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ABSTRACT

Average geoelectrical parameters determined from
the study of electrical well-logs obtained from several
0il fields characterized by different geoelectrical
sections. The DC anomaly due to the presence of an oil-
layer embedded between first and second layer depends
upon the type of geoelectrical section and the geometri-
cal array employed. The radial-dipole array gives the
largest anomaly values, and is followed by other DC arrays
such as the equatorial-dipole, Schlumberger and Wenner
arrays. The maximum anomaly value over a given model. in
an H-type of environment for radial-dipole is almost the
same as the transverse resistance contrast ratio of the
oil-layer to the first layer. The finite areal extent of
the oil-layer does not have any significant effect on the
anomaly value due to an infinite layer, if the dimensions
are about four times the depth and the geometrical array
used is the radial-dipole. Moreover, a buried current
electrode in the vicinity of the oil-layer increases the
anomaly value; the maximum anomaly value appears at a sepa-

ration comparable to its depth.
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INTRODUCTION

In recent years, there has been a search for explora-
tion techniques which may detect the contrast in physical
properties directly associated with the presence of o0il in
rock. One of these techniques is the electrical method in
view of the high resistivity of an oil-bearing formation
compared to its environment. However, before electrical
methods can find a place in petroleum exploration programs,
it seems most important to analyze some of the problems
associated with their use. One of the very important pro-
blems which may be evaluated without the expense of under-
taking field operations with large scale electrical surveys
is the estimaﬁion of the size and detectibility of anomalies
associated with 0il occurrence. Other problems are involved
in interpretation keeping in mind the size of an anomaly and
geological noise.

Keller (1968) has discussed the role of electrical
methods and associated problems very extensively. Garg
(1976) has computed the electrical response over theoreti-
cal hydrocarbon reservoirs. In this study, I will consider
only the first problem in actual field environments. This
important problem in the present study was analyzed using
well-logs as a basis for computing synthetic electric

soundings. About 75 well-logs were chosen from three oil
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fields, namely from the southern portion of the San Joaquin
Valley, California (Figure 1), Payne, Logan and Lincoln
Counties, Oklahoma (Figure 2), and Lance Creek Field, Wyoming
(Figure 3). According to Keller (1968), the least o0il field
which we wish to find in exploration is characterized by a
thickness of several feet per thousand feet of burial, an
areal extent of three guarters steradian, and a transverse
resistance contrast with overlying rocks of

at least several percent. All these factors were taken into
consideration in the present study at the time of analyzing
the electrical anomaly due to the presence of an oil bed.

I will pay attention only to size and detectability of the
anomaly arising due to the presence of an oil/gas layer in

the actual environment.
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GENERAL BACKGROUND

The large number of individual layers apparent on an
electric log cannot be resolved with any of the surface-
based electrical prospecting methods. And so, it is neces-
sary to devise a realistic way of defining the average re-
sistivity of an assemblage of relatively thin beds (Keller,
1968) . The average electrical properties for a finely
layered sequence may be described with a set of 5 parameters,
these parameters being defined in terms of a column of rock
one meter square cut from the sequence of layers. This
column- consists of n horizontal béds, each with its own
characteristic resistivity £y and tﬁickness hi as shown
schematically in Figure 4.

These parameters are defined by considering the resis-
tance to current, flowing either vertically or horizontally
through the column. The total resistance to current flowing
vertically through the column is found by adding in series
the resistance contributed by each layer:

n

T = i=1 Oihi Ohm (l)

The average transverse resistivity for current flowing

vertically ‘is no
‘ _ T _ Zi=l1 "i 3 _ (2)
Per T TH T H Ohm - m

.
™
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Figure 4 Column from a layered sequence
of rocks,used in defining average
longitudinal resistivity, average
transverse resistivity and

anisotropy arising from layering.
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The conductance for current flowing horizontally through

the column of rock, ST' is found by assuming the conductance

through each individual layer:
n h

_ i
ST = I o5 mho (3)

The average longitudinal resistivity for current flowing

horizontally is:

Pir = Ohm - m (4)

A coefficient of anisotropy, X, may be defined by taking
the square root of the ratio of resistivities measured in
the two principle directions, along the bedding planes and

across the bedding planes:

1/2
(Qtr/plr) : (5)

In evaluating the sensitivity of surface-based electri-
cal exploration techniques in petroleum exploration program,

the transverse resistance of an oil-bed, defined as the pro-

duct of its resistivity and thickness, is a description parameter

needed in the theoretical development. If we assume an ex-
tremely simplified model in which the oil zone is contained
in a rock that is completely uniform in resistivity, having
the resistivity the o0il zone would have and the surrounding

rock is similar differing only in that it is fully saturated
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with water with its resistivity, then the transverse resis-

tance contrast of oil-layer T, to the overlying layer Tl

2

T
2 _ -n h
T, = 1 - So) h
1

Wherehl is the depth to the oil-layer, h being the thickness
of the pay zone, S0 is the fraction of pore spaces filled
with 0il and n is an empirical constant (Keller, 1968).

The relative contrast in transverse resistance given by
the above equation is plotted in Figure 5 as a function of the
ratio of the thickness of the pay zone to the thickness of
the overlying rock, and as a function of o0il saturation.
Usually an o0il reservoir must have an o0il saturation in ex-
cess of 50 percent to be developable. Even with favorable
drilling conditions, the thickness of the pay zone should be
at least 10 feet at a depth of 10,000 feet, in order to pro-
vide a marginally profitable well. These considerations pro-
vide a lower limit for the ratio T2:Tl, which is required for
an economic o0il field. This is indicated by the crosshatched
area in Figure 5. It appears that the lowest ratio T2:Tl
that might represent a worthwhile oil field is 1.01 (a one
percent contrast). Larger values for T2:Tl would be asso-
ciated with larger oil fields.

A second factor to be considered in formulating an elec-

trical model for a minimum size oil field of commercial
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interest is its areal extent. 1In terms of the solid angle
subtended when viewed from the surface directly over the
field, the least of oil fields would occupy an area of
three quarters steradian (Keller, 1968).

In summary, the least oil field which we wish to find
in exploration is characterized by a thickness of several
feet per thousand feet of burial, an areal extent of three
quarters steradian, and a transverse resistance,confrast

with overlying rocks of at least several percent.
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PRESENT STUDY: GENERAL DISCUSSION

For the present study, three areas were selected, namely,
the southern portion of the San Joaquin Valley, Kern County,
California (Figure 1), Payne, Logan and Lincoln Counties,
Oklahoma (Figure 2), and Lance Creek, Niobrara County,

Wyoming (Figure 3). There were no specific reasons for se-
lecting these areas; however, preference was given where it

was easy to get good quality well-logs.

Southern Portion of the San Joaquin Valley (California):

This area lies between Township T32S-T29S and Range
R24E-R28E, Kérn County, Figure 1. 1In this field, oil occurs
largely in the Pliocene, Miocene, and Eocene with lesser
amounts in the Pleistocene and Oligocene and very minor
amounts in the Cretaceous and Jurassic. All the dry gas and
a very large part of the oil are found in sands, sandstones,
or simply shales. A minor amount of o0il occurs in fractured
shales and in schist. No limestone production has been
found. A high percentage of o0il and dry gas occurs in anti-
clines or domes. However, nearly every other known type of
structure is present. Faulting is found in almost all
fields and in many cases is an important factor in the con-
trol of accumulation. In numerous instances, it is in fact

the entire means of closure (California 0il and Gas Fields,

1960).
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Pavne, Logan, Lincoln Counties, Oklahoma:

This area lies between Township 17-19 N and Range 1W-3E,
Figure 2. The surface is covered with weathered red clay
shale of the Stillwater formation. Massive red sandstone
members of this formation crop out in many of the Stream
valleys. The formations present are Permian, Pennsylvanian,
Mississipian, Silluo-Devonian, and Ordovician. At present,
the only producing formation in the Ramsey pool is the first
"Wilcox" sand. It is the first sand body in the Simpson
group of Ordovician age and is believed to average about
14 m in thickness over the entire structure. The sand is
remarkably clean and uniform lithologically and has an av-
erage porosity of 20 percent. The sand is very soft and
round grained and varies from medium to coarse in texture.
There is one persistent break in the sand body. It consists
of shale with dolomite and limestone stringers, ranging from
about 1 to 5 m in thickness, occurring from about 0.5 to 2 m
below the top of the sand over the entire pool. This shale
break seems-to serve as a cap rock as the principal oil-
producing bed is invariably found immediately beneath it

(Frost, 1940).

Lance Creek Field, Wyoming:

This area lies between Township 35-36 N and Range 65-66

W, Niobrara County, Figure 3. In this field, oil occurs in
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rocks of Cretaceous, Jurrassic, and Pennsylvanian ages. The
structure is an anticline. O0il is present in porous dolomite,
limestone, sandy limestone, and thin sandstone. DetailsAabout
depths of different ages, lithology, thickhess, and effective
pay zone are given in Table 1 (Wyoming 0Oil and Gas Fields,
1957).

' A simple procedure of determining the average resistivity
described previously was used. Electric logs are a record
of a value of apparent resistivity which is a continuous
function of depth, rather than a function which varies step-
wise from bed to bed. 1In averaging the apparent resistivity
values recorded on a continuous electric log, the approxima-
tion is made that the sedimentary column consists of a large
number of beds, each with the same thickness Ah (digitizing
interval, 10 feet in the present work) and each having a con-
stant resistivity equal to the resistivity read from the
electric log at that digitizing interval in the assumed bed.
The assumption of a sedimentary column consisting of beds of

equal thickness simplifies computation; instead of using

equations 2 and 4, these equations become:
n
= Ah _
_ H
and plr = n Ohm -~ m

AH Zi=1 (l/oi)
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Corrections may be made for different types of errors in
determining average resistivity. However, for the present
study, it is reasonable to use the electrical well-logs
which have minimum correction with a view that if the errors
are consistent, comparison between sets of resistivity inte-
gral curves may be made with some confidence. So at the
time of selecting well-logs, preference was given to focused
current logs, followed by induction logs if the rock is of
low resistiQity. In the case of logs run before these
methods become available, as very often was the case in
present study, short normal spacing logs were chosen. For
the present study, 75 well-logs were selected, namely, 18
from southern portion of San Joaquin Valley, California
(Figure 1), 24 from Payne, Logan, Lincoln Counties, Oklahoma
kFigure 2), and 33 from Lance Creek, Wyoming (Figure 3). The
longitudinal resistivity value is less subject to error than
the transverse resisti&ity value. However, for very small
values of resistivity, which could not be read accurately from
the well-logs, a minimum value was assigned on the basis of
general low resistivity value in a particular area.

