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ABSTRACT

Barth resistivity measurements are usually made using
an applied current source, often a square wave. An optimum
linear gystem is derived for the detection of a sqguare wave.
A synchronous system 18 also desoribed, it is almost as
good for signal deotectlon, heving s signal-to-nolise gain of
27 as compared to 30 for the linear system, and superior
in portabllity and ease of obtaining data. If one takes
1 mv/eps bandwidth/lm as representative of average earth
noise, the system can detect signals downm to 440 miorovolts.

lan-made conductors, such as fences, lylng olose to
the measuring equipment can distort readings. An analytical
selution for a fence, parallel to the line of measurements,
is presented. The solution has been evaluated over fairly
wide range:r of the variables, using a digital computsr, and
tables of resulta are included,

Pinally, some field data is presented and discussed.
The methed is found to be very useful for mapping beth
horigontal and vertical varistions in the conductivity
structure and in the reglonal geology. HMea:urements were
made at maximum dipole geparation of 12 miles, HNo trend
towards a change of resistivity with depth was found; using
Schlumberger ts curves an estimated minimumm depth to a layer
thick enoush to cause such a trend and having a resistivity
one one~hundredth that of the average surface value was
found to be three miles,

Thesis Supervisor: Theodore R. Nadden
Title: Assoclate Professor of Geophyslcs
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INTRODUCT ION

Determinations of electrical properties are most
accurate and detalled vhen made with applied current sources,
asince the nmumber of degrees of frecdom in the interpretation
of the measurements are reduced by controlling the losation,
strength and freguency of the source. The direct relation-
ship between the measured voltasges and the unknown resistivie
ties presents the aimplest interpretation problem, althéugh
even t his problem is not simple when the resistivity struce
ture 1s complex. The techniques of measuring earth resige
tivities on a rslatively small scale src well lmown and in
constant use, As the scale increases, however, the method
becomes limited by problems of signal deteetionj these
involve the large noise amplitudes encountered, rather than
small signals, When the scale reaches messurements of hundreds
of kilometers or more, the present state of the act is
inadequate and one iz forced t o usec the noise 1tself to analyse
dsep electriecal properties.

This thesis reports or attempts to make large scale
measurements by improving signel detection technigues,
Succeasful measurements were made up to 20 kilometers without
utilizing the maximum capabilities of the Ilnstrument.

0lder measurements have relied mostly on "brute force”

methods to produce signals large enough to be detected., With



improved receiving devices, the physical size of the sending
system ean be reduced, allowing better portabllity and more
motile operntions., Tetsction problems are comion these
days in the communieation sclences; thelir solutlions usually
involve correlation technicues. The originel Gish~Fooney
resistivity apparatus used such a technique. The method,
although simple in concept, is powerful., The system .
described in Chapter I is an extension of the Glsh-liconey
concept. DBecause of the peculiarities of alternating
current flows, low frequencies must be used for deep resig-
tivity probing; long btime spans are therefore necessary in
the detection schene.

An interecting problem encountered in making field
measurements is the determination of the effect of metal
fences whose length is of the same order of magnitude as
the dipoles used, or even of the entire spread., An analytic
solution, made with the aid of certain simplifying assumptions,
is presented in Chapter II, together with a simple model
experinent.

Finally, a section of fleld data, taken as a test of

the apparatus, is presented and discussed in Chapter III,



CHAPTER I
JINSTRUMENTATION
1.0 The Optimum Linear System
Following Lee, 1960, we define an optimum linear system

as one which producea minimum meanwsquare error, where the

mean~gquare error is given as

T2

”T‘
|
E%(%) = 1m 2T j ott) = £4(6)] % at 1.1

Minimizing this equation lesds to the fact that the impulase
response of the system must satisfy the Wiener-Hopf equation,

viz: (Lee, 1960, pp. 364~369)

o0

Frat) - jhm‘,"f ) 4407 = e 1.2

%
for 20

where ¥.,(7) 1s the inputedesired output ercss-correlation;
h@pt{‘r). is the optimum linear system impulse response and
f;(¥)As the input autecorrelation function,

In making resistivity measurements, square waves are
often used for the input signal, for two reasoncz: (a) A
low-frequency alternating current is desirable te avoid
polarization effects (b) Square waves are easy to generate.
" Such a device 1s used in this project and will be discussed

1&*;&1*,



It 18 neocessary then to determine the required correla-
tion functions for a square wave, The autogorrelsation
function and power density spectrum of & square wave of

period 2 sec. are, respectively!

50 ) B2(1 + 27v) 2N - 1& T < 2§
1777 1224 - 2vw) JNET & 28 +1
R ""Q; tl; ."‘:2; ™
oo - 1.3
b 1itw) = Z?F? (1 = cos NT):5(w = W)
N=o 1

These are derived in Appendix A, We note in passing
that a square wave has only odd harmonies, Intultively,
one might suspect that the optimum system will be one which
filters out everything except these frequencles, that iz, a
so-called "comb" filter.

Now, let the desired output be the square wave, Then,

since the input is this same square wave plus nolse, we have

Fialr) = LT LETZ] 1.5

where f (t) is the message, If the noise 1s f;(t), we have:

10
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ffid(Qf):= m /' tip m erT

= TR =y ) + T (BT (E+7)

SN ETT + L +7)
Co et = 9 () ey () 1.6

The usual assumption that the nolse and signal are
uncorrelated is now made. This being the case, fm(’t) = 0,
and we find that

P 3a(2) = Lot ?) 1.7

Por the input, we have!

fqtw) = FHEGE F7)

TFaltT « LT ] [fmu; vz ) x I (E +T )]

T vz )« O (E vz ) + T8I (E+7)

I R v )

P1al) - Pl )+ Gl T) L8

again assuming no correlation between signal and noise,
Substituting 1.7 and 1.8 into 1.2, we obtain

+ 00 + co

hopt (o )j’m(? - ldor | by (@) P (r e M ()

- o0 -0
T20 4,9
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a8 the necessary and sufficient conditions for minimum
mean-square error,

The power density spectrum of a sqguare wave vesists
factorization; fortunately, the Weiner«Hopf equation, 1.9,
in this case can be solved heuristically, we know that
any solution 1s unique (Lee, 1960).

We also know that & square wave has only odc harmonics,
Hence, a system that filters out all but these harmonics is
g good starting point.

Lee (1960) shows that a tapped delay line picks out
harmonics of all orders, Hence, z tapped delay line, which
is tapped twice in esch period, with alternate signs at the
output of the taps, should seleoct only even harmonics as
the number of taps becomes infinite. That is, let

n(t)® BT [s&(e) — 5 () + E(te2D) - 5 (t-35)
T I N

K
= Kl-l-| Z ("")h §(€- “;‘::.')

1.10
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Substitubing this expression in the Wiensr~Hopf equation,
1.9, we find:

ZE"I) §(o- “a)‘fun(’t T)de

K'H

TS ey ged) e fan )

K+
o hao 2?-0
K
sy g EE) Y O e
n=o0 oo
= () e
1.11

Since \fm('t) is a periodic function, the second

term on the left hand side 1s simply Y (7). Alao,
since Ym(?} is the autocorrelation function of random

noise, it is a monobtonically decreasing function; hence,
a8 I becomes larger, this term spproaches zero. This term
represents the error. Thus, we see that for an infinite
number of taps, we obbtain a system with zero er:or, By

making the number of taps large, we can make the srior as



small as 18 necessary.

This system cannot, of course, be realizged with an
actual tapped delay line, However, the ssme effect can be
achieved by sampling the function every half period (say,
using a digital voltmeter with punchedecard output) and
programming a digital computer to perform the required
averaging operations,

The transfer funetion of this system is shown in Appendix

B to be:

1.12
and its modulus to be:
l H(u:), - sin —7

&
g 1.13

A plot of equation 1,13 for n 20 48 shown in figure 1.1l.
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1.1 Signal - o - Noise Gain of the Optimum Linear System
Lee (1960) shows that, for a periodic sampling method,

the gain in signal~to-nolse ratio, assuming the period of

the sampling funotlion to be long enough to ensure independence
of the nolse components of the samples, is:

G = 10 logyq (m)db. 1.14
where n is the number of samples., Hence, for, say, n = 1000,
we have

@ = 10 1og(1000) ab.

= 30 db. 1.15

If then, R 1is the imput RM3 noise to RMS signel ratio,

30 db, = 20 log v
or v =32 1.16
indicating that the maximur tolerable ratloc of noise to
signal at the input is about 30, if we are to detect the
signal,
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1.2 A Synchronous System

This system involves phase sensltlive detection of the
received signel with respect to a contrel signal which ig
synchronized to the sending ocwrrent by meens of time signals
put ocut by W, Ws Ve The phase sensitive detector output is
essentially the gzeroth lag cor:relation of the received
signal plus the noise with the control signal. The recelved
signal and control signal are both square waves synchronized
together so that they give a net correlation, The noilse
is uncorrelated with the contrel signal and it contributes
only fluctuatioaa>to the phase detector oubtput, The magnitude
of these fluctuations is reduced in accordance to the length
of time that 1s used to average the detector output, the

dependence. The existance

%
9

of solid state amplifiers with input impedances of 10 ohma

exact relationship having a ¢

makes it possible to design such a recsiving system, using
battery operated electronic circults packaged in a small
case, capable of asohieving averaging times of 1000 seconds,
dome prefiltering of the received signals is also incorporated
to reduce the noise to within the linear response region
of the detector system,

The sending system 1s also designed with sclid state
devices, so that o portable system results. It can deliver
up to 2 amperses into the ground at 400 volts, the current

belng reversed in synchronism with W, W. V., time signals,
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80 that remote correlation with the reseiver detector osn
be achieved, The power is provided 6§'a 1 KW LOC ops motor

gensrator. A more detalled deseription and analysis of the

system iz given below,

Sender

The overall sender aystem block diagram is shown in
Figure 1.2.

