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MICROCOMPUTER PROGRAMS TO ASSIST
THE ACQUISITICH AND INTERPRETATION
RESISTIVITY SOUNDING DATA

by

J W FINCH

This report describes and llsts four programs,
designed for use on microcomputers, for the
acquisition and interpretation of resistivity
;OUH(N“FT data. The !Tll'“ﬂf""‘-"“¢ YO P"'ﬁf"""\"‘n"‘f L)
be used principally with the BGS Offset Wenner
systens and are written for the Epson HX~20 and
Research Machines 3802 microcomputers. They
are user-friendly and actions by the operator
are in response to prompts from the program :Ln
a question-and-answer form.
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INTROIDUCTION

This xeport describes four programs that have been designed to assist the

acqu’ ition and interpretation of wvertical electrical sounding data. The first
three programs are designed for use with dQata acquired using the BG5S Qffset Wenner
sounding system. The fourth program is more general and can accept any data
acguirxed using either Wenner or Schlumberger data.

The pxograms are designed to be user-friendly and data entries or decisions are
made Iy the operator in response to prompts using question and answer. All entries
are irn free format and are echoed by the program to be wverified by the operator.
The i xgt two programs, used for dQata acquisition and transfer, are written in
Basic for use on the Epson HX-?0 portable computer. The other programs, for data
acquisition &nd interpretation are in Microsoft Fortran for the Research Machines

380z.

HARDWARE REQUIREMENTS

The f£ixst two programs require a standard Epson HX-20 portable computer fitted with
a microcassette drive, plus a cable with the appropriate connectors to link the
Epson HX-20 to the Research Machines 380z.

The ot.uier two programs require a Kesgearch lMachirnes 3BUZ microcomputer with 56K KAM,
a high resolution graphics board, twin double density, dual sided, 5.25" floppy

disc Axives, a colour monitor and an Epson FX-80 dot-matrix printer. In addition
Microscoft Fortran is necegsary as is some form of software capable of editing text,

Programs and data.

SYSTEMS DESIGN

The bassic concept of the system is to use the HX-20 in the field for data

acqulsi tion and the 3802 in the office for interactive, iterative interpretation,
Data is entered using the HX-20's keyboard in response to prompts and, after
verification, it 1s stored on a microcussette and listed on the microprinter. This
is done using program 1. Program 2 is then used to transfer dats from micro-
cassettes to disc files on the 380Z. To do this it is necessary to modify one of
the uti lity routines that run under CP/M, the 3802's operating system. Program 3
runs on the 3802 and processes the data from the HX-20 to produce Wenner sounding
curves which it stores in disc files. These can then be interpreted using Program 4.



The program xequirements are:

Lanquage Size
1 Basic 4946 bytes
2 Basic 2492 bytes
3 Fortran 22460 bytes
4 Fortran 33843 bytes

The soundings are identified b their reference number. This can have up to eight
character: wrhuich may be alpha==merics or special ciaracters such as - or /. It is
important l.at the reference mumber is unique and so it 1s recommended that a
systematic approach to the numbers is adopted. Combinations of map codes and dates
are often ef fective. :

-

Mm the 2RO% ahe flonnms quall Tl 24T is used Lo signaiy unprocessed BGS readings
whilst the quzalifier .3NT signd.fies unformatted aprarent resistivity curves,

BGS OFFSET WEMNER SBYSTEM

‘This field sy stem allows Wennex- apparent resistivity curve data to be acquired more
accurately and with less man power than conventional systems. The equipment con-
sists of two multicore cables F£itted with metallic take—outs at pre-determined
distanses, & —umber of electrod g, a swifch box and cak oo 44 connect the systea Lo

a resistivity meter.

The system uses a five electrode array withk the electrodes equi-spaced. However,
only four electrodes are used at a time. "hus, for each electrode spacing a series
of Measuremesrrts can be made usimg different electrode combinations. Two of these
configurations Dl and D2 are conventional Wenner arrays but shifted by one spacing.
Barker (1980) has shown that by taking the mean of these two readings a substantial
reduction in t-he effects of latexal inhomogeneities can be achieved. The three
remaining confAiqurations A, B ard C do not use the central electrodes but are a
-triPOtentiq;L system. They allowr interpolation between the points produced by the
offset Wenner xeadings.

