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HP-3245 Praogram for Computing and Plotting Full Schlumbsrger

Sounding Curwes and Master Setz Quer Thres Vertical Lavers:
3

Array Expanded at Right Anglezs to Strike.

By Adel A.R. Zohdy

IMTROQDUCTIOH

The three wvertical-lavers (or vertical-dike) problem was
solwed zeweral decades ago by the tedious method of images ‘Hedsteom,
19325 Van Hoztrand and Cook, 19262, Logn 113342 derived formulas Cin the
form of integral squations) for the potential and apparsnt resistivity

of a pole-dipales or half-Schlumberger array. His 1 for s2olwing

1l
iy
K<
3
C
E

the boundary walue problem for wertical Tawerz iz similar to that
used by Stefansgsco and others (13383 for solwing the horizontal laver
problemn,. Unfortunately, Logn was wunable to evaluate the integral

ion he derived without resorting to an infinitezimallw thin-dike

m
ﬂ:n

=

[ 0 o

o used the infinitesimally thin-dike

|jl

approximation. Kunetz (13550 al:
modsl for evaluating his integral egquation. Thus until now,

£n uzed

m
1]
l)l
i

the infintte-series iors Cimage method) haws b

[N}
|T_|

gt
for zolwing the thick-dike problem, and the integral sgquation
evaluation has been used for zolwing the infinitesimally thin-
dike problem.
The computer program presented in this report (see éppendix ITX

iz based ornm a nouvel method that o the Gauszs-Lagusrrs numsrical

W

Rk

ln

e eazily svaluated for a dike with

u
hi

integration formula., The integral:

ary desired width., The nescocessary equarions for computing the

lj'l

Schiumberger apparent resiztivity, wszing a symmetric CAMHED
and idealized CMH -> @) arraw, are given without derivation in appendix I
The equations are in a form suitable for the direct uss of the

Gauss~Laguerre numerical integratiaon formula.



ERIEF FROGREAM DESCRIFTIOHN

Thiz program is named?! "YOSCHI"(VWertical Contact SCHlumberget,
version 1, and it iz written in HP Enhanced BARSIC.
The program can be used to compute and plot either a single zounding

urve o to generate sets of master curves., Prompting statements

[}

iagrams, illustrations, and appropriate srror messages are

d
d

ist the ussr at all steps.

i

izsplaved on the screen to a

The graphical presentation of any =ingle sounding curwve ar

—set.bf master curves iz made on a log-log plot of 423 cucle:
he length of each log cycle 1= approximatesly 4 Cm.

each plot are appropriately labeled, and a label deszignating
the distances (dl and d2) ard reziztivities (rho-1, rho-2, and

rho-2) are given at the top of sach plot, and a sketch of the dike and

location of the zounding center iz drawn in the upper right hand corner

1

of thz plot, The computation of any zounding curwe is made at the rate I

pointzs per log cwcle. Alzo the computations alwaws include the

e

points at which the electrode zpacing is egual to the distance to

To compute a =ingle sounding curve the user must types the

[}
-

.

numsrical valuss

"
11
1

varated by commazy fort Ci1x the medium on which

I
M
(1]

f

m

the zounding center iz located (1,2, or 2 (112 the resizstiwvity
= 1 L ] ¥

i}

to the

{1}

values for rho-1, rho-2, and rho-2, (i1id the diztance

contacts di and d2, and (jwv) the zmallest and largest slectrode

M

I

spacing CABS23 values. The user must twps each of these data walu

after the proper prompting s2tatement appsars on the screen and

P}

he must press COHT (continuesl) after sach set of wvaluss is tuypsd.

D]



To compute a set of master curwes, the user must type only
the numerical values for?! (1) the medium on which the sounding
center is located, and (ii) the resistiwvities (rho-1, rho-2, and rho-3).

The resistivite value for the medium vhere the center iz located

is taken as wunity. The valuss for d1 and d2 (di=1, d42= 1,1.%5, &,

4, &, 28, 48, znd infinity? are azsignsd bw the program and are not
entered bw the uzer. Similarly the valuss for the smallesr and
largeszst electrode spacings (AE<2? are assignsd the waluez of HW.1 and

1888, and are not entered by the yuser. Hote that for di=1l and

dz= 1, 1.5, 2, 4, &, 28, 43, and infinity, and with ths center aon

[xx]

medium 1, the corrczponding dike widths are ! B, 8.5, 1, 2, 7, 19,
33, and infinity, respectively; whereas with the center on medium 2

the corresponding dike widths arel 2, 2.5, 3, 5, 3, 21, 41, and

intfinity, respectiuvely.



INSTRUCTIONS FOR USERS

{12 Turn the machine on and inzert the tape cartridge in the T-15
tape drive.
(23 Type GET "WCSCHLY, then press EXECUTE.

