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Field Procedures and Data Reduction Methods
(with Hewlett~Packard-97-67 Programsl/) For Total Field
Resistivity Surveys
by
Adel A. R. Zohdy

I. CREW REQUIREMENTS AND BASIC EQUIPMENT

The following list of manpower and equipment 1s currently used by
the U.S. Geological Survey and is recommended for the optimum operation
of an efficient bipole-dipole total field resistivity survey.

(A) Crew

An optimum crew consists of five (5) persons. A party chief,

an Aassistant 'party chief, an operator, and two field

assistants.

(B) Vehicles

Three 3/4 ton, 4 x 4, vehicles are generally required. All of

which should be equipped with winches.

(1) Transmitter truck, for carrying transmitter equipment,
about 3 kﬁ of #8 current bipole cable, and a truck
mounted or truck towed 30-40 kva generator. This veﬁicle
must be equipped with a powerfﬁl radio transceiver.

(2) Receiver vehicle, generally a carryall type for carrying
party chief and assistant party chief and the receiver
equipment. This vehicle also must be.equipped with a

powerful radio tramsceiver.

,AJbse of a specific brand name does not necessarily constitute

endorsement of the product by the U.S. Geological Survey.
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(D)

(3)

Utility truck, for carrylng two crew members, reels,
porous pbts, test equipment, tools, and so on. It is
recommended that this vehicle be equipped with a
precision odometer and an addi tional powerful- radio

transceiver.

Transmitter Unit and Accessories

(1)

(2)
(3)

(4)

(3)

(6)

(7)

The transmitter should be powered by a 30-40 kva

generator (or a larger generator) and must be capable of

-pulsing a square wave current at peak to peak amplitudes

of about 20 to 60 amperes, at about 400 volts, and
preferably at several frequencies ranging from about 0.05
to about 0.5 Hz. A frequency of 0.1 Hz or less is used
most often.

Freqﬁency conﬁrol box (may be part of tramsmitter box).
Dummy load.

Bipole cable (2-4 km of #8 inéqlated cable).

A cable "spitter" (generally operated wiﬁh a hydraulic
pump) to pick up the bipole cable and lay it in a "bird’s
nest" on the bed of the truck.

HP-97 calculator (encased in é—transparent plastic bag to
protect it from dust), programs, charger, and data books.
Invertor fo; charging calculator from vehicle battery if

necessary.

Receiver Unit and Accessories

(1)

A potentiometric chart recorder operated with an invertor

from the truck battery or a separate car battery (that
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(2)

(3)

(4)

(5)

(6)

(M)
(8)

(9)

can be simultaneously charged with the truck battery).
The recofdet should have a sensitivity of as much as 0.1
mv full scale and various chart speeds including speeds
of about 0.12 cm/sec and 0.06 cm/sec (1 inch/20 sec and 1
inch/40 sec).

A battery powered self potential cancelling circuit (S.P.
bucker), connected to recorder.

‘A three~way switching box for successively connecting
three pairs of potential electrodes (M and N, M and N’,
N’ and N) to S.P. bucker.

A three conductor cable with color coded terminals, for
connecting potential electrodes to switching box.
Premeasured coaxial cable on separate reels with fixed
lengths rénging from about 30 meters to about 200 meters.
(A length of 75 meters (250 feet) is most often used.)
NOTE: Coaxial cables minimizé wind noise.

Several (4 to 6) copper-copper sulphate porous pots for
potential electrodes and an adequate supply of copper
sulphate crystals.

Canteens for watering potentiél electrodes.

Two azimuthal Brunton compasses.

HP-67 calcuiator (placedlin a transparent plastic bag to

protect it from dust), programs, and charger. [OPTIONAL]

(10) Crystal «clock for signal ©polarity determination.

" [OPTIONAL]

(11) Topographic map, scales, and data books.



(D) Radio Transcelivers

(1)

(2)

At least two powerful radio transceivers are required for
communicaéion between the transmitter vehicle and the
receiver vehicle. A third radio transceiver installed in
the utility vehicle is also valuable either as a spare,
or for relaying wmessages in a%eas of difficult
communicat&on. Ninety (90) watt FM radio transceivers
are recommended for most areas éf mild topography, but
single side band radio transceivers (40 watt) may be
required for éreas with rugged terr;in.

At least three portable radio transceivers (5 wafts) (or
two portable FM transceivers using the same frequency as
the receiver-vehicle-mounted FM transceiver) are required

for communication between party chief in receiver vehicle

and crew members.

II, RECOMMENDED FIELD PROCEDURE

(A) Initial Preparations and Recommendations

(D

(2)

The party chief and his assistant should scout the area
for determining the best locations for the current
electrodes. Metal culverts and well casings, separated
by a distance of 2—4 km, represent two of the best
targets to be sougﬁt (for use as ready-made electrodes).

For safety purposes: a) Do not locate a current
electrode near a farm house or a school, unless that
electrode can be guarded at all times when the current is

pulsed into the ground. b) Do not operate equipment



(3)

(4)

(5)

during a thunder storm and disconnect all cables leading
into the truck. c¢) Avoid laying the cable across major
road crossing or animal pastures.

If neither metal culverts nor well casings can be found
at suitable sites, then buried sheets of aluminum foil or
several connected long metallic rods can be used for
current electrodes, preferably after soaking the ground
with brine.

Neither current electrode should be near a buried gas
line, a long metal fence, or a grounded power line,
otherwise one would have more than two "point sources”,
and unusually large signals will be recorded at stations
which are located far away from the electrodes (A or B)
but that are néar these buried pipes or grounded poles.
Having determined the best sites for the current
electrodes, place "Danger—High'Voltage" signs near ome of
the current electrodes, lay down the insulated curreat
bipole cable (#8 gauge), and park the transmitter vehicle

near the second current electrode.

