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INTRODUCT ION

Purpose of Investigation

A technique for groundwater exploration in zlluvizl
sediments In the area near Manhattan, Kansas, was developed.
The investigation was a part of the studies of groundwater
recharge in river valleys sponsored by Kansas Agriculture
Experiment Station, Manhattan, Kanssas.

Use of direct current earth resistivity methods in
other parts of Kansas has been reported. JSuccessful applli-
cation of these methods enables one to infer areas of maxi-
mum depth-to-bedrock and sediments of high permeability.
Many previous investigations in other parts of the country
have been successful, but no such investigation had been
conducted in the Kansas and Blue River Valleys near Manhattan,

A sure way to find the best place to develop water
wells is to drill a series of test holes in the area of
interest. The test drilling may be minimized, however, when
the drilling is planned in conjunction with an earth resisti-
vity survey. A rapid preliminary resistivity survey can
suggest the best places for the test holes. After the test
holes are drilled and sample analysis has been performed, a
more extensive resistivity survey can suggest the best
location(s) for maximum yield. Costly test drilling is
minimized and the total cost of well development may be

decreased significantly.



Physiography

The area is Jjust east of Manhattan, Kansas, in Riley
end Pottewatomie Counties. The resistivity datz were
collected in the valley in Sec. 4, Sec. 5, Sec. 8, and
Sec. 9, T. 10 S., R. 8 E., Some data were obtzined from
Secs 32, T« 9 8, R+ B Es

The area is in the northwest part of the Osage Plains
section of the Central Lowlands Physiographic Province
(Thornbury, 1965, p. 250). The Blue River Valley is approx-
imately one-and-one-half to two miles wide and trends south-
southeast downstream near Manhattean. Tuttle Creek Dam on
the Blue River, one of the largest earth fill dams in the
Midwest, is four miles upstrezm from the area.

The wztershed for the reservoir i{s in northcentral
Kansas and southcentral Nebraska where rocks of the Permian
and Cretaceous Systems crop out. Average annual precipi-
tation is between 30 and 32 inches per year, most of which

normally comes as thundershowers between April and September.

Geology
The Blue River Valley is bordered on east end west by
bluffs underlain by westward dipping limestcnes and shales
of the Permian System with relief of 200 feet. The valley is
filled with a2lluvium which ranges from less than 10 feet at
the margin of the valley to as much as 11 feet as Indicsted
by test hole 6A drilled by Layne-Western (Layne-Western, 1968).
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The alluvium consists of sand bars, gravel, silt, and clay,
deposited by the meandering of the Blue River since maximum
downcutting occurred sometime during Early Wisconsin time
(Nuzman, C. E., 1969, p. 4).

The deepest part of the bedrock channel is probably
not very wide, beceause rarely does one find depth-to-bedrock
exceeds 70 feet. Exploration during preliminary investi-
gation for Tuttle Creek Dam revezled a channel approximately
200 yards wide beneath 100 feet of alluvium at the deepest
point. This alluvium rests unconformably on Permian bedrocK.

Extensive deposition occurred in both the Kansas and
Blue River Valleys during the Wisconsin Stage of the
Pleistocene Epoch. Subsequent entrenchment of these two
rivers has produced an alluvial terrace a few feet above the
modern-day flood plain. This surface has been named Newman
Terrace by Davis and Carlson (1952), after the town of
Newman, Kansas, where the terrace is conspicuocusly pre-
served (Gregory, 1967).

The flood plain is relatively free of relief except
near rivers where cliff-l1ike banks of up to 30 feet in
height rise up from the rivers' edges. Surface relief intro-
duces error into earth resistivity measurements because
uniform current flow is disturbed, but the flood plains are

flat encugh to reduce this source of error to near zero.



Hydrology

The zrea for this investigation was chosen partly
becsuse much was known about its hydrologic characteristics.
The City of Manhatten has pumped an average of 3.7 million
gallons of water per dasy for several years from the seven
wells in SW%, Sec. 8, T. 10 S., R. 8 E. Several irrigation
wells operate in the summer, with yields probably ranging
between 500 and 1000 gallons per minute.

Layne-Western Company, Inc.,conducted a groundwater
study for the City of Manhattan in 1968. Much of their
study was in the same area as the resistivity survey of this
investigation. Thirteen of the seventeen Layne Western test
wells lie in or very near the area of the resistivity survey.
Teble 1 summarizes the well logs, and Figure 1 shows bedrock
elevations at the locstions of the thirteen holes.

The bedrock elevation at test hole 6A, Figure 1, is
considerably lower than any of the other holes. Test hole
17 did not reach bedrock, so bedrock in that hole would have
had the lowest elevation with the probable exception of test
hole 6A.

Results of partial chemical analyses of water samples
from the test holes are given in teble 2. The chemical
quelity of the water from all the wells except test hole 64
is very similar. The sample from test hole 6A contained a

significantly higher quantity of chloride ions, as well as



Table 1.
TEST HCLE 1. STATIC

07" to 15

151 27!

271 281

281t 591

591 611
TEST HOLE 2. STATIC

Ot 91

gt 201

20! 221

22t got

55t 60!
TEST FOLE 3. STATIC

ot 291

28 681

681 Th
TEST HOLE li., STATIC

0! 20!

207 L7

L7t 61°*

511 671
TEST HCLE 5. STATIC

of 13

13¢ 171

17! L8

L8r sht
TEST HWOLE 6A. STATIC

oFr 101

10t 581

581 981

981 103

103! 114!

114 1151
TEST HOLE 7. STATIC

0! Lot

4ot 63"

631 661
TEST KFOLE 8. STATIC

OI 20!

201! 291

291 31!

Summarized Test Hole Logs

WATER LEVEL 17.8 FEET

Soil and brown silt

Grey medium to coerse send and gravel
Gray clay

Grey coarse sand and gravel

Gray shale

WATER LEVEL 13.8 FEET

Soil and brown silt

Tan medium to coarse sand and gravel
Gray clay

Gray coarse sand and gravel

Gray shale

WATER LEVEL 21 FEET
Soil and brown clay
Gray sand and gravel

Gray shale

WATER LEVEL 36,1 FEET
Soil and brown clay
Gray clzy

Gray sand and gravel
Gray shale

WATER LEVEL 22.2' FEET
Soil and brown silt
Fine sand and brown silt
Gray sand and gravel
Gray shale

WATER LEVEL 21.7 FEET

Soil 2nd brown silt

Tan sand and gravel

Greay fine sand, sandy clay
Gray clay

Gray sand and gravel
Limestone, very hard

WATER LEVEL 33.2 FEET
Soil and gray clay

Gray sand and gravel
Gray shele

WATER LEVEL 22.4 FEET
Soil and brown silt
Gray sand and gravel
Gray clay



TEST FOLE

31
661

TEST FCOLE

AL
16!
L7

TEST HOLE

13

L
15t
261
121

TEST HCLE

1h.

