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ABSTRACT

In order to investigate the application of resistivity methods to ground-
water studies in eastern Kansas, electrical resistivity depth profiles were run
in the Kansas River Valley at localities where geologic conditions were known.
The results of this survey show that the depth to water table and bedrock
can be determined in the Kansas River Valley. To a less certain degree inter-
pretations can also be made concerning lithology and type of water contained
in the alluvial sediments.

INTRODUCTION

A series of preliminary electrical resistivity studies was made
in the Kansas River Valley in eastern Kansas during 1953 (Pl 1)
in order to evaluate the possibilities of this geophysical prospecting
method in the location of usable ground-water supplies. The Kan-
sas River Valley was chosen for this preliminary study because of
the abundance of available subsurface information. Test holes
have been drilled by the State Geological Survey and by the U. S.
Corps of Engineers to obtain information concerning ground water
and bedrock. There are also numerous municipal, industrial, and
domestic wells in this area from which information has been ob-
tained. Furthermore, detailed geologic investigations of the
ground-water resources recently have been completed by Davis
and Carlson (1952) and Dufford (1953) and additional studies are
under way by Henry V. Beck. As is true in the application of any
geophysical method, the more geological data available, the better
the interpretation of the results. In this area the resistivity profiles
could be compared with known conditions of lithology, depth to
water table, and depth to bedrock. These correlations then can be
used to facilitate interpretation of profiles in areas which are geo-
logically similar but lack well data.

Depth profiles were run at 33 places in the Kansas River Valley
from Eudora to Belvue, Kansas, where test hole information was
available.

The bedrock, Pennsylvanian in age, is overlain by Quaternary
river alluvium. The alluvial fill attains a maximum thickness of 90
feet (Davis and Carlson, 1952, p. 229), but averages about 55 feet.
The alluvial fill grades upward from a coarse cobble conglomerate
in the deepest portions to fine sand or silt at the surface. The bed-
rock consists mainly of shale with some interbedded limestone and
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sandstone. The strata dip gently to the west from one-fourth to
one-half a degree.

The saturated zone of water-bearing material ranges in thick-
ness from about 20 to 65 feet (Davis and Carlson, 1952, p. 238).
The depth to the water table ranges from about 5 to 30 feet from
the surface. The quality of the ground water in the Kansas River
Valley alluvium is good. Table 1 is a resume of chemical analyses
as given by Davis and Carlson (1952, p. 245).

Previous work.—To my knowledge, no other work has been
done on the uses of electrical-resistivity studies for the location of
ground-water supplies in Kansas. Similar studies, however, have
been conducted in other states, notably Illinois (Buhle, 1953).

Acknowledgments.—Thanks are extended to Robert M.
Dreyer, who suggested the problem and acquainted me with the
field procedure and technique. Ralph E. O’Connor assisted with
most of the field work and added many helpful suggestions. Many
students at the University of Kansas and members of the State
Geological Survey helped during various parts of the field work;
these include Henry V. Beck, Donald O. Asquith, John C. Mann,
and Robert O. Kulstad. John C. Frye made available unpublished
manuscripts and other articles from his personal library and V. C.
Fishel furnished unpublished ground-water information. R. M.
Dreyer, M. B. Buhle, J. E. Hackett, and W. W. Hambleton read this
report critically.

TaBLE 1.—Resume of chemical analyses of ground water from the Kansas
River Valley alluvium. Dissolved constituents given in parts per million*
(Davis and Carlson, 1952, p. 245)

Constituents ‘Minimum Maximum
Dissolved solids 346 828
Silica 2.4 38
Iron Trace 13
Calcium 90 156
Magnesium 7.6 28
Sodium and potassium 16 174
Sulfate 45 106
Chloride 7 285
Fluoride 0.1 0.6
Nitrate 11 29
Bicarbonate 266 587

*One part per million is equivalent to one pound of substance per million pounds of
water or 8.33 pounds per million gallons of water.
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The resistivity equipment used is owned by the Department of
Geology at the University of Kansas.

METHODS AND PROCEDURE

The instrument used was based on the Gish-Rooney circuit
(Gish and Rooney, 1925), having a commutated direct current
supplied from an external battery source. Four steel electrodes
spaced equally distant in a straight line are placed in the ground
from 6 to 12 inches deep (Pl. 2A). A measurable current is passed
through the ground by way of the two outer electrodes and the
potential drop is measured between the two inner electrodes. The
two energizing electrodes are placed on the outside of the potential
electrodes. This symmetrical arrangement with an equal spacing
of the electrodes is known as the Wenner (Wenner, 1916) elec-
trode configuration (Fig.1).