(32 When the program 12 loaded in the machineg memary

(13

(green square light at the bottom right-hand corner of
the screen goes outd, press RLM,

The following message will appear on the scresni

w

THIS FROGRAM COMPUTES AND PLOTS FULL SCHLUMEBERGER SOUHDING

CURVES EWPAMIDED AT RIGHT AMGLES TO A VERTICAL DIKE, and at

the bottom of the scresn will appesar the first prompting statement:
LBO YOU WISH TO HAVE A CURVE SET 7 (YsN>) FOR QHE CURME

OHLY TYPE H FIOR HO.

et

Type Y {for YES, meaning wou wish to compute a master
or twpe N (for HO, meaning wou wizh to compute onlw a particular
zingle zounding curver., Then prezs CTOHT.

{43 Subszequent prompting statements assisted by illustrations on

g
=
L

creen are zelf explanatory, and alzo are shoun in the sxamples

(D]
]

ection.

I

Car To obtain a printed copy of the numerical waluss Pog the
camputesd scunding curve wajt until the prompting statement
ITHFUT MIH AB~<2, MRARX AB~-2 appesars on the scresen. Thend -
(i3 type FRIWNTER I35 @ and press EXECUTE,

Cidd type the numsrical values for the zmallest and largest
AE-2 waluss tseparated by commas) and press CONT.

To exit from the printer modes, type FPRINTER IS 16 and press EYECUTE.



(e

C72

To obtain a hard copy of a

and pressz ERECUTE.

iz mnmot o

The graphic display

single sounding curve, Thiz all

with different amet

iTe

model Dars 5%
To do this pr

few model. To

zingle

ul

COHTY and enter

present

curwve, typs DUMP GRAFHICS

plotting or dumping a

ows the user to plot other Curwes

o top of of the prewvious plots,

ths new parameters for the

plot, tupe GCLEAR and

prezs

EXECUTE. FPre=zs COHT to start a new problem.
Upon the completion and plotting of a completes set of master
curves, four beeps will be heard and a full-zcreen cross will
appear an the zcresn. The laocation of the cross on the plot can be
moved using the up, down, right, and lsft arrcws on the
DISFLAY buttons. The cross is used to indicate to the computer the
appropriate position for labeling the different curwves with the
proper valuss of d&, Thiz iz done as follws: (i) mouws the Cross to
the appropriate location on the zcrezen and press CONHY. The
prompting statement? TYFE WALUE FOR D2, GOR TYFE H CWHEM DTOHE
LAREELINGY will appear. (ii) Tupe ths apprpriate wvalus for
d2 C{or tupe appropriate symbolzs such as wvertical or

slanted lines to be ussd for leaders to the curves) and press CONT.
(iii) Repeat step (i) as desired to label all the othsr curves.
Hote that PEH-1 and PEH 1 commands camn be uzed to correct errors in
labeling., ¢iwvd Upon completion of the labeling operation , typs H
then press COHT. The prompting statement: DUMP GRAPHICS 7 <Y MO
will appear on the scresmn. tw) For a kard copwe of the tabeled zet
of mazter curves twvpe Y and press COHT.
If the uwser types N and prezszes CONT, the program uili st art

from the beginning,

To exit from the program press

and the grachics will

be deleted.

STOFP.

o



EXAMPLE OF THE COMPUTATION OF

R SIHGLE SOUHDIMHG CURVE
Follow stzps 1, &, and 3 in the section on instructioﬁs for wsers.
:TEF FROMPTIHG STRATEMEHT TYPE THEHM FRESS CONT
(1 Do Yo WISH T3 HAVYE A CURVE
SET 7 (Y-H) t
a7 DESIGHATE MEDIUM WHERE FIXED
CENTER IS LOCHATED: 1, &, or 3 1
(3 INFUT “YALUES FOR RHO-1,RHCO-2,RHO-3 5,288,225
(4> INPUT DISTRHMCES 70O CONTRCTS:Di,DE 38,64
(55 INFUT MIH CRB-23, MAX C(AB-ZH 1, 10068
(&3 @:8 COOQRDIMATES 7 PRESS COMT FOR )
RUTD SCAHLE CPRESS COMT
HOTE:
(1> To obtain a printed lizting of the computed apparent resiztiuvities

8]
s

for the abowe example,

EXECUTE, then type
COHT.