AL
23t
Lot

TEST HCLE

15,

ot
161
20
327
380
Lyt

TEST HOLE

16.

Ot
16
207
351
38!
43

TEST HOLE

17.

ol
104
161
181
221

Table 1. (continued)
STATIC WATER LEVEL 22.l4 FEET (continued)
66! Gray sznd and gravel
701 Gray shale
STATIC WATER LEVEL 20.3 FEET
16¢ Soil and brown sandy silt
7! Gray sand, gravel, with silt
53¢ Gray shale
STATIC WATER LEVEL 22.ly FEET
151 Soil and brown sandy silt
267 Brown sand and gravel
et Gray send and gravel
T3® Green shale
STATIC WATER LEVEL 22.2 FEET
23" Soil and brown silty clay
Lot Gray sand and gravel, some fine
501 Gray limestone, hard
STATIC WATER LEVEL 22.5 FEET
161 Soil and brown silt
201 Brown fine to medium sand
i i Gray sand and gravel
381 Gray silty clay
Llpe Grey sand and gravel
L6t Gray limestone, hard
STATIC WATER LEVEL 1T.2 EEET
161 Soil and brown clay
20t Brown sand :

351 Gray sand and gravel
381 Gray silty clay

L3¢ Gray sand and gravel
61 Gray shale

STATIC WATER LEVEL 20.6 FEET
107 Soil and brown silt

161 Brown fine sand

18 Brown clay

22" Tan sand

701! Gray sand and gravel

Data from Layne-Western Report (1968) pp. 7-9.
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the highest quentities of sulfate, magnesium, and calcium
ions, and calcium carbonate. It {s probable these higher
dissolved mineral contents would cause significant differ-
ences in resistivity as will be discussed later.

A pumping test was conducted on test hole 13 where an
18 inch diameter gravel-packed well was constructed by Layne-
Western for collecting hydrologic information near a possible
new weli field for the City of Manhattan. An analog computer
model was designed for the transmissivity of the alluvial
aquifer using drill sample analyses and transmissibility
information from the pumping test. Figure 2 shows the
conditions predicted by the computer model for the aresa
involved In the resistivity survey. The area of high pre-
dicted transmissivity will be compared with similar areas

predicted by resistivity mapping.
METHODS OF INVESTIGATION

Direct Current Resistivity Method

The direct current resistivity method is one of the
most widely used methods of geophysical explorations for
shallow studies. The method used in this investigation
involved inducing a2 small (100 milliamperes) direct current
into the ground through two different electrodes C; and Co,
and simultaneously measuring the potential developed between
two other electrodes P1 and Ps. The electrodes are placed

in a collinear errangement sbout a central point with the
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11
current electrodes zt the extremities of the spread and ad-
Jacent electrodes equidistant from each other. This elec-
trode configuration i{s known as the Wenner Spread. The
distance between electrodes i{s the a-spacing. A diagram of

the Wenner Spread is shown in Figure 3.

Fig. 3 Top view of Wenner Spread.

Voltmeter
( a-spacing )
1 ]
( i .

Current source
constant 100
milliamp output

Two widely used survey methods using earth resistivity
are profiling and geocelectric sounding. In profiling, the
equiprent is moved from station to station without changing
the relative positions of the electrodes, i. e., the a-spacing
remains constant. This type of survey is good for general
reconnaisance work and for determining various near verticel
or vertical boundaries which are indicated by contresting
resistivity values for some particuler a-spacing at stations
on opposite sides of the boundary.

The second type of survey is known as the depth
sounding or geoelectric sounding method. Some early inves-

tigators were so overly optimistic as to call it the
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"electrical coring method" (Keller and Frischknecht, 1966,
p. 90), assuming they could predict geologically significant
depths with considerable accuracy.

Several different a-spacings at each station are used
in the geoelectric sounding method to detect geologic boun-
daries by analyses of readings st that station. Under ideal
conditions the depth sounding method will permit construction
of a relative depth contour map when several stations in a
suitable area ere compared with each other. In this inves-
tigation the depth sounding method was used exclusively.

The use of direct current resistivity equipment in the
field requires only 2 knowledge of high school physics, but
analysis of data obtained ordinarily requires 2 basic under-
standing of both direct current circuitry and principles
of electricity and magnetism combined with enough experience
to give the investigator some knowledge of the problems
encountered.

An understanding of the concepts of resistance and
resistivity as they apply to earth meterials is necessary to
understend the concepts involved in an investigetion of the
type dealt with in this paper. The resistance of a substance
is one ohm if a difference of potential of one volt is
required to induce & current of one ampere. The resistivity
of a substance is the resistance in ohms between opposite

faces of a unit cube of the substance. Resistivity,



13
therefore, is not dependent upon volume and is a fundamental
electrical property of a particular materlal,

Because the vast majority of geologic formations are
not homogeneous, the concept of apparent resistivity has been
commonly used in geologic investigations.

The eappzsrent resistivity of 8 geologic
formation {s equal to the true resistivity of a
fictitious homogeneous and Isotropic medium in
which, for 2 given electrode arrangement and
current strength I, the measured potential differ-
ence V is equal to that for the given inhomogeneous
medium. The apparent resistivity depends upon the
geometry and resistivities of the elements consti-
tuting the given geologic medium. (Bhattacharye
and Patra, 1968, p. 12)

The epparent resistivities of natural earth materizls
are, to a high degree, a function of the resistivities of
the fluids contained Iin those materials. Dissolved minerzls
in water can cause significant decreases in apperent resis-
tivity in materials which commonly have relatively high
apperent resistivities. Table 3 shows resistivity values
for several water semples with various amounts of dissolved
solids. Table j shows some common lithologic materials and
their renges of apparent resistivity in the Kansas-Missouri
areaz. The values determined in the Manhattan esrez are near
the lower limits suggested in table L. This is due to the
fact the water table is very near the surface and much clay

and silt are present. The bedrock is shale in most places,

and dissolved solids in the water increzse with depth.
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This paper does not develop current flow and electric.
field theory mathematically. Such discussions are available
in many standard books on geophysics such as Jakosky (1950),
Dobrin (1960), or Keller and Frischknecht (1966).
The equation for calculating apparent resistivity
using the Wenner Spread is: R = (A)(2w)(V) , where R is

- (1}
apparent resistivity, A is the a-spacing, V is the voltage

difference messured between the two potential electrodes,
I is the current (100 milliamperes throughout the sSroject),
and 2% §{s the numerical value 6.28. Computation of an R
value for each reading was facilitated by use of tables
printed by an IBM 360 series computer.

Since I was held constant throughout the course of
the field work and 6.28 is a constant, R became a function of
only two variables, A and V. Values for A were arranged in
horizontal columns and values for V in vertical columns;
then values of R could be read directly at the intersection
of the proper columns. The time required to determine the
apperent resistivity by use of the tables was about half that

required using a desk calculator or a slide rule.