For calculating the above-defined electrical parameters,
we have to know geoelectrical boundaries on the well-logs.

For locating these boundaries, resistivity integral curves
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were plotted for all well-logs except well-log #18 and 20,
WYoming, (there was not a sufficient continuous length of
record on these two). The results are shown in Appendices 1,
2, and 3. For calculating the above parameters approximate
electrical boundaries were identified by changes in slope on
the cumulative resistivity and conductivity plots. However,

to make the error more consistent and to reduce the uncertainty
corresponding to these boundaries, more exact boundaries were
then located from the original well-logs. Also, at the time

of plotting cumulative resistivity and conductivity vs. depth
curves, inasmuch as the upper limit of the cumulative sums was
not known and because this limit and depth of section was dif-
ferent for different plots, the curves were plotted to different
horizontal and vertical scales. Due to this reason, sometimes
when the scale ié very small, a local change in the character
of a bed iooks like a major boundary. However, at the time

of picking the electrical boundaries, only major units were
selected which are possible to detect using surface-based
electrical methods.

For calculating and plotting the synthetic sounding curves
corresponding to four DC resistivity configurations, namely, the
Schlumberger, Wenner, Radial and Equatorial dipole arrays
(Figure 6), the longitudinal resistivity was used for the
reason stated above. The resistivity and thickness corres-

ponding to an electrical unit were calculated by taking an
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i L
«—— AB/2 > AE/2 ——
( Schlumberger-array )
Gg = (W AB/2%)/20
A M
L o i _i
«— 8 —»%— a > a >
( Werner-array )
GW = 2Wa.
A N
4 v P '» %
< a >
( Radial-dipole )
Gg = T a)/b?
A N
b a b
B ]

( Equatorial-dipole )
Gp = 2ma’/p?
Figure 6 Different DC geometrical-arrays considered
in the present-study.
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arithmetic average of the values corresponding to different
‘Well-log sites in a particular area. Well-logs are generally
recorded only from a casing seat to the bottom of a well.

Due to this reason, at the time of computing apparent resis-
tivity curves and synthetic soundings, it was assumed that
the top layer extends up to the earth-surface and bottom laver
down to infinite depth. Also, the horizontaL layers were
assumed to be infinite in areal extent, homogeneous and iso-
tropic. As in practice, the areal extent of oil-field is
limited, an attempt was also made to give a feeling of the
error caused by the finite areal extent of oil-layer using
Whan's computer pfogram (1979).

Anomaly responses were computed by introducing the oil-
layer between layer 1 and 2 for varying trans?erse resistance
contrast ratio of the oil-layer to the first layer. Some-
times anomaly curves also show negative values. So, a
discontinuity is apparent on the plots when they show both
negative and positive anomalies inasmuch as a zero anomaly
value cannot be plotted on a logarithmic scale. In the pre-
sent study, we will talk only of the DC anomaly. An attempt
was also made to use actual oil-layer parameters, if it was
possible to identify them from the well-logs. In the
Wyoming area, it was not possible to specify these from

well-logs. Only in the California and Oklahoma cases were
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anomaly curves computed for actual oil-layer parameters.
Curves relating the transverse resistance contrast to the

maximum anomaly values were also plotted to provide a quick-

idea about maximum anomaly values.
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SOUTHERN PORTION OF THE SAN JOAQUIN VALLEY,

KERN COUNTY, CALIFORNIA

The average transverse and logitudinal resistivity and
coefficient of anisotropy corresponding to all individual
wells are tabulated in Appendix 1. Three major units are

detectable and their resistivities and thicknesses are:

i
I

6.36 Ohm - m, h 881 m

1 1

1728 m

) 2

and pP3 = 4.5 Ohm - m
which correspond to an H-type curve. The minimum and maxi-
mum depth available from well-logs study are about 27 and
4368 m, respectively. The coefficient of anisotropyof the
first unit, corresponding to well-logs #12, 13, 14, 16, and
17 is about 15%. The anisotropy is high for well-log #10
probably due to the presence of a local resistive unit.
The second unit does not show'significant anisotropy, being
below about 8% except for well-logs #5, 8, and 10 where it
is about 12%. For the third unit, it'ranges from 10% to
20-30%. The average longitudinal resistivity contours
corresponding to all three units are shown in Figures 7,
8, and 9. The contours corresponding to unit one show
high resistivity values in the right half of the area com-

pared to the left half. Again, for the unit second, they



T-2467
6 miles
_—
R24E R 25 E R 26 E R 27 E R 28 E

%] _ [ T | | ,

g\ e WELL

£

” .

o

™M

E~

¢U) ]

-4

N

&

) -

I

(o

£~

R24E R25E R26E R27E R 28 E

Figure 7 Average Longitudinal Resistivity
Corrtours in ohm-m,,First-unit,
California.

T32S T31S T30S T 298

22



T-24€7

6 miles
-

R20E R25E R26E R 27 E R 28 E
72] | | ! hl N .
R |e WELL Q
& T &
m 1w
o o
™ © [a
e 2.3 =
0 1w
- -l
™ [
&~ E
m 1w
o N
™\ ™

)

& | ] 1 [ &

R24E R25E R 26 E R27E R 28 E
Figure 8 Averége Longitudinal Resistivity

Contours in ohm-m.,Second-unit,
California.

23



T-2467

6 miles
-
R24E R25E R 2 E R27E R 28 F

0 %)
2 2
I [
%) 2
=3 =
= B
m )
= =
£~ e
n n
N R
£~ (3]

R24UE R25E R 26 E R27E R 28 E

Figure 9 Average Longitudinal Resistivity
Contours in ohm-m .,Third-unit,
California.

o



T-2467 25

show pretty much the same behavior. For the third unit,
there is a local patch of 5 ohm-m resistivity value in the
SW quadrant. For this unit, the contours have higher values
in the SE quadrant compared to the rest of the area.

For computing resistivity curves, the Ghosh convolu-
tion method (1971) was used. In terms of speed and economy,
this method gives good results within 1% accuracy. The
apparent resistivity curves corresponding to all four DC
arrays are shown in Figures 10, 11, 12, and 13. For the
Schlumberger array, the curve is plotted as pa/pl vs. the
ratio of half of the distance between current electrodes to
the thickness of the first layer, AB/2hj; for the Wenner
array as pa/p1 vs. distance between two consecutive electrodes,
a/hy; and for the radial and equatorial dipole arrays, as
pa/pl vs. distance between the center of the current and the
potential dipoles, a/hl. For computing the anomaly curve, it
was assumed that the oil-layer is embedded between the first
and second layers. Also, the resistivity of the oil-layer is
10 times the first layer resistivity. Keeping the oil-layer
resistivity fixed, anomaly curves were computed for different
transverse resistance contrast ratios of the oil-layer to the

/T ), which in later text is denoted by

first layer ('I‘Oil over

simple letter T. This ratio was 1, 5, 10, 15, 30, 50, 75,
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Figure 10 Apparent Resistivity Flot.
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Figure 11 Apparent Resistivity Flot.
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Figure 12 Apparent Resistivity Flot.
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Figure 13 Apparent Resistivity Flot.
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and 100%. The anomaly in the present study was defined as

(p)

a’with oil-layer—(pa)

environment %100

Anomaly % = o)
Pa’ environment

Again, the enomaly curves were computed for all four DC
arrays vs. the same spacing defined above; the results are
shown in Figures 14, 16, 18, and 20. The relationships be-
tween maximum anomaly values and transverse resistance con-
trast are plotted in Figures 15, 17, 19, and 21. The anomaly
curves were computed only for limited electrode separation
due to the reason that for very small or large separations
compared to the oil-layer depth, there will be little or no
anomaly. In computing anomaly curves, the Ghosh convolution
approach (1971) was used. Sometimes the anomaly curves were
not smooth for anomaly values less than 1% due to the in-
accuracy of the method used. 1In Figures 14 and 16, the
anomaly curves for Schlumberger and Wenner arrays are quite
smooth except when the anomaly is less than 1%. The maximum
anomaly value with the Schlumberger array varies from about
0.9 to 80% for T = 1 to 100%. With the Wenner array, it varies
from 0.84-74%, and is about 93% of that found for the Schlum-
berger array for both T values. For the radial-dipole array
it is about 1.2 to 110%, and for the equatorial-dipole array,
it is 1.1 to 96%. The radial-dipole anomaly is about 135
and 111% of the anomaly for the Schlumberger and the

equatorial-dipole arrays, respectively. So, in the case of
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Figure 14 Anomaly plot for varying Transverse

Resistance ContraSt(Toil/Tover.) in %.
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‘Figure 15 Plot of maximum anomaly for varying
Transverse Resistance Contrast
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Figure 16 Anomaly plot for varying Transverse
Resistance Contrast(Toil/Tover ) in %.
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Figure 17 Flot of maximum anomaly for varying

Transverse Resistance Contrast
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Figure 18 Anomaly plot for varying Transverse
Resistance Contrast(Toil/Tover.) in %.
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Figure 19 Plot of maximum anomaly for varying
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Figure 20 Anomaly plot for varying Transverse

Resistance ContraSt(Toil/Tover.) in %.°
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Figure 21 Flot of maximum anomaly for varying
Transverse Resistance Contrast
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the radial-dipole, it is maximum compared to the other

three arrays over the same model. However, using the
radial-dipole array, it also shows a negative anomaly at
small separations. We can say that sometimes the computed
04 with an oil-layer present is less in comparison to the
case without an oil-laver °g for these separations. Also,
the maximum anomaly value appears at a smaller a/hl value
for the Wenner array than for the Schlumberger array. This
is due to the fact that the depth of penetration in the "“enner
array is a bit more for the same a and AB/2 as thé distance
between two extreme current electrode in the Wenner array

1s more than in the Schlumberger array. Also, when we com-
pare the radial and equatorial-dipole arrays again, the
maxima appears at shorter spacings for the equatorial-dipole
array. This is due to the same reason; the actual distance
between the center of the current and potential dipole is
more than for equatorial-dipole array. From an overall re-
view, the radial-dipole array gives the best anomaly value
over a given model. The anomaly varies from about more than

12 to 110% for T values from 1 to 100%, which is very

encouraging.