The use of a mrulticore cable recuces the time taken to lay out the cables and move
the electrodes . The fixed takeouts for the elctrodes reduce errors due to incorrect
‘spacing distances whilst the systen of readings allow further checks on data quality
to be carried out.

~ Three measures of error aré'poss:’.ble.from the readings. The first, the reading
~error, is a measure solely of the Anstrument, operator and electrode array. The
sun of readingss B arid C must equal reading A, irrespectiwve of the subsurface cop-

- ditions, Thus any significant deviation from this equality indicates a malfunction
: ‘1n-'-'1;h'e‘gygcm-; SRR : G - - -

The:8econd meassure is that if subsurface conditions are Jaterally homogeneous, the
wo readings -DL  and D2 will.he ecgual. Hence the degree of difference between the
two readings is' a measure {: s\ ssurface lateral intiemogeneity, This is called the
ffset error. = . {0 - o | |
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The third error measure, the potential ladder error, is generated when the sets of
A, B and C readings are used to interpolate between the offset data. This error is

also a measure of subsurface lateral inhomgeneity.

Program 1 in this report allows these error measures to be calculated in the field
so that quality checks can be made when the data is acquired. It also allows the

full Wenner resistivity curve to be generated so that a field interpretation can be
carried out. This aliows subsequent survey work to be planned on the basis of the

data already collected.

PROGRAM 1

This program is designed to be used in the field to acguire BSS Offset Wenner data.
It should be loaded and run at the beginning of the day's work and then the HX~20
should be left on until the day's work is completed. This is because when the
program is started, it creates a file on the microcassette which it names with the
date. Thus, if the program is run on the same day with the same tape it will

create two files with the same name.

The program uses the RAM file of the HX~20 to keep a record of the files that occur
on the microcagsette. Before a microcassette is removed from the HX-20 thig 1list
of files is written on to a file named CASO:DIR.DIR at the beginning of the tape.

Ecfcres a microcasscile can be used a Liank copy of this file must be writte. 2n to

it. This is done using a program called CASSFMT. Microcassettes that contain old
data that is no longer required can be re-used after the directory file has been

rewritten as blank.

For each sounding, the program asks initially for data about the site of the
sounding. Unknown information can be entered, as blank or zero. The .infori* “tion

requested is:

Site grid reference
Azimuth of the array
The V.E.S. (site) number

The operator is then asked to enter readings. For each set of readings he is asked
initially for the electrode spacing number, as marked on the BGS switch box. If
this spacing has already been used then the operator is asked to verify that it is
to be used again. This protects against accidental repetition of readings but
allows readings to be repeated if a mistake was made. The operator is then asked
to give the configuration »e is using, i.e. whether it is A, B, C, Dl or D2, and
the reading. If the configuration has already been used then a warning is given
and the operator is asked to verify the request.

When the five .feadings have been given for an siectrode spacing the program checks
the reading error and, if it exceeds 1%, a warning is displayed and the operator is
asked to verify that set of readings. The offset error is also given so that a’

running check on data quality is made.
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When the» operator has given the readings for all the electrode spacings he wishes
to use <TIae program checks that the spacings used were those intended. If this ig
verifie« then the input readings, the calculated error measures and Wenner apparent
resisStiwl ty cuve are listed on the microprinter. The input readings are then
wvrittenr <o the microcassette. A listing cf the output from this program is given

below.

