveeeeriiecrire et e 12 72
Sand, coarse-grained, and gravel...........ccceieeiecenniennre e 9 81
Silt, SANAY, TAN c..eoeiiceee e e ee s s re e 9 90
Clay, SiltY, Gray ...cccviiriiieeerirtieie et et e e s e 2 92
Sand, fine- to coarse-grained, tan .......c.cccccrereieiirern e e 18 110
Sand, fine- to medium-grained, tan ...........ccccccviiciii e e 7 117
Clay, Sandy, YEIIOW.......coociircrerriecre s s e s cese s e snr e sne e srenessnsesessanes e 4 121
Sand, fine- to coarse-grained, tan ...........cecveereieececee e e 4 125
Clay, SANAY, TAN ....oor e e e ree e s ae s s ren s 4 129
Sand, fine- 1o coarse-grained, tan ...........ccoiirierinr e 6 135
L0 1= 1Y - T T OSSO VPP PN 10 145
SF=Talo I {10 1= 200 [ 2= 11 aT=To TR - U o TS P 17 162
ClaY, TAN ...ttt s e e aar e 5 167
Sand, fine- to coarse-grained, tan, and gravel...........ccocccovvereinnn e 9 176
Shale, SiltY, QrAY .....cocviiriirieireri e eree e e s st s e st n e s enan 6 182
EB-226-C.—Drilled November 26, 1988.
Altitude of iand surface. 1,354.1 feet.
Thickness, Depth,
in feet in feet
S0il, ClAYEY, DTOWN ......oiiiiiiiiierec ettt et r e s ee e s asnessannaes 10 10
Clay, SANAY, FEA ......cooiiiei it et ettt ses e s nenene e 9 19
Sand, fine- to coarse-grained, tan .......cccoeveeriiieeeerre e 18 37
Sand, fine- to medium-grained, silty, tan .........cccoriiirer i 9 46
Clay, Silty, tan t0 YEIIOW ........cevieieericccre et e e e e s sccnane s 9 55
Sand, fine- to coarse-grained, tan .........cccccceeecoeereeerricr et rere e 6 61
Sand, fine- to medium-grained, silty, tan .........cccoiciinii e 20 81
Sand, fine- to coarse-grained, and gravel, tan.........ccccoourernninrcnenncnenr e 30 111
Clay, Sandy, YEIOW.........coociiiiiiiiiienrciree et sressbn e sreee s e eessssrannsess s sanaes 1 112
Sand, fine- to medium-grained, and gravel; tan..........ccccciiivenennccncncen e, 14 126
ClaY, FAN et e e et sttt et e e r e s nne s erenas 2 128
Sand, fine- to medium-grained, tan ............ccceivoeeieirerirre e e 8 136
107 LYo | - 1O PP 1 137
Sand, fine- to coarse-grained, tan ........ccccceevei i 43 180
ShaIE, GraY.......cieiceiiiiiieiierecee et e s see s s sennen s 4 184
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-227-C.—Drilled December 1, 1988.
Altitude of land surface, 1,355.1 feet.

Thickness, Depth,
in feet in feet
SO0il, SHtY, DIOWN ..ot er e s e e s aa e 7 7
Clay, sandy, red 10 BrOWN ... ccceee e s e s e e 10 17
Sand, fine-grained, Clayey, gray .......cccceccuevecieinirirceeeescer s erere e sn e ee e 11 28
Sand and gravel; arkoSiC, OTANJE ........ccovceveiereeeiieer e ree e e 30 58
Clay, silty, sandy, YEHOW ... e e eve e 2 60
Sand and gravel; arkosic, with iIronstone .........ccvvevverecrienicre e 35 95
Clay, silty, sandy, tan to yellow tored..........ccoorirreeeee e 17 112
Sand, fine-grained, Silty, tan.......c..ccooiiircce e 14 126
Shale, gypsiferous, tan to gray........ccocoocvierorerceereree e 19 145
EB-228-C.—Drilled December 7, 1988.
Altitude of land surface, 1,493.8 feet.
Thickness, Depth,
in feet in feet
Clay, sandy, DTOWN ... e e ee e e e e 4 4
Sand, fine- to medium-grained, tan..........ccceeeeciirccrrccir e e 6 10
Sand, fine- to coarse-grained, tan..........cccuuvveiiicimi e e 14 24
Clay, SANAY, GrAY ....ccooiiiiieriiieinneiii et s s a s s e e an e e 6 30
Sand, fine- to coarse-grained, and gravel; tan .........c...ccoovveeei e 20 50
Sand, fine-grained, and gravel; gray .......ccoccveeeirerreiernieece e st se s s 7 57
Clay, Silty, green t0 gray ........ccovvcervierccreriie et s s e sae e 3 60
Sand, fine- to coarse-grained, and gravel;
tan, with a few thin clay layers..........c..ccooiiiecinc e 25 85
Shale, brown to red, with SOMEe GYPSUM ......cccciviiiiiriree e ser e 15 100
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-229-C.—Drilled December 9, 1988.
Altitude of land surface, 1,493.8 feet.