Whern thes curue
from printer mode.
I =tep (&) abouwe,

4

B2

X

smalle:

wish to to

ard zmallest

at =tep

the minimum

the G918

app

assign to the first

(50

and

iz plotted tyupe FRIWNTER IS

COORDIMAT

arent

abzc

the plotted curve upuward, downward,

Othervize by pressing COHT the program will

proper coordinate values that

)]

will

first type PRINTE

maximum RB-sE walu

16, preszs

ES are the value

resiztivity that
izza and ordinate
to the right or
attenpt
ih &

result prope

B IS 8, press

g2 and press
EXECUTE, to exit
s af the

the wser maw
to shitft
to the left,
to ¥ind the

Tocated curuve,

(R V]



(3% To obtain a hard copy, typs DUMP GRAPHICE and press ERECUTE.
t4) Type GCLEAR and press EXECUTE tao clgar the zcresen for the: next
problem if so desirved,

(52 Thz printer output and the plotted curwve for the abowve example

ars giwven in table 1 and iw figurs 1, respectivelwy,



Table 1 == PFrinter output for a single zounding curve.

FHO-1;FHO-2 i RHO-2 S.8600  200.8084
CEMTER IS OH 1.a880
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P
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24,7523
5,336
1BE, &968
112.7157
134,32323
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169, 16838
183, 7267
212.3380
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D1,02: 30,020,580, 03 RHO: 5,00, 200, 03,25, 00
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Figure 1:; Output example for a single sounding curve.



E¥AMPLE OF THE COMPUTARTION OF A SET OF MASTER CURVES

W

Follow steps 1, &, and 23 given in section on instruction for user

STEF PROMFTING STRTEMEHT TYPE THEHW PRESS COMT
13 Do You WISH TO HAVYE A CURYE

SET 7 (YoM Y
(= DESIGHATE MEDIUM WHERE FIXELD

3
18]

CEMTER IS LOCATED: 1, 2, OR :
(3) INFUT YALUES FOR RHO-1,RHO-2,RHO-3 @.1,1,8.1

Figure 2 zhows the output to the abowe example after using

the labeling techrhigue described sarlier,

11



Di=1; D2 = as labeled RHO: .18,1.60,.19
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C SCHLUMBERGER ELECTRODE SPACING (RB/2) -

Flgure 2: Output oxample for a set of master curves. -
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MATHEMRTICAHL FORMULRAS

The Gauzs-Laguarres numsriczal integration fornula (Abranowitz

and Stagun, 1954, p,3232) =tates thar!
L n \
f e f S Z wifx)
4 L B
where Hi = Lagusrrs weights,
Xi = Laguerre abscizzas,
fikid» = function to be svaluated at proper Ki wvalues,

By comparing results abtained from the abous forpula with

coraic expreszion for the limiting case

[In]
m

those abtainsd from a ciozed a

'y

of a vertical fault (2ohdw,12793, and by experimenting with various

valugs of n, 1 fournd that the computations are sufficiently accuratse with

-

n=5%. In fact with values as low az n=1 and Mi=1 the zhape of thes curve

for many models iz ablmost acceptable for practical purposzes with errors

.

of zbout 38 percent in parts of it. The Lagusrre abscisszas and weights
are Jiven in steps 159 to 258 of the program (see zppasndix 11D
and in the above reference,

Tuo setz of expressions must be derived, ore for the sounding
center on medium 1 (lert‘layer) y and the other for the sounding center
on medium 2 (middle laysrd. The expreszszions for the sounding/‘

-

center on medium 2 (right lawsr) are identical to those with thse center

o medium 1, but with the rezistivitigs of medium 1 and medium 3

changed.

16



I.50UHDINHG CENTER OH MEDIUM 1:
In the following equaticnszs, the following definitions applw
Calza ses figure 323
fifsh
kat

k22

rezistivities of medium 1, 2, and 3, respectively
(B8 A5ux 8
(?3"?'&)/(934'?:.)

o dl,d2 = distances from sounding center to first and

1]

L = AB-2 = Schlumberger electrodes spacing; that is
lalf diztarce betugen current slectrodes A and B,

£6)

Schlumberger zpparent resistivity as a function of w=RESZ.

€i) Al electrodes on medium 1 d2ipddliis:

: 5
RO = Lo Z wefouy
Zm(d ~d) | -EE(Gmy) -z,

Py [or Ltk e ST 5 ]
' [+l fegy & 55 (% -

where

(iid Electrode B on medium 2, all others on medium 1 (da>yp>dld o

- S '
£Cq) = .{i zZ W f(”‘.;) >

uwhere -

e

. ._zw (, -y zv/c/, -d,) - 22y -y)
f6) =2 | =1+ AB )'L J— hoi[14ksee ] _]
‘ g 1+ b2 b3y e -—g LYNCLET D)

__ oy - 4)
[,_‘ [/?”"*43?-’-’ il J ]
| + k&, /23 “n (=) '

i7



{= <=

.....