File Catibw 09/27/83. DAT
=t 2

stertinmwe

UWE. £. FPS

Grid Ref. 61472 09812
Azimyth 13

WUl wess =s
A c B
1% 392 1,700 9.6040
7. 230 %, 9210 9,5220
4. 570 -, 48 0.3050
< 3590 =2.418 ¢. 1760
1. 990 2.0 0.0368Q
0. 346 2. 323 0.0210

D1 02

11. 199 11.606
% 9790 S IR
3.510 S 432
1. 69 2129
0. 8% e 0ae
G 275 &tk

Obs.  OTfst Potlad

“Q, 90T —G. 8441 0,0837
60156 @& 1039 -0.1279
e.063L & 0231 6.2408
0,69 —E& 1200 -0.0228
.00 8 —&, o7 0,0025
6. 0953 —aR. 0216 ©.0000

PROCESSTMNE RESUTS

Srac. Rasis.
- ] 357
1. © 3%6
. S 41,5
29 436
3.0 47.5
4. 2 .3
6. 9 49,9
8 0 43,7
12 © 34,8
16. © 27,9
24. @ 22.3
32.0 183
Mean obs. eavgs. © 0077
Mean off. @, 06,0712
Moy POt. arv. 9 0802

470 AF=INKSVE: IF A$a"Y" THEN 480 ‘
SRO EZ{NY=2% (I (2, N)-R(3,N)Y 7 {222, +713,N))

10 CLEAR2CG0,4B80:1DEFFIL 14,018Xw0FX =0 FD$»SPACES#(12) 1 FORI=OTO2?9: PUTXI .S% ,F% ,FD#IN

EXTI:GGTQI00
20 IEw=O: IFID$="0D"THENGOTO3IOELSEIFID$="ID"THENGOTD4A0EL3EIF 1D$="CF* THENGOTOBOELSE

IFID$="QF " THENGOTOZOELSEIF ID$=" [F* THENGOTOPOELLBERE TURN

30 WIND-4000: TAPCNT=03 OPEN"O",£1,"CAS0:DIR.DIR™:FORI=OTD2Ys GETXI ,BX ,F% ,FDStPRINT
£1,5%,FY%,FD$: NEXTI1CLOSEEL s WIND-40001 TAPCNT=03 RETURN ; '

40 WIND-40003 TAPCNT=03 OPEN"I",£1,"CAS01DIR. DIR":FORI=0TO29: IFEDOF (1) THENCLOSEE1:W
IND-4000: TAPCNT=0t RETURNELSEINPUTEL 8%, F%,FD$: PUTLL ,8X,F% ,FDSINEXTI 1 CLOBEE 11 WIND
=4000: TAPCNT=01 RETURN

SO IFLEN(FDS$) < 12THENFD$=FL $+SPACES (B-LEN(FDS$) ) +",.DAT"
60 WIND-4000t TAPCNT=0: FORI=0TO29:1GETYI 5% ,F%,FF¥: IF8Y%={OTHENIF I=0THENS%Z»200: GOTO

70ELSEGETZ (I-1) ,F¥%,8/FF$t GOTO70ELSENEXTI: IE=1¢ RETURN

70 IT=]1B2=82%+StWINDSZOPEN"Q" ,£1, ("CASO0: "+FD%¥) s RETURN

80 CLOSEL1tFX=TAPCNTIPUTLT T 8% F%,FDEIWIND-4000: TAPUNT=0s RETURN

90 IFLEN(FDS$)<12THENFD$=FD$+SPACES (B-I_EN(FD$) ) +" . DAT" s WIND=40001 TAPCNT=03 FORI=0T
D291 GETZI 8%, FY,FFS: IFFF$=FN¥THENWIND (S%~-3) : OPEN"I" , £1, ("CAS0: "+FD4) 1 RETURNELSET
FEYa0THENIE=]1 ¢t RETURNELSENEX11: IE=1 s RETURN