Power for the sender is drawn from a 115 volt 400 cyele
motor generator set. The current is regulated by means of
& series connected saturable reactor current regulator, then
rectified, The resulting regulated d,e, is then converted
to 2 square wave by means of a switching ciroult ueing
silicon controlled rectifiers (8. C. R.'s). This current

switehing stage is controlled by a flipeflop (8. C. R. driver
eireuit) which 18 inductively coupled ko the 3. C. R.'s,

The flip-flop is in turn driven by an external pulss generstor,
rumning at 1 p.p.s. After switching, the current is passed
through a current monitor. The output voltege activates

a8 neon bulb so that the switching c¢an be observed,

Recelver
The overall receiver system block diagram 1s shown in

Pigure 1.3,
The incoming signal ls band passed through an RC low=~
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| KW
Motor Generator

Low Voltage |[D.C.| S.C.R. Driver |l cps Trigger .
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BLOCK DIAGRAM
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pass filter, a constant k, mwderived lowpass LC filter, and
a three stage active RC highpass filber having Butterworth
characteristics. The first stage of low-pass filtering was
found necessary due to saturation of bthe firat amplifier
caused by large, modulated RF signals picked up on the long
recelving wire, Buffer stages, (emitter follower amplifiers

21

with a gain of 1) are used to unload the varilous filter stages,

The signal is then amplified or attenuasted so as to
have a maximm level of about 50 mve A Philbrick model
PA=2 operational amplifier 1s used.

Following this, the signal is switehed by the phasges
senaitive detegtor, which scts as a reversing switch. In
the absence of noise and assuming all harmonies of the
square wave to be present, its output would be pure d,c.
However, due to the loss of someé harmonics in the filters,
the sguare wave is distorted and a fluctuating d.c. results.

The output of the phase sensitive detector ig then
passed through a three stage lowpass RC filter. The average
value of this signal over pre-delermined paéiﬂéﬂ of from
30~1000 see, is then evaluated by a Miller Integrator
circuit, which also acts as an amplifier with a gain of
100. The result is read on a meter,

The cireult disgrams are shown in Pigures 1.4 and 1.5.
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Synchronization

Both sender and receiver are triggered by external
pulse generators at a4 nominal rate of 1 pps. The pulse
generators also are arranged to trigger the sweep of an
oscilloscopes, on which is displayed the 1 sec, pulses from
We We V.3 these are derived from specis)l radlo receivers,
Both oscilloscopes are set at a sweep rate of 10 masec/cm.
The pulse generators have adjustable rates, and they are
set 80 as to fire 50 msec. before the W, W, V. pulses.
The receiver output will change about 10% if the synchroniza~
tion deviates 50 msec., from the sbandard setting, but it
was found to be easy to keep the synchronization within 10
nse¢, The pulse generators used were temperature compensated
unijunction pulse oscillators; crystal oscillateors are

beins conastructed for fubture measurements.



1,3 Signaleto-Noise Gain of the Synchronous Syste
In order to study the signal discrimination power of

the receiver we can trace through what happénﬁ to noise
which ia asgumed to have a unit power density spectrum,
ignoring any amplification which effects both signal and
nolse equally. Figure 1.6 shows the noise amplitude (R. M, 8.)
after passing through the input band pass filters. These
Tilbers sre used to reduce the nolse fluctumtions to within
the linear response reglon of the amplifier circults that
follow. 60 cycles must be heavily discriminated against,
as it may be hundreds of times bigger than the signel levels,
These filter sections can handle up to 10 velts of 60 cycle
noise without having the rscelver output affected. If the
amplifier sections had infinite dynamic range, these filter
sections would not be necessary &g we shall see,

The real filter actlon of the receiver is based on
the phase sensitive deteotion and low pass filtering of the
detector output, The detector reverses the signal svery
half cyele which es:entially produces a signal that has a
frequency which is the difference bstween the original fre-
gquency and the switehing frequensy. The power density
apectrum of this output is shown in Flgure 1.,7. The dip
at 0,5 eps reprcsents the lack of any D. C. in the imput
to the detector because of the action of the band pass
filter. The sender signal will be represented by D. C.
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at the detector output, sc that low pass filtering of the
detector output will reduce the nolse while passing the
aignal. The effeot of the three seetion low pass filter whiech
follows the detector is also shown in Figure 1.,7. A final
stage of low pass filtering 1s achieved with the integrator
clrcuit which escentially averages the detsctor output over
a time deteimined by the RC constant of the oireuit.
Several settings are allowed, the longest integration time
being 1000 seconds, The final noise apectrum after this
integration is shown in Figure 1.8. The arca under the
curves ghown here determine the mean {fluctuations)® of the
output meter reading caused by the noise. Since the free
quenoles deplcted in Figure 1.8 represent the difference
frequency, we can sce that only noise in & very narrow
frequency band around 0,5 eps can affect the receiver,
Table I shows the total power in the noise for wvarious
damping times, These flgures wire obtained by graphical
integration,

The overall effect of the signal to noise disoriminasion
can be expressed by the comparison of the noise power density
necezsary to cause meter fluctuations equivalent to a given
signal amplitude. At 1000 sscond damping a 30 mv R, M. 8.
noise per unit bandwidth at 0,5 eps gives a fluctuation
whose i, M. S. value equals that of a 1 mv signal. If we

take a value like 1 mv/lm/cps as a representative noise
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figure for igneous areas, one should be able to work with.
signals down to 0,1 mv/km.

In Figures 1,9 and 1,10 the effectiveness of such
filtering is demonstrated in comparison to é visual idenw
tification of the signal in the noise.

A complete analysis of the phase~sensitlive deteator
is given in appendix C.

The noise diserimination is achieved at the expense
of time, and it takes the receiver about 2% min + 3 X the
integrator time constant to reach 90% of its filnal reading.
At the 1000 second setting this means one has to wait over
L45 minutes before attempting to read the signal amplitude,

TABLE I
Demping Time (sec) 30 100 300 1000
Output 8/¥ Ratio 10 13.5 19 27

(The output 3/N ratio is computed assuming Input RMS noise
amplitude per cps bandwidth equals input signal amplitude)



FIG. 19

FIG 1,10
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2 SEC/DIVISION

SIGNAL AT OUTPUT OF |5t
AMPLIFIER STAGE EQUIVALENT
TO FULL SCALE METER
DEFLECTION (SOME NOISE ALSO
PRESENT)

2 SEC/DIVISION
SIGNAL AND NOISE AT OUTPUT
OF ISt AMPLIFIER STAGE
EQUIVALENT TO FULL SCALE

METER DEFLECTION £10%
300 SECOND INTEGRATION TIME
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Limitations imposed by dynamic range of system

Some further nolse discrimination can be achieved by
recording the output readings abt regular intervals, and
then using numerical low pass operators to reduce the fluce
tuations in the data, This method is limibted however because
of the finite range of the meter, which cannet diastinguish
between wvoltages that are greater than its maximum setting.
The same cort of limitations hold throughout the system,
as the whole analysis was based on the assumption that the
amplifiers and filtsrs were linear devices.

One of the first difficultles in field trials of the
equipment was Inteference from radio broadcasts. This turned
out to be due to non linearities in the L. C. filter which
demodulated the radio signals and produced large low fre-
gueney fluctuations, An RC low pass filter had to be added
to prevent this from occuring.

The first amplifier stage ie limited to 10 velts for
its output, so that the amount of noise that can be handled
has another restraint aside from the output fluetuations,
The present sgystem requires 50 mv of signal at the output
of this stage to give a full scale meter deflection, so that
the 10 volt limit appears adequate in terms of the amount
of noise that can be handled by the filters that follow.

The final amplifier can handle signals more than twice those
needed for full scale metor readings, so that it 1s adequate
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for thea present system. The most critical limitation is
thus the output meter itself,; and if further nolge disorimina-

tion 1s desired, a recorder of wider dynamic range will be
neoded,
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CHAPT. I

THE FENCE PROBLEM
2+0 Description of the Problem

The long {1 mile or grester) lengths of wire that must
be 1lald to make these measurements are such that it is often
difficult {(at least in densely populated areas) to find
guitable areas of operation, since it is desirable to minimize
wire breaksges and interference with or by other people,
Limited~access highways, sueh as the Massachusetts Turnpike
a o ugually quite straight, do not have crossroads and are
bounded by high fences which stop animals from getting
on or over the highway. The verges of these roads are ususlly
about 100 feet wide; hence these ars good areas for resistivity
work. However, these same fences are usually metal snd are
unbroken except at overpasses, underpasses, lnterchanges
and some bridges. In general, the unbroken lengths average
between one-half and one and one~half miles. It 1s desirable

to know the effect of such & fence.
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2.1 Anslytieal Solution

A perturbation technique iz used to solve the problem.

The method is the same as that followed by Regler (1962),
except that a finite, rather than Infinite, fence iz considered
here, The following assumptions are made:

{(a} The fence effect 1s small,

{b) The effect is localized to a small zone along the
fence.

(c) The resistance of the fence is near gzero and hence
the potential of any section of fence is an average of the
continuously varying grounded potential along its length.

The third assumption implies that, in general, there
will be a difference in potential between the fence and the
ground near it, Consequently, the fence posts will act as
current sources or sinks., Kirchoff's law holds, so if the
fence "contaoct resistivity” (defingd below) is known, the
strength of these sources or sinks can be computed,

An important relation here 1g that which gives the
potential due to & point source in a half-space, It ia

v

°= é%‘% ‘ 2.1
where

V, = unperturbed potential

I - current

Pac apparent resistivity of halfwspace

r = radial distance fram the socurce,



In cartesian coordinates, if the source is located at
the origin and a fence runs from (xy,d) to (x5,d4), the
imper turbed potentiasl aslong the fence 1si

Volx,a) _ Il

The potential of the lence, V, 18 then the average of

2.2 from Xy to Xy, viss

1Py
V.
P arr(xa«—-xi) f?+4§3* 2.3

evaluating this axpraasian, we find:

VF = 1 F& . ._,..§ i gﬁz
a{xy = xg_) Axy + Il ) 2.4

where 1n x = logy X.

We now define the fence contact resistivity, (", as
the contact resistance times the length. Kssentlally,
~this is the contact resistance of a unit length, Using this
definition, the differential c¢urrent source strength due
to an infinitisimal length of fence, dx, can be expressed
by!

QIF - Volx,4) ~ dx
P
f 2.5
The effsect of this current at a point on the x-axis; xp,



will be to add a perturbing potential, Vp, The sign of ‘Vp

will be the same as dIp, The relationaship between has the

same form as ecuation 2.1

"o i ey
2.6
where [{;1. - x)a + éa_] % is the distance from dx tec the
point (x,,0). Integrating this expression over the length

of the fence, we have

33
v, - fa { S
R N (UL U

247
as. bthe expression for the perturbing potentisl,
Substituting from 2.2, 2.4 and 2,5, equation 2,7
i

3
wgcmeat

" ‘
1P 4
Vp = ﬁ:@‘ﬁ; JXTFT%* [TXp=x12 7 a2k

X2
2
N (xy o+ %1% + d%) Jx [(xr«»x}g + ‘g—j?
' 2.8

€«

ok



33

For dipole~dipele coupling, 1f the sources are designated
1 and 2 and the receiving electrodes 1 and 2 as in the
skstch below,

prre— S@0AE Y m.m.; e raceiver ey
X s ) a
) 2

the expression for the received voltage is

v .—,V 4+ V. - ¥ ~ V
R 11 21 12 a2 2,10

where the first subseript refers to the source, the second

to the recelver}i 1l.e., Vla is the potential at recelving
electrode number 2 due to source number 1+ &ince the apparent
resistivity is directly proportional to the developed voltage,
we may write, for dipole«~dipole coupling,

Af*a 1+Vé”’ia*”.
% - A

ﬁ

2.11
where Vﬁ is the unperturbed potential and V{: the perturbing
potential, at receiving electrode J due to source 1.