Field Procedures
A Soiltest R-50 Strata Meter D. C. Resistivity Instru-
ment was used for the field work of this investigation. The

instrument is battery powered and portable; the total
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Table Y. Apparent Resistivities of Common Earth Materials

Field Nz’easurements1

Material Classification Resistivity Range in Ohm-feet
Clays 10 to 300

Silts 75 to 400

Sands and Gravels 300 to 900

(saturated) _

Sandstones 500 to 1500

Shales 100 to 600

Limestones 800 to Infinity

Data from Wohler (1966) p. 5

Laboratory Measurements

Material Clessification Approximate Resistivities in
Chm=feet

Brine 1.5 x 10~}

Shale 3.0

Freshwater 150

Greavel and Sznd 300

(saturated)

Limestone 3000

Modified from Davis and DeWiest (1966) p. 283

This table is a general tabulation of some average resis-
tivity values for some of the more common lithologic

types in the Kansas-Missouri srea. These ranges of values
can only be called approximate, and may not be at all
accurate for some specific aresas.
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weight including the wire and electrodes is about 75 pounds.
The ma jority of the work was done by a8 two-man crew and the
remainder by a three-man crew. The three-man crew could
work about twice as fast as the two-man crew, under most
conditions.

Several different electrode zrrangements were tried
with varyling degrees of success. The Schlumberger spread
is similer to the Wenner spread except the potential elec-
trodes remain in the same place, and only the current elec-
trodes are moved at any instrument station. The Schlumberger
Sp?ead requires less labor in the field, but it requires
better instrumentation, and data interpretation is more
difficult.

The Schlumberger configuration met with very limited
Success, primarily because the resistivity instrument was
not sensitive enough to yleld useful data. Very low values
of apparent resistivity were encountered for most of the sta-
tions, and the voltmeter would not register a value at some
of the wider electrode spacings needed in this investigation.

The single moving probe configuration, also called
potential drop ratio, yielded smbiguous information. It
Suggested three or more geologic boundaries, any of which
may have been incorrect. The three suggested answers varied
by s much as 25 feet in the depth to bedrock, at least 15

feet above the tolerable limit.
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The tolereble limit of error must be low enough to
enable one to show positively that the bedrock in the chan-
nel is farther below the surfzce than bedrock in adjacent
areas. "The best depth determinations thet can ordinarily
be expected with the resistivity method for the three-leyer
case is to within an accuracy of only 10 percent”™ (Van Nostrand
and Cook, 1966, p. 96). The maximum tolerable 1limit of error
is 10 feet in this investigation if one is to accurately
plot the course of the bedrock channel.

The Lee configuration was tested on two stations. It
is a varistion of the Wenner configuration which was used to
obtain the information contained in this paper. The Lee
variation is like the Wenner spread except that a fifth
electrode is placed at the center of the spresd where the
instrument station is located. The purpose of the Lee vari-
ation is to emphasize the laterzal variations in the geologic
conditions, reducing the chances for misinterpretation of
the date obtained at & particular station. The Lee configu-
ration waes not used to any great extent because the resisti-
vity instrument was not wired for the fifth electrode, and
each reading involved rearranging the wires at the terminals
of the voltmeter. This method required approximastely twice
@S much time as the standard Wenner method, and the magnitude
of the lateral variations was not great enough to warrant

its use.
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The steandard Wenner sprezd was used exclusively to
procure the deta used in preparztion of the relative resis-
tivity maps for severzsl reasons. The equipment was designed '
primarily for use with the Wenner spread, the Wenner sprezd
is easier to set up in the field, end many analyticzl tech=-
nigues are gvailable to treat the data obtained. The Wenner
spread hes been used for most of the geoelectric work done
in the English speaking countries.

Descriptions of the Wenner method of sounding,
and the techniques for its interpretation, are
aveileble in @ number of textbooks written in the
English language. On the other hand, descriptions
of the Schlumberger method of sounding, and the
powerful techniques of interpretetion which have
developed chiefly outside the English spezking
world (notably by French and Soviet geophysicists),
are mentioned in only a few English textbooks.
(Bhattacharye and Patra, 1968, p. 2)

Horizontal control was esteblished by the use of azerizl
photogrephs of the area on which the locations of the instru-
ment stations were merked to the nearest hundred feet.

The lend in the area of interest was under cultivetion
znd growing crops during the time when field work wzs done
which limited 2ccess to some areas. In many places it was
impossible to run two perpendicular traverses at the same
station becszuse of row crops, fences, pipelines, or steel
cased wells. Metallic objects draw current flow toward them,

causing lower apparent resistivity velues. It is desirable

to run perpendicular traverses in order thet stations in
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areas of considerable lateral variation be recognized when the
data are snalyzed. This procedure was omitted because of

physical, agricultural, and cultural features.
ANALYSES OF DATA

Several methods of analysis were used in an a2ttempt to
find 8 method which would yield results compatible with facts
known from previous studies. Previous investigations include
Nuzman (1969) and Gregory (1967).

The simplest but least reliéble and least scientific
method is to merely inspect apparent-resistivity curves for
maxima or minima points or points of inflection., It was obvious
when comparing resistivity curves from stations near test holes
with drillers logs that simple inspection could not be applied
with any degree of accuracy to the problem. This method was
first proposed by Gish and Rooney in 1925.

The Moore cumulative resistivity method was no more
successful as it seemed to portray the water tzble at most
stations at depths between 20 and 25 feet which is known to
be correct from wells in the area. At some stations, however,
the Moore cumulative values plotted in @ straight line, indi-
cating no resistivity boundaries whatsoever.

The curve-matching method using Romant!s curves showed

good results in the area around test hole 6-A where the known



21
depth-to-bedrock is 11 feet. Curve-matching indicated bed-
rock at a depth of 105 feet which is less than 10 percent error
with drill log. At the other extreme, near test hole 13 the
depth-to-bedrock is 72 feet. Curve-matching indicated a
depth-to=-bedrock of 140 feet which is.an‘error of nearly 100
percent. Another reason this method was rejected is that very
large a-spacings are required to determine depths accurately.
The resistivity instrument was incapable of providing accurate
readings for a-spacings of greater than 300 feet where a-spacings
of 500 feet were needed.

The method used in preparation of relative resistivity
maps involved use of Keck's curves. The origin of these curves
is rather obscure, and it is doubtful they have ever appeared
in print. Elmer Wohler, a practicing engineering geologist,
made them availsble for trial in this project. The curves
are plotted on 3-cycle log-log graph paper, but the writer is
not certain whether the curves were calculated according to
some mathematical formula or if they were devised empirically
by Keck after a considerable amount of experience in the use
of resistivity methods.

The curves essentiaslly give a2 value for the relative
apparent resistivity between two a-spacing intervals, the
smaller of which is one-half the length of the other. Appar-
ent resistivity values for the two a-spacings are read along
the abscissa and the curves to a point of intersection. The

relative resistivity value is the ordinate value of the point
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of intersection. The intervals chosen for use in this study
are the 20 to 4O, the 70 to 140, and the 100 to 200 foot values.
The instructions on the curves state that the smasller a-spacing
interval used must be half the larger one.