Picked Up from Well-Log #10:

It is usually difficult to locate an oil/gas zone on a

well-log. However, for well-log #10, a possible oil/gas zone
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is demarcated at a depth of 743 m. 1Its thickness is 3.66 m
and the average longitudinal resistivity is 2.06 ohm-m, i.e.,
transverse resistance is 7.53 ohm. As the previous anomaly -
curves were computed assuming that the oil-layer is embedded
between layer one and two with a resistivity 10 times that
of the first layer. If we move this layer to the same éosi-
tion with resistivity lOpl, then its calculated thickness by
keeping the same transverse resistance is 0.118 m and the
transverse resistance contrast ratio of the oil-layer to

first layer is only 0.134%. The actual model is as below:

pl = 6.36 ohm-m, hl_= 88l m
Po = 63.6 ohm-m, hO =0.118 m
py = 1.69 ohm-m, h2 = 1728 m

and p3 = 4.5 ohm-m

The anomaly curves for all four DC arrays for the above

model are shown in Figures 22, 23, 24, and 25. Again, as
before, the maximum anomaly value corresponds to the radial-
dipole array. However, it is only 0.16% and there is a nega-
tive anomaly which is about 0.003%. However, as mentioned in
the early discussion, a commercial field should have a trans-
verse resistance contrast at least several percent, and so, we

can say that the above example is merely of academic interest.
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Figure 22 Anomaly plot over possible o0il/gas layer

picked-up from well-log # 10,
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Figure 23 Anomaly plot over possible 0il/gas layer

picked-up from well-log # 10.
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Figure 24 Anomaly plot over possible o0il/gas layer
picked-up from well-log # 10.
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Figure 25 Anomaly plot over possible o0il/gas layer

picked-up from well-log # 10.
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PAYNE, LOGAN, AND LINCOLN COUNTIES, OKLAHOMA

The average longitudinal resistivities and thicknesses
computed from the well-logs are as below:
= 4.8 ohm-m, hl = 1202 m
12.55 ohm-m

P1
and p2

The above geoelectrical parameters correspond to a two-layer
ascending type of curve (Type A). Average transverse and
longitudinal resistivity values and the coefficient of aniso-
tropy corresponding to all individual well-logs are tabulated
in Appendix 2. Only two units are recognizable. The minimum
and maximum depths available from well-logs were 30 and 1594 m,
respectively. The coefficient of anisotropy corresponding to
the first unit ranges between 10-30%. However, for the second
unit, it is sometimes high, being about 90%. This might be
due to the presence of resistive units like limestone, anhy—
drite, etc.

The average longitudinal resistivity contours for
both units are shown in Figures 26 and 27. The resis-
tivity contours corresponding to the first unit show a
local patch of resistivity of 5 ohm-m.  For the extreme
eastern part of the area, the contours are very close.
The resistivity for well #18 is low compared to well-

logs # 19 and 20; this might be due to the presenceof some
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local low resistivity patcﬂ. The behavior of the resis-
tivity contours corresponding to the second unit is

pretty similar to those for the first unit. The apparent
resistivity curves from the above model are shown in
Figures 28, 29, 30, and 31 for all four DC arrays previously
mentioned. For computing these curves, the same assumptions
and methods were used as before. For calculating the
electrical anomaly due to the presence of an oil-layer in
the above environment, again, it was assumed that it is
embedded between layer one and two with resistivity 10
times that of the first layer resistivity for different
transverse resistance contrast ratios T =1, 5, 10, 15,

30, 50, 75, and 100%. The anomaly curves were computed

for all four DC arrays and are plotted in Figures 32, 34,
36, and 38. The maximum anomaly values corresponding to
fixed T values are also plotted in Figures 33, 35, 37, and
39. The anomaly plots for the Schlumberger and Wenner
arrays are similar to one another and do not show negative
anomalies. However, in the case of the radial-dipole
array, there is a negative anomaly. The negative anomaly
corresponding to T = 100% is'comparable to the positive
anomaly for T = 5%. The maximum anomaly corresponding to T
ratios of 1 and 100% are about 0.07 and 6.3%, respectively,
for both the Schlumberger and Wenner arrays.A However,

strictly speaking, the maximum anomaly value is a bit more in
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Figure 28 Apparent Resistivity Flot.
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Figure 29 Apparent Resistivity Plot.
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Figure 30 Apparent Resistivity Plot.

OKLLAHOMA (RADI. DIPOLE)

® )
c-: L\-—
4 L
j (M.XK.S. unit)
p,=4.8.h =1202
— L
o
I J
¥
\ 4
o
<L
O
I
K- -
§q L @
§ - , — " — ,‘l_
10 10°

19 1 a,/h1



T-2467 52

Figure 31 Apparent Resistivity Plot.
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Figure 32 Anomaly plot for varying Transverse

Resistance ContraSt(Toil/Tover.) in %.
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Flgure 33 Flot of maximum anomaly for varying
Transverse Resistance Contrast
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Figure 34 Anogaly plot for varying Transverse
Resistance contraSt(Toil/Tover.) in %.
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Figure 35 Flot of maximum anomaly for varying
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Figure 36 Anomaly plot for varying Transverse

Resistance contraSt(Toil/Tover.) in %.

OKLAHOMA (RADI. DIPOLE)

@ Q
. 75 3
4 .
] (M.K.S. unit) 50
Py =t.8,h =1202 -
/1'11//L'A4'£1 /// t‘
Po=12.55 , s
®R
i] (-ve)
<
Pl
@)
Z
<v—
o
©




T-2467 58

Figure 37 Plot of maximum anomaly for varying
Transverse Resistance Contrast

(Toil/Tover.)’
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Figure 38 Anomaly plot for varying Transverse

Resistance Contrast(T

oil/Tover.) in %.
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the case of the Schlumberger array than for the Wenner array.
For the radial and equatorial dipole arrays, it is higher
than for the other two arrays. It is maximum for the radial-
dipole array, compared to the rest of the three arrays and
is about 0.083 and 7.3%, respectively for the same T values,
which is about 118 and 1162 of the Schlumberger array
anomaly for T = 1 and 100%, respectively, and about 108%

for both T values of equatorial-dipole anomaly. From an
overall review, again, the radial—dipole gives the best
results. However, in this type of environment, the maximum
anomaly value is less than 10%, while in the environment
corresponding to Kern County, California, it was about 110%

for the same T value.

Anomaly Due to the Presence of Actual Oil-Layer:

For well-log #5, a possible oil-gas-saturated bed of
about 3.05 m thickness is demarcated at a depth of 1319 m;
it has an average longitudinal resistivity of 20.66 ohm-m,
which gives a transverse resistance of 62.97 ohm. As the
above anomaly curves were computed assuming that the oil-
layer is embedded between layer one and two, again, the
same model was assumed; however, this time, actual trans-
verse resistance value corresponding to the oil-layer was
used, which gives a transverse resistance contrast ratio

1.09% of oil-layer to the first layer. Again if we assume
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the resistivity of oil-layer 1001, it reduces the oil-

layer thickness to 1.31 m. The final model is as below:

’

Py = 4.8 ohm-m, hl = 1202 m
o = 48 ohm-m, hO = 1.31 m
and Py = 12.55 ohm-m

The anomaly curves were computed for all four DC arrays and
are shown in Figqures 40, 41, 42, and 43. Again, the maxi-
mum anomaly corresponded to the radial-dipole array and is
about 0.092%. Again, it also shows negative anomaly with

a maximum value is 0.004% for the same array. Again, as

the transverse resistance contrast is only 1.09%, the above
field is not of practical interest. However, if this field
were to appear in the California geoelectrical environment,
it could have given more than the 1% anomaly; in the present

environment it is less than 0.1%.
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Figure 40 Anomaly plot over possible o0il
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Figure 41 Anomaly plot over possible oil/gas layer
picked-up from well-log # 5.
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Figure 42 Anomaly plot over possible o0il/gas layer
picked-up from well-log # 5.
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Figure 43 Anomaly plot over possible 0il/gas layer

picked-up from well-log # 5.
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LANCE CREEK FIELD, WYOMING

From the well-logs, three units are recognizable;
their average longitudinal resistivities and thicknesses

are as follows:

ol = 4.24 ohm-m, hl = 1063 m
Py = 9.88 ohm-m, h2 = 274 m
and p3 = 56.22 ohm-m

which correspond to the category of an A-type curve. The
average transverse and longitudinal resistivities and co-
efficient of anisotropy for individual well-logs are tabulated
in Appendix 3. The coefficient of anisotropy for unit one
is low, about 6%, except for well-logs #4, 5, and 20, where
it is about 15%. For the second and third units, it is
generally below 40%; sometimes it rises to 50-60%. The
high values are probably due to the presence of resistive
units, such as limestone, anhydrite, etc. The minimum

and maximum depth available from well-logs are 52 and

3353 m, respectively. Actually, the maximum depth avail-
able from well-logs, except well #5, is 1676 m. The
integral resistivity plot for well #5 is different in
character compared to the other integral plots in the

same area. However, as we are interested in the average
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behavior of the.resistivity in the overall area, only

the first three units were considered from this plot for
calculating average geoelectrical parameters. If we com-
pare the average geoelectrical parameters of this area

with those for the Oklahoma area, the first unit is much
the same. Also, the second uni£ matches well with the
second unit in the Oklahoma area. However, in the Wyoming
area, we observe one more unit which has a high resistivity
(56 ohm-m).