(B) Preparations at Transmitter Site

(1

(2)

Upon connecting the bipole cable to the electrode, test
the continuiiy of cable with an ohmmeter, using earth
return, If no continuity, check connection at far end
electrode.

Connect the transmitter to the current electrodes and

test the maximum (steady state) current that can be put



(3)

(4)

(5)

(6)

(7)

(C) Preparations at Receiver Site

in the ground. A minimum peak to peak amplitude of
greater than 20 amperes is desirable.
Establish the polarity of the current electrodes (A

electrode is 4+, B electrode is ~). Ascertain that the

same convention is adhered to throughout the survey in

subsequent days.

Set the two azimuthal Brunton compasses according to the
magnetic declination of the survey area.

Measure the length of the bipole with a precision
odomeﬁer (if the bipole is placed along a straight flat

road) or from the topographic map.

‘Measure the anglé of declination, B, that the bipole axis

makes with the geographic North. The angle, B, should be
measured in the clockwise directiqn from the geographic
North to the nepative electrode B (see figure 1), and
must be expressed in degrees from 0° to 3600.

If a crystal clock is to be used, for establishing

current signal polarity, synchronize clock with frequency

control box.

o8]

Receiver stations should be set up at a distance of about .
100 meters from the nearest buried pipe line, telephone
cable (some old ones are embedded in a léad sheath),
grounded power line poles, fences with metal posts,
electric pumps, or any power line pole with a transformer

box at the top of it. NOTE: a) An unusually large IP
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Figure l.--Diagram for defining station coordinates (x, y, or AO, BO),
side 1 and 2, and angle of declination B. A and B are current
electrodes; 0, station location; L, half length of current binole.



(2)

(3)

(4)

(5)

(induced polarization) effect is observed when the
station is 1located near a buried counductor. b) The
station diétance may have to be greater than 200 meters
to eliminate the noise from transformers.

Select two (nearly orthogonal) directions for setting up
a left, and a right, measuripg dipoles. The best choice
would be one in which the hypotenuse of the (nearly
right-angled) triangle would be approximately parallel
(rather than at right angles) to the expected direction
of the bipole primary electric field.

Place three porous-pot electrodes (M, N, and N’) in the
ground, one near the truck (M electrode) and one at each
of the far ends of the measuring dipoles (See figure 2).
Using the azimuthal Brunton compasses, the two field
assistants should measure the azimuths (eL and GR) of the
left and right‘dipoles. The measurements should be taken
from the far ends of the dipoles (to avoid effects of the
metallic body of the receiver truck) and the South
seeking end (instead of the North seeking end) of the

needle should be utilized in reading the angle. Thus the

- reported angles would be the azimuths of the measuring

dipoles from the M electrode (negative or ground
electrode nearest the truck) to the N and N° electrodes,
respectively,

Using the color coded terminais of the cable from the

switching box, ascertain that the connection of the M



\ EAST

Figure 2".——Diagram for defining angles used in equations' (1) through
(13). M. N, and N' are potential electrodes.
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electrode (electrode néarest the vtruck) to the chart
recorder is such that it acts as a ground electrode while
measuring tge potential differences (AVL and AVR) for the
left and right dipoles, respectively; and that the N’
electrode (electrodé at the far end of the right dipole)
acts as a ground electrode while méasuring the potential

difference AVRL from N’ to N.

III. DATA ACQUISITIOW PROCEDURE

(D)

(2)

(3)

Upon arrival at a receiver station, the party chief shall call
the operator (at the tranmsmitter) to: (a) inform him of their
arrival at the site, (b) receive, record, and plot data that
the oﬁerator would have computed for the previous station, and
(¢) inform the operator that they should be ready to receive
the pulsed signal in 3-5 minutes.

While the assistant party chief and the two field assistants
are setting up the measuring dipoles, the party chief shall
plot the iocation of the new station, measure and record its
coordinates (x, y or AO, BO; see figure 1 and read caution on
the use of Ab and BO in the next section), record the azimuth
angles of the left and right dipoles (BL and SR; see figure 2)
when they are transmitted to him by the two field assistants,
and prepare the recorder.v

The assistant party chief shall be responsible for directing
the two field assistants, preparing the electrode nearest the
truck, and-ascertéining the proper éonnection of the three

color coded terminals to the proper electrodes.

11



(4)

(5)

(6)

(7)

(8)

(9

When the operator announces the amount of current in amperes,
this will signify that a steady current (having the announced
peak to peak amplitude) -is being pulsed in the ground.

Ihree potential differences AVL, AVR, and AVRL are recorded
successively. For éach set of measurements, the party chief
will request the operator to announce-the "sign" of the pulsed
current (o; he will use the flashing.light on a crystal clock
in areas of difficult radio communication) to determine the

polarity of the received signal. The operator should announce

‘at least one "Plus" followed by one "Minus", for each "sign"

request from the party chief.

The announced sign that coincides with the movement of the
recorder pen to the right, is the required voltage sign;
Depending on the signal to noise ratio, a set of three to

eight pulses may be measured for each AV. The average of each

set of measurements is then recorded.

As soon as the three potential differences are measured the
party chief instructs the operator to '"shut down" the
transmitter. This will also serve as a signal to the crew
that the measurements have been completed, and to pick up the
receiver array.

Before leaving the’ site, or while moving to the next station,
the party chief transmits the following two sets of data to
the operator (see figures 1 and 2 for definitions): (a)
Station number, left angle (GL), Right angle (GR), Left

magnitude (AVL), Right magnitude (AVp)  and  Right-Left

12



Iv.

magnitude (AVkL); (b) The coordinates (AO and BO; or x and y)
in miles, the bipole side 1 or 2 (if A0 and BO are used), the
current (I) in amperes, and the length of the measuring
dipoles (MN = MN') in feet. All transmitted data must be
confirmed by the operator.