Ciiir» Electpads B oon mediue 2, 311 athers on medium | (d2<uvral

.@w=éiWH%)

where

| . 2%, -2 (dy-ddy)
/[’Z,‘) = %, [l.__ ed [k1‘+£3328 4 J—]

Vb ke by, SEF(dz-cl)

2% (dy -d))

.+-_f§_ | o __k_32+"’?2-l[”"e32]+1‘?1.| é\gzé‘_‘{ J ‘
f [+ kg, by, & 25 (dpod)

FIXED CEHMTER

i MH E
! t =y =

——=D S |srrrriirerivirs
{===Da~-mm|mmmmmmm e >
FA PSPPI S A
PSSP
S PR PSS ISP IS,

RHD-1 127 RHO=2 sr700 RHO-3

IR B P P g i
Al Er 8l
VRS RN Ry Sy

Figuro 3: Electrode array center on medium 1.



IT. SOUHDING CEMTER O MERIUM 23

Im the following cquatianz, the samns Jdefinitions f2r the

variablez apply, except for d1 and 42 (zee faigurs BY whers:

diztance from sounding center to the LEFT contact

di =
separating FRO0-1 from RHO-2,
d2 = diztance from zoundirng center to the RIGHT contact

separating FHU-2 from RHO-3.

Cid Al electrodes on medium & (d2kyddl)
—_ S
£ = & = W deey

. 2%: ol 2%i(dy + ey - -y) s s
L) =2 |2+ bl % ;nge l T+ k 3z[ezg (‘/2'3?_/?“827‘(4 * ,%]

-zX( (0‘2-{-0‘/)

where

| + kz byy e
p [e‘%'(dl'g) -—.Z.g.."(dz"“,) [5 27"' o2 ’%’("’l*“é‘g)'ﬁ
2/ N

22 ¢ ]’f‘ 22 -—Z’z:e /
-2 o, |
|4 by, by & F ) j

(ii) Electrods A on medium 1, all athers on medium & (d1{u{d2)
S
£(y) = ‘g‘z‘ ?W;f@a) >

-2k _zx.ﬁl
%&(‘{H 23 .é3z£1+”<’zt]e 2]

| + £y, égz e 3‘%"(‘(1“‘/’)

vhere

;C(’i") =?:X i[{_k éz:["‘/?gz_e

£

- 2%, 6{ +u§ Y

) -Z? d> -
[ ;)2,[e Y e T L s hoafo (20, oF

Z,z /{{/ fu .

[+ by by & 55 (K220 :



Ciri» Electrod:

f(g)

where

E oon medium 3,

s
£ =

————

“‘”‘ (4{1"5)

21) ecthers on medium £ cd2<eldldg

Mﬁ‘fZ¢i) )

Z'Z (d,+a(z) 2% o, 2
+/esze J+k '3 [e P _bie T

I

~2xi(d,4d7 Y

;&3i> =% LQI[

+._f§. |+

FR

¢iv) Elzctrodes A on mediun 1, electrads E

£Cy) =

whetrs

f)= 2 _;[-{»

f

| + ky, k32 "”’(dz“”{')

-11'
_ by L1tk e

-2'X' (c{zsl'a(/)

'42/[,"'@3278 K
| + éZI lzzz e..z.'x (Odp *“ll)

and centsr

(d"r"alz) 2‘2,.6!2

D" 32.8 ] - fos2 [_H’bu_') e @

4

on 2 d

|+ ki, é_g,_ e-z'—%"(dlz'm’lz)

zz (d,1d> )
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SoHIY,

A LSPROGEAM FOR
TOLTHDIHG CEvEs
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OYERLHAP 4 \
OFTION EARSE 1 '
FIZED 4

DIM KivSh, M5, Fics),Fhobar 19 R :
HAT READ ki ! LA GUERRE

DATA B9.282989313718
DATH 1.41323402053187
DATH 2.39842577V 1041
DATH 7.a252100a5259
DATA 12,640300934427€
MAT RERD Wt | LA GUERRE MWEIGHTS FOR H=35
DATA S5.21755&814° gl
DATA 3.9323866511 a1
DATA 7.539424495: az
DATH 2.8611732&87" 03
DATH 2.33899723: k]
EXIT GRAPHICS

PRIMNT FRGE
FPRIHT "THIZ
BT RIGHT AMGLES

FROSEAM. COMPUTES AMD PLOTS
T A YERTICAL DIRE®
PRINT
IHFUT Do
Curwe_
IF (Curve
DISFE “FLEAT
EEEP

HAIT 2809
GOTD 280
FRINT PHGE
CALL Plot
INFUT "DEZIGHATE NFDI‘M HAES
IF (Center=12 OF {(Centar=22
DISF “"ERROR: CEHTER WMUST EE
BEEP

YOU MISH TO HAVE A CURYE SET 7 (YsM). FOR OHE CURVE

set¥
EetF="YY) OR (QCurve
‘E TYPE: ¥ OR H ..

et ¥="H")
(FOR

THEH 359
R HO®

o
IL..u

RE FIXELD CEMTER I2 LOCATED:
OF <Cesnter=22 THEH 448
GM MEDIUM 1,2,0R 3"

1,2,0R

r=1 THEH CALL Ploti
~=2 THEM CAlL FPlat?
THEH CRLL Plot?