The average longitudinal resistivity contours are shown
in Figures 44, 45, and 46 for all three units. The contours
for the first unit show sudden changes.-in resistivity values
in the central part of the area. The average resistivity
value in the east and extreme S-W is about 3 ohm-m, while
in the rest of the area, it is about 5 ohm-m. Resisti§ity
contours corresponding to the second unit are smooth, except
for one or two local patches in the NE. The resistivity
value to the west is high, being about 11-15 ohm-m, while
in the rest of the area, it is about 7-9 ohm-m. The third
unit, shows high resistivity'in the west. But this time,
in the far NE quadrant, it shows an increasing trend in
resistivity while in the second unit, there is a decreasing

trend.
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The apparent resistivity and anomaly curves for all
four DC arrays are shown in Figures 47, 48, 49, 50, 51,
53, 55, and 57 with the same assumptions and using the same
computing technique as before. The maximum anomaly vs.
transverse resistance contrast curves are shown in Figures
52, 54, 56, and 58. Again, the radial-dipole array gives
the best anomaly values. However, this time all arrays show
a negative anomaly for large separations and the radial-
dipole array shows negative anomalies for both small and
large separations. The maximum anomaly for the radial-
dipole array is less than 2% for T = 100%. For T = 1%, it
is only 0.023%. The results are not encouraging and it
seems difficult to detect an oil-layer in such an environ-

ment.
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Figure 47 Apparent Resistivity Flot.
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Figure 48 Apparent Resistivity Flot.
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Figure 49 Apparent Resistivity Flot.
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Figure so0 Apparent Resistivity Plot.
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Figure s2 Flot of maximum anomaly for varying
Transverse Resistance Contrast

(Toil/Tover.)'
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Figure 53 Anomaly plot for varying Transverse
Resistance Contrast(Toil/Tover ) in %.
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ANOMALY =

Figure s4 Plot of maximum anomaly for varying
Transverse Resistance Contrast
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Figure 55 Anomaly plot for varying Transverse

Resistance Contrast(Toil/Tover.) in %.
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Figure 56 Flot of maximum anomaly for varying
' Transverse Resistance Contrast
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Figure 57 Anorpaly plot for varying Transverse
Resistance ContraSt(Toil/Tover.) in %.
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Figure s5g Flot of maximum anomaly for varying
Transverse Resistance Contrast
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FINITE OIL-LAYER EFFECT OVER ANOMALY

As already mentioned, the previous anomaly curves were
computed assuming that the oil-layer is infinite in areal
extent. However, in practice, it has a finite areal extent.
To have some idea about how the anomaly values differ over
a finite oil-layer in cémparison with an infinite layer,
Whan's computer program (1979) was used. In the first ﬁodel,
it was assumed that the finite oil-layer is buried at a
depth of 1,000 m in a half-space with areal extents of
2,000 and 1,600 m in the x and y directions, respectively.
The anomaly curves were computed over both infinite and
finite oil-layers for the Schlumberger array for transverse
resistance contrast (T) between the oil-layer and the over-
burden of 100 and 1%; the results are plotted in Figure 59.
The anomaly over an infinite-layer is about 24 and 0.3%
for T = 100 and 1%, respectively. However, for the finite
layer it is about 10 and 23% of latter said anomaly, re-
spectively. The anomaly curve for T = 1% over a finite-
layer model is not smooth due to numerical errors as the
maximum response is smaller than 0.1%. If we increase
the size of the finite-laver, thg anomaly should increase.
The same finite-layer model was assumed with twice the
areal extent at the same depth of 1,000 m.

The anomaly curves over infinite and finite layer
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Figure 59 Anomaly plot over infinite(IL) & finite
oilflayer(FL) for varying Transverse
?is%stance ContraSt(Toil/Tover.) ratio
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models are plotted in Figure 60. The anomaly over the finite-
layer is about 50 and 67% of the anomaly over an infinite oil-
layer for T = 100 and 1%, respectively. Also, the anomaly
curve over a finite oil-layer is smoother than the first model
anomaly curve due to the increase in anomaly value.

The anomaly curves were also computed over the same models
for the radial-dipole array and are plotted in Figures 61 and
62. The anomaly for the first model is about 5 times that ob-
tained for the Schlumberger array. The anomaly curve over the
second model is close to the anomaly curve over the infinite
areal-extent model. So, the radial-dipole array gives better
results than the Schlumberger array over a finite oil-layer.
There are negative anomalies for both infinite and finite
layer models using the radial-dipole array.

Curves were also computed for a dipping finite-layer.

It was assumed that the finite layer in the first model

is dipping at +30° with respect to the x-axis. The

anomaly curves over finite dipping and infinite horizontal
layer for both the Schlumberger and radial-dipole arrays
are plotted in Figures 63 and 64. The Schlumberger anomaly
curve over a finite dipping layer first shows a positive
anomaly, then negative, and again, positive. However, the
radial-dipole anomaly curve trend is the opposite. Again,
using the radial-dipole array, the maximum anomaly value

is much better than that found for the Schlumberger array.
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Figure 69 Anomaly plot over infinite(IL) & finite
oil-layer(FL) for varyin§ Transverse
?is;stance Contrast(Toil Tover.) ratio
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Figure 61 Anomaly plot over infinite(IL) & finite
oil-layer(FL) for varying Transverse
kBes;stance ContraSt(Toil/Tover.) ratio
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Figure g2 Anomaly plot over infinite(IL) & finite
oil-layer(FL) for varying Transverse
Resistance ContraSt(Toil/Tover.) ratio
in %.
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Figure g3 Anomaly plot over infinite horizontal
(IKL) & finite dipring oil-layer(FDL)
for varying Transverse Resistance
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Figure g4 Anomaly plot over infinite horizontal
' (IEL) & finite dipping oil-lzyer(FDL)
for varying Transverse Regispance
Contrast(Toil/Tover.) ratio in %.
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The anomaly curves were also computed for the case in which

the finite-layer makes a -30° angle with x-axis. However,

the results were exactly the same as before. So, the dip

direction does not have any effect on the anomaly curves.
Anomaly curves were also computed for the first model

for a buried current electrode. It was assumed that the

current electrode is buried at the center of the finite-

layer (x = 0) at depths, Z = 10, 500, and 700 m, and the

potential electrode pair is moved along the surface. These

curves are plotted in Figures 65, 66, and 67 as a function

of separation between current electrode and potential elec-

trode pair (a). Study of the results shows that as the depth

of the buried electrode increases, the maximum anomaly in-

creases. For a depth Z = 700 m, it is about 114 and 117%

for T = 100 and 1%, respectively,of the anomaly computed for

a radial-dipole array at the earth's surface. Also, one

more interesting feature is that the maxima appears at

small electrode separations. So, we do not need to make

measurements up to long separations. A composite plot

corresponding to all three burial depths is shown in

Figure 68 just to provide insight about the behavior of

the anomaly with increasing current electrode depth. Anomaly

curves when the current electrode was buried away from the cen-

ter of the finite-layer at x = =750 m for all three above depths

are plotted in Figures 69, 70, and 71. At this time, the



T-2467 o
Figure 65 Anomaly plot over finite oil-layer
for fixed buried current electrode
at x=0 & z=10 m and moving pote;tial
electrode pair for varying T _../T
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Figure 66 Anomaly plot over finite oil-layer
for fixed buried current electrode
at x=0 & 2=500 m ard moving potential
electrode pair for varying T _../T

0il/ “over.
ratio in %.
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Figure 7 Anomaly plot over finite oil-layer
for fixed buried current electrode
at x=0 & 2=700 m and moying potential
electrode pair for varying Toil/Tover.
ratio in %-
S HALF DIPOLE o
é vy
| R i
1000
0
o / 1 /1600 FS
5 2000 [
h (MoKoSo unit) i
&t—_ P
>_
.
<
PRI !
Z e | ®
<< 3 E
o L©
el — S—
Q' 1 a/hl 12 19



T-2L67 97
Figure 68 Composite anomaly plot over finite
oil-layer for varying buried current
electrode depth at x=0 and moving
poteritial electrode pair for varying
Toil/Tover. ratio in %.
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Figure 69

Anomaly plot over finite oil-layer.

for fixed buried current electrode
at x= =750 m & 2=10 m and moving
potential electrode pair on Left-
hand(LH) & Right-hand(RH) side of
current electrode for varying T
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Figure 70 Anomaly plot over finite oil-layer

for fixed buried current electrode
at x= =750 m & 2z=500 m and moving
potential electrode pair on Left-
hand (LH) & Right-hand(RH) side of

current electrode for varying Toil
/Tover. ratio in %.
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current electrodes are not symmetrically located with re-
spect to the location of the finite-layer; the resulting
anomaly curves are plotted as the potential electrode pair.
is moved on either side of the current electrode along the
x-axis. The maximum anomaly value increases with increasing
depth. For a depth of Z = 700 m, it is about 104 and 107%
when the potential electrode pair is on the right hand side
of current electrode of radial-dipole anomaly at the earth's
surface. When the potential electrode pair is on the left
side, it is about 91 and 93%_forvthe same T values, respec-
tively. Anomaly curves are also plotted in Figurés 72, 73,
and 74 for all the same depths when the current electrode

is buried x = -1250 m. This time the maximum anomaly value
corresponds to the depth Z = 10 m and then decreases with
increasing depth because the current tends to flow parallel
to this layer and is less distorted. The anomaly is about
65% for boh T values for the radial-dipole array at the
earth's surface. For measuring the dipole on the left side,
it is about 7% for both T values. Thus, the radial-dipole
array is best for detecting a finite oil-layer and for a