100 DIM R{5,11) ,EE#(5) ,E2¢11),E2(11) ,E3(11),AA(25) ,RW(25),D(11),DD(11)

110 PI=0.0#ATN(1.0D)

120 PRINT "Canna., ready Y/N®

130 A$=INKEY#3 IF As="Y" THEN 150 ELSE IF A$=“N" THEN140 ELSE 130

140 PRINT "Insert cassette": PRINT "and start again*i1END

a0 iD= 10 I GOBULIVE T U ~URTEST swnl t Lue="0F 1 GUGUDLY

160 IFIE=1THENFPRINT"CASSETTE FULL":1BOTN120

170 LPRINTs LPRINT'File ";FDS

180 FOR I~( TD 24:1RA(V)=0,Q; NEXT I

i?0 pprTA A,C,D1,D2,B

200 FOGR 1=0 TO 4: READ ES$(I)s NENT I

210 FOR I=0 TO 4: FOR Jd=0 T 9?2 R{I,J)=0,0: NEXT Js: MEXT I

220 CLSIFRINT "Give grid letters":FRINT "of the grid ref.":INPUTSIS

230 PRINT "Bive masting of*"
240 INPUT "v.m.s."181
250 PRINT "fitve northing of"
260 INFUT “v.ae.s."};B82
270 CLEIPRINT "BGrid refurwnce": PRINT SJI¥1G13B2
280 PRINT "Correct Y/N® '
290 AsmINKEY#: IF As="Y" THEN 300 ELSE IF A$="N" THEN 220 ELSE 290
300 CLStPRINT "Bive azimuth ot" _
310 INPUT "array":Al
320 CLS1PRINT “"Azimuth =";AZ
330 PRINT “"Correct Y/N"
=4 pmes e

=N q@--—rmvcv&. T AP YT TR S 2 (S TS AA IRl TR YAy
- h - T e - £l T T - L Sy -0 i L d LEEIN TSN B P [ e -

350 CLSI1PRINT "Give v.e.s."
3460 INPUT "numbar";vs
370 CLSI1PRINT "V.e.a, a"iVs
380 PRINT "Correct Y/N"
IP0 AS=INKEYS$: IF A$w"Y" THEN 400 ELSE IF A$="N" THEN 350 ELSE 390
400 CLS:PRINT "Give electrode spa." . .
410 INPUT "numbar"jN .
420 CLS1PRINT "Spacing no. -="jN
4%0 PRINT "Correct Y/N"
THEN 450 ELSE . IF As$='N* THEN 400 ELSE 440

440 A$=INKEYS$:IF A$="Yy"
450 FOR K=0 TO 4: IF R(K,N)<>0 THEN 470: ELSE NEXT K

440 GOTO S00 .
47¢0 CLBISOUND 4,4: PRINT "Spacing already used” )
480 PRINT "replace Y/N"

490 AS=INKEY#$:IF As$="Y" THEN 500 EL3E IF A%="N" THEN 400 ELSE 490

500 FOR K=0 TO 4 C X

510 CLS:PRINT "Which config."

520 INPUT "A,C,D1,D2 or B":CH¥ . ‘

530 FOR I=0 TD 4+ IF ESS$(I}=[{¢ THEN T80 ELSE NEXYT I ‘

540 CLSIPRINT "No zuch config.": GUY0 %10

550 IF R(I,N)=0.0 THEN 5BO ELSE SMOUND 4,41 PRINT “reacing alrmady given®

560 PRINT "Foplace Y/N" ‘ ‘ - - o

570 AS=INKEY$:IF A$="¥Y" THEN 580 ELBE IF A¥a"N" THEN 510 FLSE $/0

ZBO INFUT "Give reading'; R{I,ND N o
990 CLS:PRINT "Config. = “;C$ L o S L o
6500 PRINT "Reading «"3 R(I,N) = : . : el . ‘ R
410 PRINT "Correct Y/N" : S _ '
620 ASuINKEYS: IFAS="Y" THEWN 430 ELBE iF aAf='N" THEN 350 ELBE 620
630 NEXT K ‘ C ‘ R Lo o !
&40 EL NI~ (R{O,h) ~R(1,NY=R{&% N} 78 (0,N) - , R T
&% CLEIFRINT "Oha. error =3 PRINT USINGUELE. EEEEYsEL(N) 77 v o
HLO IF MBS(EL1(NY?<0.01 THEN' 430 ELSE PRINY *"Obs. drror > £.01": PRINT "plrese ve

rify"tPRING "Correct Y/N" - e : . I I R S
30_ELSE IF A$="N" THEWN 450 ELEE. G707 | 77

i .