IF |ane
IF Center=2

IHFUIT "INFUT YALUES FOR RHO-1,RHO-2,REHO-3",Ri,FE,82
IF ¢R1=8> AHD <Center=1) THEH S28
IF (R2=03 RHD (Center=23 THEH S28
IF (F’=3) HHD (Center=2) THEMN 528
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GOTD SS9/ .
DIsk TfI 'IAL CAZE, WITH CEMTER ON ZERD REZISTIVITY J...0" .
EEEF ’

MAIT 2009 .

RDISF "HLL AFPARENT RESISTIVITIES WILL EE ZEROD 1DIY
WRLT Zpoo

EEEF

GOTU 474

IF Curve _zet$="H" THEH £¢o
b=}

FERD L&
DATR 40,2
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Ymaw= A0
GUTO 1RE0n
IF fienter=1r OF (Comter=353 THEH 79

— e v, e - o
e S0 T

[F D10y RHD JDzosay THEN Sai

DILP "ERRORD D1 OR D& CAMHOT BE ZERQM

EEEF

HAIT z990

DIZF "EBECAUSE OF DISCOHTIHUITY IHM ARPAREHT RESIE TI”IT“"
MALT Za0o

GOTD 570

INFUT "IHFUT DISTAKCES 7O COHTACTZ: Dt,Dz ",D1,D2

7e0 IF DI<>9 THEH =19
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~N
i
Do Ol

IHFUT "IHFUT DISTRHCES TO THE LEFT, AHD TO THE RIGWT: Di,D2",01,D2

7o DIsP "ERROR: D1 CRAMMOT EE ZERD BECAUSE OF DISCONTINUITY IN RAPFRREMT

STIVITY"

73a EEEF

s WAIT 23906¢
280 GITO 7Sa
214 IF [D2:=D1 THEH 289
t=geds ] DISP " ERFEOQR: D2 N
30 EEEP

840 HAIT 2880

g35a GOTo vSa

2e4 INFUT "IHPUT MIHIMUM AE/Z,MANIMUM RE-Z",%Ymin,Ymax
gv8 IF Ymax>Ymin THEH 224

&2 DISP "ERROR: MIH RE<Z MUST BE SeMALLER THRHM MAX AEB-Z®
S50 )

2515

MUST BE LARGER THAHN OR EcUAL TO DILY

EEEP
33 HAIT 38849
S1a GUTO 289
a9z PRINT "RHO-1;RHD-Z;RHO-3",R1;RE;RZ
opeys ] PRIMNT "CEMTER IS OM® ,Center
240 IF (Center=1) OF (Eenter=3> THEH 23w
a5 PRINT "DISTAHCE T2 THE LEFT=";Di
- T244] FRIWT "DISTAHCE T THE RIGHT=";D2
a7a GaTO 934 :
220 PRIHT “DISTRHCES=",D1;D2
994 FRINT
1oy PRIWNT " AB/2", "APFRARENT RESI wTI ITe"
1918 PRINT
18z Y=Ymin VSMALLEST MALUE FOR REXZ2
1628 Hoy=32 ) bO#0F LOG CYWCLES OH Y-RRIS
14  Meox=¢ U #0F LOG CYWCLES 0OH H-AXIS
]

1850 P=29 $0F POINTS PER LOG CYCLE
1868 K=8

18978  Kk=8 -

1828 R=EARPLOG1G2<P) VRESCISSA RATIO FOR SUCEE’“I“E
1o J=1 '

1180 FOR I=1 TO 9

1118 Fidlr=-2%Ki(I> .

1120 . HEXT

[
11206 IF {R1=8> AHD (R&=03 THEH COTOD 11sa
1148 K21=C(RE-F12<CRE+R1D

1150 GOTO 1170

five K21=0 .

