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I. INTRODUGTION

Electrlcal exploration methods have been used for many yeare as a
means of determining subsurface structures and in the gearch for mineral‘
deposits. Vertical profiling techniques can be used to determine rether
accurately the resistivity and thichness of horizontal or gently dipping
beds for ceees‘up to four leyers. Mathematicel calculations have been
mede for multiple layers an& theoretical curves have been cemputed and
‘published for four and more layers. The verticel profiiing method is
not perticularly well suited to the problem of locating lateral changes
: in‘resistivity produced by such features es ore(bediesf einks and chan-
nels. iThese-featu:es can more easily be determined using the'heriéental :
profiling method.

A set of herizontal profile curves; showing»the effects of size,
depth of burial and the edges of the various anomalous subsurface
features liable to be encountered in the field are desired. It is
possible to compute theoretical curves for simple shapes, but:meny of
the features enceuntered in practice are quite complex. The curves for
these complex ehqpes are impossible to compute, and even for these simple
shapes for vhich curves can be computed, the‘calculations that are
.necessaxry are ieng and leborious;

»Lebdratory investigationsrof medels ef geelogical structu;eet :
. might be a means of providing this needed set of eurves.~ In emder
to determine‘if horizontal‘prefile curves eouid be‘pro&ucedifrom a
leberatory model system;'e study vas made of the electrical method of
expleration as applied to a small scale model system. The necessary
equipment was assembled and a number of model measurements was made.

To show that the equipment provided results that would be useful and '



reliable, curves obtained using a model conductive hemisphere were
compared with theorebically conputed curves for this same case.
Finally, a series of measurements vas made over geveral different
models and the resulting hdrizontal profiles are presented as examples .
of the type of curves that can be produced using a small scale model |

system.



II. LITERATURE REVIEW

An 1nvestigation was undertaken to determine. the procedure and
eyparetus needed to carry out small scale electrical model experiments
in the laboratory. Some previous studies had been made on. electrical
models and a brief history of that'work is presented here.

Early model experiments wers rum in 1929 by J. H. Suvartz (1) |
The investigation was an attempt to determine the effect of topogrephy
on the charecter of the cwrves obtained from resistivity surveys. It
ves desired also to learn which of the electrode configurations avail-
eble produced the most easily internreted deta. Artificial beds were
prepared in the follosing manner. First a hole 15 feet long, 12 feet
wide, and 3 feet deep vas dug in the ground. Three layers of sand
separatedkby layeras of cley were placed in the hole and measurements
were tegen et points along a line.acrOss these‘artificial beds using
different electrode configurations.

The results of Swartz's investigation showed that Lee's method of
‘partitioning gave the sharpest, most easily interpreted‘data. A topo-~
graphic correction vwas found to be‘necessary since the current elect=
rode was moved over an uneven surface duriné normal expaneion of the
configuration. In any attenpt to calculate depth the measurements
gshould be calculated from the elevation of the current electrode. If
the depth is to be determined for the center of the configuration, as
is usually the case, & correctiontmust be made for any difference in
elevation between the current electrode and the center of the con-
figuration. | |

H. mg Hubbers (9 refers to a model that was used to check the

results of an electrical survey made across a fault. A plece of sheet



metal was placed vertically in a tank of water, a.ncl measurements ta.ken
along a traverse across the strike of the ple.te using the Wenner con-
ﬁguration ano. an electrode separation of six 1nches. The resultlng |
proﬁle over the sheet meta.l plate, was in the shape of a \I with the
center peak of the curve being sharply res:.stive over the center of
the plate as shovn in :E‘:Lgure l.. Hubbert believed that this peak should
not be sharply resistlve, but should. have a more gentle slope. L. G.
Howell, in discussion ‘of Hubbe;‘t's paper, related 'bhat, in tests made
in a wooden tul’a, it was found ‘c_hat‘ sheet metal with an uncleaned sur-
face or a grease film on the sﬁrface prod.uced. very high resistivity
peaks over 'the sheet. A cleaned copper sheet showed a smoother rounded
curve over the metal sheet. N - . B '

T A, Ma,nb.art (8) expermented v:l.th models placed. in a large tank
The purpose of his study vas to prov:.de a means of 1nterpret1ng Tre—-
sista.v:.ty depth curves, and also to check, ’by experiment, the theory
of mterpreta.tion of resistiv:.ty curves uh:.ch had been develoued. by
Hummel (6) . Sand, clay, and muddy vater made up the three layers for
‘these teets. Both empirica.l and ma'bhematical means vere used to in-
terpret the model curves. Hummel's theory is an ind:.rect method of
1nterpretation while J.agg 8 (12) me‘ohod is an exa.mple of a direct
:.nterpretatn.on. Manhart says tha.t the Gish-’iooney depth 1ntervoreta.-
tion, uh:.ch states tha.t depth is approxmately eq_ual to electrode
spaclng, is seld.om valid and. then only under certaln condit:.ons. The
results o:f Manhart's investigation showed uh&t the theory developed
by Hummel g:.ves exact results if properl,f used whlle extreme care must
be taken vhen correlat:.nc depth to electrode spaomg. The depth
relatlonshlp, between the tr.ue.dep’cl;__ and the electrode epacing, held

for only a few of the expefimentalAteets._
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Jakosky (n mentions_thap small scale model experiments are use-
ful to detérmine the effects of conductive ore bodies buried in‘a more
resistive media.- Some»of,the experiments that have been performed are
described and the results 6btained are explained. The proper procedure
for conducting such e;perimeﬁts is outlined along with a caution as to
interpretation of model results.

A model of the ea:th has béeg'prepared by Pritchett (9).for stuﬁy‘
of various types of structures that mighﬁ be found by‘eiectrical pros—
pacting. The modei wﬁs scaled dimensionally with respect both tq éizgt
and resistivity. The resistigity reqpirgd was not foqnd in any natural
occurring maxerial; so a mixture of wax and brass filings Qas prepared.
This model had the desired resistivity needed to approximate a scaled
model of the earth. Spring ioaded electrodes vere made to insure a
good bontact with the model and were accurately positionéd in a lucite
plate vlaced on the top suriace of the model.’ Hany of the investigations
were made using inductive coupling, but the author meptions that a sur-
faée survey made)with the Wenner configuration over a médel of a salt
donme shqwed only a minor anqmqu. |

Sﬁmi (10) relates that he used model. experiments to check the re-
sults of'theoretical and field curvés using horizontal,profi;ing across
an inclined thin bed. He usea a ténk.filled witﬁ water and piaced strips
of metal.élong the.end walls %o aqt'as cur;éht electrodes.‘ Thp measure-
aents vere takgn over a metallic inclined plate and alsp over a plastic
resistivé material placed in the same position. Measuremenﬁs were taken
at the sa@e pqinﬁs along theltraverse without the models. These values
were subtracted ffom the values dbtaipedeith the models i# the tank

and the results plotted as potential curves for the models. There was



'good agreement between §h§ results of the model runs and the f.ield. and
theo:etical Qurves. |

The effect of the material used for tank valls has been investi-
gatqd by Gou@swaard (h). He found that, by t:ial»apd error, the walls.
of the tank could be compensated to producq a largef ﬁsable sqrface -
area, free from tank effect, fqr modpl experiments. 3Both rasistivé and
conductive materials were used as wall materials. The resistivé
Perspex tank walls did not give as much usable surface area as did the
vells when partielly covered with brass screening. The fluid used was
salt water and copper electrodes were set up in ﬁﬁe Wenner configura~
tion for the meﬁsurements. The‘regults also shoved that when the outer
electrode approached close to the tank wall, erratic effects were nqted.
The rgsisfivity of the soluiion used was determined to have little in-
flneﬁce on the ambunt of usableigurfacg area available.

Cagniard and Neale (1) found that the problem of accurately dupli-
cating the positioning o? electrodes could be splved.by'preparing a
plexiglas pPlate containing a large number éf preciseiy spahed and drilled
'holee. The loyer face of the plexig;ag, vhen placed upoﬁ a liquid sur-
face, represents the surfagé of the earth.. Heasurements are then made
by placihg the electrodes in the proper'holeq of the plexiglas to give
the desired position for thguqonfiguration. Copper electrodes and a -
copper sulphate soiut;on were used so that A,D. cC. excitaﬁioh was pos=
sible. The_;eghnique used for this experiment eliminated the problem
of positioning eleétrodes quickly and accurately. -

Most offthe aforementioged investigations deal only with a small
part of the problem of setting up an'..a.rra.ngement that can be used to

meke small scale model studies. Since_the present problem was that of



haldng horizontal profiles for specific geometric shapes representing
geologic s'cructures that might be found by electrical field surve.rs,
special equipment was designed for the investi_gation. The cond:.t:.ons
~found in the field were 'simule.‘ced by construction of a large tank, which
_ vhen filled with a material that would approximate a layer of earth and
with models placed in it, weuld, glve results similar to those obtaineci
from theoretical caleulations or by actual field surveys. Models were
prepared for use in the tank, and the necessary accessory equipment
wag obtained for use with the Wenner (13) configuration for all exper—.
imental runs. This configuration was used because a Megger Ground
Tester, vhich is designed for the Wenner Gonfig@zfetion, was ava.i],able
and the results of experimehtal runs woulé. be easier to ha.ndle.. Wenner
shoved fhet, if on the‘su.r_fe.ee of a homogeneously conducting medium
having a plane surface with one side of that piane surface ’being of
.inﬁnite extent, and with four electrodes placed in a straight line
with an equal spa.eingkbetween then, thee the following i'elationship is
true. F = 2.17’3. E/I where A is the specific resistivity of the medium,
Z the potential bdiffe_rence betwe_en‘ the inner eleci;rodes, I the current
between the two outer electrodes, and a the distance b‘etweer\x e]».ecktrodes.
The Wepner cenfiéura.‘bien A‘ca.n be used wit_h either vertieal or
horizontal profiling methods. Verticel- profiling necessitates increas-
ing the spa.c:.ng be‘bween electrod.es, keem.ng the cen‘ber of the coni‘ig—
uration i‘ixed. for all measurements and ‘caking a series of readings i‘or
this one surface point using- ma.ny different electrode senara.tions. Hor-
Jzontal prof_:.‘ling involves moving the entire conf:.guzfa.tion to a number of
‘different surface positiong keeping the electrode separation coz_xste.nt

for all measurements.



III. ~EQUIPMENT

MoGel Tank. A concrete tank was designed and built as shown in .
figure 2. The four inch walls and six inch base are reinforced with
three sixteenths inch wire mésha The four drein pipes are located in
the corners of the tank since it was believed that having four drains
woulq.make s more uniform deviaﬁion of ahy effect that might be intro-
duced by the metal pipe. A hose was connected to the drsin pipe with
gate valve attached so the tank could be drained. The other drains
were fitted with plugs. The tank was waterproofed 5y applying three
- coats of Pittsburg Plate Glass Company maéonry water rqpelient. A one
and one half inch angle iron was placed along the length of the tank
and a scale, marked in inches, was pasted on it. The éenter of this
scale 1s marked zero; the gra&uatiéns to one side of thé center are
positive, and those to the other gide of the center are negative. The
measurements.taken are listed in this manner in the tables.

Electrodes. Ordinary lead pencils were used for electrodes since
graphite electrodes will tend to decrease the amount of electrolysis
usually occuring when metal electrodes are used. The soft lead pencils
were turned on a lathe to produce round electrodes with graphite cen-
ters, The end that was to be uséd as contact with the fluid éurface
was sharpened in a pencil sharpener énd then stroked acrogs a plece
of paper, The resulting point is sharp and slender and approximates
a point sourcé wvhen used as an electrode, The graphite at the other
end of the pencll was bared so that a good electrical contact could

be made by using baby alligator clips on the connecting cable,
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Flectrode Holders. Special electrode holders were made in the

shaps of a clip. The clip slides along the angle iron and a hole
drilled through the overhanging edge of the clip holds the electrode
upright. Four separate eléctrode clips were prepared for vertical
profiling using the Wenner configuration. For meking horizontal pro-
fileg, the electirode spacing is fixed. A compact one piece holder was
constructed with the holes for the electrodes spaced such that ﬁhe voints
of the electrodes were in a horizontal line and at ‘the desired separ-
ation. Two separate holders for the different electrode spacings to

be used for the_ horizontal profiling were ma&e to facili‘be_.te ease of
operation. The experimental meagurements were made across the length of
the tank using electrode spacings of one, two, three, .and four inches.
.The two inch spacing was ma.é.e as one electrode holder while the other
spacings ﬁsed were incorporated in a single holder.

Measuring Instrument. The ingtrument used to take resistivity

measurements for the experimental tests was the Megger Ground Resigtance
Tester. The Megger supplies commutated direct current to the grognd.
being tested. Commutated direct current will eliminate t.he effect of
pola.riza_tion present with direét‘ current and will minimige the effects
of electrolysis of the material under study and stray currents that may
be present. Current supplied by a self contained direct qurren‘b genexr-
ator passes through the current coil of an ochm meter, and then through
the segments.- of a commutator attached $o the generator ahaft. The
Potential drop between the two potential elsctrodes is picked up at
those electrodes and converted back into direct current after which it
goes to the potential colil of the same chm meter that the current first

pagsed through. The two coils of the ohm meter are mounted on the same



shaft and work in opposition to esch other in the field of a permanent
megnet, The qpposiﬁg torques of the current and potential coilé auto~.
mgtically perfqrm the divisgion of volts by amperes:so that the reBult’
is read directly as resistaﬁce on the ohm meter. Since the value for
resistivity in ohmmcm, equals 2 a E/I for the Wenner configuration,_
where a is the electrode sépération in cm., it is only necegsary to
multiply the resistance read on the Megger by-the appropriate coﬁgtant
for the particular electrode separation ﬁsed to convért the reading to
the correct resistivity value in ohm—cm.-

Normally, the instrument is hand cranked, and at a speed of 100
.rpm will produce a current with a frequency of 50 cps. The voltage
across the open potential circuit is of the order of 50 volts and the
current ig iess than 0.5 amp; The hand crank was removed from the
Megger, and an 86 rpm, 115 volt A, C., 1.8 amp., electric motor was
connected to .the shaft of the instrument. A flexible shaft coupliné
was utilized between the motor and the inétrpment to redﬁce the strain
cauged by mis-alignment of the two shafts. The slight decrease of
cranking speed (from 100 rpm to 86 rpm) did not apparently‘influence
the readings. An on~off switch‘wés qonnected'between the motor and the
A. C. source so that the motor could be shut off while the electrodes
were being moved. When meking horigontal profiles, this p;ecahtion is
not necessary if care is taken that the electrodes do not break contact
with the £luid layer while the configuration is being moved.:

Connecting Cable, The Megger is constructed so that it is neces-
sary to have two current electrodes and two potential electrodes to
operaste properly., . Therefore, there mugt be four connecting leads from

the instrument to the electrodes. A cable, connecting the instrument
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‘to the electrodes, was made in two sections to minimize any vibrations
tha.t-might'be transmitted. to the elecizrodes. The first section ,convsiéts
of four No. 14 wires with spade clips on the insti’u;nent ends while the
other end.s are perma.nentlyAconnected.: to a terminal strip mounted on

“the top of the ta.nk "’3'13:° The secon@ section consists of four No. k20.
varnished wires ;oerma.nently‘ connected koﬁ one end to the terminal strip.
The iree ends of these wires have small allikgator clips SOldered; to them.
The alligator clips are clipped on the bared grai)hilte ends of the elec—
trodes and the spade clips are connected to the proper terminals on

the legger, thus completing the electrical circuit. With ‘the electrodes
po'sitioned in tﬁe media contained in the tank, the apparatus is set

up for testing and calibration. A photograxh of equipment set ﬁp pre-

paratory to experimentel runs is shown in figure 3.
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Modelss The models used during the investigation were both con-
ductive and resistive. The conductive models included an aluminum hemiw
sphere with a diameter of three and one half inches to be used for the
correletion run, - Also,'an aluminum block two inches thick, five inches
wide and ten inches long was used as both a vertical and horizontal
conductor. |

‘Registive models were made of one and three gquarter inch plywood

.Qate:proofed with three coats of marine‘spar varnish. The modelébwere
twelve inches wide and thirty-four inches 16ng~and when placed in the
tank the ends were spproximately éne inch froh the side wa}lef the tank,

| This model when placed verticglly‘would represent a resistive vertical
bed or a resistive fault zone. Placed horizontally the model might
represent é tabular type of‘étruCture.' |
ﬁodeis of stream channels were prepared by removing'some of the top.
of the sand layer in the ghape of a channel compleﬁely across the iank.‘

The width of the channel wasg varied by rémoving ﬁore of‘fhe sand to en-
laige the channel, The sides of the channel were always similer since

lthree fourths of an inch of fluid covered the entire surface of the

sand and the water caused the si&es.of the channél to seek their natnra}

angle of reposes
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IV. TESTING OF EQUIPMENT

Calibration tests were magde with the tank filled with a solution
of water and sodium chlorides Sodium chloride was added until the
resistivity of the golution was within the potential circuit calibration
range of the instrument used for measurements. The Megger has a PR’
adju;t control which brings the total resistance of the potential cirw
cult, including the resistance to earth of the potential elecfrodes, to
a pre-determined value, on the basis of which the instrument is cali~
brated.

The first series of tests were vertical profiles,~with the Wenner
configuration, taken at seversl points on a traverse along the center
of the long dimension of the tank, and with the tank filled to a depth
of 20 inches of salt water. The depth to the bottom of the tank could
not be interpreted from the data obtained becsuse the electrode separ-
ation could be expanded %0 a maximum spacing of only twenty-two inches.
The thickness of the fluid layer was twenty inches and to interpret a
curve for this thickness, it would have been necessary to have measure-
ments for spacings some distances greater than the actual depth to the
bottom of the tank. All of the curves plotted for vertical profiles
along this traverse showed the same characteristics, that of.a rapldly
increasing resistivity for electrodebspacings greater than six inches,
These data were interpreted as an indication that the main tank effect
was due to thé bottom of the tank, although some small effeét from the
walls was noted. There was a range of about six inches depth that was
relatively frée from any tank effect, These vrofiles are shpwn in fig-

ure 4.
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' Since the tank was designed primarily for horizontal profiling,
runs using fhe Wenner c¢onfiguration were made acrqss-the length'of the
tenk for several different fixed electrode separaﬁions. The term "r&ﬁ"
as used in yhis papei, refefs to a series of measureménts taken on a
ﬁraverse’alohg the entire length of the tank, The results of the hérié
zontal profile calibration funs_are shown iﬁ figure 5. These grqph; o
indicate that, for the depthé probéd; there Qas né effect f;om tﬁe endé
6f the taenk until the puter eiectrode a?proached neérer than twelve
inches, The erratic results for the fwo inch electrode separation were
caused by not keeping a constant depth of,peﬁetration of phe electrodes.
The values of reéistivity calculated from the average values of resigt—
ahcg measured for the one, three, and four inch electrode separéfione
are 108.46”ohm;-cm.,_ 106.18 ohm-cm., end 103,35 ohm-cm. respectively.
These valﬁeé are within the tolerance for observed readingé’maﬂe with
the Megger.  Allowing for the area of the tank where there may be £ank
effects present, the usable surface areaAappears to be ﬁhe centef four
feet of the tank for electrode separations 6f one to four inchess

A final check of the tank was made to be certain that anomalies
large enough to be measﬁred would_bg present fbr the models that were
intended toibe used in the tank. A‘hydrostoné hemispherica1 ﬁ9del,
three and three quarter inches in diameter, containing copper filings,
was prepared for testing. The high;porosity@‘f the model alloved the
salt water solution to éaturate the model to the extent that there‘waq
not a large énough resistivity contrast between model and enclosing

medium to be measurable. After several trials with hydrostone models,
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an gluminum hemizphere with o diameter of three and one half inches was
‘pr_e'pared and tested. This test showed that conductive aluminum models

would produce anomelies: large enough %o be measured.
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V. EXPERIMENTAL MODEL RUNS

Conductive'ﬁodels. The flrst serieés of model runs was made using

an aluminum hen;isphez}é\'x-:ith a three and one half inch diameter. The
resistiﬁity hori ontal profiles obtalned over this model wvere to be
compared vmth theoretical curves computed by Cook and Van Nostrand (2)
for a conductive hemisrphere enclosed in a more resistive medla vzth the
~ top}oﬁ thekhemispherelbelng flush thh‘the_eurfacebof the reszstlve
media. Thls comparlson vas to be made on the basis of the diagnostic
features of the COmputed curves in relation to those vhich would appear
on the model curves. A close agreemedt between the model curves and
the computed curves would indicate that 'bhe results obtained from other
model runs.would be>reliable, The_laboratory runs were made under
condi‘tionsAsimilar to those asswmed by Cook and Van Noetrandin making
their computations, except for the resistivity contrast. The»oontrest
assumed fof the theo:etieal computations was fifty ochm meters for the
hemisphere and two hundred fifty ohm-meters for the enclosing nedia
dhlle the model used in the ex*erlmental run was about 3Ix lO"6 ohm-cm.
and the enclosing media was anproxmmately one hundred ohnm-cn. The.
aluninun hemlsohere was suspended in a tventy inch fluid layer so that
the top of the hemisphere was one sixteenth of an inch below the sur-
- face of the fluid. It was necessary toAhaveesomeofluld above the model
to insure»a good,eleetrical contacﬁ‘for the electrodes. Runs were made
across the model using electrode seoaratlons of omne and.two inches and
the results are oresented 1n figuree 7 and 8.

Slnce it vas dlfflcult to susnend models of any size in a smngle

fluid layer and aleo since two dlflerent layers were desired to more
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" closely approximate‘field cendltione, nineteen inehes of fine river
sand was then placed in the tank All remaininD model runs were made
with sand and fluid 1ayers in the tank. The sand was added to ealt
Vater so that there would be no areas of the sand layer vhere the
eatuxating'liquid solution would have & different saltkcontent. When
nineteen inches of sand and two inches’ef fluid were‘obtained in the
tank, calibration runs were made vhich showed a,unlform resistivity
across the tank for the different electrode separations used. The |
surface ef_tne sand had been smoothed to form a hofizqntal surface for
these runs. Then salt wvater was drawn off 5y meang of the bottom drain
until three quarters.of an inch of fluid remained above the sand.
Celibration runs were made again, and it was discovered that tne
resistivity.for any one denth was no longer uniform across the tank.
This resultant calibration curve was not linea: but was nneven aleng
the'traverse and had a decidedly lover resistivity on the drein end
wifh regpect to the opposite end of nhe tank., After several unguc-
cessful aetempts to correct this condition and produce a linear
gradient in thoe tank, it wvas decided to continue the model runs and
to make aAcelibnatlon run for each model run 8o that:the dafa could
be correeted tq a cqmmon datum pmior to interpreiation.

The conductive aluminum block thai had been prepared was used
to simulate a vertical bed and later a horizontal tabular depoeit.
The aluminum block has the dimensions two inches by five inches by
ten inches. When used as a. vertzcal model the block was buried in
;he.eand,with the 1ongest dimenelen~perpen§icular:to the traverse line

and with the shortest dinension parallel to the traverse line. The
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" two inch face of the model was flush with the top of the sand and
covered with a layer of fluid. The results of hpr'iz'ontal profiling
across this model are shoxm in figures 9, 10, and 11.

Tabular deposits were prepared first with the ten inch dimension
perpendicular to the line of traversse, the five inch dimension parallel
to the line of traverse, and the two inch dimension vertical. Next,'
the model was placed with ten inch and five inch dimensions inter-
changed. Runs wers made across both models for electrode separations
of one and two inches. The results of these runs are shown in figures
12 and 13.

Models of gtream channels were prepared by removing sand from
the top of the sand layer ip. the shape of a stream channel and allow
ing this space to fill with salt water. The first channel was five
inches wide and two and one half inches deep. The resﬁlts of resist-
ivity measurements made acrogss this model for electrode separations of
one and two inches are shown in figure 1ll.. Another channel was pre-
pared under the same conditions ha#ing a width of ten inches and a
depth of two. and one half inches. One run, with a two inch electrode
separation, was made across this model and the resulting horizontal

profile 1s shown in figure 15.

Resistive Models. The resistivé models used in this. infrestigation
Awere designed to simulate both vertical and horiéonta.l struétures.
The vertical model, one and three quarter inch by twelve inches by
thirty four inches, was placed in the sand so that the longest dimen-
sion was perﬁendiculax to the line of traverse, the shoitest dimensgion
parallel to the line of traverse and flush with the top of the sand,

and the twelve inch dimension vertical. The model was covered by a
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‘three quarter inch fluid layer. ZElectrode separations for this series
of funs wé;e one, two, and four inches and the resultant profiies are
shown in figures 16 and 17, For the horizontal structure, the modei
waé placed with the twelve inch and the one and three gquarter inch
dimensions interchanged. The model was covered with three guarters

of an inch of sand to hold it in place and the entire sand layer was
then covered with a three quarter inch fluid layer. Results of runs
with one, two, and four inch electrode separations are shown in figure
18,

Compbsite Model. This model was intended to represent a resist-

ive bed cut through the center by a stream channel and the entire
gtructure enclosed in a less resistive medium. Two plywood boa?ds,

one and three guarter inch by twelve inches by thirty four inches,

were plaéed five inches apart in the tank and two inches below the
surface of the sand. The longest dimension was perpendicular to the
line of traverse and the twelve inch diﬁension was parallel to the line
of traverse. The shortest dimension was vertical and the entire sand
layer was covered by a three quartér inch fluid layer. The results
obtainei for electrode separations of two, fhree, and fouf inches

are shown in figure 19,
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VI. DISCUSSION OF RESULTS

Comparison of Model Results with Theoretical Curves. Comparison

of the results of resisti’b’ity measuréments n‘zade-on & tfé.verse across &
conductive model hemigphere with resistivity profiles computed by Gook
and Van Nostrand for a conductive hemisphere enclosed in a more résiét-
ive medium -showed. many points .of similarity. The theoretical horizontal
. profiles presented by Cook and Van Nostrand represent calculatéd. re-
sistivity values for the Wenner configuration under the following con-
ditions:
1. .Resistivity contrast between model and enciosing medium
is 1:5.
' 2. Diameter of the hemisphere is equal to 3/2 of the
electrode separation.
3+ The top of the hemisphere is flush with the surface.
4., The resistivity profiles are for a traverse across the
center of the hemisphere. .

The laboratory arrangement duplicated these conditions as closely
as possible with the exception of the registivity contrast. The diam-
eter of the model was slightly greater than 3/2 of the electrode sep~
aration for the measurements madé with the two inch electrode separa-
tion. iﬂlhe top of the hemisphere was as close to the surface_ of the fluld
as possible while still maintaining good electrical contact and the
measurements were made on a traverse across the center of vthe hemispher-
ical model. The results o;t‘ the resistivity measurements are shown in
figures 7 and 8, and the theoretical results are shown in figure 6.

Cook and Van Nostrand (3) ghow five diagnostic points on a continuous
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.theoretical horizontal profile scress a hemisphere under the conditions
listed above. The points (B, C, D, and E on figure 6) occur on the
profile as one of the eiectrodes makes contact with an edge of the hemiw
spheres The points consist of s central low over the center of the hemi-
sphere (point A 6n figure 6) having o registivity lower than any other
point on the profile; peaks of greater than normal resistivity (points

B an& C on figure 6) flanking the central low on either side; and troughs
of lower than normal resistivity (points D and ® on figure 6). The
theoretical curve shows that the troughs are located at a distance

3a/2 from the edges of the hemigphere; the peaks are a distance af2

from the edges of the hemigphere and are separated from each other by

a distance equal to the diasmeter of the hemisphere plus "a" where a is
equal to the electrode separation. The most diagnostic points as men-
tioned b& Cook and Van Nostrand are the central low and thé two high
peaks because, in field surveys, the smaller magnitude of the flanking
troughs is often obscured.

The mbdel results for the messurements made with the two inch
electrode sqparétion (diameter of hemisphere is 7a/4) show troughs
(points D' and C' on figure 7) which are 2.6 inches from ﬁhe right edge
and 2.4 inches from the left edge .of the hemisphere; pesks (points B!
and C' on figure 7) which are above the edges of the hemisphére, and a
.central low.(point A! on figure 7) whiéh is direétly over the center
of the hemisphere. The theoretical results, for a conductive hemi-
sphere with no resistive covering, and for a two inch electrode sepw
aration would produce troughs that are three inches from the edges of
" the body, peaks that are one inch from the edges, and a central low

over the center of the body. The results of the model measurements
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'show that both the flanking troughs and pesks are too close to the edges
of the bod&. Also, the experimental peak magnitudes'are much greater
than those obtained on a theoretical curve, and the central low is n;t
the lowest point on the curve.

The high pesks for the model measurements may be caused by the high
registivity contrast betweeﬁ model and enclosing mediums. The resistivity
of aluminum ig approximately 3 x 10~ ohm-cm. whergas the resistivity of
the salt water was gpproximately one hundred ohm-cm. Thus the contrast
is of the order of 1/3 x 108°

The apparent mié—-placement of the flanking peaks and troughs may
be partly the result of the discreet points for which the resistivity
measurements were taken, This mis~placement may also be caused by =
contact reéction between the conduction through the solution and the
conductioﬁ through the model at the surface of the model. .This nay be
due to0 a thin grease film or oxldation on the surface of the model
which could cause a high resistivity reading directly above the edges
of the mecdel., Galvanic action, between the salt water and the aluminum
model could be another cause of the high pesks. The chemical action
could produce a galvanic current that might éither reinforce or buck
the instrument current. This algo may ceuse a high resistive reading
over the edges of the model. These effects may also pull in fhe troughs,
but to a lesser degree since the potential electrbdes, between which
the measurements are taken, are still some distance from the edges of
the model when the current electrode passes over the edges. The central
low, which on this two inch electrode separation profile, does nqt
extend below the lowest point on the curve may be caused by an electro-

chemical reaction producing a potential on the surface of the model.