Thickness, Depth,
in feet in feet
Soil, clayey, Silty, DIOWN ... ve e 4 4
Gravel and sand, medium- to coarse-grained; tan;
with a few thin clay 1ayers ...t 13 17
Sand, medium- to coarse-grained, and gravel...........c.cceovevninieneeennes e 6 23
Clay, YEIIOW ..ottt e erterrer et ss e e sr e se e s se s sr e e s s s s sea e e aen s neesrnessanantee s anenne 1 24
Sand, fine- to coarse-grained, 1an .........cccoocvee e iciiie e 15 39
Clay, sandy, gray, and gravel ... rerine e srr e seaeseseeeaaeneae s 6 45
Sand, fine- to coarse-grained, tan, and gravel..........cccoooveeiiiineeecrrecrreee e 25 70
(071 1Y Ao | - USSP UPUP S 1 71
Sand, fine- to coarse-grained, tan ........c.cccoceriiininneener e 4 75
1075 1Y Ao | - USROS 1 76
Sand, clayey, tan, and gravel...........ccccccviierecinni e e e 7 83
Clay, sandy, tan, and gravel...........cccveiierciir e s s e s sressar s s enee e 3 86
Sand, fine- to coarse-grained, 1an ............cooiieiiiiirnr e 4 90
ClaY, GIAY - eeueeieire et r et r ettt e ettt he e et e e e et e et e e e e s bt eneansesenneeaae 1 91
Sand, fine- to coarse-grained, 1an ......cc...cocoriiiir e 4 95
ClaY, TEA....eiieeeiceeeee et e et eee e e e e e s sree e s s taa e et e e e te e et st e aareaneresaanaae s 1 96
Clay, YEHOW ..eeiiriieiciice e ettt et seere s s ree s s ese e s rer s s e e e ssnaassseaasseenssnesnannenan 1 97
Sand, fine-grained, Tan ...........cocovieiieeic e e 4 101
Sand, fine-grained, Silty ..........coiiiiee e 6 107
SREIE, TEA ..ottt nna s 14 121
EB-230-C.—Drilled December 13, 1988.
Altitude of land surface, 1,497.3 feet.
Thickness, Depth,
in feet in feet
Yo ]| I o1 01,7 TRt 6 6
Sand, fine-grained, tan ..o 3 9
Sand and gravel; arkosic, orange, with a few thin clay layers ..............ccccccccie. 74 83
Sand, silty, red 10 BrOWN ........coiriiiiri e 7 90
Clay, silty, SNy, Gray.......cccevccerririireerere e e et et ees et esveesseeneaeeene 16 106
Sand, clayey, red 10 Gray ......cccccieiriiiiri e e 9 115
Sand, fine- to medium-grained, tan ..........ccccvcciriinii 4 119
Sand, fiNe-grainNed ...........coovireciieiiieeer e 16 135
Sand, fine- to coarse-grained, arkoSiC .......cccccviviiieciiiiiireiirce e e e 38 173
Clay, sandy, red 1O DroOWN..........occveiiiiieci e e e s e e s s e 4 177
Sand and gravel; arkosiC, PiNK.........cccccereieiii i 9 186
Shale, silty, sandy, Maroon t0 GreeN .........coccviiiiiii i e 5 191
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-231-C.—Drilled December 31, 1988.
Altitude of land surface, 1,498.8 feet.