1178 IF cRZ=8> AHD (R2=8)> THEH 120w

1180 K3Z=dRI-RIISIRI+RED )
119 GOTOD 121w

1209 K3Io=a

1219 IF Cent=r=1 THEHN C1

1229 IF Cenver=2 THEH C2

1230 IF Center=2 THEH C3

1240 02l Total=o

260

Ga FoR I=1 TO §
1€ EL1=ERPFiCId»DLr YD

) Loew B e R s TV /%)
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EJ<ESPOFi oo DL+DEs 0
Ed=ELFCFicT =Dt~y
ES=ENPOR (I axCDiz="ar 0
EcaENPEFiClaerDLADS =Y, )
D=1+E21#E232%E2
IF ¥>Dp2 THEM D
T ORA=CHEILHCEL+HEZ#ER D +RE2%(ES-K21£E2 D
A=1+f
IF %¥>D1 THEH C
T B=(KZ1# Ed+EI2EIN K24 (EZ-E21#ERN DD
E=1-B
IF ¥>D2 THEH L3
GOTO L1
P OC=(E21# (1 -KI2FEI ) -KI32+ 1+KZ 1 0 2EZM /D
C=1+0
C=R1*CrRZ
IF ¥>D2 THEH L+
GUTO L2
POF=CEZIF L -KE2 0 EL-KI2% (1+K21#E32 57D
F=1+F :
F=R3*F-RZ
IF v>»D! THEH ¢
GOTD B .
1: Total=Total+Wt{I>2Ki{I>«(RA+E>
GOTO LS
2: Total=Total+Wt (Ia£Ki(Is#CA+C)
GOTR LS
3 Total=Toral+Ht (ID#KiC(I)#(B+F)
GOTO LS
4 Total=Total+Mt (IDRKiCI>2(C+F)
ST HMEXT I
Fad<Iy=y
Fhobar{Ji=R2¢Tatal-2
FRINT Rad<JI>,RhobardJ3
J=J+1 .
IF Y¥Ymax THEM GOTO Gi
Y=Y+R
IF ¥<D! THEH 1788
K=K+1
IF K>1 THEH 1798
Y=D1
GaTe o2
IF ¥<{D2 THEH C2
Kk=kk+1
IF Kk>1 THEH C2
Y=D02
LGOTO C2
1: IF Y¥>»D1 THEH
Total=4a '
FOR I=1 TQO S
E1=EXPCFiCI)=iD2-D13-Y2
E2=EXPCFiCId«(D1=-Y2sY)
EZ=EMFCFi{IaeD1Y)
I=14K2 15K El
f=2+(K21+ *ELy«(E2-E3>-D
Total=Total+He (I o#Ki{I2#RA
HEWT 1
FhobarCId=R1+Total ~3
Rad¢Jo=y
FRINT Rad<J),Rhobar I
J=J+1
YVay' e R
IF ¥>¥max-THEH Reset 24
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2900
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[F k=1 THEH %¥=DI1

IF w02 THEH £13
Tatxul=0

Fofe [=1 T 5
E1=EUPCFiAl)eCDZ=-T » 7Y
EZ=EuPoFi(IpD1 YD

D=1 +F21<E32E2EL

(k21 vE325E10-D

H=A*xE2

A=1-A
E3=EWPIFi{IX= (2= "%
E4=ERPCF 1 L) #CDZ=) -
Bkl 4323 K21+ (EZ+E4X-E42 -]
E=R2#{1-EB)~R1
Total=Total+Mt (I =Kidl)={A+ED
HEXT 1

Fad(Jry=Yy
Fhobar(Ji=R1+Total 2
FRINT Radd(Ji,RhabardJ) -
J=J¢1

Y=YV#R

IF ¥>Y¥max THEM Reset
GOTO Ci12
C13: EKk=Kk+1

IF Kk=1 THEH Y=D2
Total=a

FOR [=1 TD S

El=EHP" F1f1“+(De-D1\/()
E2=EHFY Ft-I)*DI WD

D=1 +K21%k32%EL
A=1-E2*(k21+K32*E13-D
B=R3# 01 - CKIZ+E21# (1 -KI2p+E32%K2L1*EL) 200 /R
Total=Total+Me (Is#Ki(I2*{(R+E>
MHEXT 1
Rhaobar(Ji=R1%Total~2
Rad(Jr=Y

FRIMT Rad{J),Rhobar{J
J=J+1

Y=Y*R

IF %Y*Ymax THEH Reset
GOTO C13

C3: H=R1 I ENCHAMGE YRLUES OF Ri AHD RZ
R1=R3 : ! AMD MAKE Center =! IHNSTERD OF 3
F2=H
Cwnter=1

GOTO t148

Fezet !. RE-SET YALUES

IF 2<>1 THEH GOTO Gi

H=R1

Fl1=R3

R3=H

Center=3 . v
I=a
Gl: CHLL GidHcx,Hou F:d'f'.Rhuoar"*J I, F1,
IF Curve _setd="H" THCt 2rzu

Curve =setF="Y+1"

IF D2=1000000 THEH 2520

COTO 21

EEEF

HAIT 2a8

EECF

HARILT Zoo e
EEEP “

DIGITIZE X,Y

2, B3,

OF R1,R2,AND Center

Center,Dl,02, Curve__
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3140
2150
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N7
31&n
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IHNFUT "TYFPE YALJE FOR L2, OFR TYPE W CHHENM DOHE LARELTIHGH",D2F

IF D2F="H" THEH Ze40

LRSS

MOYE 2,7

LOEEL D2F

GoTo 2570

THFUT "DUeE GRAFPHICS P %M " Jump_graphics§
IF Dump graphics$="H" THEH 24570
LLMpE GEAFHICS