.For the theoretical calulations ths electrode separation is greater
than the radius of the hemisphers, but the top of the hemisphere is
flush with the surface and the electrodes make contact directly with
the hemlgphere. For the model runs, with a fluid covering over the
model, the depth probed for measurement was below the bottom of the
model and included more resistive material in the average which was
meaéured.

Regults of the resistiviiy measurements made over the hemigpher-
ical meodel at an elscirode separation of one inch show essenbtially the
same features as the profile for a two inch separation, but in this
case the central low (point A" on figure 8) does extend below the low-
est point on the curve and the magnitude of the pesks (points B! and
CY on figure 8) is less than that for the two inch electrode separation.
The lower magnitude of the central low may be explained as being caused
by a greater maés of conductive model materisl belng measured relative
to the electrode separation. Such a lowering of peak magnitude is
shown by Cool and Van Nostrend (@) in their figure 9 showing theorebical
curveg over differently shaped bodies. The location of the peaks is
again above the edges of the model while the troughs (poinﬁs DY and
E¥ on figure ) are 1.1 inches from the edge on the right side and 0.8
inches from the edge on the left side of the model. The samé reasons
.as applied to the two inch electrode separation ?rofile for the mig-
placement of the peaks and troughs could apply to this profile as well.

For both electrode sgparatidns, one inch and two inches, the model
curve is more similar to the actual field curve (figure 6c) over a

coenductive filled sink strueture, which has an overlying resistive °
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layer, than to the continuous theoretical curve computed by Cook and Van
Nostra.n&..

Although the aluminmum hemisphere indicated that erratic results are
obtained with aluminum models in salt water, it {vas decided to test other
models, includiﬁg an alumi.num block, to determine if the poor results
were caused By the models themselves. -

Interpretation of Remaining Model Results. The remaining model runs

were made with 19 inches of sand in the tank covered with a fluid layer
of selt water. The sand was necessary to sppport the welight of the models.
Interpretation of the remaining model measurements was made more diffi-
cult because of the inhomogeneity of the sand la.yer.. A calibration
measurement was made across the tank with no model. ‘The measured value
obtained without the model was subtracted from the measured value ob-
tained with the model in place. The result is the value (E/I) of the
residual anomaly which was next corrected to a zero reference; This
was accomplished by shifting the entire curve up or down until the normal
resistivity valué away from the anomaly approached zero. This zero
correction wes necessars;' because all émerimental runs could not be made
at the same time, and over any long period of time the resistivity of
the salt water solution was changed by a measureable amount. The value
used as the zero correction was é.et’eimihed by teking the average amount
needed to bring the sides of the model profile close to the zero value.
The corrected values of the residusl anomaly (E/I) were then converted
to ohm—cm. and plotted as horizontal profiles.

As an eﬁcmnple, figure 10 for the four inch electrode geparation

run over a buried vertical conductor '‘covered by a three-eights inch



. fluid layer, was plotted from data in Table VIII in the following
manuners:

For position 24t

(B/I) value with model 4,23
(E/I) value without model 4.13
Residuel (E/I) : : .10
Zero correction for this curve =.10
Corrected residuval (E/I) o)
Reslstivity at this position 0

Similarly for position 8"

(E/1) velue with model 4.15
(E/I) value without model _ 4,31
Residual (B/I) -.16
Zero correction for this curve =10
Corrected residual (B/I) -.26

Resistivity = 277 a E/I where a = electrode separation
Resistivity = 2 (3.14) (10.16) (~.26) = =16,16 ohm—-cm.
Although the results obtained using aluminum hemispherical models

indicated that a metal model was unsuitable for the investigation,
additional tests were made with other aluminum models to determine if
the poor results were actually the féult ofvthie model., Xlectrical
resistivity horizontal profiles, for elecfrode sépa.rations of one, two,
three, and four inches, plotted from measurements made on a single
traverse over a buried vertical metallic conductor are shown in figures
9, 10, and 11. The conductor was an aluminum block two inches by five
inches by ten inches. This block was buried in the sand with the

longést dimension perpendicular to the traverse line and with the
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" shortest dimension parallel to the traverse line, with the two inch face
’of the blgck flush with the top of the sand. A one'sixteenth»indh layer
of salt water solution ﬁagxused over the model to obtain a low resi;tance
electrode contact. Figures 9 and 10 show the resistivity horizontal pro-
files obtained ofer the model for electrode separations of one to four
inches and with a constant fluid layer thickness of three-eighth inches.
Figﬁre 10 shows the effect, on the horizontal profile for a fixed elec-
trode separation of four inches, pro&ﬁced by changing the thickmess of
the overlying fluid layer.

Figures.9_and 10 do not show chaxacteristic edge effects and also
they show a high peak over the center of the model. While it was ex-
pected that éome edge effeqts vould show on the profiles, a high resist-
ivity peak over the center of the model was unexpected. To illustrate
where, tﬁeoretically for each electrode separation, these‘edge effects
would appear, a dashed line has been drawn through the»curve and marked
C for current electrode effects and P for potential electrode effects.
The curves do not show well defined p;aks and troughs indicating edge
effects, but at many of the pointé where the theoretical edge effects
would appear, they show a cha#ge-in slope or a reversal in slope of the
curve. Perhaps the effect from the model is of such large magnitude
that the smaller edge effects are obéoured and appear only a§ a change
in slope. h

The high peak in the center of the curve may be éxplained by ana-
lyzing figures 9, 10, and 1ll. For a fluid layer of three-elighths of
an inch, this pegk is rather prominemt and is especialiy well defined
for the larger electrode sepérationsv The character of this peak

appeérs to remain unchanged for the different electrode separations,
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. although the trough flanking the peak on the left increases in magnitude
for incréased electrode separations. The increase of this trbugh nay be
the resvlt of the surrounding sand being packed looséxf on the right side
of the model nearer to the surface. The troughs are approaching equal
megnitude with larger electrode separations, which are effectively proh-
ing deever in the sand layer, .and are measuring the resigtivity of sand
that is more wniformly compacted. The cause of the peak may be a chemical
reaction, occuriang on the surface of the model, betwsen the metal of the
model and the selt water solution saturating the sand surrounding the
model. If this is true, the magnitude of this reaction is felt most
strongly at a shallow fluid layer. Figure 11 showi.ng the resigtivit:r
profiles foxr a four inch e}.ectroﬂ.e geparation and for verying fluid
laygrs, gives support to this possibility. At a fluid layer of three-
ei;gbths -o:f:‘ an inch, there is one peak A-~A! over the centez; of the model.
Asg the thickness of the fiuld layer increases, this peak separates
forming two separate peaks. The curve fqr a fluid layesr of three-
quarters of an inch shows the peaks, A and A}, definitely separate but
still close together and the curve for one and one-quarter inch of fluid
layer sl_zows them even farthexr apart. i’erhé.ps there is a fluld layer at
which these peaks will be far eno@ apart to apnpear in the position that
the theoretical peaks appear. The separation of this peak wﬁ.th a in-
crgag_é i.n .:g'luid. layer indicates that the effect_ inod.el produces on this
high peak decreased spparently ind.icé.tixig f;hat the possibility of a
reactio# on the surface of the model may be reality.

The results of measurements made over the conductive a.lmn%.mm
block placed so that the ten inch dimension was perpendicular to the

traverse lins, the five inch dimension parallel to the tTraverse and
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 flush with the top of the sand, and the two inch dimension vertical, are
ghown in figure 12, Profiles for thisg model with the ten incﬁ and five
inch dimensions reversed gre_shown in figzure 13. These curves do n;t
show a high central peak, but do show a trough which indicates that an
electrockenical éffect, if present, is dependent upon the surface area
presented to the current péth through the sand layer. There was mucﬁ
moré surface area encountered by the current passing through the sand -
layer when the model was placed vertically than there was when the model
wae mlaced horizontally.

Aftér interpreting the results of the profiies made using the
aluninum block model, it was believed that this type 6f model did not
produce profiles that can bp used for determining accurately the edges,
depth, or shape of the body producing the anomaly. Since aluminum models
were thoﬁght unguitable for laboratory profiling, tests wefe made on
models using only the sand and fluid in_the tank. Tﬁe models were in
the shape of stream channels which were méﬁe by removing some of the
sand from the top of the sand layef and allowing this space to fill with
salt water, The resulting horizontal profiles are shown in figure 14
for a channel five inches wide and two and éne half inches deep, and
in figure 15 for a'channel ten inches wide and two and one half inches
deep. A fluid layer of three~quarter§ of an inch overlying éhe top of
.the sand layer was present for ?he.measurements taken over both channels.
No well défined edge effécts appear on the curves, but there are changes
in the slope of the curves for the profiles over the smaller channel.
This'indicatés, as did the aluminum models, that the magnitude of the-
edge effects was small enough to be undiscernable on the resistivity

profiles. The results of the measurements made over the ten inch model



" stream channel show no indication of edge effects on the left side of
the curve.in figure 15 but the right side of the curve has infiection
points close to the positign that theoretical edge effects would have,
This would seem to be an indication that the edge. effects from the
aluminum models xﬁay not have been large enough to have been well defined
even if there had been no effect from a reaction on the model surfacé.

" Horizontal profiles were obtained also for measurements made over
resistive models. The models were made of one and three-quarter inch
by twelve inches by thirty four inches, plywood boards, waterproofed
with three coats of marine gpar varnish. To simulate a vertical bed,
the model was placed in the tank so that the longest dimension was per-
pendicular to the line of traverse, the one and three~quarter inch di-
mension parallel to the traverse and filush with the top of the sand, and f
the twelv.e inch dimension vertical and extending its ﬁll iength into
the sand. The model was covered by a three-quarter inch fluid layer,
The results of the measurements taken over .this model for electrode
separations of one and two inches é:re shown in figure 16 and the re-
sults for an electrode separation of four inches are shown in figure 17.
These curves, as expected show a high central peak, and for the larger
electrode separations show also flanking troughs and peaks which may be
caused by edge effects. For these c'ufves, the edge effects (io not occur
as they would theoretically, but for many of the fcin‘cs where they are
expected, there are changes in slope.

Figure 18 shows the curves piotted for measurenents taken over a
horizontal resistive model. For these measurements, the model was placed
g0 that the 34 inch length was perpendicular to the line of traverse,

the lé inch and the one and three-guarters inch dimensions parallel to
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the line of traverse, with the 12 inch face parallel to the top of the
sand layer and covered with three-quarters of an ixich of sand and 1':he
sand in turn covered with,a three-quarters inch fluid layer. These pro-
files also show changes in slope of the curve at many points where thé—
orstical edge e:ffects wou;d appear. The curve for a four inch electrode
separation shows a separation of the high centrel peak over the model
ind.icating that the depth prcbsd bis below the model snd that more of the
conductive salt-water satuvrated sand is averaged in the measurements.

A composite model was rrepared by plac:ing two of the plywood boards
in the %ank so that they were positioned as for the horizmontal resist-
ive model and separated by a distance of five inches. The mocdels were
covered by two inches of sand and three-quarters of an inch of salt water
solution above the sand. Some of the points wheré edge effects would. 7
occur 8o show a change in slope, but these are not as rrominent as for
some of the other models tested. The resulis of the measurements made
for a two inch electrode separation show, perhaps, the best defiﬁed
edge effects for this model. A céntral high peak over the right hand
model occurs, and as in the case of the sir;gle horizon’cal_ resistor, it
gseparates into‘ two separate peaks which are sepa¥Xated by a lower trough.
The le:\_?t side of the curve shows these peaks as havingf a magnitude lower
than that of the right side. This ma.y be explained as a result of the

.modei placement. The model was put in plece whiie the sand v}as s8till
saturated with salt water. The water was not removed since this would
have involved using the bottom drain which would have introduced a
further non-iiomogeneity into the sand layer. & large area of the sand
was removed, model placed in the hole, and then covered with send. It

is l:ikely that the sand under the model on the left side is more loosely
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compacted than that under the model on the right side, thus producing a
lower registivity for the entire left side of the curve.

Although the curvés for some of the models tested do show charac-
teristics points for edge effects, the results of the model investiga;-
tions indicate that most 91’:‘ the models tested were unsuitable. The best
results vere obtained with the models of stream channels and with the
reéistive models.

Difficulties Encountered. During the course of experimentation a

number of une:zmeéted difi’icuities‘ were encountered. A rigid shaft cou-
pling from the motor to the Megger was used at first. This proved un-
satisfactory ’becaﬁse the shafts were not exactly aliéneé. and the strain
created by this misalighment caused the shaft of the ingtrument to fail.
After repair to the instrument shaft, 2 flexible coupling was ubilized
between ﬁzotor and instrument. This arrangement worked satisfactorily for
the term of the investigation.

Using lead. pencils for grarhite electrodes solved one problem but
presented another. It was found fhat moving of the electrode holders
produced a torque on the wires to the electrodes and caused ﬁhe.allig;a-
tor clips to twist around on ﬁhe bared pencil lead. After a short tine
the clips had worn a groove on the lead and, if not carefully checked
periodically, the clips became loose -a.nd only part of the voltage was
.imparted to the material in the tank, the rest béing dropped across the
poor electrical connection of clip on perncil. This was avoided to some
extent by moving electrodes and éable together, but there was always
some twisting action present.

The channel iron that was used to position the electrode holders

along the length of the tank had some small amount of sag in the middle.
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. This sag amounted to only about one sixteenth of an inch but '-necessi,tated
"!;he ca,reful raising and lowering of the electrodes to0 koep the tip of the
electrode just making contact with the fluid so that it would always
approximate a point source on the surface.

The most troublescme disaste:tj was not encountered until niodel runs
with the sand layer were begun. Using unsized fine river sand and then
draining fluid from the tank throﬁgh one drain caused a migration of
small conductive particles towards the drain end of the tank. This pro-
duced a completely non~homogeneous sand layer, necessitated making a
calibration run for each model run, and more than doubled the work in-
volved. | Algo, placement of models in the .sand d.istuibs the sand adja—
cent to the model and can cause ei‘ratic readings. Compaction of the top
portion of the sand 1é.yer is not as great as that below the surface so
that & non-uniform resistivity may be present in the top few inches of
sand. |

Recommendations. There are numerous ways ln wvhich this investiga~

tion could be extendéd. and improv_e'd.. A major improvement would be the
vse of a more homogeneous material to replace the sand layer. Small
glasgs beads or carefully sized rounded sa‘ndlwould seem most d.esira,ble.
Careful placement of the models and replacing material around the model
might produce curves showing edge effects more clea::"ly than {'.he present
.emerimenta.l results. -

A more refined method of positioning of the electrodes is to be
desired. Perhaps an electrode holder machined to fit a carefully milled
slide bar with an etched scale attached would produce a more accurate

Positioning system. Replacement of the alligator clips presently in use
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by some other type of connector would insure that a good electrical con-
tact is maintained.