" buried current electrode, we do not need to make measure-
ments up the long separations normally needed in the DC

soundings.
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Figure 72 Anomaly plot over finite oil-layer
for fixed buried current electrode
at x= -1250 m & z=10 m and moving
potential electrode pair on Left-
hand(LH) & Right-hand(RH) side of
current electrode for varying Toil

/Tover. ratio in %.
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Figure 73 Anomaly plot over finite oil-layer
for fixed buried current electrode
at x= -1250 m & 2=500 m and moving
potential electrode pair on Left-
hand(LH) & Right-hand(RH) side of
current electrode for varying Toil
/Tover. ratio in %.
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Figure 74 Anomaly plot over finite oil-layer
for fixed buried current electrode
at x= -1250 m & 2z=700 m and moving
potential electrode pair on Left-
hand(LH) & Right-hand(RH) side of
current electrode for varying T
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CONCLUSIONS

Study in the present work shows that:

1. Different oil-fields have different geoelectrical
parameters. The geoelectrical parameters for the southern
portion of San Joaquin Valley, Kern County, California,
correspond to an H-type of curve. The geoelectrical parame-
ters for Payne, Logan, Lincoln Counties, Oklahoma, and Lance
Creek, Wyoming, correspond to an ascending type of curve
with two and three layers, respectively.

2. The anomaly value depends upon the environmental
geoelectric parameters in which the oil-layer is embedded.

3. The maximum anomaly value in an H-type of an en-
vironment with an oil-layer embedded between the first and
second layers is almost the same as the transverse resistance
contrast of oil-layer to the first layer when the radial-
dipole array is considered. 1In a two-layer ascending type
of environment, it is below 8% for T = 100%. 1In A-type of
an environment, it is less than 2% for the same T values
and arrays.

4. The radial-dipole array gives the best maximum
anomaly value followed by the equatorial-dipole, Schlumberger
and Wenner arrays over the same model.

5. The finite areal extent of an oil-layer does not
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have any significant effect on the anomaly value for an
infinite layer if its dimensions are about four times the
depth.

6. Soundings carried out with one buried current
electrode in the vicinity of oil-layer and a moving po-
tential electrode pair, increase the maximum anomaly value
over the same model and the maximum anomaly value appears
at a separation comparable to the depth. Therefore, we do
not need to make measurements at long separations compared
to the depth as we generally do in DC soundings.

7. The direction of a dipping oil-layer along the
geometrical spread line does not have any effect on the
computed anomaly whether it is dipping downward or upward.

8. Finally, the anomaly should be greater than the
expected lateral-resistivity variation in environmentai—

layers.
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* Resistivity-integral plots & geoelectrical

CUM. RES. & COND. VS. DEPTH

LUELL # 1 (CALIFORNIA)

DIGITIZE INTERVAL (FT) 4 1o. /
TOTAL R| = 5672 /
TOTAL C|= 351, //
ToTE, FT7H CORID DIV /

| 1138, Oofr-M/V GRID/DIV
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CUM. RES. & COND.,

CUM. RES. & COND. VS. DEPTH

109

510.

WELL # 2 (CALIFORNIA)
DIGITIZE INTERVAL (FT) 4 1@.
TOTAL R| = 1@@22>///’”'/~
TOTAL C|= 179
298 F[7H GRED DIV
2004. OHM-MAN GRID DIV
AV R = BLOBExDIG INT Z/
)/
g
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 3 " (CALIFORNIA)

110

DIGITIZE INTERVAL (FT) =
TOTAL R| = 1868.
TOTAL C|= 288.

) L /
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

111

WELL # 4 (CALIFORNIA)
DIGITIZE INTERVAL (FT) o 10Q.
TOTAL R| = 9212.
TOTAL C| = 421. ////
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1838. OHM-M,V GRID DIV /////
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CUM. RES. & COND.

90.

CUM. RES. & COND. VS. DEPTH

112

WNELL # 5 (CALIFORNIA)
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

113

1000.

WELL # 6 (CALIFORNIA)
DIGITIZE INTERVAL (FT) + 10.
TOTAL R} = 4211.
TOTAL C| = 662.
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DEPTH
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

114

130Q.

DEPTH

WELL # 7 (CALIFORNIA)
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T-2467 115

CUM RES. & COND. VS. DEPTH

WELL # 8 (CALIFORNIA)
DIGITIZE INTERVAL (FT) H 19.

TOTAL R| = 1944.
TOTAL C| = 691.

2030, F7H GRID DIV //
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1
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—
%
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

( CALIFORNIA)

WELL # 9

116

DIGITIZ
TOTAL R
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e

T
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T-2467 117

CUM. RES. & COND. VS. DEPTH

WELL # 10 (CALIFORNIA)

DIGITIZE INTERVAL (FT) 4 10.
TOTAL R|= 2431.
TOTAL C|=353. | _—| ///
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CUM. RES. & COND. VS. DEPTH

WELL #11  (CALIFORNIA)

DIGITIZE INTERVAL (FT) H 10.
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CUM. RES. & COND. VS. DEPTH
WELL # 12 (CALIFORNIA)
DIGITIZE INTERVAL (FT) o 1@.
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CUM. RES. & COND. VS. DEPTH
WELL # 13 ( CALIFORNIA)
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 14 (CALIFORNIA)
DIGITIZE INTERVAL (FT) o 10.
TOTAL R| = 26709.
TOTAL Cj= 476. ////
7798 FI7H OGRIDDIV
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CUM. RES. & COND.

550.

CUM. RES. & COND. VS. DEPTH

WELL # 15 (CALIFORNIA)
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TOTAL R
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 16 (CALIFORNIA)

123

1
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TOTAL C
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

124

WELL # 17 (CALIFORNIA)
DIGITIZE INTERVAL (FT) o 10.
TOTAL R = 4131.
TOTAL C| = 309.
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CUM. RES. & COND.

1250.

2467

CUM. RES. & COND. VS. DEPTH

( CALTIFORNIA)
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# 18
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WELL # 1 (CALIFORNIA)

UNIT DEFTH INTERVAL AV.TRA.RES. AV.LON.RES. COEFF.ANISO.

1

28]

3

WELL

rJ

WELL

3

WELL

8]

WELL

e8]

WEL.L

1000.~ 3900.
5900.—~ 7880.

7880.-10570.

&
s
<
Gl

830,

3830.—- 7000.

540.~ 3000,
3000.~ 5820.
4
1010.~ 3470,
3470.-11930.,
11930.-14330,
£ 5
0.~ 4330,
4330,~10950.
10950,-13500,
¥ 6
1000.~ 3610,
3610.-11200.,
11200.-12700.

7

~3
>

&

*

2
o

3

4y

.

1.99

6.53

13.59

2.06

1.1807

1.4335

1.3848
1.1293

1.1813

12€
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1 1300.- 2420. 10.26 5.32 1,.3889

2 2420.~ 9700, 1.94 1.77 1.0480

3 ?700.,-10260. 10.49 6.37 1.2829
WELL # 8

1 1210.~ 1330. 6.00 4,17 1.1991

2 1330.-11180. 1.78 1.44 1.1117

3 11180.-11360. 6.95 S.77 1.0659%
WELL & 9

1 300.~ 1060, 12.24 5.99 1.4293

2 1060.~ 3710, 1.89 1.73 1.0429

3 3710.- 4480. 3.72 3.48 1.0338
WELL # 10

1 230.~ 1190. 18.85 4,46 2,0561

2 1190.- 5170, 1.52 1,20 1.1237
WELL # 11

1 100.- 1460, 14,79 8.06 1,3550

2 1460.—- 2900. 1.73 1.54 1.0602
WELL # 12

1 1500.- 7820, 1.38 1.30 1.0323

2 7820.,~ 9200, 3.55 3.21 1.0517
WELL # 13

i 1650.,- 7840, 1.351 1.34 1.6602

2 7840.~ 9200. 6,06 5.31 1.0680

WELL % 14
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tJ3

WELL #

8]

WELL #

8]

WELL #

8]

WELL #

3

530.~ 2740,

rJ

N

D

o
*
l

7650,

7650.~ 9540,

5509"‘ 1940'

19240.~ 7680,

7680.- 2630,
14
1010.- 2900.

2900.~ 7780.
7780.~ 25%90.
17

1500.~ 2760,
2760.~ 7480.
7480.-11420.,
i8

1?50.~ 4360,
4360.~ 7020,

S.74

r3
-

i
2

ol
-

~3
tJ3

2.13

2.86

1.1647
1.0471

1.0626

1,3139

1.1033

128
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A} ENDIX 2 :

Resistivity-integral plots & geoelectrical

rarameters,Oklahoma.

CUM. RES. & COND. VS. DEPTH

WELL # 1 ( OKLAHOMA)

DIGITIZE INTERVAL (FT) H 10. <
TOTAL R| = 6451,
TOTAL C} = 59.
S36.  F7H GRIDDIV™ e
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Q
=8 /
»
!
1%
= J
D
O
/ /
/’/////’///w///
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 2

( OKLAHOMA)
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Rl =

~
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[
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431.
AV R

FT7H GRID
OoHM-M/V GR
= BLOPE=DI(

120.

1364.

1986.

DEPTH

2608.

3239.
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CUM. RES. & COND. VS. DEPTH

WELL # 3 (OKLAHOMA)

DIGITIZE INTERVAL (FT) 4 10. ]
TOTAL R| = 3544. /)////_<
~OTAL C| = 136. /,///

82T FI/H GRIDDIV [

708. OHM-M/V GRID Dly//
AV R = BLOPExDIG INT/

e |

A1y
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-

/
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CUM. RES. & COND. VS. DEPTH

WELL # 4

( OKLAHOMA)
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1

e

= 4493,
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DIV s

Nt |

/

J
/
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|
|
!
|
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 5

( OKLAHOMA)

133

DIGITIZ
TOTAL R
TOTAL C
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93. |

10.