690 PRINT "Oféset err =";3PRINT USING"££.£LEE%1E2(N)

700 PRINT "Anothar spacing”iPRINT"Y/N"

TEC Af=INKEY#: [F Af="Y" THEN 400 ELSE IF As="N" THEN 720 ELBE 710
720 NSm=11 NF=0

730 FOR I=0 TO 9

740 FOR J=0 TD 4

750 IF R{J,1)1<>0 THEN IF NfSe=1 THEN NSw]

760 IF R(J,1)=0 THEN IF NS{>-1 THEN NF=l-1: GOTQ 780

770 NEXT Jt NEXT 1

780 CLBIPRINT "Spacings used"sPRINT “from "jNS31PRINT "to “jNF
790 PRINT "Correct Y/N®

800 A$=INKEYS$: IF As="Y"* THEN B81C ELSE IF A$="N" THEN 400 ELSE 800
810 LPRINT:LPRINTILPRINT "V.E.8. "jvs

820 AA(NB) =0, S#NSE

330 FDR I~NS TO NF

D4O Ju(J-NE+1)#2+¢NS=11KmJI+}

B5O AA(T)=AA (NS} #2~ (I=NS+1)

860 AAIK)=J.O#AA (NG)#2~(1~-NB)

870 NEXT 1

ag0 LPRINT:LPRINT"Gr 2 Ref. "31LPRINT USING"FLELELL"yB13:LPRINT USINB" ££E£££"162
naesy | PRYMT 0 Aw it - "--lhnrmv HF?Nﬁanmx

700 LPRINT:LPRINT"INPUT DATA" -

710 LPRINT:LPRINT" A. c B rLr INT

920 FOR I=NS TO NF
930 LPRINT UBINB"CEE.I.‘EC";R(O 1) 31 LPRINT UBING"E££££.CEL"JR(1,1) 1 s LPRINT UBING™£L
£.E£E€EC" R4, 1)

920 NEXT I

930 LPRINT:LPRINT" Di D2"1LPRINT

960 Ef1=0s3 EB2=0: ES3I=0

970 PRINT‘:‘.BJ‘.BI,Bz,ﬂz,ﬂﬁ,ﬂF,V’

980 FOR I=NS TO NF

952 PRINTEL I RO, I) BRI IE RIS, I RS, 1) R4, 1)

1000 NEXT I

1020 FOR IsNS TO NF

1020 EE=ABS{R(0,I))+ABS(R(1,1))+ABS(R(4,1))

1050 LPRINT USING"E££££.LE£L£"JR(2,1) 11 LPRINT USINB" E££££.E££E"3R(I, 1)
1040 R4, 1)=R(4,1)-EI1(I)#R(0,I)#R(4,1} /EE

105C R(1,IVeR({1,1}+E1({1) #R(D,I)#R(1,1)/EE

1060 R(O,1)=R(0,X)+EL(1)#R(0,I)*R(0,1) /EE

16770 LU = IRIZ,IT+RIT2, 105 /2

1030 EGI=EBI+ELI(I)#EL1(])

10F0 EB2=ESZ+E2(I)#E2(I)