The purpose of choosing three different sets of intervals
is twofold; first, it enables one to compare relative resis-
tivity values with Increasing depth; secondly, the larger
intervals decrease the relative contribution of near-surface
material. The apparent resistivity of material at depth
contributes much to the values obtained and near surface material
is cancelled out, unmasking the true relative resistivity at
depths approximately equal to the smaller of the two a=-spacings.

The relative resistivity contour maps were prepared using
the apparent resistivity values taken from a smoothed field
curve and ad justed by Keck's curves, then placed on the map

at the position of the instrument station.
RESULTS

Resistivity Mapping Versus Computer Model
The 20 to 4O foot interval map shows relative resistivities
in the upper part of the 2lluvium, but for the most part below
the water table. It is interesting to compere this map with
the analog computer model shown on Plate 2.
The analog computer model shows contoured values for trans-

missivity expressed in gallons per day per foot. Davis and
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De Wiest (1966, p. 162, 182) show transmissivity is equal to
the coefficient of permeability multiplied by the saturated
thickness of the aquifer. The coefficient of permeability is
directly proportional to the square of the grain size. Hence,
it may be inferred that high transmissivity values indicate
coarse grained materials such as sands and gravels,

The high relative resistivity values, as shown in Table L,
are also due to coarser materials such as sand or gravel. The
low relative resistivity values are due to clzy, silt, shale
bedrock, and possible higher dissolved solid content in the
contained water. The high relative resistivity trends on the
map sre quite simllar in area and orientation to the areas of
high transmissivity inferred in the anzlog computer model.

The resistivity vélues, being a form of indirect measure-
ment 2Ss opposed to the direct evidence from drill samples
used for the computer model, are probably not as reliable.

Cn the other hand, only 1y drill holes were used in the aresz,
compared to about 80 resistivity stations. Hence, it may be
inferred that the resistivity map is probably more accurate
in detail than the computer model.

In particular, west of test hole 9, & set of rather high
relative resistivity values was obtained. These high values
suggest the analog computer model would have been altered
significently if test hole 9 had been drilled approximstely

200 yards west of its actual location. In the south half of
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section i several very high values cause the resistivity map
to differ markedly from the computer model. In this case the
resistivity mep is more nearly correct in predicting the
presence of potential high-yield aquifer because many high
resistivity indications are present in an area where no datsa
was obtained for the computer model.

In the NE4, sec. 8 and the NWi, sec. 9 the contour lines
of the computer model and the resistivity map are nearly
parallel, indicating @ high degree of agreement between the
two methods, and a high degree of confidence is inferred
about their correctness,

In contrast to the 20 to LO-foot spacing interval map,
the 70 to 140 and 100 to 200-foot spacing Interval maps show
lesser degrees of similarity, respectively, to the computer
model. As the electrode spacing is Iincreased, the material at
depth has more influence upon apparent resistivity values
measured at the earth's surface. Consequently, the near
surface material has less effect upon apparent resistivity
measurements.

The 70 to 140-foot spacing interval map differs consider=-
ably from the 20 to LO-foot spacing interval map in the SE%,
NE4, sec. 8. The material at depth must have a very low
resistivity, or bedrock is relatively shallow in this region.
Subtle differences are evident in the NW%, sec. 5 as the

70 to 140-foot spacing interval map show considerably lower
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relative resistivity values than the 20 to LO-foot spacing
interval map. This may also be attributed to shallow bedrock
composed of low resistivity material at depth, such as shale
or shale with interstitiel mineralized water.

The 100 to 200-foot spacing interval map accentuates the
differences between the 70 to 14O and 20 to L0O-foot spacing
Interval maps. The values seem to be quite consistent through-
out considerable areas of the map, even to the extent of
ad Jacent values being identical in several instances, Much of
the apparent resistivity at these wide spacings result from
current flow penetrating bedrock. In this case, most of the
effects of alluvium have been removed in all areas except
near the deépest part of the bedrock channel.

High relative resistivity values indicate @ channel
trending east-west in the SW% of sec. 8. While there is no
direct drill evidence to support this idea, it is certainly
possible for a narrow, relatively deep erosional channel
to be present as suggested by this map. |

The information inferred by these maps differs only in
detail from the driller's logs of the test holes drilled for
the hydrologic study for the City of Manhattan and with
information supplied by farmers concerning depth to bedrock
in their wells. Mr, L. A, Peterson (oral communication, July,
1969) stated his domestic well was 67 feet deep, and the

driller had remarked it was unusual they had not hit bedrock
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at that depth. His well is near the northwest corner of the
SW% of sec. L, only 250 yards southeast of test hole 15 which
hit bedrock at a depth of 4 feet., 1If Mr, Peterson's story
is factual, It appears this information supports the conclu-
sions drawn from the 100 to 200-foot spacing interval resis-

tivity map, concerning a deep channel in bedrock.
CONCLUS IONS

The similarity between the analog computer model and the
20 to LO-foot spacing interval resistivity map is more than
coincidental. Both methods of solution give generally factual
results, though they may differ in detail. The resistivity
method is probably more sccurate in detall because more data
stations were used. The resistivity method is less expensive
thean the analog computer method, because so many test holes
must be drilled to construct 2 reliable computer model.

The deep erosional chennel of the Blue River was not
delineeted with the desired degree of accuracy. Part of this
difficulty occurs because of an increased amount of dissolved
solids in the water at depth in the alluvium. This causes
resistivity to decrease, much as the resist;vlty decreases
in the bedrock beneath the alluvium, beczuse the resistivity
of @ material is partly a function of contsined fluids within

the body of the material. The path of the buried channel sug-

gested is a hypothesis which could be substantiated or rejected
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by further test drilling.

The direct current resistivity method used in this inves-
tigation is useful in predicting transmissibility in an area
where alluvium covers bedrock. It can be recommended for use
in similar geologic and hydrologic situations to select the
most likely sites for water wells where high yield is
important. Wells should not be constructed without test
drilling however. The method is best used in conjunction

with test drilling and is not a reliable method by itself.
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APPENDIX 1

Field Data

The a=-spacings are in feet and apparent resistivity
values are expressed in ohm feet. The first 15 stations
are not included because they were used to perfect and

refine field technique and were not used in the prep-

aration of this paper.
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APPENDIX 1

a-spacing App. Res, a-spacing App. Res. a-spacing App. Res,

STATION # 16 STATION # 17 STATION # 18

2 9.55 ‘g 8.29 2 13.82
3 10.74 3 9.24 i 1.1
S 13.19 S 11.00 5 15.71
8 16. 8L 8 11.56 8 16.84
10 19.48 10 12.57 10 18,22
15 16.96 15 21.68 15 21.68
20 33.93 20 17.59 20 25.13
30 13.35 30 20.73 30 30.16
1,0 L7.75 Lo 22.62 L0 31.42
50 50.27 50 22.62 50 3l .56
60 53.91 60 2L .50 60 31.67
80 118.76 80 2h.13 80 29.15
100 L42.10 100 21.36 100 26.39
120 33,18 120 18.85 120 22.62
140 26.50 140 17.59 140 19,135
160 22.12 160 15.08 160 16,08
200 13.19 200 11.94 200 12.57
240 9.60 2L0 9.80 240 ¥l.31
STATION. # 19 STATION # 20 STATION # 21