(10) By the time the party chief and the crew arrive at the next
station, the operator would have uséd the two HP 97-67
programs (given' in the appendix section) to compute the
magnitude and direction of the measured total potential
difference (AV and ¢), and the simple total field apparent
resistivity (EIEI) band other parameters of dinterest as
explained in the next section.

DATA REDUCTION AND PROGRAM DESCRIPTIONS

Two programs for HP 97-67 programmable calculators are given in the

Appendix. The first program (Program I) is for the calculation of

the average magnitude and direction of the total potential

difference from three horizontal components, whereas the second
program (Program 1I) is for the computation of the simple-total-
field apparent resistivity and other parameters of interest.

(A) Input to Program I

The following five (5) input parameters are required:

BL = azimuth of 1left dipole' (HN) in degrees [Store. in
register 1]

ek =  azimuth of right dipolev(MN') in degrees [Store in

register 2]

L = potential difference in millivolts for left dipole

[Store in register 3]

13



(B)

AVR = potential difference in wmillivolts for right.dipole
[Store'in register 4]
AVRL = potential difference 1in millivolts for right-left
dipole [Storg in register 5]
NOTE:
(1) If one of the AV'; could not be measured store 0.00
in appropriate register,
kZ) Use the value of AVRL és measured without
normalization to the length of MN = MN’,
(3) It is not required to measure the azimuth, eRL’ of
N’N dipole.
(4) Proper algebraic sign for measured AV values must be
used,

- AV

(5) For ideal data, the value of. (AV - AV RL) is

R
equal to zero,
(6) The lengihs of MN and MN® are assumed to be equal
for the use of this program.
To run Program 1, after storing the above five parameters,

PRESS A.

Qutput of Program I

Three values (y;» ¥os ) for the azimuth y of the measured

"electric field" and their average (QAV) are given. These are

followed by three values (aV), AV, AV3) for the measured

total potential difference and their average AVAV. The output

parameters:

14



wl, AV1 are calculated from GL’ AVp and 8, AVp,

wz, AVZ are caiculated from BL, AVL and eRL’ AVRL(N)’

Y4, AV4 are calculated from 8gs AV and 8RL> AVRL(N)’

where 65, 1is a calculated azimuth of the dipoie N‘N, and

AVRL(N) is the potential difference, between the N’ and N

elect

’

rodes, normalized to the dipole length MN, with MN = MN’,

The scatter in the values of wl’ l%, w3 (which is always

accoméanied by a scatter in the values of AVl, AVZ’ AV3) is an

index of the accuracy of the measurements.

NOTE:

I1f only two components of AV are measured and the third
one was too small or too noisy to measure (and therefore
0.000 was stored in the appropriate register) then no

average for ¢ or AV will appear in the output. Instead,

‘one value for the appropriate angle (wl, Pgs OF ¢3) and a

corresponding total potential-différence (AVl. AVZ, or
AV,) will be printed. The zeros appearing for the other
values of ¢ and AV do not signify zero values but rather
lack of information., Thus, the quality of data obtained

with two components only cannot be properly checked.

15



(C) Examples for Program I

(1) Example for high quality data from three components:

INPUT QuTPUT SAMPLE OUTPUT
FROM HP 97
= o ) = o (o]
GL 269 tpl 81.840
eR = 20 'IJ)Z = “80-6280 s
’ iag
AV, = 40.46 mv Yy = -81.705° Py
AVR = 40,05 mv Yay = -81.391° ~E1LIED e
AVp, = 0.4 av AVy = 0.466 mv .45 kv
, § Bas ERE
&V, = 0.468 my 2,45t
V4 = 0.456 mv g.380  wiw
WNyy = 0.463 mv
(2) Example of high (?) quality data from two components:
INPUT ‘ OUTPUT SAMPLE OUTPUT
: ) FROM HP 97
& =9 Y
NESULEE A—
& ¥k
AV = ————- (noisy) . ‘1’3 = 48.234° »_ P
) k&, ¥
AVR = +1‘1 mV AVl T emem——— —.‘3' :::
AVpg = -2.25 mv AV2 T em———
AV3 = ~1.620 mv

16



(3) Example of low quality data from three components:

INPUT

8 = o
6, = 272
— (o]
6 = 10°

(4)  Example of high quality'data (same as example 1) but with

OUTPUT

Y = -5.887°
W = ~8.897°
b = -19,819°

¥, = -11.534°

AV

AV1 = 0,728 ov

AV3 = ~0,807 mv

AVL and AVR interchanged:

INPUT
g = 269°
6, = 2°

NOTE: Large scatter in output values signify error in input

OUTPUT

-7.150°

o~
"

= +7,189°

S
"

= -60,541°

S
!

- o}
Yy =+20.167

AVl = +0,.466 mv

-0.351 mv

g
[ %)
W

AV3 = 4+0.998 mv

N,y = 0.371 mv

or in measurements.

17

SAMPLE OUTPUT
FROM HP 97

K5
P EF 5
yrE

~licodr Ki¥

X5y
YE¥

EEE

¥y

SAMPLE OUTPUT
FROM HP 97

rrx
xEE
riy

¥

2,465 dgy
RN ES 5
B, 335 #%y
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Input to Program I1

There are two modes (mode A or mode B) for imputing data in
Program II which depend on whether the station coordinates are
defined in terms of x and y (in miles) or in terms of A0 and

BO (in miles). See figure 1.