Thickness, Depth,
in feet in feet
Clay, silty, sandy, brown, yellowish-tan ........ccccoovciniiccce e, 8 8
Sand, fine-grained, yellow, and gravel ........ccccoeeeeeccnininneecre e 9 17
Clay, YEIIOW, TAN......ccoueeeieecieeetie et ireette et e eeeeeseeeeereeesneeeseaeseeeeeseesensseesennnsans 12 29
Clay, SiltY, GrEEN ..o et e s e a g e e abesane 4 33
Sand, fine- to coarse-grained, Clayey..........ccocueriercimrieinmrre e 27 60
Clay, SiltY, GrEEN ...coe e r e s e s e v re e e e ern e e ea e n e e aeas 1 61
Sand, fine- to coarse-grained, tan........ccccoirriiriiii et e 2 63
Clay, Silty, GrEEN .....ccciecere ettt e e e et e e abas 1 64
Sand, fine- to medium-grained, clayey, tan.........cccceorrvvrveerrrnne e 9 73
Clay, SANAY, YEIIOW ........cceceeriieeiiireerree ettt r e s e n e s e 3 76
Sand, fine- to medium-grained, clayey, Yellow.........ccccveieceriiiricceee e 12 88
Clay, silty, PinK, GrEeN......c.coiiiecirr e et et s 10 98
(07 [To: a L= T Y 11 =Y 1 99
R 1= LT =T R o1 = T=Y o T OO 22 121
EB-232-C.—Drilled January 9, 1989.
Altitude of land surface, 1,496.6 feet.
Thickness, Depth,
in feet in feet
Soil, silty, SANAY, DFOWN .......oorii e r e e rve e s re e s e anernas 3 3
Sand, fine-grained, tan, and grave! ..o 5 8
Clay, SANAY, Gray ....c.ccceerieeriieiiirrarcirn e rrerrsssn e ssteessrnesse s se s ase e s seenesasasanesaaranan 10 18
Sand, fine-grained, and gravel; tan t0 gray......c.cccccecieenimnencincnrie e 32 50
LO3F- (Y -1 o T OSSR 4 54
Sand and gravel; arkOSIC......ccccueiicerierieecirrreeiiee e r e e e e e e e e aeans 26 80
Sand, fine-grained, tan ..o e 12 92
Clay, SandY, AN ......oo e s a e e s e snea e s 1 93
Sand, fine-grained, and gravel ... e 17 110
Sand and gravel; tan to OraNge.......cccvvieeeeirrieee et cve e e s eans 10 120
Sand, fine-grained, tan.......cccie it s 10 130
103 (T - T OSSOSO TUPR 1 131
Sand, coarse-grained, and gravel; tan to orange........c.cccccvvrecencnccnnneece e 12 143
Shale, green, gray, with SOME GYPSUM .......c.coiiieiiimriinii e e anne 11 154
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-233-C.—Drilled January 13, 1989.
Altitude of land surface, 1,553.1 feet.

Thickness, Depth,
in feet in feet
£ Yo T IR 1472 o £ 1 o U US 4 4
Clay, SiltY, taN ..ot an e 50 54
Sand, fine- to coarse-grained, arkosiC, Orange..........c..cveeveeverrinrnncersnenenneseens 33 87
Clay, silty, sandy, tan, gray.......ccocccuiremrrevinr e eers e es e ssee e eee e e 13 100
Sand and gravel; taN.......cci e rr e s e ses e s e ar e s e siaaesansesnae s 8 108
SaNd, ClAYBY, T8N ......eeeeeeeeeeeece e s s s ne s 6 114
Sand, fine-grained, tamn ..........ccccooieiiiiirrieece et ar s 16 130
Sand, coarse-grained, and gravel; arkosic, orange
with pieces of irONSIONE.......c.cooviii e 15 145
Shale, Silty, e 10 QrEEN .........ceiriereeeerrcreer e et ee e s eenan 7 152
EB-234-C.—Drilled January 17, 1989.
Altitude of land surface, 1,548.5 feet.
Thickness, Depth,
in feet in feet
(075 1V =T I (o X o [ - OSSOSO 34 34
Sand, fine- to coarse-grained, and gravel; tan......c....cccccrercimncnincnnine, 34 68
Clay, sandy, tan, BrOWN...........ccoooeii et eeesee s s e e e ren s nnees 22 90
Clay, sandy, with interbedded sand layers.........ccccevvrencrricinninnmnnce e 21 111
Shale, SIY ......eeiiree ettt e st e n e e 10 121
EB-235-C.—Dritled January 19, 1989.
Altitude of land surface, 1,551.4 feet.
Thickness, Depth,
in feet in feet
SOil, ClaY Y, SiltY.....cieeieeeiieere e e e e 2 2
Clay, silty, sandy, brown, yellowish to tan .........cccccovvviieiiiicmnece e 26 28
Sand, fine- to coarse-grained, tan ...........cccoceivirniccn s 17 45
Clay, tan, and Sand IaYErS ........cocceuveeiveriecceeir e rete s s ae s n e s sme s sensmenas 17 62
L0 - YA - o 1P UR PR 3 65
Shale, red, GrEEN ... et e s aneeenrns 11 76
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-236-C.—Drilled December 9, 1989.
Altitude of land surface, 1,476.6 feet.