-~
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| ;
/ |
R‘/
i , i
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

CWELL # 6  ( OKLAHOMA)

134

 DIGITIZE INTERVTL (FD) 4 1. |

TOTAL R| = 4759, )

TOTAL €| = 74. |

920 FI7H GRID- DIV ”

95@. OHM-M/V GRID DIV ///

AV R = BLOPE*DIG INi////

//
!
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DEPTH
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CUM. RES. & COND. VS. DEPTH
T UUELL # 7 OKLAHOMA) -
| DIGITIZE INTERV/IXL (FH 4 10. -
TOTAL R| = 4569. /{/
TOTAL C| = 90 a
932, FI7H ORID DIV / I
L | 912 Opr-rsv GRID DIV |
Z | AV R = BLOPExDIG INT
(W)
o6 ///
y
v /
5 e
O /
R
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

136

WELL # 8 ( OKLAHOMA)
DIGITIZE INTERV#L (FT) < 10. | Z
|
TOTAL R| = 3535. '
TOTAL C| = 174, é
Se4——FT7H GRIDIDIV 7 f
706. OMM-M,V GRID DIV
AV R = BLOPE*DIG INI////
|
Ny
/_Z//
300. 1264.  2228. 3192.  4156.

DEPTH
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CUM. RES. & COND. VS. DEPTH
WELL # 9 (OKLAHOMA)
DIGITIZE INTERVAL (FT) 4 10.
TOTAL R| = 3466.% |
TOTAL C|= 85. | ,
—§58F 7R GRID DIV i
L | 692. Ofr-M/V GRID DIV //// ]
& | AV R = PLOPEXDIG INTQ///
Q
o5 /////
»
%
\ Z/ ﬁ///
p
]
O /
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220. 1118.  2016.  2914. 3812

DEPTH
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CUM. RES. & COND. VS. DEPTH

WELL # 10 ( OKLAHOMA)

TOTAL
TOTAL

DIGITIZE INTERVTL (FT)

R| = 5242.
C| = 80,

=5 19.

752
1047 .
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T T 7H GRID DIV

OHM-M,V GRID DIV
= BLOPExDIG INT

/

%
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=g
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1972. 2024.

2976.

DEPTH

3928.

4880.
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CUM. RES. & COND. VS. DEPTH

139

_HELL # 11 (OKLAHOMA)
DIGITIZE INTERVAL (FT) 4 12, L
TOTAL R| = 4651.’ a
TOTAL C|= 125, e
TRRZF 7/ GRID DIV -
| 929. of-ryv GRID DIV
Z | AV R = BLOPExDIG INT
O L/
L/
od ¥
. //‘ c
R /
e /
: /
J/ |
// i R / J
/ {
.// / }
/// l
! | |
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CUM. RES. & COND. VS. DEPTH

140

WELL #12 ( OKLAHOMA)
| DIGITIZE INTERVAL (FT) 4 10. |
TOTAL R| = 4204. | p
TOTAL C|= B81. | e
956 F/H GRIDIDIV T
- | 83e. OHM- MV G%ID DIV | ///]
Z AV R = BLOPExDIG INT // !
o | g .
% ' // / ‘
i /
/ -
5 - ;
O |
/'///
I
120. 1076.  2@32.  2988.  3944.

DEPTH
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 13 ( OKLAHOMA)
DIGITIZE INTERV%L (FT) 4 1. {
TOTAL R| = 5123. AT
TOTAL C| = 87. =
9o FI7H GRIDIDTV
1824. OHiM-M/V GRID DIV |
AV R = BLOPE*DIG INT/
| e |
/
/i
A
Z e
//////// |
,/// —~—R !
/ ///JJ// !
/ i
220 1180.  2140.  3100.  4060.

DEPTH
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 14 (OKLAHOMA)

DIGITIZ
TOTAL

- INTERVAL (FT)
Rl = 2886.
TOTAL Cl = 69.

==

10.

698"
577.

AV R =

FT7H ORID DIV
OHM-M/V GRID DIV

SLOPE*DIG INT

950.

1648.

2346.
DEPTH

3044.

3742.

142

4440Q.
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CUM. RES. & COND. VS. DEPTH

WELL # 15 (OKLAHOMA)
DIGITIZE INTERVAL (FT) A 10.

A

TOTAL R|= 2959. |
TOTAL Cl= 114, e
894 F [7H GRIDDIV 7/

591. OpM-M/V GRID DIV |/

o)

Z | AV R = BLOPExDIG INT/

U i

ob }// ./
% 7

& /

. /

pant

2

O

430. 1324. 2218. 3112. 4006 . 490209 .
DEPTH



T-2467
CUM. RES. & COND. VS. DEPTH
WELL # 16 (OKLAHOMA)

DIGITIZE INTERVAL (FT) < 10.

TOTAL R| = 2854,

TOTAL C| = 94.

870, fF[/7H ORIDDIV ~
| 569 oprt-rv GRID DIV ///
Z AV R = BLOPE*DIG INT
o /
o8 // ////

: Jo
[4))
! //
(V4
] R
£ =
5 / ~
D)
/
/'/
//
200. 197@.  1940. 2810.

DEPTH

144



( OKLAHOMA)

145

//‘

—

/

T-2467
CUM. RES. & COND. VS. DEPTH
WELL # 17
DIGITIZE INTERVAL (FT)  10.
TOTAL R|= 5295.
TOTAL C|= 78.
o220, F7H GRIDDIV )
~ | 1988, OtV GRID DIV {
Z | AV R = BLOPExDIG INT
O /C
[N} /
%) -
) .
(14 ,
g ///
- / ~"R
7 -

160.

1979.

19909.
DEPTH

2910.

38309.

4750.
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CUM. RES. & COND. VS. DEPTH

WELL #18 (OKLAHOMA)
DIGITIZE INTERVAL (FT) H 10. ,/‘

TOTAL R|= 3128. //‘//
TOTAL C|= 135. /C

/7 rg. FT7H GRIDD

625. OHM-M/V GRI D/I,v’
AV R = SLOF’E*DI,G}NT

= —

T

l—l

7
/

O

CUM. RES. & COND.

/ %
Vo7
| |
/

350. 1120. 1890. 2660. 3430. 4200.
DEPTH




T~

CUM. RES. & COND.

2467

CUM. RES. & COND. VS. DEPTH

WELL #19

( OKLAHOMA)

T

TOTAL R| =
TOTAL C| =

DIGITIZE INTERVAL (FT) o 10.
5407.
7Q.

820 F[7H GRID DIV
1076. OfM-M/V GRID DIV .
AV R = BLOPExDI(

5 INT
Ve

S
"
/

/ |

|/

150. 970..

1790.

2610.

DEPTH

3430.

4250.

147
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 20 (OKLAHOMA)

DIGITIZE
TOTAL Rl =
TOTAL Cf| =

BN

INTERVAL (FT

/7385.
39.

5 10.

S60. F
1470.
AV R = BL

7H GRID
OWHM-M,V GRID DIV /
OPExDIG INT

DIV

960.

1820.

2680.

DEPTH

3540.

4400.

148
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

43309.

| WELL # 21 ( OKLAHOMA)
DIGITIZE INTERVAL (FT) 5 18. T
TOTAL R|= 4639. Pl
TOTAL C| = 69.
8T6.  r [/ ORID DIV ~
923. OHM-M,V GRID DIV .-
AV R = BLOPExDIG INT
// ///////////
250. 1066.  1882.  2698.  3514.

DEPTH

149



T-2L67
CUM. RES. & COND. VS. DEPTH
WELL # 22 ( OKLAHOMA)
DIGITIZE INTERVAL (FT) o 10.
TOTAL R| = 6144, -
TOTAL C|= 67. .
P2 FT7H GRID DIV /C'
- 1219. OHM-M/V GRID DIV
Z | AV R = BLOPExDIG INT
S y
o .
v /
u!
1%
) R/
O /./ /
/ /
/
p
150. 1052. 1954, 2856 . 3758.

150

DEPTH

4660.
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CUM. RES. & COND. VS. DEPTH

WELL # 23 (OKLAHOMA)
DIGITIZE INTERVAL (FT) < 10. e

TOTAL R| = 6007. A

TOTAL C|= 95, e
st FT7H GRID DTV =
1199. OHM-M,V GRID q;v
AV R = BLOPE*DIG INT
, .//
p
S
/ P
/ R

CUM. RES. & COND.

250. 1214. 2178. 3142. 4106. 50709.
DEPTH



T-2467

CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

HELL # 24 (OKLAHOMA)

152

300.

DEPTH

DIGITIZE INTERVAL (FT) o 10. -
TOTAL R| = 4774, 4
e
TOTAL C|= 83. :
STE&TF[7H GRID DIV =
954. OHM-M,V GRID DIV//‘
AV R = BLOPExDIG INT
—
P /
/ g /
.
/ /
/ ////////
g y.
1216.  2132. 3048. 3964,

4880.
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WELL # 1 (OKLAHOMA)

UNIT DEFTH INTERVAL AV.TRA.RES. AV.LON.RES. COEFF.ANISO.