1100 DD(I)=R(1,1})~D(I)

1110 NEXT

1120 EBI-BQR(ESif(NF-NBO-l))

1130 ES2=8UR(ES2/ (NF-NS+1))

1140 RWINS)=D (N8}

1150 FOR I=NB+1 TO NF-i

N60 TIwIe2-1: IJmI+1y Jlml-lp I2mIn2-2

170 RW(I2)=D (D}

1180 RW{III=D(I) /2+R(4,1)-R(4,11)+D(1F)/2

1190 NEXT 1

1200 II=sNF#2-131 IJ=NF*Z: NNsNFe2-Z

1210 RW(NN) =D (NF) .

1220 RW:II)=D(NF)/2+R(4,NF)=-K{(4 ,NF-1)+i. iNF)

1220 RW(1J)=DD(NF)#2

1240 FOR I=NE TO NF-t

1250 Il=l+]

1260 EI(Iy=(DD(IY~D(I1)/2) /D(12)

1270 ESI=EBI+EI(II#ES(I)

1280 NEXT 1

1290 EBX=SAR(ES3/ (NF~-NS)) : EI(KF)=0

{ICO LPRIMTILPRINT"ERROR MEASUREB":LPRINTILPRINT" Obs. Dffset Pot.lad":LPRIN

A0 FOR I=NB TN NF
- 1520 LPRINT USING” ££.£E££E£"(EI (1) jiLFRINT UBING” £€.££EL";E2(I) 5 1LPRINT USING "

L. £LECIED(D)

1330 NEXT I
1340  LPRINT: LPRINT"PROCESSING RESULTS"i1LPRINT
1350 LPRINT " Spac. FResis."ILPRINT

1360 FOR I=NS TO NF#2

1570 RU(I)=RW(I)#PI#AA(I) :

1380 LPRINT USING “ £££.£"3AACT)31LPRINT USING" ELEC.£"3RWIT)
1390 NEXT I -
" 1400 LPRINT: LPRINT“Mean obs. »rr."3iLPRINT USING" ££.£££€";ESL

1810 LPRINT"Mean off. arr."jiLPRINT USING" ££.££££"1EB2 '

1920 LPRINT"Mazan pot. err."jiLPRINT USING" ££,£0FE£"1EBS

.

1430 CLBIPRINT"Data written to tape”

1440 PRINT"CClontinue or (Sltop"
1450 AsuINLKEYS IF Ass"L" THEN 180 ELBE IF Af="B" THEN 1460 ELSE 1AB0

1460 ID$="CF";GOBUB201 1D$="0D" s B0BUB201END

'PROGRAM 2

This program allows a data file from the microcassettes to be transferred, via the
serial ports to the 380Z. Before it can be used a modi‘iod version of PIP, the
utlility routine that runs under CP/M on the 380Z, must be prcduced to allow the
S104 interface to be used for input, The 3802 manual describes how to do thig and
this program assumes the modified version of PIP is called JWFPIP.

In addition a cable, part number #714, is needad to connact the HX-20 to the 380Z.
This cable should be used to connect the socket on the back of the BX-20, for the
serial interface, with the socket on the back of the 3802Z.

lhe program uses prompts to tell the user how to set up the 380Z as well as the
HX-20. After establishing that a microcassette has been planed in the micro-
cassette drive, the operator is asked for the name of the file for transfer. If
this flis exists on the microcassette the operator is then told how to set up the
380Z. The bit rate for data transfer is acked for. The value given is checked
against those available on the HX-20 and, if it is available, the corrupond:l.ng

2Ny ~ Ay PP I A Q. | e ¥ - s ey —,
2Z =22 - = X Cace unirir o5 pDeen ioaded and run

R e el e A e e b ot ik Wt Zaaat e e GGl

on the 3802, the data is transferred from the HX-20 to the 380Z.

WARNING The first time the serial interfaces are used there is a tendency for some
random characters to be generated. To overcome this the program mends a dlank line
at the beginning of the file. This line should be edited out of the file on the

380Z before it is used by the subsaquent programs.