CAUTION: If the y-coordinate of a stétion is small with
respect to its xécoordiﬁate, DO NOT use the program in mode B
kwith input values §f A0 and BO), as "Error" may appear in
calculator window or large errors in the coﬁputed values of y
and of wo(N) [see definition for wo(N) in next section] may be
obtained as a result of small errors in the measured values of
A0 and BO.. Therefore, for y << x, measure x and y and run the
program in mode A as described below.
(1) In mode A (x and y coordinates are used), the following
eight (8) input parameters are required: |
X = xX-coordinate of statjon 1in miles {Store 1in
Register 1].
y = y=-coordinate of station in miles [Store in
Register 2]
L = AB/2 = Half length of current bipoie in miles =
cons tant [Sfore in Register 3]
I = peak to peak current amplitude (in amperes)

[Store in Register A)

18



v = Avérage total potential difference obtained
| from Program I (in millivolts) [Store in
Register B] | |
P = Average azimuth of total electric field (in
degrees) from program I [Store in Register C]
MN = MN” = length of potential dipoles (in feet)
[Store in Register D] |
B = angle of declination of Bipole axis, measured
in degrées clockwise from geographic North to
electrode B (see figure l). [Store in Register
E]
To run Program II in mode A, after storing the above
eight parameters, PRESS A,
(2) In mode B (A0 and BO coordinates are used), the following

nine (9) input parameters are required:

A0 = distance (ih miles) from positi?e
current electrode to station,.
[Store in Register 1]

BO = distance (in miles) from negative

current electrode  to station.
[Store in Register 2]
L = as defined in mode A abové. {Store in
Register 3]
vSide l or 2 = side 1 for positive values
of y and side 2 for negative values
of y (see figure 1). [Store l or 2

in Registér 4}

19



I, AV,ib, ﬁN, and B = as définéd in mode A
above. [Store in Registers A, B, C,
D, and E, respectively]
To run Program II in mode B, after storing the above nine
parameters, PRESS B.

(E) Output of Program II

Nine output parameters (;o either imput (A) or (B) are given
in the following order:

x -= same as defined in input (A).

y = samé asldefined in input (A).

AO = same as defined in input (B).

BO = same as defined in imput (B).

b, () =bazimuth (0-360°) of primary electric field vector

measured clockwise from geographic North.
Y(N) = azimuth (0-360°) of measured electric field vector

measured clockwise from geographic North.

BIEI = simple total field apparent resistivity.
Pp = primary field apparent resistivity.

o .
BE = complete total field apparent resistivity.

20



(F) Examples for Program I1

(1) Example for mode (A):

INPUT ' OUTPUT SAMPLE OUTPUT
FROM HP 97
x = =2.67 miles x = -2,670 miles
y = 7.00 miles y = 7.000 miles ani
F %38
L = 0.981 miles A0 = 7.201 miles +
b
I = 24 amps BO = 7.895 miles P
AV = 0.178 av U (M) = 302.634° cir
E3 % 3
p = -47.8° WwN) = 312,200°
- XY
MN = 250 ft plEl = 294,952 ochm-m Fey
LE¥
B = 0.000° P = 290.851 ohm-m

oA
B = 299.111 ohm-m

(2) Example for mode (A) with erroneous data (same as example

1, but with erroneous algebraic sign for x):

INPUT OUTPUT " SAMPLE OUTPUT
FROM HP 97
X = 2,67 miles X = 2,67 miles
y = 7.00 miles y = 7.000 miles Z.eTh wwy
, TOEBE eax
L = 0.981 miles AD = 7.895 miles
, Te XXE
I = 24 amps ' BO = 7,201 miles - 7 £33 3
AV = 0.178 mv Y (N) = 57.366°% 57,355 v
’ ’ JIZ.Z68 wEn
Py = -47.8° . Y(N) = 312.2°
. , 294, 355wy
MN = 250 ft §|g| = 294.95 ohm-m* TiTelEs A
-1127.415 #ex
B = 0.00° Pg = =77.165 ohm-m*
o

Py = -1127.415 ohm-m*

21



*NOTE: large deviation of wo(N) from Yy(N) (which results in a
correspondingly large deviation iq the values of BIEI’ EEO,
and Pp) is more often caused by errors in imputting or
measuring the data than by the effect of lateral
heterogeneities in the ground.

(3) Example for mode (B)

INPUT OUTPUT SAMPLE OUTPUT
FROM HP 97
A0 = 6.65 miles* x = =5,040 miles
BO = 8 miles* y = 5.267 miles )
. , =3.888 dex
L = 0.981 miles A0 = 6,650 miles SOIET wex
side = 1* BO = 8,000 miles €.558 wiy
GeZha. wix
I = 24 amps ¥, (M) = 255.0° o
AV = 0.276 mv Y(N) = 284.6° Ve
=. - 0 5 = - Fia
¢_ 75.4 PIE] 311.172 ohm-m .
MN = 250 feet g = 270.561 ohm-m e
. o
g8 = 0.00 EE = 357.879 ohm-m
%*NOTE: vValues of A0, BO, and side must be re-stored in
Registers 1, 2, and 4 , respectively, for every re-run of a
problem. )

(V) THEORY

(A)' Equations for Program 1

(1) Computation of the angle eRL:

As shown in figure (2), the slope of the line NN (for MN

= MN”) is given by:

sineﬁ - sineﬁ cose |~ cosp
slope = - R (1)
cosB8' - cos8' sin® = sinb
R L R

22



(2)

and therefore the angle

-1

R |

e’ = tan
RL t ! cosf!