1 220.-3420. 7.52 5,94 1.1250
2 3420.-4400, 40.88 19.58 1.4449
WELL # 2
| 120.-3230. 5.95 4.88 1,1940
WELL # 3
1 550.-3700. 4.38 2.63 1.2920
2 3700.-4680. 21.88 6416 1.8847
WELL # 4
1 120, ~3850. 5.74 4,47 1.1087
2 3850.,-4850. 23,34 10.80 1.4698
WELL # 5 |
1 220.-4030, 6.06 4.47 1.1637
2 4030.-4920. 23,62 12,01 1.4024
WELL # 6
1 220.-40%50, 6.54 5.67 1.1064
2 4050.-4820. 26.97 13,00 1.4404
WELL & 7
1 220.-4120. 6.43 4,49 1.1713
2 4120.-4880. 26.82 12.26 1.4788
WELL # 8
1 300.-4340, 4,57 2.53 1.3442

2 4340.-5120. 21.54 5.84 1.9194



T-2467

WEL.L,

t3

WELL

3

WEL.L

3

WELL

3

WELL

3

WELL

£ 9
220.-4420,
4420,-4710.
# 10
120.-4390.,
4390.-4880.
* 11
220,-43%0,
4390,-5230.,
12
120.-4390.
4390,-4900,
¥ 13
220.-4010.
4010.,-5020.
$ 14
50,4050,
4050.-4440,
$ 15
430.-4040,
4040,-4900.
£ 16
200,-4080.,

4080.-4550.

46.96

18,22

9.81

12.46

3,49

14.54

4]
o}
4]

11.87

4.80

13,30

1.1708

1.2410

1.2689

1.3443

1.2907

1.3427

1.1841

1.1973

1.4420

1.2140

1.1757

1.1606

1.3613

154
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WELL # 17

1 1500“38000

8]

3800.,-4750.
WELL # 18
1 350.-3400.,
2 3400.-4200.,
WELL # 19
1 150.~3390.
2 3390.-4250.,
WELL # 20

1 100.-3340.

rJ

3340.,-4400.,
WELL # 21

1 250.-3480.

2 3480,-4330.,
WELL # 22

1 150.~-3610.

2 3610.-4660.
WELL # 23

1 250.-4170.,

2 4170.-5070.
WELL # 24

1 300.-4270.

2 42700"48800

7.09

28,36

12.49

31.16

6.95

27.84

6.74

37.00

?.72

17.42

5.18

13.89

5.89

$5.02

15.74

1.1680

1.4819

1.1338

1.3373

1.1641

1.5519

1.2399

1.4894

1.2179

1.3651

155
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AFFENDIX 3 : Resistivity-integral plots & geoelectrical

parameters,Wyoming.

CUM. RES. & COND. VS. DEPTH

WELL # 1 ( JYOMING)

DIGITIZE INTERVAL (FT) o ua.///"
TOTAL R| = 12945 ////
TOTAL C| = B5. )
/
T2 FI7H GRIDDIV
o 2588. OHM-M,V GRID DI
% AV R = BLOPExDIG IN
Q
o8 ///
%) ///////
wl
(0%
p
2
\-) /
;V/ ///’//////
/
420. 1432. 2444. 3456. 4448. 5480.

DEPTH



T-2467

CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 2 (WYOMING)

DIGITIZE INTERVA
TOTAL Rl = 12378

TOTAL Cl = 67.

AL (FT) s

T FT7H GRTD
2474. OHM-MV GH
AV R = BLOPE*DI(

OIv
D D}V/
3 ?97

v

/

/

/

A

R

/

J

3309.

1340.

2350.

DEPTH

3360Q.

4370.

5380.

157
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

( WYOMING)

WELL # 3

158

DIGITIZ
TOTAL R
TOTAL C

T

E INTERVA
15653
79.

\L (FT) S

10.

036 F
3129.
AV R

Of

7H GRID
iM-M/V  GR
SLOPE=DI(

DTV
ID DI
b INT,

//'

B B

|

-

340.

1376.

2412.

DEPTH

3448.

4484 .

5520.



T-2467

CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 4

( WYOMING)

DIGITIZE INTERVA

TOTAL R =
TOTAL C| =

1989.
127.

L (FT) s

19.

866, F
396.

T7HGRID
OHM-MV GR
AV R = BLOPE=xDI(

DIv

ID DIV
b INT

yd

-

//

L

7

310.

1176.

2042.

2908.

DEPTH

3774.

4640.

159



T-2467

CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

( HYOMING)

WELL # 5

160

DIGITIZ
TOTAL R
TOTAL C

1

23371 |
177.

INTERVAL (FTD

-

19.

£
o),

2092
4671 .
AV R

7HGRID
HM-M/V GR

SLOPE*E};

DT
I

INT

7
/

./

/

Iy

-

540.

2632.

4724.

68
DEPTH

16.

8908.

11000.



T-2467

CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

( WYOMING)

WELL # 6

DIGIT

TOTAL

TOTAL

I1Z
Rl =
Cl =

[RA!

INTERV/

L (FT) =

>
/

L

(%= Y

2096. OHM-M,V GRID DI
= BLOPE*DI(

AV R

FT7H GRID

Ulv

b IN

L

B

—

7

230.

1272.

2314.

DEPTH

3356. 4398.

5440.

161



T-2467

CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 7

C WYOMING)

162

DIGITIZE INTERVAL (FT) 4 10.
TOTAL R| = 12198, K///////
TOTAL C|l= 71. Y
S76.  FIT7H GRIDIDIV
2438. OHM-M,V GRID D
AV R = BLOPE*DIG I
%
330. 1306. 2282. 3258. 4234,

DEPTH

5210.



T-2467

CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 8

(WYOMING)

DIGITIZ
TOTAL R
TOTAL C

T

- INTERVA
= 13111ﬁ
= 73.

L (FT)

5 198.

oS8T
2621. Ol
AV R =

7H GRID
HM-M/V  GR
SLOPE*DI?

DIV

ID DI
IN

i

/

/

/

yd

l’//R'/

) —

/

_

320.

1300.

2280.

DEPTH

3260.

4240.

163

5220.
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

330.

WELL # 9 C(WYOMING)
DIGITIZE INTERVAL (FT) H 10.
TOTAL R = 11444 /
TOTAL C| = 74. /,
o564,  FJ7H GRIDDIV
2287. OHM-M/V GRID D
AV R = BLOPExDIG¢G I
/ i
/ /
_—
/
[
1294. 2258. 3222. 4186.

DEPTH

5150.

164



T-2467

CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

CWYOMING)

WELL # 10

_165

DIGITIZE

TOTAL R
TOTAL C

INTERVA
17756
79.

AL (FT) =

'I@/
/

§% L 4 o
3550.
AV R

7HGRID

OHM-M/V GR

SLOPE*DI(

DIV

ID DIV

/

P_/

-

_,,_,.——rf”"/gﬂ

320.

1362.

2404.

DEPTH

3446.

4488.

5530.
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

( HYOMING)

WELL #1141

166

DIGITIZE INTERVAL (FD) 4 12,
TOTAL R|= 19871. ////////
TOTAL C|= 72.
sS4 HGRIDDTV /]
3973. OMM-M,V GRID AIV
AV R = BLOPExDIG INT
/
///ﬁl‘
320. 1314. 2308,  3302. 4296,

DEPTH

5290.



T-2467

CUM. RES. & COND.

167

- CUM. RES. & COND. VS. DEPTH

WELL #12

(WYOMING)

™

DIGITIZ
TOTAL R
TOTAL C

-

73.

INTERVAL (FT)
19516

//

EE—

986.  F[7H ORID

3902. O}
AV R

iM-M/V GRID DAV
SLOPE*DIG INT

oIV

 C

/

——

R —

-

/

350.

1336.

2322.

DEPTH

3308.

4294,

5280.



168

T-2467
CUM. RES. & COND. VS. DEPTH
| WELL # 13 (WYOMING)
DIGITIZE INTERVAL (FT) 4 10. —
TOTAL R| = 13065] ////T
TOTAL C| = 84.
- N . /7
70c. Fl1/7n OR1IU ULV
- 2613. OHM-M,V GRID D
Z AV R = BLOPExDIG I
o _ C
o5 é
7
Ll
[0
2
(W /
//
320. 1282. 2244, 3206. 4168.

DEPTH

5130.
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CUM. RES. & COND. VS. DEPTH

169

WELL # 14 (WYOMING)
DIGITIZE INTERVAL (FT) H 10@.
TOTAL R| = 4119.
TOTAL C|= 104. //////
TS FT7H GRID DIV // /
= 822. OMM-M,V GRID DIV
Z | AV R = BLOPExDIG Iﬁi//// ///
)
oS ///
%
Ll
¥
= =
-
S /
330. 1384. 2438. 3492, 4546

DEPTH

5600.
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 15

( HYOMING)

170

DIGITIZE INTERVAL (FT) o

TOTAL Rl = 14279]
TOTAL C| = 84.

o

/|

19.

So9g4 —F T 7H GRID
2855. OHM-M-V GH
AV R = BLOPE=DI(

DIV
ID D
I

A~ A auma

/
/

—

///

s

320.

1314. 2308.

DEPTH

3302.

4296.

5290.
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CuM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 16

( HYOMING)

171

DIGITIZE INTERVAL (FT = 19.
TOTAL Rl = 21538
TOTAL C|= 74.
T2, FT7H GRIDDIV Z/Jﬂ
4306. OHM-M-V GRID DIV
AV R = BLOPE=DIG T
/ /1
/’A—J///-(
3309. 1332. 2334. 3336. 4338.

DEPTH

5340.
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

3750.

WELL #17 (WYOMING)

DIGITIZE INTERVAL (FT) 4 1.
TOTAL R| = 31021
TOTAL C|= 3. V//E/f’,
38— F T H CRIDIDTV '
6185. OHM-MV GRID DIV
AV R = BLOPEADIG INT

/ /
//

4088.  4426.  4764. 5102,

DEPTH

5440.

172
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

DEPTH

WELL # 19 (WYOMING)
DIGITIZE INTERVAL (FT) o 10.
TOTAL R| = 2947.
TOTAL C|= 83. ///
788, F[Z7H GRIDDIV
588. O#HM-M,V GRID DIV
AV R = BLOPExDI¢ INT
/C/
L e
://,/’
170. 958. 1746. 2534. 3322.

41109.