10 CLEAR200.4UOIDEFF!LLb 01B%=01 FXu0)FD$=BPACES (12} 1 FORI=OTD291 PUTX!,8%,FX,FD®IN
EXT1160TO1:0

20 IE-O:IF!Dt-"DD“THENBUTOSOELBEIFIDOH”ID“THENGOTD40!L8£IFIDS-“CF"THINGQTGBOILSE
IFIDS="OF" THENGDTOSORLBEIFIDEw" Y F ' THENBOTOSOELBERETURN

30 WIND=4000: TAPCNT=O010PEN"D" L1, "CAB0IDIR, DIR" IFORIwGTO291 GETXL 8%, FX,FDSs PRINT
£1,8%,~%FDSINEXTI1CLOBEL] s WIND~40001 TRPCNT#01 RETIRN

40 wIND-4000|TAPCNT-OIDPEN"!“.tl."EA!OlDIR.Q‘&"IFORRIOTOiOe!FEGF(I)TH!NCLOB!EI:N
IND-4000: TAPCNT=0) RETURNELBEINPUTEL (BXF% FUSUT AL 4B% F% ,FDSINEXTLICLOBECL sWIND
=4000¢ TAPENT=0 RETURN

B0 IFLEN{(FD#)<12THENFD#aFDS+BPACES (B=<LEN(FD#) )+, DATH

460 WIND~A000: TAPCNTmOJ FORI=OTOZPIBETHL % FY. . FF$1 IFBYEm¢OTHENIF I=OTHENB%»2001 60TO
7OELBEQETH (T1=1) ,F%, 8%, FFS1AOTO70ELLBENEYTIt IE=1 ¢ RETURN

70 [Tl 18X%wBX+B1WINDBX1OPEN"Q" ,£1, ("CAROI "+FD®) r RETLIRN

80 CLOBEL1tFX=TAPCNTIPUTAIT 8% ,F%,FOSIWIND=-40003 TAPCNT=O: RETURN

{0 !FLEN(FD#?(12THENFD#-FD'+BPABE‘(a-LEN(Fnsi)+“‘DAT"

100 WIND=40001 TAPCNT=01FORI=OTO29s BETHE 8% ,F¥%FF&t IFFFEuFDETHENWIND (8%~5) 1 OPEN"1
".cl.l"CABOa"+FDC)lRETURNELBEIFB%-OTHENIE-:nRETURNELBENEXTI:IE-1|RETURN

1i0 DIM BU7Y ,R(B,1LL)

120 DATA 110,1%0,300,600,1200,2400,4800

130 FOR I=Q0 TD &r READ B{(I)>: NEXT I

1430 E$u" DAT"

150 PRINT "Cass. ready Y/N"

140 Ag=INKEY#: IF At-"v" THEN 190 ELBE IF At-“N" THEN 170 ELSE 160

170 FRINT "Inmart cassstte"

180 PRINT "and start again™iEND



’: wfomatted, to a file with the same name as the file contai

190 CLSs 108="1D" GOBUB20

200 PRINT"0ive ¢11ename"; INPUT; BS

10 PRINT "Fllenama = “;B%

220 PRINT "Correct Y/N"

2J0 AS=INKEYSITF Agw"Y" THEN 240 ELSE IF A$="N" THEN 200 ELSE 230
200 FDE=Rs+El (03w IF" 1 80SUB2Z0O )

2530 IF IE=OTHEN2B0ELSEPRINT“No such file"1PRINT"“Directory 1isting?":PRINT" Y/N"
250 A= INKEYSI IFAS="Y" THENZ27O0ELSEIFA$="N" THEN200ELSE2&0

270 FOR 1=0TN29:BETXI ,B% ,F%,FF$: IFS)a0THENIFI=OTHENPRINT "DIRECTORY EMPTY":GOTOZ20
VELBEGOTOR200ELBEPRINTIFF$2 NEXTI 1 BDTO200

280 CLSz PRINT"Set up 3B0Z. Call”:PRINT"front pane] (Ctri F)"

250 PRINT option O, printer 4%

300 TFPUT "Give bit rate”;BR

310 FOR I=0 TO &

3¢ IF BR=B{l) THEN 350

330 NEXT 1

340 PRINT "No such bit rate"gBR:1 BGOTO 300

390 IF I=] THEN PRINT"not on the 3B0Z7"160TO 300

340 PRINT "Bit rate ="§BR "

370 PRINT "Correct Y/N®

380 RE=INKEY$IIF AS="Y" THEN3I9OELSEIFas="N" THEN3IGOELSEIS0

390 FE="C0 01 ("+RIGHTS$(STRE (L) , 1) +"BNIF) “

400 IF ID>1 THEN I=I~11CLS:PRINT"3802 code = "¢

A A .
U e

A PRTMT ALY PRt s be BRsMe Rl g ST 1
420 *RINT"Raady Y/N*"