{sinGI: - sind!
R L

cost

The angle, O, Which the dipole NN forms

tan

|

cosf

L

- coseR

sinb
R

- sinfd

}. (2)
L

with the

geographic North (in a clockwise direction) is related to

6’ by

] = + ¢

RL RL

(3)

where @ is a multiple of 5 and its value depends on the

quadrants in which MN and MN’ are located,

Normalization of AVRL:

Inasmuch as the potential difference AVRL

is measured

between the ends of the dipole N’N which in general is

larger in length than MN, the value of AV; must be

normalized to the common dipole length of MN (with MN =

MN“). First, we obtain the length of N°N, using the law

of cosines with MN = MN’, from

NN = MN\JZ(I - cos(eL - GR),

calculated from the equation

MN
AVRLN = AVRL X N';—N-

or

My g = N /N 2(1-cos@, -6,

(4)

- then, the normalized potential difference,

(5

(6)

)

AVRLN’ can be

which indicates that the actual length of MN or N’N are

not required for the computation of AVRLN (provided that

MN = MN”).

23



(3) Determination of AV and y from two or three components:
For a given total field of magnitude AV and direction ¢,
the left and right components, AVL and AVR, are given by

(see figure 3):

AVL &V cos (8 - V), (7

AVR = &V cos(fp ~ V). (8)

Using the relation
cos(a + B) = cosacosf 7 sinasing,
we can write

av AV(coseL cosw.-i- sineL sin{), (10)

L

i\

R AV (cosBR cosy + sineR sind). (1)

Solving equations (10) and (1l) simultaneously, for ¥ and

AV, we get

- tan-l {'AVL cos 9 R " AVRcoseL , (12)
AVR sin® L AVL suxeR

&V = Np/cos(&; - ) . (13)

Similarly we can solve for ¥ and & from AVL, BL and
AVRLN’ eRL’ or from AVR, GR‘and AVRLN’ eRL‘ Such
solutions result in values of wl, wz, w3, and AVl, AVZ,
AV3, which then can be averaged to obtain ilfAV and AVAV’

(B) EcLuations for Program IT

(1) Equations relating A0, BO, x, y, and L:

It can be shown (see figure l) that:

0 = A (x+1)2 +y2 (14)

B0 = yf(x-12,y2 | - as)

24



NORTH

Figure 3.--Diagram showing relation between total field vector and its
components. '
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(2)

x AO2 - BO2 . (16)
4L
: 2 2
2 A0” -~ BO 2

y = idAo - (T + L) . (17)

Thus, if x 'and y are given, then we compute A0 and BO
from (14) and (15), whereas if A0 and BO are given then
we compute x and y from (16) and (17).

Computation of *IJO(N)

The angle, V¥

o ©of the bipole primary electric field is

computed from (Zohdy, 1973; Zohdy and Stanley, 1974)

y y
3 3
: . AD RO
‘I’O = tan™! : . (18)
x+L _ x~-1
203 Bo3

This angle is measured positive in the counterclockwise

direction. The angle wo(N) (which is the azimuthal value
of ¥V measured positive, from 0° to 360°, in a clockwise
direction with respect to geographic North) is calculated
from a knowledge of the quadr;nt in which the measuring
station is located and from the angle of declinatiom, B,
of the bipole axis with respect to nort_h. The prop-er
manipulations for evaluating IKUO(N) will not be discussed
here. The reason for evaluating b, (N) is to compare it
directly with $(N) which is also referred to the

geographic North.
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(3)

(4)

Computation éf w(N)

The algebraic signs of ¢ and AV which are obtained from
program 1 ﬁre used to evaluate Y(N), which expresses the
value of ¢ from 0° to 360° in the clockwise direction

from geographic North. Thus for

+y, 4 W3 BN =y

+, - AV; oY) = y + 180° C9)
=¥, + A&V;  Y(N) = 360 + (-y)
=¥, - AV;  Y(N) = 180 + (-y)

Computation of apparent resistivities:

hs}]

The simple total field, EIEI’ the primary field, 7g ,
o

and the complete total field, EE’ apparent resistivities

are calculated from the following equations (Zohdy, 1973;

Zohdy and Stanley, 1974; Zohdy, 1978):

2m . & (20)
2 2Y1/2 T
+ L -
mNj | X - x 3L + _13 - _13 .
AD BO AD BO
= plEl * cosé ’ ) (21)
= alEl/cosé . | (22)

where 8§ = P(N) - wo(N) = angle of rotatiomn.
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VI.

APPEND IX

A summary of user instructions and program listings for Programs I
and II are given on the foiiowing pages. Note that the given key
codes are for the HP 97.. The key entries of SPC (space) may either

be deleted or replaced by PAUSE for HP 67 users.
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o et e e o < amterae e

User

e

PROGRAM I

ruybrr“g9

Azimuth (Y) and Magnitude (AV) of Total Field

AV, .. = average magnitude
nv B

NOTE: No average is given if only two components

P

are used. Printed zeros designate "no

dara® Aot ZETo Values.

L
1000

0
]