This expression (2.11) was evaluated for ranges of d
from 10 to 100, xp from ~3000 to  +30,000; fence lengths
from 100 to 100,003 and for dipole spaesings from 10,000 tp
25,0003 using in every case dipole lengths of 50§0, and a

F/ P g ratio of 0.1, ?he units are not stated since the
end result is dimensionless. The computabtion was done



39

using an I8 709 high speed digital computer. The results
are tabulated in Appendix E.



N

_ in an attempt to check on the theoreticsl selution,
the followling experiment wss performed:

A large open fleld was chosen, and two 50efoot dipoles
laid out with thelr centres 100 fect aparts A ourvent of
200 ma. at 20 opm was passad through ome dipole} the veltage
“wross the other was found to Ye 37 mv peskebowpeak, Using
the formula

('; =% TTEE(ﬁa-l}]
2,11

for dipole~dipole coupling, the apparent resistivity was
found to e 1740 oime-feeb,

A row of 5 insh neils, 2 fect apart, was then driven
into the ground, parallel to and at a distance of 10 feet
fromy the dipole lines The row was 350 feet long and syme
metric about the dipole lines About ) pint of ¥all selution
wa: poured over sach nail. The nalils were then intercomnected
with no. 26 bare copper wire. {sce sketph below)

The apparent resistivity measurement was then repeated}
this time a figurs of (J 162 ohwwfeet was obtained,
reprogsenting a diiferemse of 164, (To cheek this, the now
fenve voltage was messured agaln the next day - the result
was the samo as befores)

The contact resistance of the fence was then measured
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by driving two separate nalls in the ground at one end,

and, using an ordinary ohmmeter, measuring the resistance
between the fence and each of the nails(in turn, then between
the two nails. If My, RR’ P represent the contact resistance

of the nalls and the fence respectively, we have!
F+H =B
P'Fﬁzzﬂa
Nt R=-R

where Ry, Ry, Ry are the measured values. These equations

2,12

can then be soclved for F, This measurement was repeated

at the other end of the fence., Table {1 shows the

measurenents,
TABLE II
?"'Hl ?i-ﬂz El-\-Ka
West end & 550 950 1600
b {leads reversed) 750 1000 1500
nean 650 975 1550
East end a 700 800 1500
b {leads reveraed) 750 520 1200
mean 725 660 1350

These data gave values of 38 chms and 17 ohms respectively



for the ends of the fence, the average Vbeing 27 ohms,
S8ince the fence was 350 feet long, we have
f’F = 27 x 350 9800 ohm~feet

Thus, o/ Pp =.18. This gives, when substituted
into equation 2.9, a li3% fence effect, contrary to the original
agsumption that the fence effect is small, and also at
variance with the measured fence effect. However, I we
consider Table II, it 1s seen that the contact resistance
of the nails is at least an order of magnitude larger than
that of the fence. Also, S.P. effects disturdb field measure~
ments made with an ohmmeter. The discrepancy, therefore,
is probably due to the method of measuring the fence resistance.
In order to ensure that the €,/ €, ratic ls rellable,
it will be necessary to devise & better method of measuring
fence contact resistances, Unfortunately, time did not

permit the author te do so for this model experiment,



43

CHAPTER I1I
FPIELD MEASURBMENTS
3.0 Measurement Sites

I# order to test the instrumentation, measurements
were made along the Massachusetts Turnplke, between Framinghem
and Auburn, a distance of nearly 20 miles. ({See Pig. 3.0)
Hauck (1960) has reported on most of this ares before, using
one mile dipoles with a maximm centre~to-centre dipole
separation of five miles.

Flgure 3.0 shows the location of this streteh, together
with the reglonal geoclogy. This map was made from a larger
one presented by Emergon (1917). Az c¢an be seen, the profile
crosses three maln rock types: 1) the Kilford granite,

(rich in biotite), 1i) The westboro guartzite and 111) a
large area of gnelsses and schists of unknown composition

and origin, Also, there are some narrow arceas of the Brimfield
sshist, a rusty, graphlitic, biotite schist of very low resis-
tivity. (Hausk, 1960).
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3+1 Field Procedurse
The measurements were made using the dipole~dipole
econfisuration d eseribed by both Haleff (1957) and Ness (1959).

The signal is injected Into the ground between twe electrodes

and the voltage measured betwesn another pair some distance

away. (Figure 3.1)

Plg. 3.1

The distance between the dipoles and the positien of the
whole srray are vaeried in some convenlent manner so as to
obtain date points for a range of dipole spacings over the
area under study, In practise, two contiguous dipoles

are laid out for both sender and receliverj these require
only three alsoctrodes., The instrument is positional in the
centre in sush a mammer that 1t may be connected to elther
of its two dipoles,

The data reported herein were obtalined using dipole
lengths of two miles with ventre~to-centre separations of
from four to twelve miles. Two vehlcles, each marmed by
a crew of btwo were used. OCompmunications were maintained

using two-way radlios} powsr was derived from small motore



generator seta, In this manner, from four to twelve data
points a day were obtained; the number depends on the
weather, experiscnce of the personnel and the mumber of times
per diem that the wires were broken by animals or inquisitive
or unwary humans. The most irritating and time-consuming
problem in the field is broken wires, lumber 26 astranded
copper wire, coated with PVC was used; this doss not have
much mechanical stréngth, However, a heavier, stronger wire
would be too unwieldy to use without mechaniecal devises

to lay and retrieve it.

In sddition to measuring the apparent resistivities,
measurements were made of the contact resistances of the
ssctions of fence along the turnpike. <*he average distance
of the fence from the profile line was 100 feet) it was
somelimes greater than this, but very seldom less. A
UJeneral Hadlo model 164,0A impedance bridge, with an externsal
bias elrcult to buck out aself potentials, was used, The
procedure was to measure, at each break in the fence, the
resistance between sach fence ¢nd and the guard rall and

betwecn the two fence ends. (3ee Fig. 3.2, below)

Fence A Fence B
W, ’-y’—’
- Guard Rail -

Pig, 3.2
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Then,
By + Bg v¥ =R
Ry vBy vy =R,
By v By vy + Wy = By 3.0

where Ry, Ry and Ry are the contact resistances of the

fences and guard rall, respectivelys Hl and L the resistances
of the wires usedj By, RB and 33 are the measured values.
Simultansous solution of these squations gives the desired
fence contact resistances. FHessurements were made at

both ends of each fence section and the results averaged,

The product of the contact resistance of sach fence section
and its length then gives its contact resistivity. The

results of the measurements sre sumarized in Table III,



FENCE CONTACT RESISTIVITIES

TABLE III

Pence Section Length (Mm.) Ra{a) Bgla) TR P (o m)
105.0-103.9 1.68 1.0 4eO 9.0 15,3 x 103
103.9-103.5 046l 21,9 19,5 20.7 13.2
103.5-103.2 0.48 3u B9  Le2 .1.99
103.2-102.6 1.0l 3,0 - 3.0 3.12
102.6-100,9 2.6l Lely he9 L7 12,3
100,9=100.0 1.4 6.0 7.5 6.8 9.10
100,0~ 99.4 0.96 1.l 7.5 10,9 10.5

99.44~ 98,7 1.12 Sal - 5.i 6,08
98,7~ 98.1 0.96 - 34 3.8 3.28
. 9841~ 97.2 1l 5.5 2.0 3.8 540
"97 42 9649 0.48 549 by 6.2 2495
96,9~ 96.6 0.48 .5 51.9 33.2 15.9
96,6~ 96.5 0,16 3.0 - 3.0 1.28
96,5= 95,9 0.96 - 8.4 8.4 11.2
95.9=.95.6 0.48 13.5 10,0 11.8 5.65
95.6= 95,3 0.48 11.9 beO 7.9 3.82
95«3~ 9.5 1.28 17.9 « 17.9 2.30
95~ 93.9 0.96 - 5.5 5.Ji 5.8
93,9~ 93,6 048 3.5 45.0 243 11.6
93,6~ 92,3 2,08 25.0 Le5 1.8 3046
9243~ 91.7 0,96 1.5 9.5 5.5 5.28
91.7~ 91.3 0.6l 59.5 2.0 30.8 19.7
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NOTES

{2}

(b)

R, and Ry are the contact reslistances at back end of

the ssction,

No daba was available on apparent reslstivity near the
surface, which would determine the Fa/ Pg ratio.
However, in gemeral, the surface apparent resistivity
will be lower than that at depth, due to roek weathering,

molisture content of the soll, ete.
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3.2 [Presentation of Data
The apparent resistivities are computed uaing the

equation

Py = .g T L{n(n? = 1)) oclumeters 3.1

where V and 1 are the voltage measured and the current sent,
L is the dipole length in meters, n ia the number of dipole
lengths separating their sentres, (%ﬁig equation is only
valid when both dipoles are the same length and their centres
are separated by an integral multiple of this length).

These values are then plotted in cross-section reﬁm,‘at

the intersectiona of lines drawn downwards at 45 degree
angles from the centres of the dipoles. The drawing 1s
then contoured {often logarithmically), thus lending a
two=dimensional character to the data. Figures 3,3 and

3.k show the data and the contours,

lNo fence corrections were applied to these data alnce
the effect was everywhere small and the data are only acocurate
to 104.

The effect was determined using the values of o
nearest the surface in order to determine €,/ g The
fence is divided into so many sections that complete deterw
mination of the cumulative effect is essentlally lmpossible.
Assuming that the longer sections will predominate, we note
that there are only three sections longer than # dipole
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length, snd nope longer than 1,7 miles, The worst case

ig when gending from dipole 101-103 %o dipole 97=99. In

this case, the end of the fence is about 500 feet west of
mile 101, and f’ﬂ/ Pt is spproximately 0.3. The fence is
L7 miles longs Conaidering the fact that the dipoles

are twice as long as those used for the theoretieal solublon,
arnd uging the tables In Appendix L, ons ¢an estimate the
offect of such a fenee to be of the order of a 205 inevease

in apparent resistivity.