This investigation could, with the above improvements, be extended
to investigate the many problems associated with depth of buriel, mui-
tiple models, effect of resistivity contrast, and by use of multiple

layers it could be expanded to include vertical profiling.
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VII. CONC LUSIONS

The resuits of this investigation show thét horizontal resist-
ivity profiles can be préduced in the laboratory using small scale
models. Untreated alumimim models, &s used in this study, have been
shown to be unsuitable when immersed in a salt water solution. The
characteristic edge effects whioh wers exéected on the model results
were not present., The departures frdm expsoted fesults may have
been due to electrochemical reactions, It is believed that further
refinement of the equipment and the use of suitable models will

produce usable results,
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LIST OF EXPERIMENTAL MODEL RUNS AND THE CONDITIOKNS UNDER WHICH EACH WAS

Run
No.

1.

10.

1l.

12,

13.

14,

15.

Type of
Model

None
None
None
None

Conductive
Hemisphere

Conductive
Hemisphere

Vertical
Conductor

Vertical
Conductor

Vertical
Conductor

Vertical
Conductor

Vertical
Conductor

Vertical
Conductor

Horizontal
Conductor
A% Wide

Horizontal
Conductox
5% Wide

Horizontal
Conductor
10% Vide

ngh
Spacing

lll
ou

3H
yn

118

2“

1Il

2"

3“

]4,"

)*I!

)+Il

l“

2“

MADE.

Fluid

Thickness

204
201
oon
204

oo
20"

3/8"
3/8"
3/8"
3/ 8"
3/ W

L4
Z

3/
3 / yh

3/ L8

Sand
Thickness

0
0
0
0
o

l9ll
19"
19"

1915

19

19"

_ 19!!

194

19"'

Data Presented in;

Table
III
III
111
IIT

Iv

.IV
v
VI
Vi

VIII

XII

XIIX

Figure
5

5
5
5
8

10

10, 11

1l

12
i2

13
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TABLE I cont.

Run Typs of . ugh Fluid Sand Data Presented in;

No. Model Spacing Thickness Thickness Table Figure
16, Horizontal 2% 3/um 19" XIV 13
Conductor .
10" Vide -
17.  Stream o 3/ 19" v 1y
Channel :
5% Wide
18. Strean 24 3/ 4w g4 XVI 14
Channel
5% Wide
19. Strean av 3/ue - 194 XVII 15
Channel. .
10Y Wide
20.  Vertical 2n 3/un 9"  XVIII 16
Insulator
21. Vertical 30 3/u" 9% XIX 16
Ingulator :
22,  TVertical Ly 3/un 19" XX 17
Ingulator
23. Horizontal 1% 3/ us 3/4" Over Model XXI 18
Insulator: . 19" Total
24, Horizontal 2" 3/ud 3/4% Over XXII 18
Insulator Model; 19%
. Total
25. Horizontal ¥ 3/yn 3/4" Over XXIII 18
Insulator - . Model; 19V '
, Total
26. Composite 2" 3/4m 24 Over XXIV 19
Model; 19H¥
Total
27.  Composite 3V 3/ 4 oif Over XXV 19
: Model; 19%
Total
2g. Composite yu 3/ 2" Over XXVI 19

Model; 19%
Total
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TABLE I1

RESISTIVITY VALUES OBTAINED FOR VERTICAL PROFILES AT SEVERAT- POINTS OH A
TRAVERSE ACROSS THE LENWGTH OF THE TAWK. DATA PLOTTED IN FIGURE l,

Electrode Position O Pesition U Position -4 Position =6
Separation Resistivity Resistivity Resistivity Resistivity
Inches Ohm-~cm. _ Ohnm~-cm . Ohm~cm. Chm~cm.
2 30.60 T 89.32 83 .58 90.92
4 93.15 95.06 96 .98 90.60
6 95.13 108.87 . 110.99 107.81
8 112.83 118.43 122,46 118.34
10 132,21 135.60 123.74 133.91
12 157.09 16l1.12 151.05 140.98
ARTS 181.97 183.97 184,31 186.64
16 - 206 .86 222.77 217. 238 .68
18 - 246.59 273.33

20 299.39
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TABLE III

OBSERVED VALUES OF KESISTANCE (E/I) DURING CALIBRATION RUNS ACROSS TANK
CONTAINING TWENTY INCHES OF SALT VATER FOR ELECTRODE SEPARATIONS OF ONE
TO FOUR INCHES. DATA PLOTTED IN FIGURE 5. |

Position Ons Inch Two Inches Three Inches Four Inches
Electrode Electrode Electrode Electrode
-Separation Separation Separation - Separation
28 6.85 5.30 2.38 " 1.90
24 » 6.82 5.20 2.28 1.65
20 6.8L 5.20 2.25 1.63
16 6.81 5.25 2.25 1.63
1L 6.79
12 6.80 2,23 1.63
10 6.81 : C
8 6.79 5.20 2.23 1.63
6 6.75
4 6.78 5.32 2.23 1.62
2 6.75 '
0 6.82 5.30 2.23 1.62
-2 6.82 '
-4 6.82 5.42 2.24 1.62
-5 6.81 :
"8 6o80 5.11‘6 202“’ 1062
-12 6.79 5.45 2.2y 1.61L
~-20 6.75 e ©2.27 1.62
-2l 6.80 5430 2.26 1.61
-28 6.65 2.29 1.73
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TABLE IV

RESISTIVITY VALUES OBTAINED FOR A TRAVERSE ACRCSS A BURIED CO.&DUGTIV""
HEMISPHERE. DATA PLOTTED IN FPIGURES 7 AWD &,

Electrode separation 1Y% Electrods separation 2"

Position Observed (E/I) GCalculated Observed (E/I) Calculated

Registivity S Registivity
, Ohm-cm . Chm-cm .
14 6.33 100.96 3.23 103.04
12 6.38 101.76 3.23 103,04
10 6.38 101.76 3.23 103.0L
9 6.39 101.92 3.23 103.04
8 6.39 101.92 3.2 103.04
T 3.2 103.36
6% 3 .24 103.36
6 6.39 101.92 3.25 : 103 68
5% 3.26 .99
5 3.29 _ 0 .95
UL 3.30 105.27
L 6.4l .102.72 3.39 108.14
3% 6.45 102.88 3.20 102.08
3 6.50 103.68 2.67 85.17
2 6.62 105.59 2.88 01.87
2 6.55 04.47 3.U8 111.01
1% 4.89 78.00 6.15 196.19
1 6.49 103.52 18.40 586 .96
% 20.20 322.1 22.20 708.18
0 19.30 307 .8 13.90 Lhy3 L
-3 5493 9L.L2 L.70 149.43
-1 2.33 37.16 2.87 91.55
-1 - 1.83 29.99 2.97 olt, Tl
-2 5.19 82.78 4.36 139.08
-2 8.75 139.56 10.00 391.00
-3 17.90 285 .51 19.90 634.81
-3k g.62 137.49 16.80 532.92
~l 5.58 83.00 8.1h 259.67
-4 5.90 ok, 3.68 117.39
-5 - 6.68 - 106.55 , 3403 96.66
-5% - 6.5% 1104.31 2.79 89.00
-b 6.51 103.83 3.02 96.34
-6 6.47 103.20 3.h2 109.10
-7 6.45 102.88 3.36 107.18
~-7% 6.46 103.04 3.31 105.59
-3 6.43 102.56 3.30 105.27
-9 3.23 104.63
-10 6.43 102.56 '3.27 104,71
-12 6.U3 102.56 3.28 104.63
-1Y4 6.45 102.88 3.28 104.63
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TABLE V

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF ONE INCH OBTAINED ON
A TRAVERSE ACROSS A BURIED VERTICAL CONDUCTIVE MODEL TWO INCHES IN WIDTH
AND COVERED BY A THEER-EIGHTHS INCH FLUID LAYER. ZERO CORRECTION IS
~.55. DATA PLOTTED IN FIGURE 9; ‘ ‘

Position  Observed (E/I) Observed (E/I) Corrected  Calculated

- With Model Without Model Residual Resistivity
' Anomaly Ohm=ca o
20 7.21 6.63 01 .16
16 7.32 6.7T4 - .03 .8
12 7.50 7.01 - .06 -.96
10 7.64 7.13 oL bl
9 7.54 7.00 -.01 -.16
8 7.30 6.82. -.07 -1.12
& 7.16 6.71 -.10 ~1.60
7 7.02 6.62 -.15 -2.39
L 6.84 6.54 -.25 - =3.,99
S T S
- . l . 9 e 3 - 085
g~ 6.48 6.u8 -.55 -8.78
. 6.21 6. -.83 ~13.23
4o 6.00 6.5 -1.09 -17.k40
3% 5.96 6.62 -1.21 <19.30
3 5.97 6.76 ~1.34 -20.
2% 6.02 6.87 -1.40 ~22,30
2 6.61 6.91 -.85 ~13.57
1% 6.63 - 6.99 -91 14,52
1 6.91 © 7.02 - .66 -10.5
* 7.07 6.98 -.146 - -7
0 7.18 6.91 -.28 -l
-1 7.31 6.86 -.10 ~1.60
-1 7.18 6.81 -.18 -2,87
-2 6.88 6.67 -.3h : ~5.42
-2k 6.92 T 6.62 -.25 _ ~3.99
=3 7.01 6.59 -13 -2.07
-g%- 7.09 6.52 .02 .32
- 7.12 6.0 A7 ’ 2.71
-4 7.0 6.37 .ell 1.76
-5 © 6.9 6.36 03 1T
-5% 6.88 6.32 .01 .16
--6l 2.56 2.30 0L .16
=U2 . 2 '29 "002 Aot 3 2
-7 6.72 6.26 -.09 —1.2#
-8 6.72 6.15 .02 .32
-9 6.54 5.98 .01 .16
-10 6.37 5.83 -.01 -.16
~12 6.11 554 - .02 : .iz
-16 5.95 5.149 -.09 ~1.U43
-20 6.05 5.50 0 0
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TABLE VI

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF TWO INCHES OBTAINED ON
A TRAVERSE ACROSS A BURIED VERTICAL COMDUCTIVE MODEL TWO INCHES IN WIDTH
AND COVERED BY A THREE-EIGHTHS INCH FLUID LAYER. ZERO CORRECTION IS-0.
DATA PLOTTED IN FIGURE 9. '

Position Observed (E/I) Observed (E/I) - Corrected  Calculated
With Model ) ¥ithout Model Residual Registivity
' Anomaly  Ohbmecm.
20 5.85 5.87 . -.02 ~.638
16 5497 5+95 .02 .638
12 6.10 6.11 -.01 -.391
10 . 6.2 6.25 , -.02 -.638
9 6.1 6.18 -0k ~1.28
8 5.98 6.12 -1k -4 47
15 591 6.10 ~.19 -5.06
7 5082 6008 ' “'26 "’8031
& 2. T4 6.03 . -29 - =9.26
6 5.69 6.02 : -.33 -10,.55
5% . 5061‘1" . 509g "025 “'10.83
5 5.49 5.94 - ~14.35"
Ly 5.30 5.92 -.62 -19.77
4 5.04 5.92 -.88 -23.10
3% 4, g1 5.95 -1.14 . =36.29
3 L. 70 6.02 -1.32 -L2,15
a%r b.71 6.08 ‘ ~1.37 -}43.70
2. 4.8y 6.16 ~1.32 =42.15
hE 5.16 6.18 -1.02 -32.51
1 5.42 6.18 -.76 ~24.28
% 5.71 6.17 ~. U6 ~1Y4.67
0 5.80 6.13 -.33 ~10.55
-5 5.69 ° 6.11 -2 -13.k40
—11 5.46 6.05 -.59 -18.82 -
-13. 5.26 6.02 -.76 ~2U,25
-2, 5.09 5.99 -.90 . ~-28,70
-3, 5-33 - 5.9k -.61 -1 .ug
-3 5. 5.92 - -k -14.0
- 5.63 5.87 ' -.24 ~7.67
-4 5.67 5.7 -.12 -3.82
-5 5.65 5.7 -.09 -2.87
~05 5.60 5.72 -.12° -3.84
-6 5.59 5.71 -512 T -3,84
- 5062 5070 -.08 "‘2055
-7 5.63 5.69 '-.06 -1.98
-8 5.62 5.61 Koxl .32
"'9 5 -51 5 ) 1"9 002 06"“
-10 5.36 5.39 -.03 T =96
~12 5.21 5.18 .03 .96
-16 5.03 5.0k -.Qk -.32
-20 5.09

5.07 .02 bl
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TABLE VII

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF THREE INCHES OBTAINED
ON A TRAVERSE ACROSS A BURIED VERTICAL COXDUCTIVE MODEL IWQO INCHES IN
WIDTH AND COVERED BY A THREBE-EIGHTHS INCH FLUID LAYER. ZERO.CORRECTION
IS -.,17. DATA PLOTTED IN FIGURE 10. '

Pogition  Observed (E/I)  Observed (B/I) Corrected  Calculated

With Model Without Model Residusl Resistivity
‘ ’ Anomaly Ohapecm o
20 4,88 .71 0 o 0
16 4.99 4,82 , o) 0
12 5.01 5.00 -.16 ~-7.65
10 3.09 5.15 ~-.2 -11.00
9 98 5.05 -.2 -~11.48
g 4.86 4.97 -.30 ~-14.35
1= 4.79 4.97 =35 ~16.70
7 4,71 k.97 -3 ~20.60
ok 4,67 - 4.93 -.u3 . =20.60
6 4.59 4,91 -4 -23.40
5% 4. b2 4,91 - .66 =31,60
5 4,23 4,87 -.81 -38.70
N k.09 4,88 -.96 -35,70
)y 3.94% 4,89 «l,22 ~58.45
3% 3.83 k.95 -1.29 ~61.75
3 3.81 5.00 ~1.36 -65.05
2% 2.89 5.03 -1.31 ~62.70
2 13 5.06 -1.10 -52.65
1% 4.3k 5.08 - ~=91 -43,50
1 4.59 5.09 -.07 -32,10
L 4,73 5.05 -9 ~-23 .40
0 4,78 5.02 -, -19.60
-1 4.66 4.98 ~.49 ~23 .40
-1 L kg k.95 -.63 -30.05
-13 L.34 k.92 -.75 -35.84
-2 4,18 4. g2 -.91 : -3 .50
~2% 4.08 L.o1 ~1.00 -47.85
-3 4.06 - 4.88 -.99 -47.30
-gg 4,09 4.87 -.95 -5 .50
- h.17 4.83 -.8% - - =39.65
b 4.28 4.82 -.71 - =33,95
-5 4.38 4,78 - .57 | «27.25
5% 4. ug 4,78 -6 -22.00
-6 4,54 Y.77 -0 ~19.10
-6% L.57 L.77 =37 -17.65
-7 4,62 Y, 72 -.27 ~-12.90
-3 4.63 4.72 -.26 -12.145
-9 , .24.63 1}.27 -.11 ~-5.27
-10 4.5 4.49 ~.12 -5.75
-12 ERRIA R 4,34 -.10 ~4.79
-16 4,31 4,18 -.04 -1.92
-20 4.33 k.27 -.11 -5.27
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TABLE VI1II