~ m
T T T AT
' - pUT
STEP INSTRUCTIONS DA{-}‘,’S;,TS KEYS ofruxsjum'rs
0 | Load sides 1 and 2 - (__J [___J
INPUT - [——] [_:j
1 |Store @ in Register 1 degrees [stol{ 1 ]
2 | Store 8. in Register 2 degrecs rs_’{(_)__’ ’Il
3 |Store 4V in Register 3 v [sTo] [ 3 ]
-4 }Store AV, in Register 4 mv [ TO. ] D&j
5 |Store 4V__ in Register 5 my [stol] s ]
6 jPress A _ :] ‘:I
Repeat steps 1 through 6 for each station [_———-] C———]
C_ 1 1
NOTE: (1) Store observed (unnormalized) value [—____J [:]
of AVp in Register 5 [:][ ]
(2) 1f AV, AV, or 4V . = 0; or if any 11 |
one of these values was not measured ’:_J [:
press (CLx) to obtain zero and store | H |
in corresponding register. C 101
OUTPUT T JC ]
¥, = azimuth from left and right dipoles C 101 degrees
Y, = azinuth from left and right left dipoles 0] degrees
xpj = azimuth from right and right left dipoles ::l [:l degrees
¥,, = average azimuth ) l:] E:] degrees
AV, = magnitude from left and right dipoles :] [:] mvr
AV2 = magnitude from left and right left dipolegs [ H I nv
AV, = magnitude from right and right left dipoles C 10 my
L1 )
C_1C]
==
_—
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. -
STEP KEY ENTRY KEY CODE éOMMENTS STEP KEY ENTRY KEY.CODE - COMMENTS
) I 8¢y alzih RSN o ) 65;' RCLL 8 i
) : ,' . g6z ] a: Shore /8.0 i’n lgg} 65¢ cos . 42 w"'/"‘fe Lfl )LLM
R - X B - 8 omd add .01 K pEs  ROLY 3£ b 4?7.4.«‘-?‘0’” (11) "‘“”7
i -
N & ue 8 1 avsed et 656 X=g% 1€-43
: 685 STif 355 AR 7 661  oTaS . 22 &3 Ay, and 81
T TR Pt / N . - -
. 0‘::2 RCL ‘D-L:-; ‘é;{ ZW “ W UC’-‘_Z X -39 O prpprit 57‘0/6
T N - (2) incat <9 45° 653 CHS :z
o n g i G |zee i Ry o
k) i . 555 E e 5 .
0le + -53 4 = 225° M"vz-3’5- t:; gg; % c:; ;
. 3 ™ 3= -1 o 4
‘: 81 STO1 35 6l e RCL 5 : -
i 12 €08 PR ek RC;4 w0
: . - oe- 133 ) -3z
i4 cos 4z E7E i 41
815 - -45 £ 9’ £I03 s e
v .. e KoLl KIRX)
#15  RCL2 &2 Compe L J x 3
ery SIN ESA - CHS -+ -z2
e et | epeado (2) 4 e
. £i8  SIN 4! : oL
gce - st TAN- 16 43
t_:-gj < _—-.-'i +Lcls 2l &5 .
. ecz TANT 16 43 5708 35 @8 i
B‘fi ‘; g: PRTX -3¢ -
: ; FOL6 . 35 S .
A s |l oy eay
e Rz 3 A e RE oA ""‘f’“" y
S Ll Sl . =47 fo=ad
0% RCUE BT | Lt G frem sraz T z2 ke ‘)”z'.')/ 7
g2z 1 -55 . - S35 [aesing SV a-‘.:(,
g3a XY ~¢] g 2 35 01 e
EF1 WYY 15-34 f"'f“’z" 2 i by, - O
e32 6T 2283 36 &7 2,
834 - -43 22 65 :
A 035 alBL3 2! 63 i !
e ©g35  sTC6 35BS iy
- g3 RLL 36 8 . e -
: e3z  RoL2 36 a2 RCLi 36 Gi
g2 -~ =43 : st 41
- .8 C0S © 42 6 RL7 36 €7
g4 LS 22| Lompule AV 837 X207 16-42
’ o4z ! o RLw 65 5T06 2235
. 443 t <35 VR 635 x | =38
044 g g2 | from epentio (60 13 ROLET 75 63
) gs5 X —i5 @ SN 41
gas  IX 54 162 RCLI 3663 ._
647 41X — 3¢ 183 X -35
a5 x -33 165 4 -55 %
56 ST67 35 67 PPV R Y
651 R(Le Je B2 167 TANH 1€ <3 {
es2 ces a2 , 183 xiBl 21 G- ?
03 RS BB gpeck of AV or 165 STEy 39 6 ;
g3s  K=c? =43 116 FRIX -14 !
22 @ - L nol Sl we ot :
94:: 6705 ‘--ig A‘fg =0, '/"' lil  RCLe s be I
o g x| 11: oS 4z !
. REGISTERS
0 1 2 3 4 3 [¢] 7 ] 9
: &L &p av A 1 A U e | Ay
S0 S1 S2 S3 S4 55 S6 37 S8 S9
A B8 o} D € i

(W
=)