2 8.17 2 6.1 2 12.32
3 9.99 3 6.79 3 1. 14
5 12.88 5 8.6l g 15.39
8 17.09 8 8.130 8 15.08
10 19.48 10 8.17 10 15.08
15 27.80 15 10.8Y 15 17.91
20 35.06 20 12.57 20 17.59
30 L7.12 30 16.59 30 18.10
Lo 55.29 Lo 18.35 Lo 18.85
50 62.83 50 21.99 S0 19.16
60 6l .09 60 24.13 60 19,60
80 70.37 80 2l .88 80 19,35
100 62.83 100 23.88 100 17.27
120 58.06 120 21.87 120 16.21
140 51,02 140 19.35 140 14.95
160 h3.23 160 20.11 160 14.07
200 35.19 200 1445 200 10.68

220 29.72 220 13.13 240 9.05
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a-spacing App. Res. a-spacing App. Res. a-spacing App. Res,

STATION # 22 STATION # 23 STATICN # 2L

2 14 .45 2 9,68 2 5.3
3 15,863 3 11,31 3 heT1
5 15.39 S 15.71 S 5.03
8 15,58 8 23:12 8 L.60
10 16,65 10 27.02 10 .90
15 16,96 15 3,.87 15 5.56
20 15.08 20 39,00 20 5. 84
30 14.51 30 13.35 30 6.79
Lo 13.57 Lo 13,98 Lo 7.5
50 13,51 50 Ll .61 50 8.32
60 13.95 60 L7.12 60 8.29
80 13.57 80 46,50 80 9.30
100 1L.45 100 L42.10 100 10.75
120 13.57 120 37.33 120 9.80
140 12,75 140 32.99 140 9.24
160 12,06 160 28,15 160 9.05
200 10.00 200 20.73 200 7.5L
2,0 9,05 240 15.83 240 7.54

STATICON # 25 STATION # 26 STATICN # 27

2 8.55 2 12.57 2 6.91
q 9.05 3 16.87 3 7.54
5 11.9L 5 23.88 5 8.96
8 15,08 8 30.16 8 9.05
10 15.08 10 32.0L 10 9.74
15 18,38 15 32,50 15 9.90
20 20.73 20 32.68 20 11.69
30 19.79 30 32.04 30 1L.2L
40 22.2 Lo 30.16 L0 15,71
50 23.88 50 29.53 50 17.28
60 25.45 60 28.65 60 18.85
80 27.1L 80 26.89 80 20,36
100 27.96 100 24 .81 100 20.42
120 26,76 120 23.51 120 21,11
11,0 2L .20 140 21.56 140 19. 36
160 22.62 160 20,60 160 18.10
200 19.48 200 17.60 200 1L .40

2L0 15.08 2o 14.32 240 12,82
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s-spacing App. Res, a-spacing App. Res. a-spacing App. Res.

STATION # 28 STATION # 29 STATION # 30
2 6.28 2 12.69 2 14.45
3 6.97 3 1, .89 3 20.73
5 6.60 5 19.16 S 29.53
8 6.28 8 2L .63 8 35.69
10 6.28 10 27.33 10 36.75
15 7.16 15 31.57 15 36.76
20 8.86 20 32.05 20 38.123
30 11.60 30 30.16 30 uo 53
Lo 14.33 40 30.16 L0 h1.47
50 17.12 50 29.53 50 43.98
60 19.42 60 30.50 60 47.12
80 23,12 80 34.18 80 51.77
100 25.13 100 38 01 100 59,37
120 26.39 120 9.60 120 55.79
140 25.94L 140 uo L6 _ 140 51.02
160 25.1h 160 38.70 160 L5.24
200 22.62 200 28.27 200 36.4L
2L0 20.36 240 18.10 240 30.91
STATICN # 31 STATION # 32 STATICN # 33
2 3.39 2 3.96 2 3.20
3 3.77 3 L.15 3 2.64
5 L.Lo 5 5.03 5 2.6l
8 5.03 8 6.03 8 2.66
10 5.34 10 6.91 10 2.80
15 7.065 15 8.72 15 3.16
20 8.h2 20 10.68 20 3:77
30 10.93 30 13.38 30 5.18
Lo 12.57 Lo 15,205 Lo 5.90
50 13.82 50 15,865 50 T.0T
60 1.515 60 16.59 60 7.62
g0 15.08 80 16. 8L 80 9,30
100 15.71 100 15,71 100 11.00
120 15.08 120 14.33 120 11.31
140 14.51 10 12.75 140 12.32
160 14,.07 160 11.56 160 11.56
200 11.94 200 8.17 200 13.06
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a-spacing App. Res. a-spacing App. Res. a-spacing App. Res.

STATION # 3l STATION # 35 STATION # 36

2 6.31 2 2L .50 2 16.3

3 5.65 - -——— 3 16.7

S .56 S 43.98 5 17.91
8 .10 8 52.78 8 18,135
10 L 4O 10 62.83 10 17.59
15 S. 1l 15 72.60 15 18.85
20 5.97 20 77.90 20 18.85
30 7.Llb 30 72.50 30 21.68
Lo 8.68 40 72.50 Lo 25.89
50 10.21 50 62.83 50 26.70
60 10.93 60 67.86 60 26.39
80 1282 80 65.135 80 25.13
100 1.1 100 6l1.09 100 2L.19
120 15,08 120 62.56 120 21.30
140 16,54 140 59.38 140 18.91
160 16,26 160 53.78 160 16.59
200 15,62 200 L1.47 200 12.57
2!.[.0 15.82 - - 2'-]-0 9005
STATION # 37 STATION # 38 STATION # 39

2 16.30 2 7.79 2 6.22
3 20.70 3 10.18 3 7.4
5 22.46 5 10.52 5 8.32
8 22.62 8 12.82 8 9.55%
10 22.60 10 14.83 10 10,18
15 22.15 15 16.32 15 10.8L
20 22.62 20 22.62 20 12.19
30 26.139 30 29,22 30 13.85
Lo 28,65 Lo 332.93 Lo 1, .83
50 31.%2 50 31.L2 50 15.55
60 32.80 60 25.82 60 15.83
80 31.93 80 21.11 80 15.08
100 27.65 100 .13 100 15.08
120 26.01 120 11.68 120 1L.93
140 21.55 10 9.24 14,0 14.51
160 16,10 160 8.55 160 13.57
200 '12.57 200 5.665 200 13.19
210 9.05 240 5.28 240 11.31
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s-spacing App. Res. a-spacing App. Res, a-spacing App. Res.