RESISTIVITY VALUES FOR AN ELECTRODE SEPABATION OF FOUR INCHES OBTAINED ON
A TRAVERSE ACROSS A BURIED VERTICAL COSDUCTIVI MODEL TWO INCHES IN WIDTH
_AID COVERED BY A THREE-BIGHTHS INCH FLUID LAYER. ZERO CORRECTION IS -.10.
DATA PLOTTED IW FIGURES 10 AlD 11,

Position Observed (E/I) Observed (E/I) Corrected Calculated

With Model Yiithout Model Residual Resistivity
Anomaly Ohn-cm.
20 4,26 4.16 0 0
16 L.28 4,18 o 0
12 4.3 4.3 -.07 -4.46
10 4.32 4.38 -.16 ~10.20
9 L.28 .38 -.20 -12.76
& k.15 4.31 -.26 -16.61
= 4.08 3.29 C - )é » -19.80
7 3.97 .23 —. =23.95
6% 3.83 L. - -30.64
6 3.69 417 -.58 -37.00
5% 3.58 L.15 -.67 -42.70
5 3.50 4,16 -.76 ~48.60
Lk 3.47 4,19 -.82 -52.30
)i 3.46 4,23 -.87  =55.60
3% 345 4.26 -.0L ~58.10
? 3.49 4.26 -.87 =55 .60
25 3.58 4.30 -.82 -52.34
2 3.72 4,32 -.70 ~44,00
% 3.88 4,34 -.56 -35.80
1 L.o1L 4,35 -JHl ~28.10
3 4.09 4.35 ~436 -23.95
0 L. - L,3h -e33 -21.10
- k.10 4,31 -.31 ~19.78
-1 4.03 4,28 -.35 ~-22.30
-1% 3.91 4,23 -2 -26.82
-2 3.81 4,20 -.hg ~31.25
-25 3.68 4.17 -+59 - =37.65
- 3.59 4,16 -.07 -42.70
-3z 3.53 4.15 -.72 -45.95
I 3.50 4,16 - ~.76 -148.60
-4 3451 3.17 -.7ﬁ -llis.6o
- 3.53 17 -7 -47.30
= 3058 4116 - .68 4330
-gs 3.67 4,16 -.59 -37 .60
-63 3.74 L.k - -31.90
-7 3.82 RN -2 -26.80
-3 3.82 4.10 -.31 -19.80
-9 3.9 L.o4 ~.20 -12.76
-10 3.92 3.97 -.15 =957
-12 3.83 3.83 -.10 ~5.38
-16 3.85 3.81° - .06 . -=3.8L
-20 3.82 3.75 ~.03 -1.92
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TABLE IX

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF FOUR INCEES OBTAINED ON
A TRAVERSE ACROSS A BURIED VERTICAL CONDUCTIVE MODEL TWO INCHES IN WIDTH .
AND COVERED BY A THREE-FOURTHS INCH FLUID LAYER. ZERO- CORREGTION IS ..LO.
DATA PLOTTED IN FIGURE 11.

Position  Observed (E/I) Observed (B/I) Corrected Calculated

With Model Without Model. Residual Resistivity

’ Anomaly Ohm—cm.

20 3433 3.72 .01 Ol
16 3436 371 .05 3419
12 3437 3.59 .18 11,k
10 3435 3.58 17 10,82
9 3.3L 357 b &.92

8 3.26 3.58 .08 5.10
% 3.22 3.58 O 2,55
7 3.16 357 -.0L - .6l

= 3.10 357 - .07 -~k U6

6 3.02 3.58 -.16 -10.20

5 2.92 3.58 -.26 ~16 .60
4k 2.87 3.58 -.3L ~19.80
ﬁ 2087 3 059 haed 032 "‘20 01}2
3% 2.87 3.57 -o20 ~19420
2 2.90 3456 -.26 ~16.60
2 2.96 3.5U4 -.18 -11.48
2 3.0k 3453 ~.09 =57l
1% 3.2 3.51 .01 -6l
1 3.19 3.9 .10 6.38
% 3.21 3.8 13 8.30
0 3.2 347 .16 10.20
~% 3.2 3.U6 .18 11.48
-1 '3.2L 3.46 15 9.57
-1t 3.28 3.46 .22 11.48
-2 3.11 3.46 . 05 3 19
-25 3.01 3.45 -0l . =2.55
- 2'9 . 30)‘"3 b 008 -'J olo
-5 2.9 3.43 -.09 B 74
= 2.93 ,3.1;3 " =.10 75 58
-l 2.93 30 ' "‘oll —-7902
=2 2.95 3.15 -.10 -6 38
- Js 2097 30"{’6 . "’.09 71"‘
-6 3.01 3.48 -.07 --1r 46
-7 3.07 3.50 -.03 -1.92
-8 3.07 3.56 ~-+09 . =54
-9 3.06 358 -.12 - =7.65
-10 3.13 3,60 -.07 -l U6
~-12 3.12 3.58 -.06 -3%.84
-16 3.05 3+59 -.14 ~8.93
-20 2.92 3457 =25 ~15.95
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TABLE X

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION.OF FOUR INCHES OBTAINED ON
A TRAVERSE ACROSS A BURIED VERTICAL CONDUCTIVE MODEL TWO INCHES IN WIDTH
AND COVEEED BY A ONE AND ONE-FOURTH INCH FLUID LAYER. ZERC CORRECTION

IS 0. DATA PLOTTED IN FIGURE 11. S

Position  Observed (E/I)  Observed (E/I)  Corrected  Calculated

With Model Without Model Residual Registivity
' Anomaly Ohm-—-cm .
28 3.10 3.10 .0 ' 0
2L 2.82 2.82 0 0
20 2.80 2.79 -0l ~ .64
16 2.77 2.79 - .02 1.27 .
12 2. 74 2.79 .05 3.19
10 2.71 2.77 .06 3.84
2 2.28 2.67 -.01 T =6l
2.67 2.52 -.15 ~9.57
L 2.66 2.49 -.17 ~10.83
2 2.65 2.60 -.05 ~3.1
0 2.59 2,68 .09 5.7
-2 2.65 2.59 -.06 -3,8Y4
-4 2.64 2.42 -.22 -14.04
-6 2.62 2.47 -5 1 =9,57
~8 2.65 2.53 -.12 ~7.65
-10 2.67 2.61 -.06 -3.8L4
~12 2.65 2.59 -.06 -3.84
=16 2.65 2,54 -.11 ~7.02
-20 2.59 2.55 ° - .04 -2.55
-24 2.58 2.58 0 0
~28 2.78 2.76 -.02 - ~1.27

- .
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TABLE XI

RESISTIVITY VALUES FOR AW ELECTRODE SEPARATION OF ONE INCH OBTAINED ON
A TRAVERSE 4CROSS A BURIED HORIZONTAL CONDUCTIVE MODEL FIVE INCHES IN
WIDTL AWD COVERED BY A THREE-FOURTHS INCH FLUID LAYER. ZERO CORRECTION
IS ,75. DATA PLOTTED IN FIGUSE 12, ~

Position  Observed (E/I) Obgerved (E/I) . Corrected  Calculated

With Model Without Model Residual Resistivity

o Anomaly - Ohm-cm «

20 5085 6073 "ol A "2.07
16 5.72 6.01 -.1 -2.23
12 5.80 6.32 -2 3.66
10 5.90 6.31 3 5.43
9 " 6.03 6.36 RIT 6.70

g 6.02 6.39 .38 6.05

% - b.02 6.39 38 6.05

! 5.99 6.38 .36 . 5.7k
GE 5.99 6.47 .27 - 4.3
5.98 6.4 .30 4,79

5%, 5.98 . 6. .29 k.62
ug 5.95 6.53 27 2.71
5¢89 6.5 .10 1.60

ﬁ 5.86 6.53 08 1.28
7 5.87 6.53 09 1.4
3 5.89 6.52 .12 1.92
2% 5.88 6.47 .16 2.55
2 5.87 6.4k .18 2.87
15 *5.86 6.40 2L 3.35
1 5.87 6.37 .25 3.99
3 5.88 6.34 .29 4,62
0 5.92 6.30 .37 5.90
-5 5.93 6.29 .39 6.21
-1 5.93 6.21 RUy¢ 7.51
-1 5.92 6.19 R 7.67
-2 5.92 6.18 RIEC] 7.82
-2 5.93 6.18 50 7.98
5.97 . 6.16 56 g.94

- % 5097 6016 056 8.91!‘
- 5.96 6.14 57 9.08
U 5.96 6.1k Y 9.08
-5 5.95 6.16 54 8.62
"’5% 5088 6.19 .]-l-’-l' 7.02
-6 5.78 6.19 34 5.42
-63 5.69 6.22 .22 3.51
-7 5.65 6.29 11 1.76
-8 5.66 6.37 LOu bl
-9 5.68 6.U1 .02 ' .32
-10 5.66 6.43 -.02 -.32
-12 .59 6.36 -.02 -.32
-16 5.53 6.22 .06 .96
-20 5.5 6.23 03 RIT:;

www.manaraa.com
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TABLE XII

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF TWO INCHES OBTAINED ON
A TRAVERSE ACROSS A BURIED HORIZONTAL COMDUCTIVE MODEL FIVE INCHES IN
WIDTH AND COVERED BY A THREE-FOURTHS INCH FLUID LAYER. ZERO CORRECTION
IS .56. DATA PLOTTED IN FIGURE 12, '

Position  Observed (E/I) Observed (E/I) Corrected  Calculated

With Model Without Model Residual Resistivity
' Anomaly Ohm=cm.,
20 TRRIT 5.05 -.06 -1.98
16 4,40 4,96 0 0
12 4.5 L.78 .23 7.35
10 4. 49 4.80 ‘.23 7.98
9 4. ho 4,81 .2 7.67
8 4 Ly 4,83 .20 6.38
= 4.4y 4,87 A6 5e12
7 4.9 4,88 A7 5.4
6% 449 4,89 .16 - 5.12
6 4.49 %.90 .15 .78
5% u.ui 4.89 .10 3 .13
5 11'03 1‘088 '02 .6
)‘l'%‘ )-l-.22 )‘"og? "’009 -’2087
b 4.12 4.87 -.19 ' -6.06
3% k.02 4.83 -.25 -7.98
' 3088 1{-.82 “.28 -g095
25 377 4,76 -43 -13.71
2 3.66 4.75 -.53 ~16.94
1z 3.59 L.72 - -.57 -18.20
1 3.57 ~ 4,70 - 57 -18.20
5 3.54 4.6l -5 - ~17.26
(1) 3.53 4.60 -.51 ~16.30
-5 3.56 4.57 -.u5 ~14.35
-1 3.59 4,55 | -.40 -12.78
-1‘2 ’ 3 '62 )‘1'053 - 035 -11 015
*f 3.71 4,53 -.26" - =8.31
-2z 377 © 4,53 -.20 . =6.38
-3 3.92 4,53 -.05 -1.60
- : L.07 L.53 05 1.60
_'1‘ )“l'023 l"056 023 : 7 .3)+
-1 u.gg k.57 .36 11.50
-5 4, n.53 A3 : 13.74%
-5 4,45 4.6 37 11 .84
~6 4.37 4,63 30 9.58
-6 4, 34 L.65 .25 7.98
-7 4,23 L.66 .13 4.16
-8 4,22 4,78 0 0
-a L.28 4.83 01 .32
-10 4,28 k.82 02 .ol
-12 L, 2L © 4,79 01 . «32
-16 4,16 4.67 .05 1.60
-20 4,17 k.69 Ol 1.28



TABLE XIII

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION FOR ONE INCH OBTAIKED
ON A TRAVERSE ACROSS A BURIED HORIZONTAL CONDUCTIVE MODEL TEN INCHES
IN WIDTH AWD COVERED BY A THREE-FOURTHS IKCH FLUID LAYER. ZERO
CORRECTION IS .86. DATA PLOTTED IN FIGURE 13.

Position  Observed (E/I) Observed (B/I) Corrected  Calculated

‘With Model Without Model Regidual Resistivity
Anomaly Ohm-cm .