3.3 Discussion of the Data

The data sorrelate well wlth the known geology as taken
from Bmerson's map. (The geologic divisions are shown with
resistivity plots.) The low resistivities at the western
end are caused by the presence of the bBrimfield schists
as the array is moved easterly, onto the Milford granite,
resistivities rise in a more or less wniform mammer.

The disgonsl extending down to the right from mile 96
shows anomalously low values at each intersection. Previous
field work indicates that when anomaloualy low or high
values are observed ab every intersection of a diagonal,
the cause iz usually a surface effect, at or between the
slectrodes of the dipole in guestion,

In this case, the geology indlsates the presence of
linsar stringers of Brimfield schlst in a gnelssic matrix,
between miles 95 and 97, the electrode positions., Hand
samples of this rock indicate resistivitlies as low as 77
ohrmeters, although such lew values are rare for the samples
taken from the outcrops. Regler{1962), who measured a
selection of specimens in the laborabory, points out that
these samples were weathsred and rusted; this would tend
to increase their resistivity, as the pyrite was weathered
out. Presh Brimfield schist, containing large amounts of
pyrite, could very likely have resistivities of tens of ohme

meters or less.

o4
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CHAPTER IV
CONGLUS ION

1.0 Instrumentation

The synahronous system, at its best, is sapproximately
a8 good as the optimum linear system is for a sample size
of 1000, One drawback is that for 1000 aaaénﬁ_&amping,
the synchronous system requires about 3000 seconds, or
nearly an hour, to make one rsading. However, thls reading
is the signal amplitude, whereas the optimum linear system
requires that the field data be processed by a computer
before being usable.
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4.1 The Fenge Problem
In general, the fence effect is small in most applica-

tions. Certaln geometrics can, however, produce large effects.
One in particular is the case where the fence length is of

the same order of magnitude as the total elestrode array and
vhere one end of the fence 18 close to that receiver electrode
which 18 nesarest the sender., For example, for 5000 ft,
dipoles, 10,000 feet apart with a 10,000 ft. fence 80 ar=
ranged that it extends from cutslide the sender to a point
between the sending and recelving dipoles, the soluticn
predicts effects of the order of 20 to 35%. These values

are probably tooc large, as a perturbation analysis was used,

but they are probably not far off.
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2 Fileld Data

The method is useful for measuring horizontal az well
as vertical varlations of the sarth's conductivity strusture,
In faect, detormination of the structure at depth is not
poasible without measurements of the horlszontal varlation,
bacause of surface effects. Therefore, measurements with
a fixed sender position cannoi, in general, be used to
determine the deep conductivity structure.

A more important conciusion 1is that the data conform
to the local geologic structure te the extent that deep
registivity profiling is a very useful technique for geologlcal
surveying.

There is no trend in these data which would indleate
the presence of some extensive layered structure of signi=
ficantly different resistivity below the known geologic
structure, If we postulate the presence of a very thisk
layer of much lower resistivity, an estimate of its minimum
dspth may be made using the Schlumberjer curver (La Compagnie
General Geopliysique, 1955), As an example, let this layer
have a resistivity of one one-hundredth the average rosise
tivity at the surface., Because of the wide scatter in the
data, a change of as much as 50% in the observed apparent
resistivity due to the postulated layer would be difficult
to detect, If detectable as & trend, a change of 50% in
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1.3 Suggestions for Puture work

It 4= possible that the damping time of the last stage
of the synchronous ressiver could be increased another oprder
of magnitude by using mylar or polystyrene capacitors.

Such capacitors ¢can now be manufactured in values of up to
100 microfarads while still having very high insulation
resistance, Thls change will probedbly demand & more stable
amplifier than 1s currently being used, so ns to minimize
drift effects. Another way to avoid drift problems might
be to reduce the gain of individual stages whlle using a
preamplifier to achieve the same overall gain,

More field measurements are neede: in order to under-
stand better the eifect of horizontal wvarlatioms of the
conductivity structure on measurements made to determine
vertical variation, Finally, it 1s suggested that large
soale model experiments be conducted to check on the ase

sumptions made in solving the fence problem analytically,
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APPENDIX A
Autocorrelation Pumetion and Power Densi ,
Square Wave.
+E ———
X +L
a
-E
Pig. A1

The definfition of an autccorrslation funstion of a periedic

function f£{t) 1s:

X
HEY

) == | p(e)f(t +7 )as
Fule) =7 [_r_ ( Al

- —

.

where T is the periocd., The autocorrelation funstion of a
periodic funotion is also psriodic, with the same period
and is an even function (Lee, 1960). Hence, we need only
integrate over one period., Two distinet caseas present

themselves, viz: -
0&7:54

In
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Consider thne first case:
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The second case is

then
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Again by definition, the Power Spectrum of a periodic funcw
tion £{t), whose autocorrelation function is fm( ), is3

% (n) = % 1’ (2)e R 0% 4t
=
Ay
(i.e., the Fouriler Transform)
where n 1s the order of the harmonic when the fundamental
frequency is Wet This 1a, of course, a lins spectrum.
Since the autocorrelation funoction is an even functilon,

we can use a cosine transform, vis:
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Performing the Integration:
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Hote that 1 -~ cog n T =0 for n even.
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ArveEIDIX B

The Transfer Punctlon of a Tapped Delay Line

The linear system whose impulse response lasi

h(t) = U (t) = Uglt = §} + Uglt = 1) = Uit - gﬁ)
B

+ 80 — gev

.1
where Ug(t) 1s the unit impulse function (or Dirac delta
function) is a delay line with N btaps, alternate taps having
o change of sign in this case., The transfer function of a
linear system 1s defined a: the Fourler Tranaform of the

impulse response, viz:

o0

Hw) = Jh(t)a'ﬂ Wwag
iad Be2
Hote that
oo
§ﬁg(t - x1)e”d ®tap = g kT
fo B.3

hence,

H(W) =z 1 - Q’j WT/Z "l'Q”jw? R 9’5 WBT/& + senese

Nt
= Z (-1)% o~ J8 wi/2

N0 E;l‘.

Equation B.l} can be uritten as the sum of two seriles,



H&(uo) and ﬂé{uo), where:

H(w) =1+ e~ WT 4 gm2IWT _ g=3JwT

s

B_
= E e-i(nlT
e B.S
ﬂa(w) = ne‘J NT/Q - Q*JUBT/Z - a“jWST/R - ene
N
- — Z"_‘ ~ilen-1)1/2
wzy E.é
Equation B.6 can be further simplified by factoring out
o2 4 o,
Y2
H.e(u)) = wﬁ"iw!f/g Z{@"Jn wT ”JwT
W=\
BeT

which, as a woment's thought will demonstrate, is the same

as

N,
() = ,_e-.gw*r/aze-jn Ww?
1Y
= B.8
Combining B.5 and B.3 we have!
8.
H(w) = (1 - a“ij/a)_S_ RIS
=° Ba9

The swum of a geometrie series of ratio r with k toerms 1s

5 = P

B,10

£



Using this relation, equation B.9 becomes:

Hw) = (1 - @“J‘WT/Z) % = :gi‘; T/2
B.1ll

which reduges to
-dN W T/E

1=
B{w )= 1 *Swm‘

B.12

This expresclion can be expresced as the sum of the real

and imaginary parts, by rationalizing. The result is

H{w)_. 1L+ ocos WT/2 - cos § WI/2 - cos (N-1) W /2
2 + 2 coB W

£3

] sin W T/2 +sin ¥ wT/E + sin (F-1l)w1/2

+ 2§ 2 cos w 172

B.13
If we square and add the real and imaginary parts, after
some algebra the expression reuuces Lot

2 1 -cosl W T/2
T 1 Ycos w2

{H( w )

B.1l
The following trigonometric identities are useful:

1 +cogx =2 66325

1*«:033:-.-251:32%

B.15



Using the identities, B.15, we find

/H(w)) 3___ 8in® X w‘ng
aos( Ww7T

whence

'E{ w)l _ gigﬁtgu%)

for T =2 seconds,

N w
lﬁ(w)) - as.n_z,,,;,

B.16

B.17



APPERDIX G
‘ gis of the Recelvi sbem

In order to simplify the analysis of the system, the
transfer function of the first three filters was measured
by the usual techniques. The results are shown graphically
in Pigure 1.6, Assuming white nolse inﬁut to the system,
1.6., § ulw) = gonst = Ha, then the output power density
spectrum 1s

Bool) = W | Bw)| 2 ¢l
where H{ W) iz the sguare of the function shown in Pigure
1.6

Consider now the phase-sensitive detector., It can be
thought of as a modulator, since it multiplles 1te input
by & square wave of amplitude 1. Let fi(t) be the input to
the modulator and g(t) be the square wave., The oubput ia

then

folt) =-£1€t}g{$) C.2
How, the input is signal plus nolse, l.e,.:

£4(t) = a(t) +n(t) Ge3
hence

fﬁ€t) = s{tig(t) + nl(t)g(s) Cali

the autoeorrelation of the output is then

P ool ™) = BTEIGTETELE + TIG(E + = ] + BIEIG(EIAIE + © JE(E+T ]
Ce5



¥ow define a new function pit) = s{t)g(t)
then the first term on the right hand side becomes

PEBE T T = fyp(’t) Cab
In the gecond term on the right hand side, we can assume that
n{t) and g(t) are statistically independent, Hence!