STATION # L0 STATION # L1 STATION # L2

2 8.2 2 L .27 2 8.0L
: S 9,70 3 5.47 3 8.29
5 10.21 5 6.91 S 9.2
8 9,05 8 8.04 8 10.30
10 8.8 10 8.48 10 10.05
15 8.245 15 8.95 15 9.90
20 8.105% 20 9.2 20 10.05
30 8.11 30 10.83 30 11.69
Lo 8.60 Lo 11.56 Lo 12.44
50 8.95 50 11.94 50 13.03
60 9.42 60 11,69 60 13,00
80 11.06 80 9.05 8o 14.07
100 11.31 100 11.62 100 13.82
120 12.06 120 11.31 120 13.19
140 11.L4 140 9.66 140 11.00
160 10.05 . 160 9.05 160 10.56
200 7.54 200 6.91 200  8.80
2L0 6.03 240 5.28 240 6.03
STATION # L3 STATION # L4 STATION # L5

2 7.0k 2 9.42 2 6.79
3 8 29 _ 3 12.06 3 8.67
5 12.57 g 1h.77 5 11,62
8 16.08 8 18,10 4 8 17.09
10 18.53 10 20.11 10 20,11
15 23.56 15 23.09 15 28.46
20 27.46% 20 25.89 20 35.18
30 33.93 30 29.22 30 Ll .30
40 36.44 Lo 30. 16 Lo 45.2L
50 18.64 50 32.36 50 - 43.98
60 39,58 60 31.29 60 39.58
80 1.7 80 25.13 80 3142
100 35.19 100 20.11 100 26.71
120 22.99 120 18,10 120 2%:3T
140 18.68 140 1 .52 14,0 20.24
160 15.08 160 13.06 160 18.60
200 1. 14 200 7.80 200 12.94

240 9.80 240 5.73 2ho 9.80
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a-spacing App. Res. a-spacing App. Res. a-spacing App. Res.

STATION # L6 STATION # 47 STATION # 1,8
2 10.30 2 8.29 2 14.07
3 11.78 3 9.80 3 15,27
5 17.44 5 12.57 S 18.22
8 25.13 8 16,3 8 21.11
10 30.16 10 18.85 10 22.30
15 41.00 15 23.09 15 2L .10
20 51,52 : 20 25.76 20 25.13
30 65.10 30 29,22 30 26.39
Lo 74.20 L0 27.65 Lo 27.65
50 78.54 50 20, 32 50 27.81
60 79.17 60 29.11 60 27.52
B0 72.89 80 27.14 80 2l .38
100 6l,09 100 2L .82 100 23.25
120 58.96 120 21.87 120 19.98
140 L8.38 140 19.80 140 13.28
160 36.70 160 18.60 160 15.58
200 17.60 200 13.20 200 11.92
240 9.80 2h0 10.56 240 7.5
STATION # L9 STATION # 50 : STATION # 51
2 11,81 2 15.08 2 9.55
3 16.78 : - - - -—-
5 22.62 5 16.96 5 B, 2
8 29.66 - --—— - -
10 32.35 10 16.34 10 Q.42
15 31.60 15 16,119 15 12.25
20 27.65 20 15.71 20 15.08
30 23.56 30 15.36 30 21.68
L0 24 .63 Lo 16.96 Lo 27.65
50 25.L5 50 16.96 50 30.94
60 25.60 60 17.53 60 32.42
80 26,14 80 17.09 80 27.70
100 2. 19 100 16,96 100 2l .50
120 20.74 120 15.08 120 21,87
iLo 16.28 140 14 .52 ' 140 17.16
160 13.56 160 13.56 160 1, .58
200 9.4k 200 13.20 200 .80
- - 2L40 11.32 - e
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e-spacing App. Res. a-spacing App. Res. a-spacing App. Res.

STATION # 52 STATION # 53 STATION # 5|

2 13.19 2 17.59 2 15.83
s - 16.65 5 23.72 5 19.79
10 20.11 10 22.62 10 29.21
15 2L.03 15 25.91 15 42.03
20 28.27 20 30,16 20 55.29
30 35.81 30 35.81 30 74 .45
Lo 38.96 Lo L40.21 Lo 86.71
50 37.70 S0 43.98 50 95.80
60 36.57 60 5,62 60 101.79
80 33.43 80 b6.49 80 110.58
100 29.53 100 h4h .92 100 109.96
120 25.64 120 39.21 120 101.79
140 21.55 140 33.43 140 86.65
160 19.10 160 28,65 160 78.92
200 13.82 200 21,36 200 58.43
2L0 10.56 2Lo 15.43 2L0 L2.22
STATION # 5§ STATION # S6 STATION # 57

2 21.99 2 3.52 2 6.53
5 21.68 g 3,05 S 8.80
10 24.19 10 3:71 10 8.80
15 32.51 15 IsT1 15 9.90
20 L2.09 20 5.78 20 10.74
30 59.37 30 T.73 30 12.82
Lo 71.63 Lo 9.80 L0 14.45
50 80.11 50 11,34 50 16.34
60 8l .82 60 12,82 60 17.34
80 85.45 80 14,32 80 18.10
100 8L .82 100 16,02 100 17.60
120 82.94 120 15.83 120 16.21
140 77.41 140 15,39 140 13.63
160 71.38 160 13.57 160 12.57
200 57.18 200 13.19 200 11.31

240 h2.98 240 9.680 230 8.29
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STATION # 58
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12,32
11.56
11.31

9-60

# 61

10.81
11.62
1.1
16.49
18,22
22.62
25.13
27.L9
29.03
28.15
25.76
22,62
17.60
15,08
10.06
10.86

STATICN

a-spacing App. Res.

# 59

8.67

11.31
17.28
23.09
27- 65
34 .87
L0.21
h2 L1

8.83
31 16
21.04
16.96
14.96
14.08
13.82
12.82

# 62

8.17
11.31
16.96
20- ?3
25.76
30.16
3142
30.47
29178
26.39
2y .82
23.37
21.56
18.10
1h.LL
11.32
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a-spacing App. Res.

STATION # 60
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STATION # 63

2 13.19
5 2L .50
10 28.27
15 25.0L

20 27.8

30 20.36
Lo 18,85
50 19.00
60 19.23
80 18.10
100 17.28
120 15.83
140 13.64
160 11.56
200 8.80

240 6.03
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a=-spacing App. Res. a-spacing App. Res. s-spacing App. Res.