Thickness, Depth,
in feet in feet
Clay, 1N, GraY ....covioreicrre e erirrrr e s rre e s srne e s e s s s e e s rr e s e e n 17 17
Sand, fiNe-graiN@d.........cccoooervererieeeee ettt s sn e aa et vee e er e nene 1 18
L0 1Y o - TSRO 5 23
Sand, fine- to Medium-grained..........ccocceevieiicer it 7 30
Sand, fine- to coarse-grained, tan, and gravel; arkosiC.........cccccoveevrecrmvireneennnenn, 32 62
Clay, silty, Sandy, Tan ......cocoiirre e 6 68
L0 E- (YA o - OSSP 4 72
Sand and gravel; tan .........coo e e e 21 93
Sand, fine- to coarse-grained, clayey, and gravel; tan .............cccevrerirriencneennees 7 100
£33 T OO SR 120 220
L AT 1[I o [ - VPOV 25 245
EB-237-D.—Drilled December 17, 1989.
Altitude of land surface, 1,516.8 feet.
Thickness, Depth,
in feet in feet
Soil, clayey, Silty, DIOWN........ccc.or e s 3 3
Clay, tan, red 10 BrOWN ...........cociiiirre ettt s 31 34
Clay, silty, tan, red-Drown ..........coccueviemricne e ciec et s s cses e ree s s neesssaenn 9 43
Shale, red; Weathered............cooccoceeireriie et 2 45
Shale, silty, red to maroon, green..........c.oeiiceemniveeere e 31 76
13 Te] (014 11 (- IX () TR SO PSR 1 77
Shale, silty, red t0 Mar0ON.........c.cceevveirir et e e e 8 85
EB-238-C.—Drilled February 12, 1990.
Altitude of land surface, 1,394.0 feet.
Thickness, Depth,
in feet in feet
S0il, SiltY, DIOWN.......ooeeeee e s et e aeas 2 2
Clay, Silty, red 10 BrOWN .......ooiiiiicccr et cere e s 26 28
Sand and gravel; arkoSiC, OTaNGE ......c..cvciverereeriirrrriecreerreesree et eese e sresseessssans 33 61
Clay, tan to White .......ccoceeieee e s 7 68
Sand and gravel; clayey, Orange........c..cooeiievernrieiennecnre e e sreeseeserres e 21 89
Shale, Gray-grEeN.......ccccceruueie et trererreetr e s rr e ste e s sreeessreererataesesnaesneaeaannesanes 1 100
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-239-C.—Drilled November 11, 1989.
Altitude of land surface, 1,512.2 feet.

Thickness, Depth,
in feet in feet
SOil, SANAY, GraY ..ceovereeeie ittt et n 2 2
Silt, ClayeY, Gray .......oociiieee et e e e e 9 11
Sand, arkosicC, tan to Orange..........ccccveviiinercinincenrte e 39 50
(077 1V - 1o TSR 2 52
Sand and gravel; tan to Orange ......ccoccevieereririe et e e e 19 71
Shale, silty, red 10 MATOON .........coiiiriirtre s e e eare s 4 75
EB-240-C.—Drilled November 14, 1989.
Altitude of land surface, 1,485.7 feet.
Thickness, Depth,
in feet in feet
S0il, SANAY, BrOWN....cceiiiitrcr e et et 5 5
Sand, fine-grained, tan to Orange .........ccoviiiiieiice e 4 9
Sand and gravel; arkosic, tan to 0range .....c..ccccvveivircreeiereeerniieneee e e 51 60
Clay, sandy, Silty, Tan...........cooiii e e 10 70
Sand, fine- to medium-grained, tan ...........ccccoiiiiiiii e 11 81
Clay, Qray........coomir e e s 3 84
Sand, fine-grained, tan ..o e 11 95
Clay, GraY .. ..ccoieiiiiieie et ee e s a e s ern e e sane 35 130
Sand and gravel; Tan..........coociiiiii e e s 30 160
Sand, fine-grained, clayey, lignitic, tan .........ccccorriiiinr e 9 169
Clay, lignitic, tan 10 Qray ........ccov ettt 3 172
Sand, fine-grained, Clayey ..........ccoiiuiiiiinciiii it 8 180
Sand, fine- to medium-grained, tan; with calcium carbonate
cemented layers at 192 to 193 and 260 to 261 feet...........cccoreriiiincenn. 112 292
Sand, fine-grained, tan; with some ironstone gravel.............cccoccovvciiinnnicrennnnee. 21 313
Shale, gray, MATOON........c.cccrvuiiiiii e s et sneas 27 340
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-241-C.-—Drilled January 13, 1990.
Altitude of land surface, 1,444.4 feet.