GCLERR

FEINT FAGE

RESTORE <28

EAIT GRAFPHICS

GOTO 30w

EHD

SUE Flat2

FRINT FAGE

PRINT LIMCZD

X

FRIMT a FIMEDL CEMTER "
FRINT ® A MH B "
FRINT * {mm (== (] [ A B
FRIHT " "
PRINT * C=DIl=si{m=ea2~m==

PRIMT * VTIPS

FRINT * VOV IV

PRINT RHO-1 srr/7 BEHD=-2 #2707 RHD-2 "
PRIMT * . VIV

PRINT " VPPV PP I,

PRIHT * PP VRISV IIIIII

SUBEHD

SUE FPlot

FRIHT

FRIMNT

PRIMT *

PRINMT * n
FRINT " "
FPRINT 1 2 3 "
PRIHT " »
PRINT * "
FRINT * "
FPRINT * "
SUEEHD ‘

SUE Plot1

FRINT FRGE

FRINT LINC3)

FRINT © FIXED CEHTER .- "
FRINT * H ' MH E "
FRINT " (- (-} [N bo=> =2 "
FRINT *

FRINT (i B Rl P S P S TPy &y "
FRINT ® ===l =mmm|m e o > "
PRINT * VPV IFFIIIPIY "
FRINT " bt 2t 5P PSS u
FRINT * . PELLEL SIS’ "
FREINT ¢ . RHO-1 LA RHD=2 soris FHO-3 *
FREINT * : R I IFIII PPy "
FRINT ¥ PP AR S S ¥ "
FRINT " PALALPCL LTSI "
SUEEHD

SUHE Flot3

FRINT FNOGE

FRIHNT LINCZ3)

FRINT * . FI1LEDL CCEHTER u
FRINT ® fi 131 B "
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oo QD D00

L
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Loy <
Den B
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V-
Do v

)

3 03 01 03 6 L3 0D ) 0 03 00 03 3 L3 G D) L QO G 0 LD 0D ) DY W)

8]

+
e

X
]

G O )

[N
LOM X«

<
DD
[t

FREINT

FRINT S P E SIS T SIS
PiRIHT " A SIS SIS
FRINT ¥ {rmmem e e -
FEINT » PP EY YRV NS PR
FEINT YRR
FREINT ¥ FHO=-1 sl RHD-2 Sosss
FRINT PP I T P I IE SN,
FRINT ™ PAPPLP P F AT A S
FREINT * YV IV IV INIIY
SIUEBEHD
SUE GleMox,Mow,Radd+, Rhobaris),J,
Meowx=HUMEBER OF LOG CYCLES OH H-ARxIS=9
How=HUMEBER OF LOG CYCLES OH W-"KlsS=3
Fad=ELECTRODE SFACINGE (AR-2)
=AFFARENT RESISTIVITIES

J=HUMEER OF FOIHTS GH THE CURYE
kl,R2,R2= TRUE RESISTIVITIES
! Center=1,2,0R 3=LOCRTIOHN OF FIXED
! Di,D2= DISTANCES TO COMTRCTS
DIn H~(”\ Au{4)
GRERFHICE
IF Curuve_
Ax(l3=0
Huila=0
IF Curve_
INFUT "898 COORDIMATES
IF Ax<1»=9 THEH 354@
Ax{2=1a~IHNTCLGT(AX LD 2D
GCLEAR
GITQ 2558
Ax{1d=1@~THTLGT(Rad (122D
FOR I=2 TO 5
Ax(Ili=Ax(I~-12%18
HERT I

|
[
)
b Rhobar
]
1
1

setF="Y+1" THEM 43529

THEMN 32548
? PRESE

setf="y"

Minrho=Rhobar(l)
Maxrho=Rhobard{l)
FOR I=1 70O J-1

IF Rhabar

CEHTER

ICOMPUTE MIMIMUM
CIxSMirrho THEH Nlnrhn=Qhebar(I)

et ] REEPE

e Eait

RHO-3

OH MEDIUN

AHD MAX

R1,R&,R3,Center,D1, 02, Curve_zet $)

1,2,0R 3

COMT FIR AUTO SCALE", Ax(ld Awdld

IF RhabardId *Maxrho THEH Maxrho=Rhobar{l)

HEXT

Average_ Fho=EXPLLOGRhobar (133 +LOGCH i rrha  +LOG Maxrhad ) »#3)
GOTO 3689

A1) =1a~THTCLGTCRY LD 2D

SOTO 3638

Al =10~ IHT(LGT(Rverage_rhods /10
FOR I=2 TO ¢
Au(Id=Au(I-12+10

HEXT I

F1=10~CLGTY H'll))+”LX)
H2=10~CLGTIAY 1Y J+Hoywd

GREMFHICS
LECATE 7,115,5,
CALL Log_aycla(LGTCARCLI D,
SETGU

LIBkG 1

H=a0

\":-1:\-
HOVE X,V
DRFEH N+20,Y

MIYE B+7, Y

IRAH N+7,%-7
MOVE N1 3,V
DEHKH H+13,5%-7 7

{DRAH DIKE

SHETCH

LGTCRLY, LETEAWCT Y, LETCAZY, Hex, Hoyd

GEAP

IMUM Rhobar.
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43340
4040
4850
48508
4878
4820
48348
4100
4116
4120
4138
4140