STATION # 6l STATION # 65 STATION # 66
2 9.80 2 9.80 2 Taill
5 2.42 5 12.88 5 10.37
10 12.25 - 10 19.16 10 12.25
15 16.02 15 23.56 15 11.59
20 19.48 20 26.139 20 1087
30 25.45 30 32.42 30 11431
Lo 30.16 4O 35.16 Lo 11.56
50 31.10 50 36,76 50  11.31
60 32.29 60 37.51 60 12.06
80 31.42 80 35.94 80 12.06
100 28.58 100 33.62 100 11.94
120 25.64 120 27.52 120 10.9
140 22.40 140 20,68 140 9.2
160 18.60 160 15.08 160 8.5
200 13.82 - . 200 7.52
240 9.80 - — 240 6.03
STATION # 67 STATION # 68 STATION # 69
2 6.03 2 6.28 2 10.30
g 5.65 5 6.75 5 13.19
10 5.28 10 7.23 10 18.89
15 5.47 15 8.29 15 23.56
20 6.03 20 9.30 20 25.13
30 7438 30 11.60 30 2L .50
Lo 9.05 Lo 13.57 Lo 22.62
50 10.21 50 15.08 50 20.73
60 11.50 60 16,21 60 19.415
80 12.06 80 16,684 80 18.60
100 12.88 100 17.90 100 18.535
120 12.06 120 16.59 120 16.59
140 11.00 140 16.46 140 16,27
160 10.56 160 13.56 160 15.08
200 10.06 200 11.92 200 12.57

240 8.28 240 11.32 2L 0 9.80
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a-spacing App. Res, a-spacing App. Res. a-spacing App. Res.

STATION # 70 STATION # T1 STATION # 72

2 9.93 : 3 g.80 2 13,62
5 11,155 5 6.28 5 16.3)
10 11.62 10 .59 10 18.22
15 13.19 - ——— 15 21.02
20 15,08 20 9.17 20 24.88
30 18.565 30 13.03 30 33.93
Lo 21.11 L0 1.58 L0 38.96
50 22.15 - ——— 50 ha.l1
60 2%.37 60 15.65 60 L3.35
80 2L .63 80 17.09 8o L0.97
100 24.50 100 17.59 100 38.33
120 22.995 120 15,16 120 33.93
140 21.286 140 13.19 140 31.23
160 19.10 160 12.57 160 27.65
200 15.08 200 9.42 200 18.85
240 12.06 240 9.50 20 13.57
STATION # 173 STATICN # T4 STATION # 75

2 26.39 2 13.L5 2 1241
S 37.70 5 13.51 5 15.29
10 L7.75 10 15.08 10 16.02
15 19.80 15 17.1¢ 15 17.LY4
20 L5.2L 20 19.4L8 20 18,22
30 37.70 30 22.24 30 18.10
o 35.69 o 2L .25 4o 19,10
50 3l .56 50 25.76 50 19.79
60 32.04 60 25.6L 60 21.11
8o 29,86 80 2, .88 80 22,12
100 27.02 100 23.56 100 21.99
120 23.67 120 - 22.24 120 20.36
140 20.67 140 20,23 140 18.147
160 18.10 160 18.60 160 15,08
200 13.19 200 15.08 200 11.31

240 9.80 240 11.31 240 8.29
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a-spacing App. Res, a-spacing App. Res. a=-spacing App. Res,

STATION # 76 STATION # 77 STATION # 78
2 8.67 2 17.56 2 17.59
S 15,55 5 22.62 5 19.48
10 19.79 10 32.35 10 21.24
15 21.21 15 40.53 15 25.91
20 19.48 20 50.27 20 18.85
30 19.79 30 gl .66 30 17.81
Lo 20.61 Lo 57.81 L0 18.60
50 21.99 50 56.55 50 19.48
60 22.24 60 56.55 60 19.41
8o 23.12 80 55.29 80 20.61
100 20.42 100 52.16 100 17.27
120 19.60 120 L5.24 120 16.96
140 17.15 140 38.26 1L0 1,.51
160 16.59 160 .18 160 12,06
- - 200 23.88 200 10.05
- - 2L0 1,33 2L0 6.79
STATION # 79 STATION # 80 STATION # 81
2 7.54L - -——- - -—-
5 12.88 - i - -
10 22 .62 10 1 .45 10 35.19
15 28.75 - - - -
20 30.79 20 18.85 ' 20 53.h1
30 32.99 30 23.56 30 51.83
Lo 28.90 L0 28.90 Lo 60.32
50 23.25 - - - ---
€0 20.73 60 32.42 60 68.99
80 17.59 8o 33.68 80 75.540
- ——— 100 33.30 100 60.32
120 12.06 120 30.16 120 h2.22
- -—— 160 25.13 160 28,65

200 6.91 200 18.22 200 18.22
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a=-spacing App. Res, a-spacing App. Res. e-spacing App. Res.

STATION # 82 STATION # 83 STATION # 8L

10 27.02 : 10 69.12 10 28.27
20 §7.12 20 103.67 20 L1.L7
30 58.43 30 122.45 30 Sl .66
Lo 72.89 : Lo 130.70 Lo 65.35
60 82,9l 60 116.87 60 67.86
R0 80.h2 80 80.%2 8o 62.83
100 78.54 . 100 62.83 100 57.81
120 63.33 120 58.81 120 45.99
160 39.21 160 Lh2.,22 160 Lb1.22
200 16.96 200 30.16 200 35.19
STATION # 85 STATION # 86 STATICN # 87

10 L47.12 10 46.50 10 35.19
20 b1.47 20 55.29 20 L5.24
30 39.58 30 19.95 30 Sl .66
Lo L0,21 Lo LS.24 Lo 60.32
60 42.60 60 Lo.72 60 67.86
80 40.72 80 37.55 80 75.40
100 37.07 100 33.93 100 72.26
120 31.67 120 30.16 120 6l .09
160 2L .13 160 21.12 160 L2.76
200 17.59 200 17.59 200 L0.8y
STATION # 88 STATION # 89 STATION # 90

10 7.5L 10 25.13 10 9.42
20 10.05 20 25.13 20 13.19
30 124 30 26,39 30 14 .70
Lo 14.07 Lo 28.90 Lo 15.49
60 15.83 60 32.80 60 .33
80 17.09 8o 29,16 80 13.07
100 17.59 100 27.65 100 12,57
120 173 120 26.139 120 11.68
160 16.08 160 21.11 160 9,05

200 13,82 200 17.59 200 6.91
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a-spacing App. Res. a=-spacing App. Res. a=-spacing App. Res.