REIN{E +7 JE(EIglE + 2 ) = BIEJR(E + = ] +» BLEIBIE +7 )
= (2) & (7)
’fm )053 Ce?

whence
P ool) = $ppt®) + Pnle) Yot ) c.8
The power density spectrum is thent
Choote) = B + B (wixd () ¢.9

Fow, since g(t) 1z a square wave, we can write 1ts Fourier

expansion ag

2 Tt
glt) = 3 Gel” 6,10
- ‘ sin n = r——l; 12; sa s
where C&n = e
-
= 0 n =0

(¥, B. modulation frequency is 0.5 ¢cps =W )

whence
$ = o ® ¢.11
— &8
and we ¢an write i
S 2
W) = G {=nw) g2
beet) = & (% $




Then

{

- 00
> Lo Z{Smtw - nT) .13

Ws=-00

whence

$oa(“)’$ (w) +zl{z‘2$ (We nT)
- _ in B~ :
:43 (w)-rafp—( ) %m(w-nv)

Celly
To find ipp( w), write
= sinail’t
glt) = 2 7 n T cos{nwt)
K::| 2 Cals
_©
s(t) = Zam coslmmt + Vom)
b= C.16

%m( w) *§SE(L°) - J:m( W-q) Z‘Gn\ 2 g(cr -nw)de

We write s(t) in this form since the first three filter stages

cause suplitude and phase changes in the components of the

input sruare wave,

i nw
s{tigls QZ ZAA DT flecos(mwt +P )oms(nﬂ‘tj

Wz e Q 17

Then



Using the trigonometric identity
cos a cos b = % E cos{a +Db) +cos(a - b)] we get:
o _qe. gin .1?2"[.
s({tig(t) =N \ a [ wa[(m+n}wt + P ]
= Ak

L Lom

WM\ st

+ cos [ (men) Tt +‘{’m]:}

C.18
This signal has power only al discrete freqguencies of

0, T, X 2N, ,eeee Since the next stags of lowepass

flltering has a responsc which 1s less than «20 db at

01 cps (= ,02W), in practice we need only consider the

dec, terms, These we get only when m = n,

2 sin‘?"‘
s(t)gl(t)® Z [ cos ‘Pn
n=\

As many terms of this eguatlion as are necessary can be

Hence
C.19

evaluated, since for a glven square wave input amplitude
A, we can {ind An and (Pn from Figures 1,6 and l.7. it

follows that

(Z Ysmﬁg“ p ) (w}+2 ‘singz'l
$ = = T COoB n g 4 T
c%m( W e ka)

k = il, —-2;-00-
Ce20

An exact solution for the next stage is diffieult to

obtain. Hence, assume the three sections of the low-pass



filter do not load each other. Since the tran:sfer {funetions

for one stage is

— 1
H{a) ~— TH®{s + 1/RC) Ce2l

The function for three stsges, all with the same time

constant 1g!

H(s) _ 1
Bls + /13 C.22
where T = RiC1
Since we sre only interested in the suplitude response
{the phase angles being random for the nolse) we have
H w)] =
\ ( (1 + ula'rz)m
Ce23

The power density spectrum of the noise after this
filter is shown In Pigure 1.7.

The trsnsfer function for the final stage is derived
as follows, In the Philbrick FPA-2 amplifler, used in tho

configuration shown below (Fipure C.l1)

e )

F e ovt

I
Y



w0 g
f

L3N

the manufecturer advises that the transfer function is

N Zf(“)
Hs)= 1+ '-ﬁm
.24
In our case, we have
23 =
1=" T = ReC
Zyr R
- I ¥ar
Ce25
Therefore
| Re 1
1 = = —
H{g) = 1 Rj 1 + 8T
Re TR
= |1+ == Ry
1l 4+ 8T
C.26

Note that if Zp were 2 pure registance, we would have

{s) = 1-#*%5 = K, the gain of the amplifler at do.

Then, let

1 +
H{s) = K51 c.27



Hence

H(Jw) = K[’I»._H.ggl]
R:L +1wd) (1= jwr)
1 +Ww

1 +u>2'i?‘r' , ogx| wir - 1)
1 + W 22 1+ W c.28

)

recall that T! = E? Substituting,
ap2 1-1)
w
H(j\ﬂ)}: 1+ ""K' " + jz{ “\’T(x
whence

an
1+ ";‘;@ + ”gg + Wire

(1 + u?Tz)g

}H(w)[ 2. g2

€. 249
Now K =102 and the maximum value of T is 103. Figure
1.7 shows that we need not consider any w larger than
«03. Hence, the second and third term in the brackets are

smell compared to waP? and we may wrlte

w)l ¥ &
W) ¥ kY

¢. 30
It 1s interestling to note that this is the same as a
single stage of low-pmes filtering. The advantage of using



this configuration is, however, that the high input impedanoce
of the PA~2 amplifier (several hundred megolms) allows
averaging times of up to 1000 secs. to be realized.

s bt
4
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APPENDIX D

Evaluation of Fence Integrals

Bouation 2,8, repeated here for reference, is?

Xa

dx ,
(2 +aF [ (xp -x)2 +a2] %

2
v( ,G)=Ira
P Xr kaﬁfpf_ -y

X X

. = qn (x2 +-Wf_—1§i;faé3 “z dx
*2mR (xy *—-JJ§§E»+'&ZT' [}x”ax}a*.aaj%
X,

2.8

Conslder the expres:ion under the second integral

sign. Expanding the denominator, we have:
)‘1
L = |TrrtEmrEa
. | D.1

whence Ia Indicates the second integral which can be written

L _ (¢ ax

S’ 22 - 2x.x + (x,° + d2)

\

B2
This integrel can be found in most tables of integrals.

Its evaluation leads to the expression

D.3



The first integral is an elliptic one, which transforms
into (Pranklin, 194);)

,( {1 + kasina¢ D.Y

= C [F{k, Z] - Pk, ¢1)]

D.5
where
Cc = %—Q
k=(1 - g)%
p _ Xp + (xp2 + o)l
B 2
- (1'2 2 +h‘d‘2)%
@s T, D.6
M = Eq - xr)g + da:l (;‘32 + d2>
No= [{p - xp)2 +ﬂ3] (qg *'da>

e [ (554

Flk, ) = elliptic integral of the first kind,

Tables of the function F(k,$ ) may be found in many
standard w rks such as Jahnke and :mde, Dwight, etc.

In order to gain a deeper insight Into the eflect,
however, consider the following:

In genoral, the point at which we wish to know the



potential is some distance from the scurce, i1.8.;

> a
r D7
In this case, ¢ 2 % and kX2 2 1, as can be scen
T
by inspectlon. I; then becomes
2 Xp + 8in ¢
] D.8
_ 1 ¢2d
- %, gaaa
¢
[} i @z
— 1 + gin
= % m(%““ﬁff» s )]
4)‘ D.9
Using the trligonometric identity
- tan
sind) + tan l%:
D.10
we find
I, = 1 1n (Y1 an?  + tan )
2 2&; + Lamw - ‘am‘¢
D.11

Referring to equation D.6, we find that for x,> d,

PV
P = Xp
D.12

and

r }:)013



Using D.12, D.13 and the definition of t;anf from Deb:

I, = 1 1 m'f' - .\(‘\Jl-\rxz-ﬁf&'ﬁ)
=, é”‘“g“%; (1T + %52 - x)
- 2 '
ﬂz@r&Xx:M D1l
¢ S

{The definition of Xy is obtained by substituting D.12 and
D.13 in the definition of tan @ given in D.6)
The whole expression for the perturbing voltage is then:

IPa2 1 (VT + 52 + Xo) (VI + X2 +X3)
472 P é'f;[ (9T * X2 = Xp) (V1 rX2 %)

Xp = Xy (xl + ‘i 313 ¥ dg} (:ixl‘ v Il)“"’ +’(12 + Il“Xr)

D.15
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FENCF EFFECT ON RFSISTIVITY PROFILES
_ FENCE RESISTIVITY= 10APPARENT RESISTIVITY .
5000 FOOT DIPOLFSs SENDFR AT =8000 10 0O
e RECEIVER AT 8000 TO 10000 e B
FENCE AT X2 TO X2~L PARALLEL TO PROFILF LINF
e _____DISTANCE OF FENCF TO PROFILF L INE= 10, _ .
X2 L= 100 100 100N 3000 10000 20000 100000
=3000, 0,000 AL000 0,700 0,011 w0094  —0.057 «0,080
 «t000, 6;668”W“”R:865*W“"AIERB””W‘6:6&2_*”‘6;61§Mﬁw;b.0a5 “0,082
N =300, 0,000 0,000  n,nny 04006 0,073 «0e026 =0.077
N «100, 0,000 0,000 0.N01 0,011 0e126  =04007 =0,072 )
=30, 0,000 “vﬁiddﬁmmmwﬁghdéw”mwé.oi§“w_mﬁliééﬁm”“h;biém'MIEIEZE““%wWW'
4104 04001 ~0s001 04003 0,020 0,231 06029  =0,062
0s 04110 04111 Ne115 04137 04387  0e156 04054

106 04222 04223 04228 0,253 0,543 04283 04170
""""""" 100 04220 04222 04228 0,257 0,589 04299 0e174
1000 04110 04221 0,228 0,261 05648 04320 0181
300, 04000 0,109 0,225 0,258 0,702 0e340  0.187
10004 04000 04000 0,108 0,236  n,754 04362 0,196
3000, 0,000 =0,000  =0,00  N.083 0,735 09380 0,307
990D, 04000 0,000 0,000 0,000 0,428 04011 04005
30000, 04000 0,000 0,000 0,000 0,000  =ne156  ne00l
e o
) & A




FENCE EFFECT ON RESISTIVITY PROFILES
P #APPARENT RESISTIVITY
5000 FOOT DIPOLESy SENDER AT =5000 TO 0
- — RECEIVER AT 10000 T0_ 15000
FENCE AT X2 TO X2-L PARALLEL TO PROFILE LINE
S —-DISTANCE OF FENCE TO PROFILE LINE= 104

X2 L=

=3000,

100 300 1000 3000 10000 30000

100000

O 000 .000 0,002 -0,008 -04023

~04036

=1000¢ 04000 04000 04000 04000 ~04000 ~0s015 =0.035
=300s 04000 04000  0s000 04001 0004 =0s015 —0s032
21004 04000 0,000 04000 04001 0,007 —0s013  —0.028
-30.‘M .oob “L*5:686~“*'5Aod5mm' 06001 0,008 =04010 ~04025

‘10.

0 000 00000 0.000 04002 0,010 =0¢008

~04022

~04019

0o o.ooo 04000 04001 04002 04011  =~04006
106 04000 04000 ““aibai““‘ 00003 0,012 =04004

-04017

30,

100,

0,000 0

06000 0,000 04001 04003 04013  =0u002

~0es014

s000 0,001 0,004 0,015 04000

maoo.mu

10000
mwmmeBoo.