20 5.81 6.73 - .06 -.96
16 5.65 6.61 - =.10 - =1.60
12 5.82 6.32 <39 6.23
10 5.8 6.31 39 6.23
9 5485 6.36 o35 558

g 5.84 6.39 31 L.g4
3 = T

[ ] L] ) .33 5.2

6% 5¢83 6.37 .22 3451
¢ 5.79 6.4 .22 3.5L
5% 5.75 6. .17 2.71
5 5.72 6.53 .0 g 080
h% 5.72 6.5 .0 .6l
5.77 6.53 .10 1.60

3% 5.83 6.53 15 2.49
E 5.93 G.Eg .27 4,31
P 5499 647 . W38 6.05
2 5.95 6.1 <37 5.91
1% 5.97 6.40 A3 6.85
1 6.04 6.37 .52 8.29
+ 6.08 6.34 .60 9.58
0 6.07 6.30 .63 10.05
% 6.02 6.29 .59 9.2
-1 5.99 6.21 .64 10.20
-2 6.04 6.18 J2 11,47
-ak 6.06 gag %u ,nu?
- 5.97 6.1 .67 10.65
- ; 5.84 6.16 S 8.92
- 5.90 6.1 b2 9.89
-l 5.79 6.14 51 8.13
-5 _ 5.80 6.16 .50 7.97
b g 5.81 2.19 ol):g 7.67
-6 5.79 .19 . 7.34
=65 5.78 ' 6.22 R) 6.70
-7 , 5.76 6.29 . 33 5.26
-8 5.7W 6.37 .23 3.68
-9 5.72 6.41 A7 2.71
-10 5.68 643 11 1.76
~12 5.5 6.36 Ol .ol
-16 5.51 6.22 15 2.39
~20 5.48 6.23 ki 1.76
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TABLE XIV

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF TWO INCHES OBTAINED ON
A TRAVERSE ACROSS A BURIED HORIZONTAL CONDUGTIVE MODEL TEN INCHES IN
WIDTH AND COVERED BY A THREE-FOURTHS INCH FLUID LAYER. 32ERO CORRECTION
IS .55. DATA PLOTTED IN FIGURE 13. R

Position  Observed (E/I) Observed (B/I) Corrected  Calculated

- With Hodel Without Model Regidual Resistivity

Anomaly Ohm~cm o

20 - 4.hg g.os -.05 -1.60
16 4.40 .96 -.01 -.32
12 L. 52 4,78 .29 9.26

10 RITY 4,80 .21 6.71 .
9 4 L7 4.81 .21 6.71
3 4. hg 4.83 .20 6.40
= L. u7 4.87 W15 4. 79
7 L 4.88 Al 3.62
6k 4,39 4,89 .05 - 1.60
8 4,33 4.90 .02 = .6k
55 4,31 4.89 -.03 -.96
5 4,31 i.sa -.02 - .ol
L 4,33 .87 -.01 -.32
5 u.ig 4.87 .06 1.92
3% 4, 4.83 R 4 uy
3 Ly 4. 82 17 5.l
2k L. L.76 .20 6.38
2 h.33 4.75 13 4,16
1k .2 n,72 - 07 2.23
1 .15 4,70 0 0
1 4.03 4.6L -.06 -1.92

0 3.95 4,60 -.10 ~3.19
i g.gs 4,57 -.04 -1.28
-1 .08 4.55 .08 2.55
-1 4.23 4,53 .25 7.98
-2 u.ig 4,53 A0 12.78
-2 4, 4,53 51 16.30
-3 L.52 4,53 Sl 17.26
-7 4,49 4.5% ?é 16.30
it 4,43 4,56 . 13.00 .
-1 4,39 4.57 37 11.81
-5 4.38 4.59 34 10.83
-5%: 4,38 .64 .29 9.26
- 4.38 4.63 .30 9.58
~-65 4,37 4.65 27 8 .60
-7 4,35 4,66 2L 7.67
-8 4.31 4,78 .08 2.55
-9 4,30 4.83 .02 .64
~10 4.29 .82 .02 .ol
-12 417 L. 79 .03 .96
-16 4,09 4,67 ~-.03 . =96
-20 4,11 k.69 -.03 -.96
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TABLE XV
RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION. OF ONE INCH OBTAINED ON A
TRAVERSE ACROSS A MODEL OF A STREAM CHAWNEL FIVE INCHES IN WIDTH. ZERO
COHRECTION IS .75. DATA PLOTTED IN FIGURE 14, - "

Position  Observed (B/I)  Observed (E/I)  Corrected  Calculated

With Model Without Model Residual Resistivity
Anomaly Ohm-—-cm .

- 20 5.95 6.73 -.03 -.ug
16 5.75 6.61 -.11 -1.76
12 5.81 6.32 24 3.83
10 5.79 6.31 .23 3.67
9 5.74% 6.36 .13 2.07
8 5.71 6.39 .07 1.12
> 5.66 6.39 .02 .32
7 5.64 6.38 01 .16
6% 5.64 6.47 -.08 -1.27
5.6k 6.l - .04 =Bl
5%5:' 2066 go "003 —.)'l'g
.70 5 -.08 -1.2
Ll 5.68 6.53 -.11 -2.71
L 5.61 6.53 -.17 -2.71
3% 557 6.53 -.21 -3.35
2; 5.45 6.52 -.32 -5.12
537 647 -.35 ~5.58
2 5.26 6.4k -.43 -6.85
1% 5.02 6.40 - .63 -10.05
1 4.80 6.37 -.82 -13.05
% 4,71 6.34 ~.88 14,00
0 4.63 6.30 -1.02 -16,30
-3 L. 47 6.29 -1.07 -17.10
-1 4. 45 6.21 -1.01 = -16.15
-1k L.hg 6,19 -.96 -15.32
-2 4.57 6.18 -.86 -13.72
-2k .72 6.18 ~.JL -11.36
=3 L.oL 6.16 -47 -7.50
-33 5.06 6.16 -.35 -5.58
=L 5.22 6.14 ~-.17 ~-2.71
-l 5.40 6.17 .01 .16
-5 5.48 6.16 07 1.12
-5 554 6.19 .10 : 1.60
- 5.60 6.19 .16 ' 2.55
~6% 5.62 6.22 15 2.39
-7 5.60 6.29 06 96
-8 5.66 6.37 ol 6L
-9 5.63 6.41 -.03 -.4g
-10 5.60 6.U43 -.08 ~1.28
-12 5.62 6.36 01 .16
-16 5.61 6.22 Al - 2.2%
-20 5.61 6.23 13 2.07
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TABLE XVI
RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF THO INCHES OBTAINED ON
A TRAVERSE ACBRDSS A MODEL OF A STREAM CHANNEL FIVE INCHES IN WIDTH. Z2ERO
CORRECTION IS .50. DATA PLOTTED IN FIGURE 1l.

Position  Observed (E/I) Observed (E/I) Corrected  Calculated

With Model Without Model Regidual Resistivity

Anomaly Ohm--cm .,

20 L.6L 5.08 .0 .96
16 4,50 4.96 . 13.\ 1.27
12 L.56 4.78 .26 g.31
10 u.ga 4,80 .22 7.24
9 N4y 4.81 .16 5.12
8 L2 4.83 .09 2.87
= 4,38 4.87 .01 .32
7 L3y 4,88 - .04 ~1.27
6% 4,31 .89 -.08 -2.55
6 4,29 4,90 -.11 ~3.62
5% 4, ok L.89 -.15 -4.79
5 4,20 4.88 -.18 =~5.75
h% k.15 4,87 -.22 ~7.24
l"oog 14'087 "'028 "’g095

3% 4.02 4,83 ~-.31 -9.90
3 3.94 4.82 -.36 -11.50"
a2k 3.82 4,76 RO -14.03
2 3.69 4.75 - .56 ~-17.87
1 - 3.50 4,72 -.72 22,90
.‘lL 3.37 4.70 -.8 -26.148

4 3.20 L.6L -9 ~30.00

0 3.14 4,60 ~-.96 -30..65
-5 3.11 l*‘057 ".96 "‘30.65
-1 3.13 : 4.55 -.92 -29.42
-—lg 3'233 3.53 ~.82 <26.20
- 3.3 53 -7 -~23.29
-23 3.49 453 -.5 -17.26
=3 3.63 k.53 -0 ~12.76
-}i 3.65 4,53 -.38 -12.13%
- 3.81 k.56 -.25 ~7.98
-2 3.92 4.57 ~-.15 - =}.80
-5 .02 4.59 -.07 -2.23
- 4,09 4.6k -.05 -1.59
- 4,16 4.63 .03 .96
63 4,20 4 .65 .05 1.59
-7 4,26 - 4,66 .10 3.19
-8 4.31 L.78 .03 .96
-9 L.33 4,83 o 0
-10 4,33 4. 82 . 001 32
-12 4,21 4.79 -.08 -2.55
-16 4,15 4.67 -.02 -6l
-20 4.13 4.69 -.06 -1.91



TABLE XVII

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF TWO INCHES OBTAIWED ON
A TRAVERSE ACROSS A MODEL OF A STREAM CHANNEL TEN INCHES IN WIDTH.

CORRECTION IS O, DATA PLOTTED IN FIGURE 15.

Pogition Obsexrved (E/I) Observed (E/I) Corrected

With Model Without Model Residual
Anomaly
.28 5.11 5.10 01
24 .99 L.95 Ol
20 L.oh L.86 .08
16 L.gy . L.70 R
12 L.88 Y. 74 R
10 4.89 4,71 .18
L 4.85 L,69 .16
82 4.85 4.69 .16
= 4.85 4.69 .16
8 L.70 4,69 Ol
7 4.57 4,69 -2
6%_ 4,58 4.69 -.11
Ik L.68 -.27
5% L,29 4.66 -.37
5 4.13 L.68 -.55
U 3.90 4,69 -.79
L 3.68 4.70 -1.,02
3% 3.1 4,72 -1.31
22 3.21 L.7h -1.53
5 3.06 L7 -1.68
2 2.94 L.7h -1.80
1% 2.93 4,76 ~1.83
1 2.66 L.78 -2.12
% 2.67 4.77 -2.10
0 2.68 L.77 -2.09
% 2.71 Lw.77 -2,06
-1 2.77 Y. 77 -2.00
-1z 2.84 H.78 ~1.94
-2 2.91 4,78 -1.87
-é 3'20 1}082 "'1062
-3§ 3.39 4.83 ~1.h4
- 3059 )'l"ogs "l 026
-4 3.85 4.85 -1.00
—5 005 ll'.35 "'.80
-5% L.21 .86 -.65
-6 u.ﬁ3 4.87 -5l
-63 Y42 .88 -,
-7 4,51 4.88 -o37
7—%— )-I-.Gl 1‘!’.87 "026
-8 4,71 4,87 -.16

Calculated
Resistivity
Ohm"cm .

.32
1.28
2.55
447

4T
5.75
5.12
5.12

5.12
.32

-1.99

~3.82
-3.52
-=8.,63
-11.81
-17.55
-25.15
-32.52
~41 .82
-4g,80
-53.65
-57.50
-64.85
-67.70
-67.05
~66.70
-65.75
-63%.80
-61.95
-59.7

-56.5

-51.70
-46.00
-40.320
-~31.90
-25.50
-20.70
-17.23
~14.65
-11,.81
~-8.31
-5.12

ZERO
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TABLE XVII contb.

Position  Observed (E/I)  Observed (E/I) - Corrected  Calculated

With Model . Without Model Residual Resistivity

- Anomaly Ohn-cm,-

-85 L.79 .86 -.07 -2.23
-9 4,89 4,85 .05 1.60
b 52 2‘!‘09)4' )'I‘QSY 007 2023
-10 4.98 u;si .09 - 2.87
-11 5.06 4.9 .12 ~ 3.82
-12 5.09 4.97 .12 3.82
"“1)'1' 5 021 5 009 .12 3 082
-16 5.26 5.17 .09 2.87
-20 5+39 5.19 .20 6.38
-24 5.58- 5.40 .18 5.75
-28 - 5.22 5.55 -.33 ~-10.55
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TAELE XVIII

RESISTIVITY VALUES FOR AN FLECTRODE SEPARATION OF TWO INCHES OBTAINED OF
A TRAVERSE ACROSS A BURIED VERTICAL RESISTIVE HODEL OXE AND THREE QUARTERS
OF AV INCH IW WIDTH AND COVERED BY A THREE-FOUBIAS INCH FLUID LAYER.. ZERO
CORRECTION IS .25. DATA PLOTTED IN FIGURE 16. :

Position  Observed (E/I) Observed (E/I) Gorrected  Calculated

With Model Without Model Residual Registivisy

Anomaly Ohme—cm.
20 5431 5 .64 -.09 | -2.87
16 5.27 5.52 0 0
12 5.19 5.27 17 5.U3
10 5.23 5.09 «39 12,45
9 5.21 k.99 47 15.00
8 5.23 k.95 .53 16.90
5 5.23 h.92 56 17.87
7 525 5.84 .66 21.05
6%« 5.27 4.73 .79 25.20
5.27 4,67 85 27.12
5 . 5.27 L.62 .90 28.70
5 5.28 4,58 .95 30.30
o 5.29 4,53 1.01 32,20
I 5.33 4.u8 1.10 35.10
3% 5.38 TR o] 1.23 39.28
3 5ol 4,36 1.30 1.50
25 5.U5 4,32 1.38 44,10
2 5.50 4,29 1,46 46 .60
1% 5455 4.28 1.52 48.50
1 5.62 4,08 1.59 50.80
3 5.73 h.27 1.7L 54 .60
0 5.91 L.29 1.87 59.60
-k 6.19 L.29 2.15 68.60
-1 6.39 k.29 2.5‘63 75 .00
~1% 6.51 4,30 2. 78.50
-2 6.29 4,33 2.21 0.50
-3 6.12 4.37 2.00 3.80
-3 5.88 4,39 1.7% 55«50
-1 5.74 403 1.56 49,80
""h’% 5.68 2'(".1"’6 lol}‘Y %090
-5 5.59 b4y 1.37 45.70
-55 5.52 .48 1.29 41,10
= 5.42 L, ug 1.1 37.90
-5 5.37 4. ug 1.1 36.29
-7 5.30 .50 1.05 3350
-3 5.25 4,57 .93 29,70
-9 5.22 h.62 &5 27.15
~10 5.19 h,68 .76 2,28
12 5.14 4,90 . 15.63
-16 5.15 5.30 .10 3.19

~-20 5.18 5.46 -.03 -.96 -
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TABLE XIX

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF THREE INCHES OBTAINED
ON A TRAVERSE ACROSS A BURIED VERTICAL RESISTIVE MODEL ONE AND THREE-
QUARTERS OF AN INCH IN. WIDTH AND COVERED BY A THREE-FOURTHS INCH FLUID
LAYER. ZERO COFEECTION IS .35. DATA PLOTTED IN FPIGURE 16.

Position  Observed (E/I) Cbserved (B/I)  Corrected Calclﬂ.ated

.With Model Without Model Residual Resistivity
: Anomaly Ohm-cn .

20 R 4,87 -.05 - =2.39
16 445 L. 74 .06 2.87
12 L .ho 4.55 .20° 9.58
10 4. ho 4,47 030 14.35
9 446 4.38 43 "20.60

8 b 47 4,30 .52 21+ 90
> L.y L.25 57 27.25
7 4.9 4.1 .65 31.15
6L 4,49 4.1 .70 33.50
2 4,51 4.11 o715 35.95
5% 4,53 4,07 .81 8.70
4,57 4,02 .90 3.10

l% 4,61 4,01 .95 45.50
' 4.63 3.97 1.01 4g.40
3% 4.65 3.94 1.06 50.80
22 4,67 3.90 1.12 53.70
L 4,65 3.89 _ 1.11 53.20

2 4.65 3.88 1.12 53.70
1% 4.69 3.86 1.18 56 .50
1 4,80 3.85 , 1.30 62.25
5 5.00 3.81 1.54%. 73.75
0 5.25 3.81 1.79 75.60
-5 5.50 3.82 2.03 97.20
-1 5.68 3.82 2.21 105.80
-13 5.77 3.83 2.29 109.70
-2 5.73 3.83 2.2 . 107.70
-2 5.64 3.85 2.1 . 102.50
- 5.45 3.87 : 1.93 92.00
-3ﬁ 5.19 3.91 : 1.63 - 78.10
=4 L.97 3.93 T 1.39 66.60
-5 k.72 3.98 1.09 52.20
-5% ﬁ.gs 3.99 1.0k 1{-9.85
- .07 3.99 1.03 <35
-5k 4.65 3.99 1.01 : us.go
-7 4,61 .00 _ .96 46.00
-8 k.52 4.04 .83 36.95
-9 L.u4g 4.10 I3 3%4.90
~10 RN 4,18 - .61 29 o5
-12 4.39 4.30 Ll 21.05
~16 4.39 4.61 .13 6.23
-20 4,38 4,70 .03 144
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TABLE XX

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF FOUR INCHES OBTAINED ON
A TRAVERSE ACROSS A BURIED VERTICAL RESISTIVE MODEL ONE AND 'I’HB.'EE—Q,UA.RLEBS
OF AN INCH IN WIDTH AND COVERED BY A THREE-FOURTHS INCH FLUID LAYER.