Thickness, Depth,
in feet in feet
Soil, silty, SANAY, DIOWN ......ooi ittt 5 5
Sand and gravel; arkoSiC, OFaNQE .........cccvevicireriirreciieiie st secrireecsrecreesseraesonenens 35 40
Clay, sandy, tan t0 BrowWn .........coi i 14 54
Sand and gravel; clayey, tan to Orange.........cccccceeeeieieceriee e 17 71
Clay, sandy, Silty, tan 10 Qray .........ccceiiiiiiniir e et ree e eee e sree s 14 85
Sand and gravel; arkosic, tan to Orange ........ccccoccccvviiiieciciieeeeeee e 30 115
Clay, tan t0 Gray ....cccoiiieiiri ettt et e s e 8 123
Sand, arkOSIC, OFANGE ......ceviieeiiiieeriree ettt eesaarreee s e raeees s ssansaasaareesssasneseesseanares 34 157
Silt, Clayey, BIACK ... ot ettt 13 170
Sand, fine-grained, tan 10 gray.......c..ccccvirviiinie i e 60 230
Clay, SaNAY, taN ........oooiiic e e s e s 10 240
SANA, TN ... et n e e s r e s te e s e tr s ane e eat e ntanee 36 276
SaANASIONE, WHIB... ..o et et e e e et e e et e aetsaaessaeeentaaannneannns 3 279
Sand and gGravel; OranQE ....c...coveviiriciireeieerereeieeracreeererrae e rsire e savrssseeessieesssereseses 11 290
SaNd, ClAYEY, AN ......cc et c e et e s et e e et e st s et e e sbe e e s ranaenaees 5 295
Sand and gravel; arkoSiC, OTaNQE ......c.cccvviecceericirecisiirense e ceerree s e ssea e sevreenes 26 321
SRAIE, GraY .eeeiiceeeiiiieieeriie et e et e e s ae e e s ae st e snee s essnneasanneebaes 4 325
EB-242-C.—Drilied January 4, 1990.
Altitude of land surface, 1,462.6 feet.
Thickness, Depth,
in feet in feet
SOil, Silty, DIOWN......coinriieiiicete ettt et sre et e e sve e e st s arnrssetn e sbneesearaeassnens 5 5
Sand, coarse-grained, and gravel; arkosic, tan.........c.ccvveeeerivierrcrinnnieessresnnnens 47 52
Clay, Silty, tan 10 YEHOW ........cccveiiiiiee ettt e eene e 11 63
Silt, clayey, tan 10 YEHOW .....cccevriiiien st e e 19 82
Sand and gravel; arkosic, tan to orange ..........cccccceeeiieeccviiie e 26 108
Sand, coarse-grained, and gravel; arkoSiC........ccocveecmiineernieesencrcee e e 12 120
Silt and sand, fine-grained, micaceous, tan to Qray .........cccoveveeiviccenvrenieeevieneens 10 130
Clay, gray, HGNIHC........cccei ettt 29 159
Sand, fine- to medium-grained, tan ... 13 172
Silt, ClAYY, GrAY ...oeereiiiieieiriiecit e rtee st s st e st e e saeeeeeas e e saee st eanaeeseneenaaenn 6 178
Sand and gravel, arkosic, tan to 0range .............ccceciecciei e 39 217
Sandstone, white, calcareous CEBMENT ...........uuuveriiieeeieriiiiieeiieieier e e eerre e ennes 2 219
Clay, Silty, TaN ... e e ae et a e e e e arees 10 229
Sand and gravel; arkosic, tan t0 Orange ........ccccviieereceerieviniie e sesaes e 41 270
Clay, silty, SaNdy, TN .....c.cooiiierec e einr e eneenennaes 10 280
Sandstone, calcareous CEMENE..........coooiiiiiiiiiii e eee e e aeee s 1 281
Silt and SaNd, fiNE, TAN.......uuicc s e e st aens 19 300
Sand and gravel, SOMe irONSIONE ........cccoiiviiveriiiiiriecceree et esaee et saee e 6 306
Shale, Gray ..cccceuiiiiiiieeciii it et rene s 19 325
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-243-C.—Drilled January 24, 1990.
Altitude of land surface, 1,434.2 feet.