The effective depth to which the specific resistance to flow of
an electric current is measured is dependent upon the spacing of
the electrodes and the resistivity of the materials through which
the current passes. When the electrodes are placed in the ground
at equal spacings in a straight line, the effective depth penetration
in homogeneous material is theoretically one-third the total spread
or equal to the distance of the spacing of the two inner or potential
electrodes. However, since the materials measured generally are
not homogeneous, the depth of penetration will change from place
to place and must be determined empirically for each new area.

Two types of resistivity measurements may be made: (1) ver-
tical and (2) lateral. The vertical profiles are constructed by pro-
gressively increasing the distance between the electrodes as they
are moved out from a common center. Lateral investigations are
made by taking a single reading at each of several stations along a
traverse line, maintaining a constant electrode spread and moving
the entire configuration. The purpose of lateral investigation is to

C P PZ Cz

- a
>
4 §rou/nd /

Fic. 1.—Schematic diagram showing the Wenner electrode configuration.
C, and C, are the current electrodes; P: and P, are the potential electrodes; a
is the distance between them. As a increases the depth of penetration also
increases.
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detect horizontal changes. Both methods are applicable to ground-
water studies depending upon the results desired; however, only
vertical investigations were used in this study.

F1ELD PROCEDURE

Relatively flat ground was selected for each survey to eliminate
the necessity of topographic corrections. No more than a 2-foot
difference in elevation occurred at any one station. Extreme care
was taken to avoid power lines, steel fences, buried pipe lines, cased
wells, and culverts which might act as shunts or otherwise disturb
the electrical system. For this reason no profiles were run inside
any town. Open ditches, such as irrigation ditches, also were
avoided. Most of the profiles were run in a north-south direction
which is roughly normal to the trend of the valley. However, when
profiles were run in an east-west direction because it was impos-
sible to spread the electrodes north-south, no appreciable differ-
ences were found. The depth profiles were run as near as possible to
the wells for which records were available. From one to five men
were used. An ideal crew for extensive work would contain six—
one man to move each electrode, an instrument man, and a com-
puter.

Usually readings were started at a depth of 5 feet and taken
every 2 or 3 feet until the water table was reached and then at 5-

foot intervals into bedrock. Each reading was then computed and
plotted for interpretation.

COMPUTATIONS

The computations are based on the principle of Ohm’s law:
R = V/I (where R — resistance, V = voltage, and I = cur-
rent) . By using a known current and measuring the voltage, it is
possible to compute the average rock resistivity within the zone of
measurement. When the Wenner configuration is used, the form-
ula, which is a derivation of Ohm’s law, for computing the ap-
parent resistivity is:

p = 277-8. V/ I

(where p — resistivity in ohm-feet, a = the distance between
the electrodes in feet, V = the voltage in volts, and I = the cur-
rent in amperes).
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INTERPRETATIONS

There are several methods by which resistivity data can be in-
terpreted. In this report interpretations are based on a visual com-
parison of resistivity data with geologic data from well logs. To
help with the interpretations, an electric log was run on test hole
R-7 for comparison with the depth profile obtained at the same
location (Fig. 2). An electric log was run immediately after the
well was drilled, with a logging device which is attachable to the
resistivity instruments (Pl. 2B). This log shows that the resistivity
decreases until the water table is reached, increases sharply until
bedrock is reached, and then decreases again. It will be noted that
the interpretation of the water table, as shown on the well log,
corresponds to a lithologic change from silt and clay to sand. In
general, the apparent resistivity of a lithologic unit in an electric
well log is a function of the ionic content of water in the given
strata. If the water has become mineralized in a particular strata
the resistance of that bed will be low. The resistivity curve then
may show the contrast between the contained waters of two beds
of unlike lithology. The resistivity depth profiles may be inter-
preted in the same manner as interpretations made from the elec-
tric log.

There are four items which might be determined from these
resistivity profiles in the Kansas River Valley: (1) depth to water

Electric log, ohm—feet Resistivity, ohm—feet
50 100 150 200 250 300 350 400 450

= —WL< i e

\3 20

40

Depth

Electrode separation

//

0 I

Fic. 2—Comparison of an electric log with a resistivity depth profile. Shows
by visual comparison the relationships between the electric log and a depth
profile and the lithologic log at the test hole R-7. WT is the measured depth to
the water table and BR is the measured depth to bedrock.
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table, (2) depth to bedrock, (3) type of lithology, and (4) type of
water. The last two are more difficult to interpret than the first two.

DepTH TO WATER TABLE

As most of the wells had been drilled several years before the
resistivity surveys were run, the present depth to the water table
could not be obtained. However, a few of the holes were still open
and the depth to the water table could be measured.

Generally the resistivity of the material decreases until the
water table is reached and then it increases. However, in some of
the profiles the opposite was found. This latter situation is inter-
preted to mean that the water is mineralized with a high ion con-
tent. Sonre of the profiles do not show a change of resistivity at the
water table. Most curves were run very close to Kansas River on
low ground in wet weather and it is probable that the water ‘table
was very near the surface. Water-table determinations could not
be made on other profiles which were logged as dry holes.