99000

=04010

06000  =Ne000 0,001 0,004 0,017 04003

~0s007

0.000 -04000

0,002

~0,001 0,022 04007

-04003

=0,003 0,042

-0,008

04000  =0,000

-o.ooo"”"

0,000 06016

04000 =04000 -o.obz 06291

30000,

0,000

06154

04000 04000 0 000 0.000 0,000 -0el14

0,001




FENCE FFFECT ON RESISTIVITY PROFILES
FENCE RESISTIVITY= 10%#APPARENT RESISTIVITY

5000 FOOT DIPOLFSs SENDFR AT =8000 TO 0
B e _RECFIVER AT 15000 TO 20000

FENZE AT X2 TO X2~L PARALLEL TO PROFILE LINF -
o DISTANCE OF FENCE TO PROFILE LINF= 30,
X2 L= 100 300 1000 3000 10000 30000 100000
=3000s 0,000 0,000 0,000 0,001  =0,004 <0s013  =0.025
+1000, 0,000 n,000 oo aa0nn “0001  =0,010  =n,071
. =3005 04000 0,000 0,000 0,000 0,001 -0e009 =5s019
®100, 0,000 0,000 0,000 0,000 0,005 =~0s007  <0.017
C =30, 0,000 0,000 0,000 0,001 0,001  ened0s  =0.015
=104 04000 0.000 0,000 04001 0,004  =0e005  =0.013
Oe 04000 0,000 0,000 0,001 0005  <0e004  =0.011
104 0,000 0,000 0,000 0,001 0,005 =0s002 =0.010
300 04000 0,000 0,000 0,001 0.006 =0s001  =0.008
'm”““"""355; 6;dhd"mwwﬁ:355"m“"6*&55“"m 04002 0,007 04000  =04006

300, 0O, 000 =04 00N 0,()!\0 ‘00? ﬂ 00'7 0;002 *0.004

1000, 0,000  «0y00N  =0,000 0,001 0,000 04003  =0.002

3000, 04000 =0,000  wnannn uo;361 " 0,013 06006 0,000 -
8900, 04000 N 00D 04000 0,000  =ns01n  0e089  He01E
30000, 0. 000 04000 04000 0,000 0,000  =0e125 04002 h
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FENCE EFFECT ON RESISTIVITY PROFILES
FENCF RFSTISTIVITY=s 10#APPARFNT RFSISTIVITY

8000 FOOT DIPALFS, SFNPER AT «5000 TA 0

RECEIVFR AT 20000 TO 25000 —

FENCE AT X2 TO X2«~L PARALLFL TO PROFILE LINE
DISTANCE OF FENCFE YO PROFILE L INF=_ 10,

X2 L= 100 3n0 1000 3000 10000 30000 100000

=3000s 0,000 0,000 0,000 0,001 =0,003 =0s008 ~04015

- 1000, 0,000 N, 000  n,0nN 04000 «N 00N =0 NNT <0404
«300, 0,000 0000 0,000 0,000 0,001  =0,006 =ns013
~100, 0,000 0,000 0,000 0,000 Ne001  «04005 =0,012
@304 04090 0,000 0400 04000 0,002 =0s004 -0,010
h =10, 04000 0,000 04000 04001 04007 04003  =04009
Ds 0,000  N,000 0,000 0,001 0,003  «040N2  =0,008

o 104 04000 0,000 0,000 0,001 04003 04002 <na007
“ 30, 0,000 0,000 0,000 Na001 14003 w0e001 =04005
100, 0,000 0,000 0,000 0,001 04004 0,000 ~0,004

300, 0,000 wNyNNN  Na0ND 0,001 0,004 0e001  ~04003

N 1000, 0,000 w-mmnn 4_;%””0”. ﬁ.wr,mn NaNN8K N0 ~(4001
3500, 04000 =Ne000  =NgNNN  =0,001 0,007 04004 04000

- 9900, 0,000  N,000  N,0N0 0,000 =ns006  0s010 04003
30000, 0,000 0000 Ny0n0 0,000  =n,091  =0s128 04003




8

FENCE EFFFCT ON RFSISTIVITY PROFILES
FENCE RESISTIVITY= J0#APPARENT RESISTIVITY
5000 FOOT DIPOLFSy SENDFR AT =5000 TO 0
R S RECFIVFR AT %5000 YO 10000 -

X2 L= 100

300

1000 3000

10000

FENCE AT X2 TO X2-L PARALLEL TO PROFILE L INF
DISTANCE OF FENCE TO PROFILE LINF= 30, _
30000

100000

”3000. OQQOO

«1000,

“30”.

04000

B e N S,

0,000

0,000

04000 0,009

0,000

Ne00n

Y 0,004

Aenn1

Ne014

~0e047

=-Ne 066

~0eN38

| =0,4027

~ﬂ.068

-0 065

«100, 04000

“30. 0.001

=10, 0,006

0”0066
«NeN0Y

“04008

=003

Th.0n1 04011

ﬂ;nﬁli

0,013

5.165

;0’007

Oelbs

04163

«0,061

0007

04011

“0,058

~0e059

Oe
10, 0191

30s 04187

0,003

100, 04093 0,186 0,180 0,214

190, 04070

1000,

0‘093““

0,092

04000  =04000 0,089 0,198

0,191
' 0.187

0e096 0,113

04195 0,213

04191 0,211

04188

2000, 0,000

9900, 04000

w0000

N,000

N,072

04000

04213

0,275

04387

NYS

04405

Dells
04217

0e221

04140
04139

04040

04236

bc??l

04155

Del4?2

04252 04148

04537

0,000  =0,262

0e287

Nalbé
04009 04004

30000, 04000 0,000 0yA0N 0,000 0,000  =0s114  0.601
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FENCE EFFECT ON RESISTIVITY PROFILES
TENCF RESISTIVITY: 10RAPPARENT RESISTIVITY

5000 FOOT DIPOLESs SENDER AT «5000 TO 0

RECEIVER AT 10000 _T0O _1%000
FENCE AT X2 TO X2-L PARALLEL TO PROFILE LINF
e _DISTANCE OF FENCE _TO PROFILE {INE= 30,

X2 L= 100 300 1000 3000 10000 30000 100000
=3000, 0,000 0,000 0,000 0,002 =0,007 <0018  =04029
C e1000, 0,000 0,000 0,000 04000 =n.00n w0015 ~04028
~3000 04000 0,000 04000 0,001 04004  =0s012  =04025
«1004 04000 0,000  0e0ND 0,001 0,006 =0e010 =0e022
»30, 04,000 0,000 Mn_&,;gar;mmv;;\f);m ;on'r 4007 «0 019
- ~10s 04000 0,000 NyN00 04002 0008  <0s006  ~0.018
Ds 04000 0,000 NeNOO 04002 Ny009 =0,0086 «0,017
) 100 04000 0,000 0,000 0,002 0a000  =0e005  <n.016 B
B 300 04000 04000 0,001 0,002  0.010  =0e004  =0.014
1004 04000 0,000 0,001 0,003 0,011 =~04001 =0,011
] 300, 0,000 «0,000 0,000 0,003 0e013  Ne0N1  =0,008 )
1000, 04000  =0,00N  =nenfn 0,001 Ne01R 06005  «N4004 -
3000, 0,0N0 0,000  «0y0N0  =0,002 04034  0e013  =04001
9900, 04000 0,000 «0,000  =0,001  Ne005  0e214  0s123
B 10000, 04,000 0,000 0,000 0,000 0,000  =ne078 04001 o




FENCF ﬂFFECT ON RFQISTIVITY PROFTLF%
FENCF RESISTIVITY= 10%APPARENT RFSISTIVITY

5000 FOOT DIPOLFSe SENNFR AT «S000 TH 0

RECEIVER AT 18000 TO 20000

FENCE AT X2 TO X2-L PARALLFL TO PROFILE LINF

DISTANCE OF FENCE_T0O PROFILF LINF=

30,

X2 t= 100 300 1000

3000

10000

”30000 0.000

N,000

0,000 0,000

04000
04000

NeNNO

«300s 04000 0,000

»100. 0,000 H,000 NeNNO

=30, 04000 04000
=10, 04000 0,000 04000
- 0s 04000 0,000
104 04000 0,000 64000
30, 04000 0,000  neonn

0eN00

100,

ﬂOO.

0.000 04000

uﬁ;aaﬁ

nﬂ.Oﬂﬂ

04000

1000, 0,000 =0,000

n.ndﬁv"

0,000

0eNNN

30000

100000

0,001

*""‘d]nno -

00NN

=0y003  =0,4010

“0;018

’;n;doﬁ 04009

0 001 bOQUﬂ?

“OQQI?

*0.915

04000
0.001

0001

04001

04001

0,001

0, 001

0001

30004

99000

06000 =Ny «A,000

T 04000 =0,000

30000, 0,000 0,000

NeNNO

NeBNN

w0001
04000

0.000

0,001

Ne00? -0 4008

0 ,003

“0‘004
«040073

0003
fe0ns
N 004
04004

‘0;00?

-0e003
04003

~0s013
-0,011

-0s010

”0.010 )
~Ne009

-04008

Ne008 =001

"B.ESEWWM 04001

“0.0&6

“0‘004

-n;bns

Oﬂﬁ Oﬂ‘oag

n&hﬁg

Ne007 04002 04007
04010 0a005  =04000

04013

Ne00?
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FENCF FFFECT

ON RESISTIVITY PROFILFS

FENCF RESISTIVITY= 10%APPARENT RESISTIVITY

5000 FOOT DIPOLESy SENDFR AT «5000 TO 0

RECEIVFR AT 20000 YO 25%000

FENCE AT X2 TO X2-L PARALLFL TO PROFILE LINE

. DISTANCE OF FENCE TO PROFILE L INE= 130,

X2 L= 100 300 1000 3000 10000 30000 100000
«3000, 0,000 f4NO0 0eNON 0e000  «wN,00?2 w0007 «N401?

a =10000 04000 D000 0,000 0,000 =0,000  «ns005  ~0e017

N =300, 04,000 0,000 040NN 0,000 0,001  =~0s00h  <0.010 -

=10Ns 040N0 0,000 0,000 04000 Ne001  «04003  «0,000
=304 04000 0,000 04000 04000 N,007  =0e003  =A0D0B
B =10 04000 0,000  ngnnn 04000 04002 204002  =0,007
Os 04000 0,000 0,000 04000 0,002  =0,002  «0,007
B 10, 0,000  n,000 04NN0 04001 0,002 «na002 =0,006
30, 0,000 0,000 040NN 04001 0,002  =0s001  ~0,005
100, 0,000 0,000 0,000 04001 0,003 «0,000  «0,004
300, 0,000  «0,000  ne00n NeN01 0,003 04000  =04003
1000, 0,000  @NyNON  =Nenin  A,000 N,004 NeN02  =0,001
3000, 0,000 «0,000 =0,000  =0a001 0,008 0,003  =04000