173
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 21 (HYOMING)

DIGITIZE INTERVAL (FT

TOTAL R| =
TOTAL C| =

15141 |

/Tc

$78 . FI7H GRIDDIV
3027. OHM-M/V GRID D
AV R = PLOPExDIG I

/

Y

%
/

/__,_,—J

/

/—4

420.

1398.

2376. 3354.

DEPTH

4332.

53109.

174



T

CUM. RES. & COND.

2467

CUM. RES. & COND. VS. DEPTH

WELL # 22 (WYOMING)

175

DIGITIZE INTERVAL (FT) H 10Q. 2
TOTAL R|= 12700, /
TOTAL C|= 90.
o998 FI/7H GRID DIV L
2538. OHM-MV GRID D
AV R = PLOPExDIG¢ IN
%
/_,/
//
300. 1298. 2296. 3294. 4292.

DEPTH

5290.
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

180.

WELL # 23 (WYOMING)
DIGITIZE INTERVAL (FT) 4 10.
TOTAL R| = 11502] ,///////
TOTAL C| = 102.
Ac |
T3 F T 7 GRID DIV
2299. OHM-M,V GRID DI
AV R = BLOPE=*DIG¢ INT
/// /qr/////
/////
e
1218. 2256 . 3294, 4332,

DEPTH

5370.

176
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CUM. RES. & COND.

177

CUM. RES. & COND. VS. DEPTH

WELL # 24

C YOMING)

DIGITIZ
TOTAL
TOTAL C

R

- INTERVA
2600.
71.

T

\L (FT) =

19.

I/

726,
518.
AV R

7H UNID
HM-MV GR
SLOPE%xDI(

DIV
ID DIV
b INT

yd

pd

~ /7
—

-

320.

1046.

1772.

DEPTH

2498.

3224. 3950.
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL #25 (WYOMING)
DIGITIZE INTERVAL (FT) o 1.
TOTAL R| = 16668 c
TOTAL C|= 82.
026, T [/H GRIDOIV

3333. OHM-M,V GRID DI
SLOPExDIG IN

AV R =

/

%

/

/

/

P

/

1356.

2382.

DEPTH

3408.

4434.

5460.

178
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 26 (WWYOMING)

179

DIGITIZ
TOTAL R
TOTAL C

= 14172
= 84.

INTERVAL (FT)

=

’/

10.

TO3Y. I |
2833.
AV R =

7HGRID

SLOPExDIG

DIV
OHM-M-V GRID D

INF

%

/

7

/

A

/2’,,,,/

e

330.

1360.

2390.

DEPTH

3420.

4450.

5480.
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL #27 (WYOMING)
DIGITIZE INTERVAL (FT) o 1@.
TOTAL R| = 2826.
TOTAL C|= 73. //
764 FT7H GRIDDIV
S64. OMM-M,V GRID DIV
AV R = BLOPExDIG INT
/ /
/ ///
///
330. 1094, 1858. 2622 . 3386.

DEPTH

4150.

180
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CUM. RES. & COND. VS. DEPTH
WELL #28 (WYOMING)
DIGITIZE INTERVAL (FT) 4 10.
TOTAL R| = 14007 |
TOTAL C|= 78. C
SS9 FT78GRID DIV
a 2800. OHM-M-V GRID DIV
% AV R = BLOPE*DIG INT
O
o8 /
o
!
4 /
=
3
O /
///
340. 1332. 2324. 3316. 4308.

181

DEPTH

5300.
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CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL # 29

(WYO

MING)

DIGITIZE INTERVA

TOTAL R
TOTAL C

= 14753
= 84.

N (FT) s

10.
//

28T F

7H ORIDTD

2950. OHM-M-V GR

AV R =

SLOPE* DI

/

——

| R — |

PR

—

330.

1358.

2386.

DEPTH

3414.

4442.

5470.

182
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CUM. RES. & COND. VS. DEPTH

WELL # 30 (WYOMING)

DIGITIZE INTERVAL (FT) H 10.
TOTAL R| = 2493.
TOTAL C| = 77. //
752 F[7H GRID DIV
a 497. OHM-M/V GRID DIV
g AV R = BLOPE=*DIG¢ INT
o /
i //
%)
W /
E /
-
() /
¢ /////
/// )
R
330. 1082. 1834. 2586.  3338. 4Q290.

DEPTH
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CUM. RES. & COND. VS. DEPTH

WELL # 31 (WYOMING)

DIGITIZE INTERVAL (FT) H 10.
TOTAL R| = 2857.
TOTAL C} = 62.
754, F [ 7H GRID DIV £
. 568. 0OHM-M,V GRID DIV , ///
% AV R = BLOPExDIG¢ INT
O
o4 /
W
&
: /]
i
5
] » /
L~
310. 1064. 1818. 2572. 3326. 4080.

DEPTH



T-2467

CUM. RES. & COND.

CUM. RES. & COND. VS. DEPTH

WELL #32 (WYOMING)

185

DIGITIZE INTERVAL (FT) o 10. /
TOTAL R| = 1211@. '/
TOTAL C| = 128. ,
S8 F I 7H GRID DIV —
2421. OHM-M,V GRID DIV
AV R = BLOPE*DIG INT
/
///
R
41Q. 1378. 2346. 3314. 4282.

DEPTH

5250.
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CUM. RES. & COND. VS. DEPTH

WELL #33 (WYOMING)

DIGITIZE INTERVAL (FT) o 10.

TOTAL R| = 2305.

TOTAL C| = 135. /

886,  F I /7H GRID DIV
= 460. OHM-M,V GRID D1V
% AV R = BLOPE*DI¢ INT
O pd
s |/
% ////////
L
4
: / )
=
5
) /

=
/

310. 1196. 2082. 2968. 3854, 4740,

DEPTH
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WELL # 1 (WYOMING)

UNIT DEFTH INTERVAL
1 420.- 3510.
2 3510.~ 4560,
3 4560.— 5480.
WELL # 2
1 330.- 3430,
2 3430.—~ 4450.
3 4450.- 5380,
WELL # 3
1 346, 3580,
2 3580.~ 4610,
3 44610.—~ 5520,
WELL # 4
i 310.~ 4640.
WELL # S
1 540.—- 5600.
2 5600.~ 6380,
3 6380.- 7210,
4 7210.- 7910,
S 7910.- 9690.
6 2620.-10390.

7

103900"‘110000

WELL # 6

AV.TRA.RES.
4,87
15,40

105.69

4,60

15.37

?6.68
16.34
30,10

61.89

AV.LON.RES.,
4,27
10.27

46.17

4.81
10.65

57 +69

3.48
?.99
36.36
64.20
11.36
23.69

39.87

187

COEFF.ANISO.
1.0678
1.2241

1.5130

1.1498
1.2404
1.1894
1.,2271
1.1991
1.1271

1.2459



T-24€7

rJ

Gl

WEL.L #

3

Gi

WELL #

-3

WELL #

3

]

WELL #

3

WELL #

rJ

WELL #

330,

3310.-

4290 [

320,
3300,

4300, ~

330 [

31920.-

4230+~

3070,~

- 3430,

- 4400,

3440,

3310.

4290,

95210,

3070.

4120.

5290,

16.41

106,15

4,84

17.38

105.10

S.31
18.16

139.86

10.62

66467

1,0993

1.4382

1.1923

1.3849

1.0605

1.3432

1.0666
1.3148

1.4123

1.0800
1.3077

1.4483
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T-2467

rJ

WELL

3

WELL

r

WELL

3

WELL

o8]

WELL

3

WELL

]

320,

3240.

4260.-

14

330.

3810,

320,

3400,

4420,

16

330.

3040,

4120.

17

3750,

4080,

18

3970.

4030,

i

H

i

3240,
4260,

5130.

3810,

5600,

3400.
4420,

5290.

4080.

5440,

4030,

5290,

5.38

16.23

13.89

116.81

15.83

126.76
22.78
143.75

27.79

219.72

14.57

175.50

11.31

70.59

24,00

82.39

1.0723
1.2367

1.4798

1.0744
1.2307

1.4728

1.0867

1.2121

1,0863
1.4193

1.4270

1.0761

1.6331

1.,0020

1.6378
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T-2467

WELL

rJ

WEL.L

r3

WELL

"3

WELL

3

WEL.L

58]

WELL

|

i

4

1700""

3360 [

20

+J
~N
<O
<
I

O

3]

E -3

o
]

o
<
o
)
L

!

S
O
Q
O
|

S
18]
23]
<
i

3330.

4410.

1800"'

i

1

3360,

4110,

3340.

3950,

5330,

3300,
4380.

3310,

3250.

4330.

3330,
4410,

89370,

3310.

3950.

3380.

5.06

17.51

3.77
12,469

136,14

4,463
16.17

128,31

14,27

101.34

4,36
13.15

89.84

5.34

15,43

3.90
8.44

48.87

1.0770

1.4970

1.1340
1.305¢9

1.4409

1.34%4

1.6063

1.0763
1.3001

1.4400

1.0887
1.3030

1.4116
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T-2467

r3

WELL

rJ

WELL.

rJ

WELL

3

WELL

r3

WELL

3

WELL

3

330.~
3340.~

4410 .~

3100""

4370,

54460,

3340.
4410,

5480,

- 5300 *

3470.

4090,

13.94

4.84
13,35

104,56

5.38

9.31
13.86

114,57

4,93
16.57

117.46

S.32

13.06

4.67

(o2
E-
¢

rJ

4}
E-S
8]

4,34

10,32

73,63

4.56

7.80

1.2487

1.5733

1,2803

1.4784

1.0659
1.2671

1.2631

1.0802

1.2941
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T-2467

WELL # 32

1

2
“~

3

4100"

3360.-

4430, -

WELL # 33

1

)

&

3100"’

4040,

4040.

4740.

4,07

13.30

114.30

1.1175

1.4194

1.5159

1.0996

1,3048
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