Thickness, Depth,
in feet in feet
SaNd, Silty, DIOWN........eoiieee e et e e et s e st sarenas 7 7
Sand and gravel; arkosiC, Orange ...........ccccvcciiriricinieir e 14 21
Clay, sandy, YEllOW t0 Gray.......cccceeecririeriiineeescnrressessseess e s eseessnssesesessenssssenssenas 5 26
Sand, fine- to medium-grained, tan ........ccccoevirrercnniniiiee e e 6 32
Clay, silty, sandy, tan {0 YEHOW...........occreceicecceeree et 6 38
ST Tt =T Te [ [ - Y=Y 13 51
L0 VA - T T OO 10 61
Sand and gravel; arkosic, tan t0 Orange ......c.c.veeeiecerernerre e s 57 118
Clay, Silty, tan 10 Gray......cccoimiieirrrinrcee e crr e see e s e s n s sse e sae e 7 125
Sand, fine-grained, tan ...........ccevvevrrii v 68 193
107 = 1Y =T R (o3 o] {1/ o O 9 202
Sand and gravel; arkosic, tan to Orange........ccccccvvreeecirccrrcceere et 25 227
Shale, gray t0 MArOON .........cccoririirie ettt e e s s 13 240
EB-244-C.—Drilled February 1, 1990.
Altitude of land surface, 1,393.8 feet.
Thickness, Depth,
in feet in feet
Sail, silty, SanAy, DIOWN..........oiiii e e 4 4
Sand, fine- to medium-grained, arkosic, tan to orange.........ccccveevcrieenecnicneneene 37 41
Clay, tan to YEHOW.........cooiriecee et e e s s s e nan e 22 63
Sand and gravel; arkosic, tan t0 Orange..........ccceircrereneriten s 57 120
Shale, Gray.....oieeiieere et r e 5 125
EB-245-C.—Drrilled February 6, 1990.
Altitude of land surface, 1,378.5 feet.
Thickness, Depth,
in feet in feet
Soil, silty, clayey, BIOWN ...........oveieecrcerccerr e e 3 3
Clay, tan 10 Qray .....cceceereiiire e e s 4 7
Clay, silty, sandy, tan 10 Qray.......cccvveereeererriresereesrerre e seneerere et s s s esanens 13 20
Sand, fine- to medium-grained, tan to orange .........ccceverr v, 15 35
Sand and gravel; arkosic, orange, with clay layers at -

50 to 52, 60-61, 8081, and 102-103 feet. ....ccocevieecimiiicrrree e 119 154
Clay, sandy, gray to tan........occcvriiiiineiirce e s 7 161
Sand and gravel; arkosic, tan t0 0range.........cccccoicveiinciiii e 34 195
Sand, arkosic, 1an 10 WHItE.........cceuiiiiiiiiiiiiveeeveirrreeviecrerrrraes e e sressesranasbrresessressnees 31 226
Dolomite or imestone, Gray.......cuuvieeenriinecrre et raeesne 1 227
Shale, Gray.......ccoiviieeeee et st 13 240

98 Hydrologic and Chemical Interaction of the Arkansas River and the Equus Beds Aquifer Between Hutchinson and Wichita,
South-Central Kansas



Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-246-C.—Dritled February 9, 1990.
Altitude of land surface, 1,347.5 feet.