DEepPTH TO BEDROCK

The bedrock contact is relatively easy to determine because
the resistivity of the bedrock is usually less than that of the water-
filled alluvium. However, some of the profiles are straight and fea-
tureless, showing little contrast in resistivity of the alluvium and
the bedrock. This is especially true where either dry alluvium or
alluvial silt and clay were found to overlie bedrock of weathered
shale. In some profiles the resistivity of the water-filled alluvium
was so high that it almost completely masked the bedrock contact. )

LitHoLoGY AND TYPE oOF WATER

Lithology can be interpreted to a limited extent from an exam-
ination of the configuration of the curves. As alluvium, in general,
has a higher resistivity than the bedrock the curves show more ir-
regularities due to local lithologic variations. In general, sand and
gravel have a higher resistivity than silt and clay. Profiles that
show relatively high resistivity probably indicate fresh water,
whereas the profiles showing relatively low resistivity probably
indicate mineralized water. According to Heiland (1937, p. 574),
water with a resistivity of less than 440 ohm-feet (1350 ohm-cm)
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should be avoided for human use, and down to about 165 chm-feet
(500 ohm-cm) is tolerable for stock use. Salinity interpretations,
however, are uncertain other than for the two extremes—fresh or
brackish.'Since no brackish water occurs in this area, salinity de-
terminations were not possible.

ComPARISON OF REsisTiviTy CURVES

The comparison of the depth profiles and the well logs is shown
on Plate 1. The water table as interpreted from the resistivity pro-
files is marked by a “WT” and the bedrock contact by a “BR.”

Moore’s (1945, p. 197) cumulative method of interpretation was

- applied to the profiles and found to be a satisfactory method of de-

termining bedrock. Although the validity of the method is ques-

tioned by some, it seems to give excellent results in aiding inter-

pretations of profiles in the Kansas River Valley. Only a few
of the profiles could not be analyzed by this method.

Profile E.—Profiles E-1 and E-2 show an increase in resistivity
until the water table is reached and then a decrease. This decrease
in resistivity possibly is due to a lens of mineralized water between
25 and 50 feet. The bedrock contact in these two profiles does not
show a sharp decrease in the electrical resistivity, but rather a
gentle break in the curve caused by slightly increased resistivity.
Profile E-3 shows little form with an over-all low resistivity. The
water table in this profile occurs in a clay bed in contrast to E-1
and E-2 where the water table occurs approximately at the top of
the sand.

Profile L.—Profiles L-1, L-2, and L-3 show similar characteris-
tics. The resistivity decreases to the water table and then increases
until bedrock is reached. The bedrock in all three profiles is sand-
stone. The irregularity of the resistivity curves in bedrock below
the alluvium possibly can be attributed to a sequence of alternating
sandstone and shale beds.

Profile LV.—Profile LV-1 was logged as a dry hole and thus
shows no water-table break on the curve. The straightness, lack of
feature, and gradual increase in resistivity with depth seem to be
characteristic of alluvial material which lacks water saturation.
Profile LV-2 shows a high resistivity between 20 and 40 feet which
probably indicates fresh water in that interval. The drillers logs
at LV-3 and LV-4 found bedrock at 51 and 52 feet respectively,
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whereas the resistivity profiles could be interpreted as showing
bedrock at 80 and 75 feet respectively. This discrepancy can be
explained in two ways: (1)the limestone and shale, logged as bed-
rock by the driller, are boulders in the alluvial fill and thus not
bedrock or (2) the interpretation of the resistivity profiles is in
error because of some anomalous electrical property of the material
in this area. It has been found, in certain areas, that a silt bed, such
as the one here, will completely mask the electrical properties of
the lower beds (Buhle, personal communication) . The profile LV-5
is unusual because it shows a gradual decrease of resistivity with
depth into bedrock. On the electrical resistivity profile, bedrock
is placed tentatively where the rate of decrease in resistivity be-
comes less.

Profile P.—Profile P-1 is unusual because of the sharp breaks of
the curve. P-2 shows a high resistivity between 15 and 30 feet
which is probably fresh water. The bedrock contact, as logged in
the test well, does not compare favorably with the resistivity curve
in profile P-3. Possibly some near-surface anomaly is masking the
electrical properties of the lower beds. Profile P-4 shows a more
characteristic type of curve with the drillers log and resistivity
curve in close agreement.

Profile T.—All three of the resistivity curves show a good
break at the water table. Bedrock could not be interpreted from
profile T-1. Profiles T-2 and T-3 show more characteristic curves.
The increased resistivity between 20 and 40 feet on profile T-3
could be interpreted as a lens of fresh water in that interval.