ZERO CORRECTION IS .25. DATA PLOTTED IN FIGURE 17.

Position  Observed (E/I) Observed (E/ I) Corrected Calculated

With Model Without Model Residual Regisgtivity
' Anomaly Ohm—cn.,
20 3.93 4.19 -.01 -.6L
15 3.92 4,10 07 4. 46
12 3.91 3.97 .19 12.12
10 3.92 3.89 .28 17.85
9 3.9% 3.82 {7 23.57
8 3.98 3.76 RIV 29.98
1A 3.98 3.78 50 31.90
61 - 4,00 3.70 55 35410
2 4.03 3.67 .61 - 38.90
6 4.07 3.61 W71 Eu; 30
5% 4.09 3.59 <75 47.90
5 4,10 3455 .80 51.00
I3 4,10 3.54 81 51.60
i .08 3.52 .81 51.60
3% 4.06 3.51 .80 51.00
;; 4.03 3.9 o7 50.40
2% L.07 3.48 .8 53.50
2 4,12 3.3& .92 58.T4
1% 4,23 3. ' 1.04 66.20
1 L. 42 - 342 1.25 79.70
3 4,43 3.42 1.36 86.70
0 4.86 3.40 1.71 109.10
-% 5.05 341 1.%9 120.50
-1 5.19 341 2.03 129.40
-1 5.23 3.0 2.06 131.20
-2 5.23 3.43 2.05 . 130.80
-2% 5.18 3.46 1.97 ~ 125.60
- 5.04 .3.48 1.81 115.50
-3 4.86 3.8 1.63 104.00
il 4,61 3.50 1.36 86.70
-l 4.2 3.51 1.16 7%.00
-5-2 ‘ 4,26 3.52 .99 6%.10
-5% 4,13 3.53 .85 54.25
~b 4.07 355 JT7 L9.20
-63 4.03 3.57 .71 45.30
-7 _ 4,05 3.57 <73 46.60
-8 4.08 3.57 .76 4g.50
-9 L.03 3.60 .68 43,40
~10 3.99 3465 gg 37.65
-12 3.92 377 . 25.50
~16 3.92 .98 1 12.12
-20 3.90 01 .1 8.93



17

TABLE XXI

RESISTIVITY VALUEZS FOR AN ELECTRODE SEPARATION OF ONE INCH OBTAINED ON
A TRAVERSE ACROSS A BURIED HORIZONTAL ERESISTIVE MODEL TWELVE IHCHES IN
WIDTH AND COVERED BY A THREE-FOURTHS INCH FLUID LAYER. ZERO COB.MCTION
IS 0. DATA PLO'M!ED IN FIGURE 18.

Position  Observed (E/I) Obgerved (E/I) Corrected  Calculabed

- With Model Without Model Residual Registivity
' Anomaly Ohm-cm .
28 6. 44 6.48 -.04 - -.6h
ol 6.59 6.59 0 0
20 6.73 6.73 .0 0
16 6.60 6.61 -.0L ~-.16
12 6.71 6.32 .39 6.23
10 6.77 6.31 U6 7.34
9t 6.78 6.36 L2 6.70
? 6.78 6.36 Ju2 6.70
g% 6.80 6.37 43 . 6.85
8 6.81 6.39 L2 6.70
> 6.82 6.39 U3 6.85
7 6.87 6.38 A9 7.82
6% 6.91 6.7 RIS 7.10
6 6.99 6.32 .56 g .94
55 7.04 6. .60 9..58
5 7.06 6.53 .53 8.5
7.09 6.5 .55 9.10
! 7.11 6.53 .58 9.25
35 7.12 6.53 .59 9.42
3 7.18 6.52 .66 10.53
2L 7.19 6.7 72 11.47
2 7.19 6.ul 75 11.95
1% 7.19 6.40 .79 12.60
1 7.19 6.37 .82 13.05
L 7.19 6.34 .85 .13.55
? 7.19 6.30 +89 . 14,20
-+ 7.19 6.29 .90 - 14.35
-1 7.19 6.2 .98 15.65
-1} 7.18 6.19 .99 - 15.79
=2 7.14 6.18 9 15.32
-2% 7.09 6.18 91 14,52
=3 , 7.08 6.16 92 14,65
-35 7.04 6.16 .88 14,03
-4 7.03 6.14 .89 14.20
- 7.00 - 6.1k .86 13.72
-5 _ 6.99 6.16 .83 13.23
-5 6.98 6.16 .79 12.60
S 6.96 6.19 17 12.25
-6% 6.92 6.22 .70 11.15
-7 . 6.85 6.29 .56 8.4
-T3 6.81 6.32 .49 7.82
-8 6.76 6.37 .39 6.23



78

PABLE XXI cont.

Position  Observed (E/I) Observed (E/I) - Corrected  Calculated

With Hodel Vithout Model Residual Resistivity
- Anomaly Ohm=cm .-
-9 6.72 6.1 .31 L .oh
-10 6.72 6.43 .29 L.62
-12 6.58 6.36 .22 3.51
-16 6.79 6.22 57 a.os
~20 6.54 6.23 <31 94
"‘21‘1' 6.“‘0 60)4'2 “002 —032
~28 6.40 6.36 LOu .6l
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TABLE XXII

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF TWO INCHES OBTAINED ON
A TRAVERSE ACROSS A BURIED HORIZONTAL RESISTIVE MODEL TWELVE INCHES IN
WIDTH AND COVERED BY A THREE-FOURTHS INCH FLUID LAYER, ZERC CORRECTION
IS -.07. DATA PLOTTED IN FIGURE 18. '

Position  Observed (E/I) Observed (E/I) Corrected  Calculated

With Model Without Model Residual Resistivity
Anomaly Ohm-cm .
2g 5.06 4,98 0L .32
el 5.09 5.02 0 )
20 5.2% Z.os .08 2.55
16 5.15 .96 12 3.82
12 5.27 4,78 L2 13.h2
10 5.33 4. 80 RITS 14.68
9% 5.39 4.81 .51 16.30
? 5.42 4.81 .54 17.26
8% Ry 5.82 58 18.54
8 5.53 4.83 .63 20.70
= 5.61 4,87 .67 21.38
7 5.69 4.8% JTH 23.62
6% 5.80 4,89 .84 26.81
? 5 .89 k.90 92 29.42
55 5.98 4.89 1.02 32.60
5 5.99 4.88 1.04 33.20
)-% 6.00 4.87 1.06 33%.90
6.01 4.87 1.07 34,20
3% 6.03 4.83 - 1.13 36.00
; 6.07 4.g2 1.18 37.70
2% 6.08 .76 1.25 - 9.90
2 6.10 L.75 1.28 .80
B 6.08 4,72 1.29 41,10
1 6.13 4,70 1.36 43,45
% 6.12 4.6l .41 45,10
0 6.14 4.60 1.47 46,90
- 6.16 4.57 1.52 48.50
"l 6.17 )4'.55 1055 1‘901‘0
- Z* ' 2.13 3.53 1.53 )1:8.80
- '10 053 l. 7.95
"'2%‘ 6-06 11‘053 l.ﬁ 1'1’6060
- 6.02 4.53 1.2 .30
-3= 5.98 4.53 1.38 .10
=L 5.98 4.56 1.35 43,10
- 5.97 k.57 1.33 42,50
=2 5.97 4,59 1.31 11.80
- 5.91 41.63 1.2 38.65
-5 5.86 .65 1.14 36.29
-7 5.75r 4.66 1.00 31.90
-5 5.6 4,70 .87 27.80
~8 5.55 4,78 .70 22.38
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TABLE XXII cont.

Position Observed (E/I) Observed (E/I) = Corrected Calculated

With Model Without Model Hesidual Resistivity

. - Anomaly Chm-cm .

~8% - 5.47 L4.81 .59 18.85
-9 5.39 4.83 19 15.63
-9% 5.36 4.83 RIT 14,70
-10 5.31 4,82 42 13.42
-11 5.22 4,80 .35 : 11.20
-12 5.24 4.79 .38 12.13
-16 5.28 4,67 54 17.25
-20 5.12 4.69 .36 11.50
~24 5.00 4.8l .09 2.87.
-28 5.00 4.79 RN 4. 43
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TABLE XXIII

RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF FOUR INCHES OBTAINED
ON A TRAVERSE ACROSS A BURIED HORIZONTAL RESISTIVE MODEL TWELVE INCHES
IN WIDTH AND COVERZD BY A THRES-FOURTHS INCH FLUID LAYER. ZERO CORREC-
TION IS -.05. DATA PLOTTED IN FIGURE 18, " ‘ '

Position  Observed (E/I) Observed (E/I) Corrected Calculated

.With Model Without Model Residual Resistivity
: ' Anomaly Ohm-cm.
28 L.17 4.17 - =05 -3.20
2y 3.75 3.79 -.01 - .64
20 3.77 3.72 0 0
16 3.77 3.71 0L .61t
15 3.80 3.70 .05 3.19
RIS 3.82 3.66 a1 7.02
13 . 3.88 3.62 21 13.%0
12 3.94 3.59 .‘zo 19.28
11 E.os 3.59 . i : 23.}}2
10 .17 3.58 5 .
% 4. 24 3.56 .63 . 130.,20
9 4,32 3.57 .70 4k 65
& 4. b1 3457 19 50.45
8 4.51 3.58 .88 56.20
L 4,62 3.58 .99 63.202
7 4.73 3457 1.11 70.90
L L.81 3.57 1.19 75.90
3 %.90 3.58 1.27 81.00
55 1.96 3.58 1.33 84.90
5 4.99 - 3.58 1.36 86.70
ux k.99 3.58 1.36 - 86.70
L %.99 3.59 1.35 86.22
3% 4.97 3.57 1.35 86.20
3 4,93 3.56 1.32 8h.20
2L 4.85 3.54 1.30 82.95
2 4.87 3.53 1.29 : 82.3%0
13 L.g2 -~ 3.5L 1.26 . 80.40
1 4.80 3.49 1.26 80.40
3 .77 3.u8 1.2 79 .20
0 boTh 347 1.22 77.80
-4 u.7z 3.U6 1.22 77 -€0
-1 4.7 3.46 1.23 78.50
-1 ' 4. 77 3.6 1.26 80.40
-2 4,78 3.u6 1.27 81.00
-2% 4.80 3.45 1.30 82.95
-3 L.g2 3.43 1.34 85.48
-3% 4.85 3.43 1.37 87.40
- 4.91 3.43 1.43 91.25
L2 4.9k 3.4 1.45 92.60
-5 4.96 3.45 1.46 . 93,20
- % 4.97 3.46 1.46 93.20
- 4.9% 3.h8 1.k0 89.30
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TABLE XXIII conte.

Position  Observed (E/I) Observed (B/I) Corrected  Calculated

With Model Without Model Resgidual Resigtivity
"Anomaly Ohm-cm .

-6% 4.89 3.49 1.35 86.20
-7 .84 3.50 1.29 82.30
-T% 4.77 3.52 1.20 76.55
-8 4.56 3.57 94 60.00
-9 u.ui 3.58 .80 51.00
-0 L3 3.59 .70 44,60
-10 L.26 3.60 .61 38.90
~11 4,11 3.59 .l%( 29.98
~=12 3.99 3.58 3 23.95
-1 3.91 3.58 28 17.85
-1 3.88 3.58 .25 15.97
-15 3.88 3.59 24 15.33
-15(6) 3.87 3459 .23 - 14.65
- 3.79 3457 17 10.83
~-2Y 3.76 3467 Ol 2.55
-28 3.97 3.82 .10 6.38
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TABLE XXIV
RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF TWO INCHES OBTAINED ON
A TRAVERSE ACROSS A BURIED CCMPOSITE MODEL COVERED BY A THREE-FOURTHS INCH
FLUID LAYER. ZERO CORRECTION IS O. DATA PLOTTED IN FIGURE 19. ‘

Position  Observed (B/I) Observed (E/I) Corrected  Calculated

With Models Without Models Residual Resistivity

Anomaly OChm—-cm.
28 L.97 4,97 0 ‘ 0
275 L.98 5.00 ~-.02 -.ch
27 4.98 5.00 -.02 -.GY
263 4.98 5.00 -.02 -.0Y4
26 4.98 5.00 -.02 - .64
25% 4.98 4.95 'Oi .96
25 4.98 L.oL .ol 1.27
ahd 5.01 L.97 .o 1.27
a4 5.0L 4.99 .05 1.59
233 5.07 5.02 .05 1.59
23 5.03 5.04 -.01 -.32
22k 5.07 5.02 .02 .ok
22 5.09 5.06 .03 .96
21k 5.09 - 5.06 .03 .96
21 5.09 5.05 .04 1.27
203 5.10 5.02 .08 2.55
20 5.12 L.99 .13 k.15
195 5.17 4.99 .18 5.75
19 5.21 4,97 .ol 7.07
185 5.28 Lol Eg 10.83
18 5.32 Lk.90 . 13.40
173 5.37 L.87 50 - 15.95
17 5ell k.79 .62 19.77
16} 5.48 4.73 75 23.95
16 554 4.65 .89 28.39
153 5.61 4.62 .99 31.60
15 5.68 L.58 1.10 : 35.10
jRI 5.71 L.57 1.14 : 36.29
14 5.71 4,57 1.1k 36.29
13} 5.71 L, 58 1.13 36.00
13 5.73 4 .58 " 1.15 36 .64
122 5.75 4.62 1.13 36.00
12 5.79 u.ei 1.16 26.98
113 5.80 4.6 1.16 36.98
11 5.81 4,66 1.15 36.64
103 5.85 4.69 1.16 36.98
10 _ 5.87 4,67 1.20 38.22
L 5.88 4.71 1.17 37.26
9 5.49 L.73 1.16 36.98
8% 5.88 ¥.79 1.09 34.80
8 5.88 L.83 1.05 33.50
Vi 5.88 .88 1.00 31.90
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TABLE XXIV cont.