Thickness, Depth,
in feet in feet
Soil, silty, SANAY, DIOWN .....cooiiiiecireeir et er e ens e e sen s asae e 6 6
Sand and gravel; arkosic, tan to orange ........ccooocerevcrerci e e 21 27
Clay, tan 10 YEIOW .....coeeiiiiriir et se e s 8 35
Sand, fine-grained, tan..........c..ocoriecece e eae e 10 45
Clay, sandy, brown t0 tan ... 25 70
Sand, fine-grained, and Silt; 1an .......cccovceriiiiencr e 16 86
Sand, fiNe-graiNed, tan.......ccocevieerecirrer ettt en 12 98
Clay, tan 10 Gray .c...cceeeneiricrce e s e ae e 28 126
Sand, fine-grained, and silt; tan ...........ccccorimr i e 27 153
SANA, WhItE ..eerneii ettt a s en e s ann 1 154
SRAIE, Gray .....ceeeii ettt e 11 165
EB-247-C.—Drilled January 29, 1990.
Altitude of land surface, 1,431.9 feet.
Thickness, Depth,
in feet in feet
S0il, Silty, DFOWN......eoeeiieeeere et ee e s r e r e e s snne s s rnnn e e sanens 3 3
L0 T o - O SOOOEROUP TS 5 8
Sand, arkosic, tan t0 OraNge .......coovereiiiicnierreer e 78 86
Clay, SaNdy, TaN ......cooeveiriiirer e et et s 5 N
Sand, Clayey, tan ...t e e 10 101
Clay, SandY, AN .......coiiriii e e 9 110
Sand, With CalICNE ........cooieercce e et s 17 127
£ 3= 1O O TSSOSO 13 140
EB-248-C.—Drilled November 6, 1989.
Altitude of land surface, 1,522.3 feet.
Thickness, Depth,
in feet in feet
SOil, Clayey, Gray ....c.coveciriiecre e e s 1 1
Clay, sandy, gray tO tan ...t 10 11
Clay, sandy, brown t0 tan ..o e 6 17
Sand, fine- to coarse-grained, and gravel ............ccccerecrnnnn i e 38 55
Clay, SaNAy, Gray ......cccovceviirioriicietiirr e e s 4 59
Sand, fine- to medium-grained, tan.........cccocoieiinirrn e 3 62
(071 1 - o T O PSPPI 13 75
Sand, Silty, AN ... e s 30 105
Sand, fine- to coarse-grained, tan, with red chert pieces........ccocccvviiniirinecnnens 15 120
Clay, Sandy, taN .....cooeiii e e 9 129
Sand, fine- to coarse-grained, and gravel...........cccoorericmrrrer e 6 135
Shale, greento gray f0 red........c.oomvoeirrci e 10 145
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Table 7. Lithologic logs of deep wells at well sites EB-201 through EB-249—Continued

EB-249-C.—Driiled December 2, 1989.
Altitude of iand surface, 1,476.3 feet.

Thickness, Depth,
in feet in feet
Sand, fine- to coarse-grained, gray to brown..............ccoeivvmincrsncir e 5 5
Sand and gravel, silty, tan to Brown ..o 5 10
Clay, sandy, gray, tan..........cccccocrrrricrcininreenrresrerrrr s esnr e srcs e s resen s e s sre s nsrenees 8 18
ST=Talo I T o e 1= Y= O - T o S 9 27
Clay, tAN....oeeie e e s e s s e e e nae e ene e sreanane s 15 42
Sand, fine-grained, Wit ..ot 4 46
Clay, sandy, tan to gray........cc.cccreeimiiicinicicie e e 30 76
Sand, fine- to coarse-grained, tan .........ccocoviercinnnne e 26 102
Clay, SANAY, GrAY......ceeveeeiieericteeerte sttt e et ee e s s e e e et e st anae s e eeeeen 23 125
Sand, fine- to medium-grained, Orange ..........cccovrererveceeninntnrre i s 54 179
Clay, DIACK ......eeeeieiieiir v et renr e s en s nenens 10 189
Sand, clayey, tan ........ccvn i 12 201
Sand, fine- to medium-grained, tan ..........ccccecciiii i 11 212
Clay, SANAY, taAN ......cccciieciie e e et rae e s ara s et aernanannas 7 219
Sand, fine- to coarse-grained, tan ..........cceericiciieecrrne e 21 240
Clay, sandy, WhIte .....c...ccccviiiiiieicr ittt s e sr e e s ste s e s s e s e snanens 6 246
Sand, fine- to coarse-grained, white totan .........c.ccoociiieiiicinrcircce e 69 315
SANASIONE, WHILE ......coeereeeec e e e e e s ee s s eee s se s reseeasesesesasaneanen 1 316
3 T 1T o - 1 O TN 9 325
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