Jacit,

—— P, b e e —— - - L 3 R
Dnbn A mean Y {’1 2 wjzan-nﬂ"
Program Listing
STEP KEY ENTRY KEY COCE ) COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
- - r ‘ - .
23 RCLS i | pedd oL AV or €3 RCL IE 6l cheek f Ry =0,
114 5=¢7 HAT TR g % 1ITE  RCLS 38 65 fe av
' “5_ 5707 oy in' ' AV =0, ,"[”of 71 y=aT 16-43 :/nof comprie .,
116 x =35 TR 17: 6T &z 4 o ,f‘.,zim 3.
17 RLLE % 62 : 173 - -45 /
118 €05 ii }W‘“‘t # [ ire Cos 42 Obhgrunrion, store
15 RLLT 36 7 ’f"‘z;"’ (r2) sy 178 1 52 2ere in K,
128 Ssi 643 176 #L3 . e 8
12) 8107 22 & 177 % -35
b d V N i
122 X -35 Ay et R 173 sL3LD 2l 85
197 oS ey gl ) e Jub 4 14
123 0K - . 175 PaTH - _
12+ S | herarie slne 30T e SB35 12 -
185 RLLZ 682 0. 181 FpLE & oz
) e . sol s o us Lok
126 &M i |7 % 182 iz oy | kLK =0,
127 ROLT i &7 153, X=69 (643 - '
5% R e TR | Aeefeenpe 4
- ~ W '.‘".’ n‘: o - 03)
128 FCLé 3 65 125 - -45 fro apundini (13).
i3 SIN 4 156 “ros 2 ) ppnie, proatzere
131 RCL4 36 @4 . 187 2 ! ’
EF X 168 AR
133 CHS -zz 193 35 ]
134 + -35 159 i1 s
135 o« -t 191 -14 ]
136 TN T g 43 18z i6-43
137 alBLY 21 6T 133 2z e |chedk f LY R,
13¢. £708 35 &a 194 i ] U
135, AT -1 198 s 1" Ry =05 ifnot
148° FCL8  3E 35 186 2285 i | Lompnls OV
. . g s - - 2 c’ﬁl (1 .
141 =87 E-do eheed e ﬂ? )f‘)) 197 -55 ¢ ’ dv - -
1s2 5708 | 2z osé o ' / 13 312 L | otnwins pesFie
143 R0 €65 or =0, 16-47 ] -
144 X=02 543 g = )T 280 por ] G B eyl il
145 G108 2225 | pof compule | g 55 | s T
146+ -55 N 282 & ] il
147 RCLE 36 e 283 =247
148 =7 16-43 204 L 1e-it
148 £T0G 22 a8 285 PRTH -14 7
1549 + i 206 «lPLZ &1 e8]
151 7. *; 287 RCLt 6 0!
152 s -z 248 . =52 ]
153 &FC 16-11 267 ] 66
154 FaTN -1 218 ! a1
FEA) 3F ié-ii 21! - -45 7
15¢ sl@iz | 2peg iz STG 3560
157 18 35 a2 chede ‘,fr/;ef 0, ifnt 213 i NI
158 KCL 36 82 214 STM 25 1
159 seEt . 1g-47 | compuls 4Y from 5 e 2
161 P =45 P ‘ S )
162 PERE B il saidlanda?]
164 RCLZ 38 ¢3 ) ) 220
165 - X -35 ' '
U166 slTla 2116 11 _ ‘
&7 PRIX -14 < : .
166 STOA 35 11

LAGELS FLAGS “SET STATUS
A C =z :
8 C 3 £ ¢ - FLAGS TRIG DISP
b c d e 1 ON OFF
oAl DEG.O | FX O
1 2 3 4 2 1 0 Q3 GRAD ([ sc O
00| rRaD O | ENG O
6 7 8 9 3 300 n

31




s mrteam e w i mien T e e e msvm— e oo e s e e . Yoo . e eee e s e e . ——— oot n

T < 134 " .}
14epe Ry pennasy pantnay
EJ'LE'{L,L' HELSEH huﬁfﬁ{n{iqiﬁx'

T A T S e T T T N N T T A0 Wl ool me e T e w7y W = e T

1 ) PROCRAM II
Total Field Azimuths & Apparent Resistivities

™M | ~1 ~1 A ) !

STEP  INSTRUCTIONS DA"I":\‘?SEITS KEYS DETLZS‘:-TTS
USE_EITHER INPUT (A) I |
1 IStore x in Register 1 miles [Eia [:l]
2 |Store y in Register 2 ' miles [:éif)] [_2:_]
3 lStore L in Register 3 miles [_m E_—'SJ
4 {Store I in Register A Amps E‘S_JE EA—__]
S5 |Stoyre AV in Register B wvolts ESE] [_:__—3:]
6 |Store ¥ in Register C degrees {__E [——a
7 iStore MN in Register D . feet E’E [:l;:]
8 |Stare 8 in Register E degrees L_S_EJ E_E]
9_|prEss A CaJT ]
' LI
OR USE INPUT (B) I
1_|Store AQ in Register 1 ‘ miles (sto) L1
2 iStore BQ_in Register 2 _miles | 510 g_z__——]
3 |Store L in Register 3 miles LSEO] L3l
4 Store 1 or 2 in Register 4% R STO :“:]
5 {Store I in Register A amps [_—;;1_0_] ‘j:]
6 IStore AV in Register B mvolts EEEJ [ij
7 _|Store ¢ in Register C degrecs LEIE [__Cj
8 |Store MN in Register D . feet ET_OJ [:—Dj
9 |Store 8 in Register E_ degrees _ L_S:I:a [—.—_E_—_]
10 |PRESS B Ce 11
*Note: side "1" is for y + ':j :
side "2" is for y - CJC ]
OUTPUT _FOR INPUT (A) OR_(B) L]
C_1C 1
C_IJC_J | mites
‘::' E:] miles
A0 E———_] [::J | miles |
BO CI0 T | nttes
Y (N) (0-360° CLOCKWISE from North) C__ I | degrees |
¥(N)_(0-360° CLOCKHISE from Narth) L] :J degrecs
6y, 1 C_ ] ohm-m,
-  10__J
fTEu [::] ] chm-m
C_J[__]
s E:j [—_._;j ohm-m
: =1
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. - - - [ —— . ——-
STEP KEY ENTRY KEY CODE COMMENTS STEP _KEY ENTRY KEY CODE COMMENTS
2. +lBLA L. li €7 Pi 15-4
gs;  RCLL i |* 636 x -35 :
65 PRIX -id Pty 659 8 8& i
g4 FCL3 I8 83 L o oce 4 E4 :
85 + -3 M 661 9 63 ;
E55 ST04 35 0 |r¥L : 65z 7 67 ';
67 X2 37 e 3 653 . -6Z i
ées Rz I &l 4 654 3 53 i
G35 PRI -1z [Priety N a5 3 03 f'
T A S 2 858 € es ;
6:1 X2 &5 o { 8ET x -35 ;
34 + -55 0 g b gae  RLLL 3 14 MW :
Bi3 VX 54 4o ‘\§ . | BE: 3 -24 :
€14 FRTY -i¢  [pmtRO ¥ M gre RILA 51 T ;
g:5 3 o3 ™ 2 g1 = -24
Gif ¥ T s . 72 3 1z &
E17 5705 s Ao L \g 673 16 Zi
gig  RCL2 ¥ iy 674 -35 ;
218 Xz 53 4? 3 gr3 1§-5! — i
@26 RCLI I € ‘ Q 67¢ T el Rel
g B3 35 63 L X 677 15-51
.= 4 A s G
g2 - R . } 7 0 fpmpite [ from,
23 &T06 35 ok x= . &78 o @5 — _
g4 X2 53 S 3 oo 24 | epuaon (18)
225 + -55 8 881 TRKY i 43
B 77 3 I 54 v 5 a2 CHE =22
gy PRTE =14 |pnat BO H 683 &TO0I iZe6 . |-¢
gz &0 16-i1 t \“? 53 1 N "
625 3 63 \V 635 § 7 &8 N
818 ¢ 5 3 G656 j I L
g3+ §707 33 dr | B8O 667 306 3538 Jieo 3
632 1/ : ass z oz s
ey, TS -~ - . - 9 3 H
233 Ch: -l £8s X -35 J 3 .
e3¢ RILS 3585 g5 ' 38 360 :
0E 44 2 gs1 6 |x 3e -
6%+ -3% 652 392y ] %
637  RiZ  3f @2 ~ ge3 35 Ixy . f
€ x =35 3 854 o6 ] Co
635 STOZ I3 63 W@l L)y VU 835 i6-35 ] ~ ¥
g4¢ Xz 52 Acs Bo* : £s6 2o ] RS
g41 5708 3T &g . es7 52 X
£42 FOLS 36 84 635 346 ] RN
§43  RILS 35 eS 3 A 1§-35 ]
44 z -24 ol 9 165 287 e
€45 ROLE IS5 0% Aot 101 2534 1 i §
g4 ROLT 38 67 152 E e
g7 = SZO ‘L 18z C-55 i
s - s |® - 184 2 1
£45  5TCR 3T 8E |atbl xob y 1es 83 ‘%
655 %2 53 (et 6dd [~ 126 o5 ] :
g5 RCLS  I6 6E . ‘Q’ 167 -55 i
652 4+ -55 ) 18§ a1 E ] i
85z ¥ 54 Y 123 s 1p
638 1 52 L 1is ]
ges 2 &z 3 118
65 X .35 112 ]
REGISTERS
- . 5
0. , X or hO | 4 or BO 3 / I4ﬂr;‘{_”;m1 5 403 6 x-p 7 £03 ?(:?-o‘ 9
S0 S1 52 S3 sS4 S5 56 S7 58 59
A 8 C O E i