9900, 0,000 0,000 0,000 0,000 «Ng008 04008 04007 )
30000, 0,000 0,000 040N0N 04000  =0,027 =04091 0,007
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- FENCE EFFECT ON RESISTIVITY PROFILES T
_FENCE RESISTIVITY= 10#APPARENT RESISTIVITY
5000 FOOT DIPOLFSy SENDFR AT =5080 T0O 0
e ____RECEIVER AT 5000 TO 10900 o

FENCE AT X2 TO X2-L PARALLEL TO PROFILE LINE
. DISTANCE OF FENCF TO PROFILF LINEs 100,

X2 L= 100 300 1000 3000 10000

30000

10000

0

~3000, 04000 A NN 04006 «=0,015 =0e035

=008

0

«1000, 0,000 =N,000 0,004 0,010 =000

=300, 04000 «0000  N,000 0,006 0,063  ~0e018  <0.052
«100s 04001  «04001  «NygNBO 0,008 N4071  ~04009  <0.080
*30s 04005 «NeD06 =048 0,006 0,086 =0e007 <0053
C =100 04012 =N 013 =0¢012  =0,001 0,083  =0s012  =0.060
04 04075 0,074 0nen7% 0,087 0e174 04076 04028 -
104 04162 04161 04162 04176 04264 0164  0.115
30, 04156 0e153 0,155 0,168 04263  0.159 0,109
100, 04075 0,149 0,151 0,165  0.276 0161 04106
© 300, 04000 0,074 04149 0,165 04305  0e171  0s108
1000, 04000  «ny000 0,072 0,155 04338 04186 0,115
N 3000, 04000  =0,000  «=0,000 0,060  0s341 02900 04125 N
9900, 0,000 0,000  a.n00 04000  =04127 04007 0,003
30000, 0,000 0000 0,000 04000 0,000 «0,076  N,001




 FENCE FFFECT ON RESISTIVITY PROFILES
FENCE RESISTIVITY= 10%APPARENT RFSISTIVITY
5000 FOOT NDIPOLFSy SENDFR AT «5000 TH 0
U RECFIVER AT 10000 T0O 15000 IR

FENCE AT X2 TO X2-L PARALLFL TO PROFILE LINE
DISTANCFE OF FFNCF TO PROFILF LINF= 100,

X2 L= 100 300 1000 3000 10000 30000 100000
«3000, 0,000 0,000 0,000 04001 wN 008  w04N14  =Ne02
=1000s 04090 0,000 0,000 0,000 =n,000  =0s012  ~04022 N
) «300, 04000 0,000 0,000 04001 Ne003  =04009 =0,019 -
“100, 04000 0,000 N nnEM"m" 0sN01  N40N8  =ne00T -0.016"

=304 04000 0,006 =0 y005

-10‘

NeONO 04000 0,001

0,000 ny000

04000 0,001 0,006

04005

“0e014

-0s014

0f 04000 DeNNE  =04005

10‘ 0,000

70,000 0,00 0001

4000 0,000

W6"666"7V 400

-0s0084

T =N,014

“00013

“0;013

304 04000 0,000 Ny0N0 0,001 0,007 04004
100, 04000 0,000 0,000 04002 'WW”:EBH"M”ZK;ooa
3004 04000 =0e000 04000 0,002 0,009  =0s001
10004 0,000  =ng000  «ne000 04001 0,013 04003

0011

‘0.008

=04 005

0,000

04001

3000, »0,000 0 NNA ~Ne00? 0,025

0021

9900, NeB01 04001 =N4000 0¢146

«Ne002

06094

30000, 0,000 0,000 nennn  O.n0n D000 w0047 N TR
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 FENCE EFFECT ON RESISTIVITY PROFILES

FENCE RFSTISTIVITY= 10#APPARENT RESISTIVITY

5000 FOOT DIPOLFSs SENDFR AT =5000 TO 0O

RECEIVER AT 18000 TO 20000

FENCE AT X2 TO X2-L PARALLEL TO PROFILFE LINE

—DISYANCE OF FENCE TO PROFILE { INFwx 100,

X2 L= 100 300 1000 3000 10000 30000 100000
=3000, 04000  NyNON  NgNND 0,000  =0,002 =0e008  =04013
«10004 0,000 0,000 0,000 0,000 =0,000  =0s006  =0a013
;300, 04000 4000 NeNNO 06000 Ne001  =04005  =N4011
=100, 0,000 0,000 0,000 0,000 0,002 =0s004 =~Ne009
=30, 0,000 0,000 0,000 0,001 0s005  ~0s003  =0.008
=10, 04000 0,000 0,000 0,001 n.0n3 =003 -n,008
Oy 0,000 0,000 0,000 0,001 0,003 =0,003 04008
B 100 04090 0,000 0,000 0,001 0,003  ~0s002  =ns008
30, 04000 0,000 0,000 0,001 0,003 =0e005  =0.007
1004 0,000 0,000 0,000 0,001 0,003 =04001 ~0,006
300s 04,000 0,000 0,000 0,001  N.004 =0s000  =0s005
1000, 04000  «0400N  «0,AND 0,000 0,005 04001  =04003
2000, 0,000 =0,000  «NeNNN  «0,001 0,008 06006  =0,001
9900, 0,000 =0,000  =040ND  =0e000  =Ns003  0e043  0a00
30000, 0,000 0,000 0,000 0,000 0,000 ~0e085 0,001




FENCF FFFECT ON QFS!STIVITY PROFILF%
- FENCF RFSISTIVITY= 10#APPARENT RFSISTIVITY
5000 FOOT DIPOLESy SENNFR AT «5000 Tn 0
S RECEIVER AY 20000 TO 2%000 . .

FENCE AT X2 TO X2~L PARALLFL TO PROFILE LINE

X2 L= 100

~DISTANCE OF EENCE TO PROFILE L INFm 100,

200 1000 3000 10000

«3000, 0,000

30000 100000

n.ﬁnn NeNON =N, 001

1000, 0,000

04000 DeAON 0,000 =0,000

PR

=300, 0,000

0,000 04000

0,001

«0es005 ~0 4009

=0 004

-0 4009

—04007 0,008

100, 0,000

n.onn

NeNNNO

T he001

*30‘ Ogﬁﬂn

~10s 0,000

04000  NeNND 04001

04000  0e000 0,001

De 040NN

10, 0,000

30, 0 ,0N0

C 1000 0,000 0,000 0,000 0000 0.007
300, 0,000 =0,000 0,000 0,000 0,007

1000, 0,000

nﬁ 000

0,001

NeONN NeNNO 0000
‘6“666”' NeNON 0,000 0,002

04000 040NN 002

C=04000 0,000 0,003

/

=002 -0 4008

«06002  =0,006

 m0a002  «0,005

«NeN02 -0e 008

-0.065

‘0.005

-0a002

-04001

oﬂ.ﬁﬂl ~04004

-0 000 “Q‘003

0,001 =N,002

3000, 04000  «0s000  =0an00  wbl000 0004 Ne002  =0,000 )
0990, 04070  «N 000 0,AN0 0,000  =n,003 04007 ne002
30000, 04000 0,000 0,000 04000  «ny093  =0s0857 04002




FENCE FFFFCT ON RESISTIVITY PROFILES

FENCF RFSTSTIVITYs JO#APPARFENT RESISTIVITY

5000 FOOT DIPOLESs SENDER AT =5000 TO 0

RECF

IVER AT 5000 TO 10000

FENCE AT X2 TO X2-L PARALLFL TO PROFILE LINE

- DISTANCE OF FENCFE TO PROFILE | INFz 300,

X2 Ls 100 300 1000 3000 10000 30000 100000
=3000s 04000  =0,000 0,000 0,003 =0,010 =0s025 =0s036
~1000, 040NN =0,000  =0yNN0 0,003 0,006 =0e022  =0s040
- «300, 0,001  «0,001 0,01 0,004 04028  «=04017 =04041
<1005 04003  ~0s005  =0.005  0s001  0.033 =04017  =04044
) =30s 04009  =0,013  =04013  =0,007 0,030  =0e023  =0.081
) =106 04017  =0,021 =0¢021 =04015 04023  =0e030 =0.089
O 04062 04057 04086 0,063  0e102  0s048  0.018
104 0,140 04135 0,134 0,141 0,180  0.126  0.098
a 30s 04133 0,127 0,126 04133 0,173 0s118  0.088
1000 04062 04120 04118 0,125 0,171 0s112 04081
300s 04001 0,058 0,114 04122 0.179  0.113 06079
T 1000, 0,000 =ne000  nunse  0.116 04199 04123 04082
3000, 0,000 NgNON -0} NN 0e049 04203 Nel138 04001
9900, 04000 0,000 0,000 0,000  ene087 04005 0.007 o
30000, "6uﬁnb' Ne000  A,0N0 0,000 0,000  =0e048 0,001




FENCE EFFECT ON RFSISTIVITY PROFILES
FENCE RESISTIVITY= 10%APPARENT RESISTIVITY

5000 FOOT DIPOLES,y SENPFR AT =5000 TO 0
e _RECEIVFR AT 10000 TO 18000
FENCE AT X2 TO X2=L PARALLFL TO PROFILE LINE
_ DISTANCE OF FENCF TO PROFILE LINE= 300, S
X2 t= 100 300 1000 3000 10000 310000 100000

«3000, 0,000  =N,000 A NNA Ne001 =N 003  «nNe010 =0,016

«1000, "6{566””"”5“566’ C 0e0ND ny000 B oao““lo.ona “n,018

«300, 04,000 0,000 06000 0,001 0,002  «04006 =04013

=100, 0,000 0,000 0NN 0,001 0,003  ~0e005  =04012 o
C =300 04000 0,000 0,000 0,001 0,004 =0s004  =5.011
~““"m7;{6;""6;b56‘4”"6;06n“w”"6;600” o;édimﬁM‘d.hdaf“ ~04004 #6;611"WW”“'“‘

04 0,N00 0,000 000NN 04001 000k  =0e004  =ps011

10s 04000 0,000 0,000 0,001 0,006 ~0,004 =0e011

) 300 04000 0,000 0,N00 0,001 0,004 0,004 =0s010
100, 04000 0,000 1000 04001 0,008 =0,003  =0.010 .
©300. 0,000 a0, 000 0,000 0,001 0,006 ~0s002 <ns008
N 1000, 0,000  «0yN0N  «NefNN 0,001 0,000 0,001  =0,005
30004 0,000  =N,000  =n,AND  «n,001 0,017  0s006  =0s003
00004 0,002 0,002 0,003 0,002 0,035 0,102 0a073
300004 04000 0,000 0,000 0,000 0,000  «0a025  0e001
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FENCF FFFECT ON RFSISTIVITY PROFILFS