Position Observed (E/I) Observed (B/I) Corrected Calculated

With Model Without Model Residual Resistivity
Anomaly Ohm-—cm .
7 5.87 4,91 .96 30.65
ok 5.86 k.95 91 39.05
6 5.8 "L,98 .86 27.u45
5% 5.82 5.01L .81 25.85
5. 5.81 5.02 .79 . 25,15
W 5.81 5.03 .78 24.82
L 5.80 5.03 717 24,50
3% 5.73 5 .00 .79 24,82
3 5.7 L1.98 .76 24,28
2 5.72 L.98 JTh 23.62
2 5.69 4,99 .70 22.38
1% 5.68 5.00 .68 21.62
1 5.65 5.03 .62 19.77
5 5.65 5.03 .62 19.77
0 5.6k 5.03 0L 19.15
-4 5.64 5.02 .62 19.77
-1 5.66 5.00 .66 21.00
-1 5.67 - 5.01 66 21.00
-2 5.67 5.01 .66 21.00
-2% 5.67 E.01 .66 - 21,00
-3 5.6k .99 .65 20,70
-2L 5.61 4.98 .63 20,10
-4 5.08 4.97 .61 19.45
-h 5.56 4,95 .61 19.45
-5 5.54 4,95 .59 18.82
-6 5.52 L.95 .57 18.20
-63 5.52 4.93 .59 18.82
-~T% 5.56 4,01 .65 20.67
-8 5.57 4,89 .68 - 21.62
-8 5.58 4.88 .70 . 22.38
-9 5.58 4,88 .70 22.38
-0% 5.55 L.89 .66 21.00
-10 5.52 4.89 ' .03 20.10
-1.03 5.51 4,88 .6 20.10
-11 5.52 L.88 .6 20.35
-113 5.51 4,85 .06 21..00
-12 5.52 4.79 .73 23.20
-12% 5.52 4,80 .72 22.90
-13 5.52 k.82 .70 22.38
-13%% 5.52

4.91 .61 19.45
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TABLE XXIV cont.

Position Observed (8/1) Observed (E/I) . Corrected Calculated

With Model Without Model Residual Resgistivity

Anomaly Chm=-cm o
-1l 5.51 4.98 53 16.86
-4 5.39 5.00 U9 15.63
-15 5.46 4,99 A7 14,97
-15% 5.41 4.96 A5 14,32
~16% 535 .86 49 15.63
-17 5.33 4.87 RIT 14,65
=173 5.32 L.85 L7 14.97
-18 5.32 L.87 45 14,35
~18% 5.32 3.88 .ﬁu 1#.03
-19 5.33 .90 <43 13.7
-19% 5.35 4,93 RIT) 13,10
-20 536 4.99 37 11.81
-20% 5.36 5.01 .35 11.20
-2 5.37 5.07. «30 9.57
-21% 5.38 5.10 .28 8.82
-22 5.37 5.14 «23 T+35
-22% 5.38 5.18 .20 6.38
-23 - 5. 5.20 .20 6.38
~233 5.4 5.22 .19 6.06
-2 5.39 5.26 .13 4,16
-2l 5.37 5.30 .07 2.2
-25 534 5.36 -.02 -.6
~25% 5.32 5438 -.06 ~1.99
-26 5.31 5.37 - .06 -1.99
~26% 5.31 5e32 -.01 -.32
-27 5 .28 5.28 0 0
-27% 5.24 5.22 .02 o4
-28 5.24 5.23

.01 32
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TABLE XXV
RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF THREE INCHES OBTAINED
ON A TRAVERSE ACROSS A BURIED CCOMPOSITE MODEL COVERED BY A THREE-FOURTHS
INCH FLUID LAYER. ZERO CORRECTION IS O, DATA PLOTTED IN FIGURE 19. -

Position Observed (E/I) Observed (E/I) Corrected Calculated

With Model Without Model Residual Resistivity -

- Anomaly Chm—~cm.
- 28 4.78 4.61 a7 . 8.16
7% L.72 4.58 R 6.72
27 4.69 4.53 .16 7.65
26% L4.67 4.h9 .18 8.63
26 4.61 TRRIT: A3 6.23 .
25%‘ . 4.61 “’o"l'? ol 6.72
25 4.62 4l .18 8.63
ol - L.62 4,40 22 10.55
24 L.62 4,40 .22 10.55
23% 4.63 4.39 2L - 11.h8
23 L.62 4,38 24 11.48
22k 4.0k 4,39 .25 11.98
22 4.65 4,39 .26 12.45
a1 4.68 - 4.38 30 14.35
21 4.69 4.37 .32 15.35
20% 4,71 4.37 gg © 16.30
20 L.75 4.35 R 19.20
194 4.79 4,35 R 21.05
19 4.85 4,35 .50 : 23.95
18% L4.,91 4,32 «H9 28.13
18 4.98 4,30 .68 32.60
175 5.03 L.27 .76 - 6.k40
17 5.16 .22 Ol 35.05
163 5.21 4,18 1.0 49.35
16 5.28 L1y 1.1 54.55
155 5.32 4.09 1.23 58.90
15 5.35 4.08 1.30 . 62.25
14 5. 4.08 1.32 - 63.15
14 541 4.09 1.32 63.15
13% 5.41 4.10 1.31 62,70
13 5.40 k.12 1.28 61.40
125 5.40 L.15 1.25 59.90
12 5.40 4.16 1.24 59.35
113 5.4l 4.16 1.25 59.90
11 5.42 L.1 1.29 6L.75
10% 5.43 4.1 1.29 61.75
10 5.4 L.15 1.29 61.75
9% 54T 4,14 1.3{ 63.80
9 5.48 4.1u 1.3 64.20
A 5.48 4,18 1.30 62.25
N 5 .47 4,02 1.25 60.00
e 5.46 k.27 1.19 57 .00
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TABLE XXV cont.

Position Observed (E/I) Observed (E/I) - Corrected Calculated

With Model Without Model Regidual Registivity

‘Anomaly Ohm—-cm., ~

7 5.6 4,31 1.15 55.30
6% 5.46 4,33 1.13 51,30
6 5 .46 4.38 1.08 . 51.85
55 5.146 4,39 1.07 © 51.30
Z% 5.46 4.37 1.09 . 52.20
50)"'8 )‘l'037 ) loll 53020

l;l 5.48 4.35 1.13 54.30
3= 5.48 4,33 1.15 55«30
3 5 .48 4.32 1.16 55.75 .
2L 544 k.32 1.12 53.70
2 5.41 4,34 1.07 51.30
1% 5.39 4.36 1.03 49.35
g. 5.37 4,38 .99 47.30
5 5.35 4,37 97 - 46.50
0 5¢33 4.39 9S4 45,05
~5 5.31 4,39 .92 4,10
"1 5 030 L“038 092 )-lll-.lo
~13 5.29 . 4.38 91 LLﬁéo
-2 5.28 4.36 .92 .10
-2l 5.24 4.33 S W91 43 .50
-3 5.22 4,32 - .90 432,15
-33 5.20 4,32 .88 43 .00
-4 5e13 4.30 .83 39.85
BRIES 5.10 4,31 .79 37.80
-5 5.09 4.32 717 36.80
-53 5.08 %.30 .78 - 38.05
-6 5.07 4,30 T 36.80
-63 5.07 4,29 78 38.05
ey 5.09 4,29 .80 38.18
-7 5.09 L.28 .81 38.70
-8 5.09 4.28 .81 : 38.70
-&% 5.09 4,28 .81 _ 38.70
"9 5.09 1‘!’.29 080 38018
-10% 5.07 4,22 - 85 1.55
- % 5008 14'020 088 }4‘3000
-12 5.09 h.21 .88 43.00
-12% 5.10 4,25 «85 41.55
-13 . 5.11 L.29 .82 42.30
~-13% 5.11 4,33 .78 38.05
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TABLE XXV conte.

Pogition  Observed (E[I) Observed (EfI) ~ Corrected  Calculated

With Model - Without Model Residual Resistivity
“Anomaly Ohm--cm.,’
-14 5.09 L.38 1 34,70
"l)'l’%' X 5 008 "‘l‘ogl 067 32 075
'151 5.02 L. 5 57 27.25
-155 4,99 4. L5 o5l 25.90
- =16 4.93 4,3 .50 23.90
-16% .89 4,39 .50 23.90
-17 4.86 4,33 .53 25,
-175 4.81 <31 .go 23.90
-18 4,79 4,32 A7 22.50.
~-18% 4,78 n.gg A5 2l..52"
-19 - 4,78 4, .38 18.22
~-19% u.78 Lu2 .36 17.25
~20 4,77 4. g .29 13.90
-205 4,75 4. 52 .23 11.0k4
-21 L4.75 4.56 19 9,10
-21% 4,76 4.59 a7 8.16
-22 L.78 4,60 .18 §.63
-22% 4,78 4.65 13 6.22
~23% - 4,78 4.68 .10 .79
-23% 4,79 4,70 .09 4,31
-24 479 L.73 .06 2.87
2L 4,79 4.79 0 0
-25 4.79 4.81 -.02 -.94
~-25% 4,80 4. g2 -.02 -.94
~26 4.81 4.81 0 0
-263% 4.81 4,80 0L - RIT:S
-27% L.g2 4.79 .03 1.4
-28 4.86 .80 .06 2.87



&9

TABLE XXVI
RESISTIVITY VALUES FOR AN ELECTRODE SEPARATION OF FOUR INCHES OBTAINED
ON A TRAVERSE ACROSS A BURIED CQMPOSITE MODEL COVERED BY A THREE-IOURTHS
INCH FLUID LAYER. ZERO CORRECTION IS O. DATA PLOTTED IN FIGURE 19,

Position Observed (E/I) Observed (E/I) Corrected Calculated

With Model - Without Model . Resgidual Resgistivity

Anomaly Ohm~-cm.

- 28 - 457 4,42 15 . 9.57
27% u.ga‘ 4,31 S 7.65
27 4.31 4,21 .10 6.38
263 L.21 4,16 .05 3.19
26 4.16 4,10 . .06 3.84
25 4,14 L.05 - .09 .74
25 4,10 3.99 11 7.02
24 : 4,09 3.97 W12 7.65
ol 4,09 3.92 .17 10.83
233 4,09 3.92 .17 10.83
23 4.09 3.89 .20 12.76
22} k.10 : 3.88 .22 14,04
22 .12 3.88 .24 15.35
213 4,13 3.89 24 15.35
21 4.17 3.88 .29 18.50
203 L.19 3.88 <31 19.80
20 4,23 3.88 .ig 22.30
19%' ;‘:.30 : 3.82 ° 26080
19 .38 3.86 52 3.20
18} 4.36 3.83 .63 30,20
18 4,51 3.80 .71 45,30
17% 4.60 3.77 .83 53.00
17 4.69 3.71 .98 62.50
16% 4.77 3.69 1.08 69.90
16 4,83 3.56 1.27 81.00
153 4,89 3.5Y4 1.35 86.10
15 4.90 3.52 1.38 - 88.00
14 4,92 3.62 1.30 : 82.90
14 4,92 - 3.63 1.29 82.20
13% L.91 3.62 1.29 82.20
13 4.89 3,65 1.24 79.10
12 4,88 3.67 1.21 77.20
12 4.83 3.68 1.15 73.30
115 4,81 3.67 1.14 72.80
11 4,81 3.67 1.14 72.80
103 4,82 3.67 1.15 73.30
10 4.80 3.67 1.13 72.10
9% L. g2 3.67 1.15 73.30
9 L.82 3.67 1.15 73.30
& u.si 3.69 1.14 72.80
8 4.8 3.71 1.13 72.10
> L.89 3.73 1.16 74.00
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TABLE XXVI cont.

Pogition  Obsgexrved (E/I) Obsexved (E/I) ~ Corrected Calculated

With Model - Without Model Residual Regigtivity
" Anomaly Ohm=-cm ,
7 L .g0 3.76 1.4 72.80
6% ho2 . 3.79 1.13 72.10
6 4,96 _ 3.80 1.16 T74.00
5% 4,98 3.81 1.17 © 74.60
5 5.0L 3.80 1.21 - 1720
5 5.03 3478 T L.25 79.7%
4 5.07 3.77 1.30 §2.90
L 5.09 3.7% 1.35 86.10
3 5.09 3.73 . 1.36 87 .80
= 5.09 3.73 1.36 87.80
2 5.08 3. 7% 1.3% 85.50
1% 5.04 3.75 1.29 82,20
1 5.02 3.73 . 1.25 79.70
&3 5.02 3.719 1.23 T 7855
0 5.01 3.79 1.22 77.90
-% 5.00 3.79 1.21 77.20
"l 1+o98 3079 1019 75.90
-5 4.95 3.79 1.16 . T4.00
-2 4.90 3.79 1.11 70.80 -
-2% 4,86 3.78 1.08 69.00
-3 4,81 3.78 1.03 65.70
-%3 4.73 376 97 61,90
- 4.68 3.T4 QU 60,00
-4 4,62 3.T0 .88 56.10
"5 )'1“059 3073 086 5’4‘090
-5 4, 54 3.73 8L 51.70
-5 4,51 3.75 .76 48,60
~6% 4.hg 375 NG 47.30,
-1, 449 . 3.75 T4 47.30
-7z L.u9 3.75 NG 47,30
-8 4. 49 3.7% o 15 : 47.9%
&z L.51 3.73 «78 : 49.75
-9 4,51 S 3,72 79 50.140
-9z 4.53 3.70 , «83 52.95
=10 4.55 370 +85 " 54,30
~10% 4,58 3.69 .89 . 56,80
~11 4,60 3.69 91 58,10
-1l L.61 3.71 090 57.40
-12 4,62 3,76 .86 54,90
~12% 4,66 3.79 .87 55,60
“'13 11'068 3082 . 086 5)‘4‘990
~1%% 4,69

3.86 .83 52.95
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TABLE XXVI cont. '

Position Observed (E/I) Observed (E/I) Corrected  Calculated

With Hodel - Without Model =  Residual Registivity
Anomaly Ohn-cm.
-14 L.68 3.87 .81 51.70
~1h43 4.65 3.88 17 49.15
-15 4. 62 3.91 71 U5.35
-15% 4.58 3.92 .66 "~ 42,10
- =16 4.52 3.90 .62 - 39.60
-17 4. b3 3.84 57 36.
-17% 4.38 3.82 .56 35.80
-13 4.32 3.82 .go 31.90
-18% - 4.30 3.83 A7 30.00
-19 4,27 3.85 RN 26.80
-1 4. 25 3.88 37 23 .60
-20 4.22 3.92 .30 19.20
-20% L.22 3-97 .25 © 15.95
~-21 4,21 4.00 21 13.38
-21% 4,20 4.03 17 10.83
-22 4.20 4.09 A1 7.02
~-22% h.o1 4,14 07 L u6
-23 4.21 4.19 .02 -+ 1.28
""2 ‘]é' 2-22 11:021 Qol V 061‘1'
-2l 4,25 4.28 : -.03 -1.92
-25 4,27 k.29 -.02 -1.28
~25% 4.28 4.30 -.02 -1.28
-26 4.29 h.32. -.03 -1.92
-26% 4,32 4.33 -.01 - .64
-27 4.37 4,38 -.01 —-.6M
5
~27% ﬁ.ul RN TS A -.03 ~=1.92
49

-28 ~ L4.50 -.01 -.0l
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