STATION # 91 STATION # 92 STATION # 93
10 30.16 10 16,3 10 21.99
20 37.70 20 28.27 20 30.79
30 L5.2L 30 36.76 30 38.6L
Lo Lo,o01 20 Li.L47 Lo 46.50
60 48.25 : 0 49.01 60 £2.78
80 40.21 80 L6.2h 8o 55.29
100 33.93 100 LB0.21 100 5L .66
120 29.41 120 31.67 120 53.53
160 22.12 160 21:11 160 1.72
200 15.71 200 15.08 200 30.16
STATION # 94 STATICN # 95 STATION # 96
10 13,82 10 5.03 10 13.82
20 13.82 20 5.28 20 11.44
30 1h.70 30 6.97 30 13.38
%o 16,59 Lo 8.80 Lo 16,08
0 18.85 60 12.06 60 28.2h
80 20.11 80 14 .85 80 25.6L
100 20.73 100 16.96 100 26.07
120 21.11 120 18.10 120 26.39
160 19,10 160 20.11 160 20,11
200 15.08 200 20.11 200 17.59
STATION # 97 STATION # 98 STATION # 99
10 3.52 10 15.71 10 10.68
20 3.90 20 28.50 20 9.80
30 .52 30 30.16 30 12.06
Lo 5.03 20 37.70 Lo 1h.83
60 5.65 0 h7.12 60 18.47
80 6.53 80 57.81 8o 20.61
100 7.22 100 62.83 100 20.73
120 7.54 120 6l .09 120 17.3L
160 8.0l 160 L18.25 160 11.06
200 7.54 200 32.67 : 200 10.05



L7

REFERENCES

Bhsttecharya, P. K. and H. P. Patra (1968): Direct Current
Geoelectric Sounding, Elsevier Publishing Co., New York.

Davis, S. N. and R. J. M, DeWiest (1966): Hydrogeology, John
Wiley & Sons, Inc., New York.

Dobrin, M. B. (1960): Introduction to Geophysical Prospecting,
McGraw=Hill, Inc., New York.

Evjen, H. M. (1938): Depth Factors and Resolving Power of
Electrical Measurements, Geophysics, vol. 3, pp. 78-95.

Flathe, H. (1955): A Practical Method of Calculating
Geoelectriczl Model Graphs for Horizontally Stratified
Media, Geophys. Prosp., vol. 3, pp. 268-29].

Grant, F. S. and G. F. West (1965): Interpretation Theory in
Applied Geophysics, McGraw-Hill, Inc., New York.

Gregory, J. L. (1967): Analysis of Varisbles Affecting the
Fluctuation of the Water Table In the Big Blue River
Valley Below Tuttle Creek Resevoir, Unpublished Master's
Thesis, Kansas Stete Univ., Manhattan, Kansas.

Jakosky, J. J. (1950): Exploration Geophysics, Trija Publishing
Co., Newport Beach, Calif.

Keller, G. V. and F. C. Frischknecht (1966): Electrical
Methods in Geophysical Prospecting, Pergamon Press,
New York.

Layne-Western Co., Inc. (1968): Ground Water Survey City
of Manhattan, Kansas, unpublished report, Layne-Western
Co., Inc., Wichita, Kansss.

Mooney, H. M. (1945): Depth Determinations by Electrical
Resistivity, Mining Engineering, vol. 6, pp. 915-918.

Muskat, M. (1945): The Interpretation of Earth-resistivity
Measurements, AIMVE Tech. Pub. 1761, vol. 184, pp. 224-231.

Nuzman, C. E, (1969): Ground-water Hydrologic Study City of
Manhattan, Kansas, unpublished report, Layne-Western
Co., Inc., Kansas City, Missouri.

Pekeris, C. L. (1940): Direct Method of Interpreting iIn
Resistivity Prospecting, Geophysics, vol. 5, pp. 31-42.



L8
Peterson, L. A. (July 1969): Oral Communication.

Pirson, S. J. (1934): Interpretation of Three-layer Resisti-
vity Curves, AIMME Trans., vol. 110, pp. 148-158.

Roman, I (1934): Some Interpretations of Earth Resistivity
Data, AIMME Trans., vol, 110, pp. 183-200.

Rosenweig, I. E. (1938): A New Method of Depth Determination
in Earth=-resistivity Measurements, AIMME Tech. Pub. 931,
vol. 138, pp. LO8-417.

Shortley, G. and D. Williams (1961): Elements of Physics,
Prentice-Hall, Inc., Englewood Cliffs, N. J.

Soiltest, Inc. (1968): Earth Resistivity Manual, equipment
manual, Soiltest, Inc., Evanston, Ill.

Tagg, G. F. (1934): Interpretation of Resistivity Measure-
ments, AIMME Tech. Pub. 477, vol. 110, pp. 135-149,

, (1937): Interpretation of Earth-resistivity Curves,
~ AIMME Tech. Pub. 755, vol. 138, pp. 399-407.

Thornbury, W. D. (1965): Regional Geomorphology of the
United Stetes, John Wiley and Sons, Inc., New Ygork.

Van Nostrand, R. G. and K. L. Cook (1966): Interpretation
of Resistivity Data, U. S. Geol., Survey Professional
Paper 499.

Watson, R. J. and J. F. Johnson (1938): On the Extension
of Two-layer Methods of Interpretation of Earth
Resistivity Data to Three and More Layers, Geophysics,
vol. 3, pp. 7-21.

Wetzel, W, W, and H. V. McMurry (1937): A Set of Curves to
Assist in the interpretation of the Three-layer Resisti-
vity Problem, Geophysics, vol. 2, pp. 329-341l.

Wohler, E. J. (1966): Applications and Techniques of the
Electrical Methods of Exploration Geophysics Applied
to the Practice of Engineering Geology, unpublished,
Wohler Geophysical Surveys, Kansas City, Missouri,.



RESISTIVITY METHODS IN PROSPECTING
FOR GROUND WATER

by

DONALD WALLACE STEEPLES

B. S., Kansas State University, 1969

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER CF SCIENCE

Department of Geology

KANSAS STATE UNIVERSITY
Manhattan, Kansas

11970



ABSTRACT

As part of groundwater recharge studles sponsored
by Kansas State Agricultural Experiment Station, a method
of groundwaster exploration was developed.

Direct current earth resistivity hss been the sub-
Ject of wide use and misuse all over the country during
recent decedes. Part of the difficulty is caused by attempts
to use resistivity methods exclusively in the search for
groundwater. Resistivity is better suited to application
in conjunction with a limited but well-planned test-drilling
program.

The resistivity survey in this investigation was
performed with portable direct current equipment in a
four-square-mile area just east of Manhattan, Kanseas.

The Wenner, Lee, Schlumberger, and single-moving-probe
electrode configurations were initially used. The Wenner
configuration ultimately became the bzsis for the field
work used in the investigation.

Interpretation methods included curve inspection,
Moore cumulstive resistivity method, Roman's curve-matching
method, and relative resistivity mapping using Keck's
curves to adjust the values obtained in the fléld. These
curves do not enable one to make quantitative depth esti-
mates. They do make it possible to map relative resistivity

for specified electrode spacing intervals.



2

The relstive resistivity maps were compared with an
analog computer model of transmissivity in the sazme four-
square-mile srea. The comparison showed similar trends for
high resistivity and high transmissivity values, It was
inferred thet high resistivity and high trénSmlssivity have
a substgntial degree of correlation.
| Wider electrode spacing intervals showed probable
trends for the direction of erosional channels in bedrock
in a river valley. The channels are known to exist from
test-hole drill evidence.

The method developed in this investigation can be
recommended for use in areas where alluvium covers bedrock.
The method should not be used by itself without test

drilling or some other independent method of exploration.