Av/

Lf/

M
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- - e e e mim A tmem s e e — “ - - -
A9 o o e -
1P PRy PPN AP et hiane
A E E K’E(_g..x Cuditd _Ja;;:hgtt‘a‘;
STEP KEY ENTRY KEY CODE COMMENTS KEY ENTRY KEY CODE COMMENTS
117 K4Y? Lo=i ige P2s -5
114 6705 176 sML I
115 x2y N : I5 Bl =
113 1 A
1€ - 172 -4 1l < [l
117 ¢ 172 -35 _ 3
1! 35 45 174 -1 Q, .
11 -14 ] 175 R ° kuuh &
2 AT AT 76 36 &2 p
1z ch it il irs ¢ TR IY
12 P K i -4 - 2 ‘Q‘\ .
12 36 6! 178 -id 72N SN
12 i6-42 + gt 28 § g
1z le ez ietion ¢ Egeaies 164 24
12 36 2 151 21z
: 18-43 152 36 B
12 zloer S/ifren oa hrass 122 Coz3
1 3 44 164 EE | LmpTe x and
12 15-44 185 57 -
i iz 16 - -33 d fom speee
pot e e e
& oe 127 RCL: R
2; g7 132 L; -t (/‘) ‘,‘hv‘( (’7)
36 &3 18 K 64 ] . 0 go
¢ : -24 sy A, 80,
137 il 3 35 &5 and L .
13¢5 18-34 368
137 oTde lF i€ iz 55 ]
135 FRCLI 7 46 65T
128 2702 2 6s g 3633 ]
340 ¥ifle 21 15 i3 135¢ + -5
141 RLLI 36 4€ 157 u 53 1
142 &T6s 22 84 195 - -45
143 LIk 21 15 1Z - 135 X T
145  RCLE 3¢ 12 2868 7% e
35 e 16-44 “: 21 ROL 36 34 1
146 S8 22 4 TN 22 1 T
147 RCLC 3213 3 3 283 . 5=v? 1673 1
185 8oL 36 83 3‘ 284 BICE 2208
14¢ + -s T 265 RLLS 3 65 A
156 PETS -14 vy L2366 CHS -z
5y sor 1514 RS ? 33 6L -
s:eTe . 26 I3 66
152 eTgr 2z e ~ < 268 SR
53 4lEL8 21 @ > b 280 JEes
¢ RO 3613 NI 218 Iel
155 yee? 16-43 e "\ 211 e o
IS¢  §T0a 22 16 i 212 5 62
157 FRTY -1 i 213 6 22 1
1 € 1€-1i o) - 214 % 51 A
155 ¢T 22 &5 ‘x ’ -
PY YT ET; 5 .
166 ¥Beo 21 j& 1 SR
160 FRils J& &5 3TN oL,
16 + -55 \“? s
£3  PaTH -14
184 &7C 16-11 >
185 » 205 21 &5 -
1: REC 48 4..-.-,»«"-1 cer 9
167 - -35 » j)
158 C0S iz S = wa)- Y
LADELS FLAGS SET STATUS
1A B C o] C 0
I av g FLAGS TRIG DISP
a b c d e 1 ON QFF
o O O DEG O Fix O
0 1 2 3 3 z ra0 0| craoO | sor O
G 7 ) 5 3 2 00O) RAD O | ENG D
: 300 n
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