FENCE RESISTIVITYx JO#APPARFNTY RESISTIVITY

85000 FOOT DIPOLESs SENDFR AT «5000 T0O 0

RECEFIVER AT 185000 TO 20000

FENCE AT X2 'TO X2-L PARALLFL TO PROFILFE LINE
DISTANCE OF FENCE TO PROFILF LINF= 300,

X2 L= 100 300 1000 3000 10000 30000 100000

«3000, 04000 04000 N NNN D000 - NND 04008 -0e010
«1000, 04000 0,000 0,000 0,000 =n,000  =0e006 04000
=300, 04000 0,000 0,000 0,000 0,001  =0e003  =0s008

“100, 0,000 0,000 0,000 0,000 0,001  =0e002  =De007

) =300 04000 0,000 0,000 0,000 0,007  =04002  =04008
=10, 04000 0,000 0,000 0,000 0,007  =0s002  ~0s008

Os 04000 0,000 04000 0,000 0,002 =0e002  =0o006

) 100 04000 0,000 000 04000 0,007 =0e007 ~N¢006
30, 0,000 0,000 04000 0,000 .07 =0.007 «0 4006
100, 0,000 n,000 0,000 0,000 0,000  «0,002 0,006

300, 0,000  =0,000 0,000 0,000 0,007 =0s001  ~0.005
1000, 0,000  =0,000 0,000 0,000  0.006  0s000  =0.003
3000, 0,000 0,000 (40NN  =0,000 0,006 0,002 =0s001

~~~~ 9900, 04,001 =0,002 =Ne002  =0,002 =04003  0e026 0003
30000, 0,000 0,000 0,000 0,000 0,000  =0.031 04001




FENCF FFFECT ON RF%!STIVITY PROFILE%
FENCF RESISTIVITY= J0%APPARFENT RESISTIVITY
5000 FOOT DIPOLESs SENDFR AT =8000 TH 0
R —_RECEIVER AT 20000 TO 2%000 o R

FENZE AT X2 TO X2-L PARALLFL TO PROFILE LINF

X2 L=

100

DISTANCE QF FENCE TO PROFILE LINF= 300,

300 1000 3000 10000

10000 100000

«3000,

0,000

~1000,

04000

0,000

=100,

*300

“10‘

0,000

O, 000

0,0N0

04000 04000 0,000  «0,001  =0e003  <04007
04000 0,000 0,000 =0,000  =0s003  =na006 B
0,000 n.nn&vJWWSIEEEWM“'n'ahiﬁrq;ﬁ.ooz 04005

0,000  0,00n

.QOO

ﬂgOOO

.000 0.00]

0.00Q

QOQO

N.001

04000 0,000 0,001

~0aN02  =na004

«0s001  =04004

.0s001  =0,004

) 0s 04000 0,000 0,000 0,000 0,001 =0s001  =0.004
100 04000 0,000 0,000 0,000 0,001 =0s001  =0s008
) 300 04000 04000 0,000 0,000 0,001  =0s001  ~0.004 ‘
C100s 04000 0,000 0a000  0a000 0001 enednl  wn.004 )
300, 04000 20,000 0,000 0,000 0,001 =0e001  ~0a003
1000, 04000 =0yn0n  wnnnh 0,000 0,002 0,000 =0.009
3000, 04000  =nen0n  =nannn 425:556 70,008 0,001 =ps001 -
0900, 0,000 «Ne00n  «nenDN  0.000 =, 002 0,008 0,001 -
30000, 0,000  f.000 n”6EBW““’o.oob'“";6“01o W'45§6§3 0,000




FENCE FFFECT ON RFSISTIVITY PROFILFS

FENCE RESTETIVITY: JOMAPPARENT RFGIGTIVITY

3000 FOOT DIPOLFSs SENDFR AT «5000 TN 0

RECEIVER AT 8000 TO 10000 e
FENCE AT X2 TO X2-L PARALLFL TO PROFILE LINF
DISTANCE OF EENCE TO PROFILE | INF=1000,

X2 L= 100 3100 1000 3000 10000 7 30000 100000
a3000, 04000  =0e000  =ngNON  =0e000  ~05006  =0e014  —=04021
T a1000, 04000 =ny001  =n.0n1  =04000  =0.001  =ni016  =.ns7 o
«300, 0,002  =NeO0&  =0,006 =0,005 =0.000  ~0e010  =0.032 o
=100, 0,008 =0,009  =0sN13  ~04013  —<0,006 -0s026 =0.039
“30s 04011 =0.017 =nen22  =04022  =0.014 =0s038  =0.088
N «10, 0,018 0,025 =04031 =04030 =0.022 =0.043  =0.057
Os 04080 0,043 04038 0,038 04046  0s025 0,011
104 04119 04111 04106 04106  0e114 04093 04079
30 04113 0,103 0,097 04,098 04106  0s085 04071
100, 04051 0,096  N,080 0,089  Ns008  0s076  0e062
300, 0,002 0,044 0,083 0,082 0,093 0,071 04056
1000, 04000 «0,001 NeN39 0,077 Ne09& 04070 06053 -
10004 0,000 0,000 NeNON 04037 0,008 04078 04080
o 0900, 04000 04000 040N0 0,000 0,002 04003 04001
30000, 04000 N,000 0,000 0,000 0,000 =0s025 04001
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FENCE FFFECT ON RFSISTIVITY PROFILES
- FENCE RESISTIVITY® J0%APPARFNT RESISTIVITY —_—
3000 FOOT DIPOLESs SENDFR AT «8000 TO 0
S RECFIVFR AT 10000 _TO 1%000 R
FENCE AT X2 TO X2«L PARALLEL TO PROFILE LINE
) DISTANCE OF FENCE TO PROFILFE LINF&1000, S
X2 L= 100 300 1000 3000 xiOOOO 30000 100000

-3000, 04000 -y, 00N -0 0NN

NeBOND  ®N 0N w008 «n NOQ

«1000, 04000

«300s 0,000 Ne00N

0,000 0000

04000

~04005 -06009

”0Q003

04004

*100e 04000 NeNNN

«300

~10, 0,000 0

04000

0,000 NeN02  =0,0073

‘0.003

-04008

-0 D08

=0,003  =p,008

Ne 04000 040NN NeNND

104 0,000 0,000

30, 0,000 0,

10N, 04000 h.000
T

1000¢

0,030 0,000

0,000 04000

=0,40013 ~06008

-0}66§”m‘~é}06§“”’”

Awh.OGdﬁw D0.00@ “ﬂ‘007

0e0N0 0,009

=04003

-0 4007

0,000 0,007 =0,002  ~n,007

04000 0,004 ;6;66i”M*;6:66g ———

3000, 0,000 =N, 000 0,000  «0,000 0,008  0e002  =De004 B
0900, 04002 0,004 0,008 0,007 0,043  0s068  De085
80000, 0,000 0,000 .00 D,000 0,000  «04009 0,001
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FENCF EFFF(T ON RF%I%T!VITY PROFILFES
TENCF RFSISTIVITYs 10%APPARFNY RESTSTIVITY

5000 FOOT DIPOLESs SENDFR AT «S5000 TO 0

RECEIVER AT 18000 TOQ 20000
FENCE AT X2 TO X2« PARALLFL TO PROFILE LINF
-DISTANCE OF FENCE TO PROFILE { INFx1000, .

X2 L= 100 300 1000 3000 10000 30000 100000
«3000, 0,000 =0,000 =NendD 0,000 -03001 ~04003  =0,005
«1000, 0,000 0,000 0,000 0,000 0,000  ~na002  =0s008
=300s 04000 04000 0,000 0,000 0,001 =0e002  =04005
=100, 0,000 0,000 04NNA 04000 0o 661 =04002 «0,004

T a30, 04000 04000 0en0n 04000 0.001  =0.001 ~04004 a

) =100 04000 04000 0,000 0,000 0,001 =04001  -0.006
Os 04000 0,000 04000 0,000  Ne001 ~0eD01  ~0,004

- 104 04000 0,000 14000 04000 04001  =04001  ~0a004 o
300 0,000 0,000 0,000 04000 0,001 <0s001  =04004
100, 0,000 0,000 04,000 0,000 0,001 «0e001  ~04004
- 30N, B;bnn ’“MB.nnn n,gnn Ne00ON n.odi »n:oox -0004
— 1000, 0,000 0,000 0,000 0,000 0,002  =04000  =0,003
2000, 0,000 «f non - 0NO =0 4N00 Ng0N3 0,001 -0 4002
0800, 0,002 an,0N3  wNynhn  0.006  =n.n0s 04008 =0,004

30000, 0,000 0,000 0,000 0,000 0,000 =04013 04001 -




-  FENCE FFFFCT ON RFSISTIVITY PROFILES N
—— FENCF RFSISTIVITY=z2 10¥ADPPARENT RESISTIVITY
8000 FOOT DIPOLFSs SFENDER AT =8000 T0 0O
e e RECFEIVER AT 20000 TD 285000 o

FENCE AT X2 TO X2=L PARALLEL TO PROFILE LINE

_ _DISTANCE OF FENCE YO PROFILE | INF=1000, o
X2 L= 100 300 1000 3000 10000 30000 100000
) =3000, 0,000 w000 0,000 0,000 =N,000  =0e002  =fe004
B =1000, 0,000 0,000 0,000 0,000 0,000  =0s001  =0.004
300, 0,000 0,000 0,000 0,000 0,000 =0.001  =04003 o
=100, 0,000 0,000 0,000 04000 0,000  =0ef01  =0s003
=30s 04000 0,000 0,000 04000 0,000 =0s001  =0s003
304 04000 0,000 0,000 0,000 0,000  =0s001  =0.00% )
- s 04000 0,000 04000 0a000 0,000  =0s001  =0.003 o
10, 04000 0,000 0,000 0,000 0,000  =0.001  =0.008
304 04000 0,000 0,000 0,000 0,000  =0s001  ~0003
1004 0,000 0,000 0a000 04000 0001 ~ne0nl  =na003
3004 04000 0,000 0,000 04000 0,001 =04001  =0.007
1000, 04000 0,000 0,000 0,000 0,001  =0s000 =0.002 T
3000, 0,000 AgNON  =NefND  =0e000 0,001 04001  =04001 B
9900, 0,000 =N,000 “~n.OAB“"“:b.cndh"“;b.éni“"mwé;ﬁﬁi‘"_ 0,000
300004 0,000 0,000 neAnn 0,000 w0 014  =0¢014 0,001
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