Profile K.—Profiles K-1, K-2, and K-3 show good breaks at the
water table. The discrepancy in the interpretation of bedrock in
profiles K-1 and K-2 possibly is due to the fact that the shale logged
as bedrock is actually part of the alluvium.

Profile SL.—Profiles SL-3, SL-4, and SL-5 show a high resis-
tivity for the sand and gravel beds of the alluvium which tend to
indicate that they probably contain fresh water. Bedrock in the
profiles is marked by a decrease in resistivity. These curves are
good illustrations of a fresh water-bearing alluvium overlying a
bedrock shale sequence. The profiles SL-5 and SL-6 show good
water-table breaks. . _

Profile R—Profile R-5 does not show an interpretable break
either at the water table or at bedrock. The lack of features on this
curve may be due to the masking effect of the overlying near-sur-
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face clay bed. Profile R-6 shows an overall decrease in resistivity
with depth. Profiles R-6, R-7, R-8, and R-9 show good water-table
breaks. Profile R-9 might be termed an ideally shaped curve.

Profile B—The profiles at B-1 and B-2 are similar in shape and
configuration. The two curves show an over-all increase in resistiv-
ity into bedrock. However, a slight break in rate of increase of
resistivity is interpreted as bedrock on both profiles. The high re-
sistivity shown on profile B-3 is probably due to fresh water in the
alluvial sand.

ACCURACY OF INTERPRETATIONS

The average error in picking the water table is about 15 percent,
whereas the error in interpretation of bedrock is only 9 percent.
With a refinement of technique this percentage of error probably
could be reduced. Table 2 is a resume of the water-table measure-
ments and those obtained by resistivity methods. Generally, the
water table can be determined within 2 feet when using a 2-foot in-
terval spread in taking the depth measurements. The best results
in locating the water table seem to be obtained when it is 15 feet or
more below the surface. Table 3 is a resume of bedrock as deter-
mined by drilling and by resistivity methods. Using a 5-foot inter-
val in taking depth measurements, the bedrock usually can be de-
termined within 5 feet.

APPLICATION

The information obtained from the resistivity profiles at the lo-
cation of the test holes was utilized in a small area in the Kansas

TaBLE 2.—Water-table measurments compared with resistivity findings

Water table by direct Water table by

Profile number measurement, feet resistivity, feet
E-1 201, 20
E-2 20 15

P-1 3 5orless
B-1 17 12
B-2 21 15
R-7 6 8
R-8 17 16
R-9 17 15

SL-4 T 5 or less
SL-5 17 15
SL-6 14 12
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TaBLE 3.—Bedrock as determined by drilling compared with bedrock as deter-
mined by resistivity methods

Bedrock as determined Bedrock as determined

Profile number by drilling, feet by resistivity, feet
E-1 55 50
E-2 65 55
E-3 76 80
L-1 79 70
L-2 60 55
L-3 42 40
P-1 48 50
P-2 41 40
P-3 47 60
P-4 75 80
T-2 79 90
T-3 49 50
K-1 65 70
K-2 2 ' 65
K-3 5 75
B-2 78 75
B-3 50 50
R-6 41 45
R-7 38 50
R-8 65 65
R-9 50 55
SL-3 74 65
SL-4 65 70
SL-5 T4, 75
SL-6 49 60
LV-1 53 60
LV-2 68 55

River Valley between Lawrence and Eudora for the construction
of contours showing the configuration of the water table and the
bedrock surface. Interpretations of water table and bedrock from
profiles in this area were determined by visual comparison of
curves obtained at the location of test holes in the vicinity. Some of
the representative resistivity profiles are presented in Figure 3. The
depths to water table and bedrock were computed to sea level,
plotted, and then contoured. Figure 4 shows the configuration of the
top of the water table. Information from both the resistivity sur-
veys and direct measurements were used. This map shows a re-
markable similarity to a water-table map prepared by Dufford
(1953, pl. 3) on information obtained only from test holes and water
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A-3 B-2 Resistivity, ohm—feet B-3
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F1c. 3.—Representative resistivity profiles in the Lawrence-Euroda area.
WT marks the water table as interpreted from the resistivity profile and BR
marks the bedrock contact as interpreted from the resistivity profile.

wells. With the stations spaced even closer together, a more de-
tailed map could be obtained. The configuration of the bedrock as
determined from the resistivity profiles is shown in Figure 5. The
most significant feature on this map is an old bedrock river channel
below the alluvium.

SUMMARY AND CONCLUSIONS

Electrical resistivity methods have been shown to be an effec-
tive way of prospecting for ground water and for mapping allu-
vium-bedrock contacts in the Kansas River Valley. Within limits,
the depth to the water table and to bedrock can be determined.
Some information also can be obtained concerning the lithology of
the materials and type of ground water they contain. The full utili-
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zation of this method has not yet been recognized and should be
tried at other pertinent localities in Kansas.
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