4158 LAEBEL "D1=1; D2 = as labsled”%"  RHO! “"&VALSCRIDE", "AVALFC(RINL", "&YALSLF
) .

4160 GOTO 4120 .

4170 LABEL "D1,02: “&VAL$FCD1D&", "SYALECDZOE"  RHO: "ZVYALBCRIDE", "SYALS(RIIL",
&VAL$(R3Y

41508 ®=? ILAEEL ANXES

4198 Y=¢

4208 MOVE X,Y

4218 FOR I=1 TO S , :

4228  H=9 - IFIXED ORDER ¢9,1,2,2,..6tc)

4238 K=1

4248 IF AxCI1)>=K THEN Lab=12

42580 K=K-10

4268 H=H+1

4270 GOTO 4244

4238

5

2 N e 0D O e
Lo I i ol BN Do B R v i o)

-
I

PR S N W R Y

LOCRLSURE LR FS BRI LU CUR RN CU R o

L

L

4396

L,

4440
450
4450
4470
4420
4490

IF Center=2 THEH 39
IF Fenter=3 THEH 4824

MOME B+2.7,Y TOFAK SOUHDING TRIAHGLE ON MELIUN

DFAM H+2.7,¥+3

DEAM Hel, 7, v+3

DEAK X2 7, Y

MOVYE H-1.:3,%+1 {OFAN
LAFEL "4- =>"

GOT Lakell

RROMWS TO THE RIGHT RMD

T

MOYE w+18,% . {DRAM SOUHDING TRIAHGLE O MEDIUM

DEAK W+li, V2

DEAN H+92,Y+32

DREAL H+18,Y

MOVE H+S.3,%+1 VDRAMW ARFOWS 70O THE RIGHT AHD
LAEEL "{- =>" ’ .

GOTO Labell

MOVE B+15,Y | VDRAW SOUNDING TRIANGLE OH MEDIUM :

DRAN H+16,Y+3
DRAN H+14,%+3
DRAKM H+1S,Y

MOWE W+18.35,%+1 IDRAW ARROWS TO THE RIGHT ANMD LEFT

LABEL "<- -3

Labeltl: ! ILABEL YALLZES FOR RHO AMD D

K=28

¥=95 ’
FIAED 2

HOVE X,Y

IF Curve_set$="H" THEH 4170

Label2: FIHED H

LorG 4

LABREL VRLEFAK{IND

M=H+2?
MOVE X,
MEWT I

MOVE 25,2

LORG 1

LAEEL * SCHLUMEERGER ELECTRODE SPACING ¢(AE-2>"
HOYE @,33 o

DEG

LORG 3

LDIR 28

LABEL "AFFARENT FESISTINITY"

P e T
N=.0

Y=12
MOVE X,Y
FOR 1=1 TQ 4

k=1

“20 ’ ’ !FI:"’;ED ':‘RI'EF: 'IE"I,E":B’-I.E'LC)
IF AwdId> =K THEM Labeld

K=K~10

2
KH



G500 M=l
4518 GOTO G434
4520 Lubzls: FIAED H
S LORG &
4541 LAEEL YALFCALCTI )
495 Y=EYVHET
4568 MOYE W,V
4570 HERT 1
4530 LIOIR ©
45701 LORG |
4600 FIYED 4
4518 SETUU
4520 MOYE LOTCRad{1) ,LGT(Rhobar{1)>
4538 FOR I=1 TO J-1
4548 PLOT LGTORaddIx ), LET(Rhobar{I3)
4658 HERT I
4568 BEEP
4278 MAIT 164
4e58  BEEFP
4€93 SUBEMD
4703  SUE Log_cvcledllumin,lemax, Leming Lymnax, Hox,Nay)
4718 LINE TWPE 7
4728 SHOW Lamin,blxmas,bLuvmingLymax
4738 MOVE Lxmin,Lwvnin
4749 FOR I=1 TO Hcx+d
4758 HK=Lxmin+]-1
4760 PLOT A,Lumin,l
4778 PLOT H,Lvmax,2
4728 HIKT |
4798 FOR I=1 TO Mcy+i
4888 Y=Lvmin+I-1
4218 PLOT Lxmin,Y,1
4228 PLOT Lxmax,Y,2
4238 HMHEKT 1
4548 LIHE TYPE 1
4258 SUEREHND
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