430 AS=INKEYSIIF AS="Y" THEN 440 ELSE IF G$u"N" THEN4 1OELSE 430

490 CL.F > PRINT"Cal 1 JWFPIP™

150 PRINT"filatame. DATmINP *

40 PR YT YREady Y/NY

170 A% THEYSIIF AS="Y" THEN 480 ELSE IF A$="N" THEN 440 ELSE 470

480 oPEN"Q",L2,F8

490 PRINTEZ

300 INPUT £1,50%,61 +02,AZ,NS,NF , VS$

310 FOR I=N5 TO NF :

320 JierUT £ IWR(Q,I) ,R(L e ) GROZ4 1) R I) JRUS L)

530 NEXT 3

340 PRINTE2," "TIPRINTL2,USING" \"jVEg :PRINTF:Z,USING"\\";SJ#;

ano PRINTEZ,USING"LLELEL" ;G152 PRINTE2,UBING"£EELLE" ;323 IPRINTEL2,USINB"E£££" 1Ay
%0 PRINTE2,UBING" EL£"INBJ 1PRINTEZ,USING"LE" I NF '
570 FOR Y=NS TO NF

580 PRINTE2," "11PRINTE2,USING"££E" ) 1) sPRINTER, USING"ELEE, £EEE JR(0, 1) 3

390 PRINTE£2,UBINB* ££EL, £EELE"sR¢1,1)y IPRINTE2 ,USINB"E£E£LE, £LLE"IR(2, 1) ]

600 P TINT EZUSING S FEEE L €8F0 a@ T 111 s DOINTED UDINGNPELOs coren, A, I

&lO NEXT I

620 PRINT £2,CHR$ (&H1A) ’

630 IF EDF (1) THEN 4640 ELSBE S0

640 CLLOSEE 11CLOSEE2 s PRINT " LC JOntinue or (Sltep”

L350 A= INKEYSIIF AS="CY"THEN1SOELSEI FAs=»"5"THENENDEL.SEAS0

PROCRAN 3

The purpose nf this program is to allow readings from the BGS system to be input,
elther £from a file crxeated by transferring data from the HX-20 or directly entered
via the kovboard, and to process the data to produce a Wenner apparent resistivi Ly
curve wirich is then written, unformatted, to a file for interpretation by program 4.

The program assucn %'iat a file containing BGS readings has the quali.fef .DAT. If
data is being enter 4 vie the keyboard then the program creates such a file and

writes the unprocesged Gata to it. fThe Wenner apparent resistivity curve is written,
ning the BGS readings

‘but with the qualifier .INT.

i
i

When the program is started the operator is asked whether the data is to be entered
from a file. If the answer is yes then the operator is asked for the name of the
file and the program checks that the file exists. If the data is to be entered via
the keyboard then the operator is asked to give a filename and the program checks

that this does not already exist.

If the data is being entered from a file then the program processes all the data on

the file sequentiaily. The only decisions made by the operator are whether the
results are listed and a plot of the data is printed. Manually entered data is
made in response to prompts very similar to those in program l. All data entries
are echoed by the program on the VDU and must be verified by the operator before

they are accepted.

The input data as well as the apparent resistivity curve and the error measures can
be listed on the printer. An example of the output from the program is given belcw.

The subroutine EPSON 1s & proprietary machine code subroutine. 1Its function is to

dumo oravhics. in this case plota AF tha ammarent | reciativity evva, +n +ha P
dot-matrix printer.
V.E.8: No. FFS Crid Ref: 8U 61472 89812 Aximuth: (3
INPUT DATA )
Electrode.
Spacing A c D1 D2 B
3 15,8000 14,7000 11.1000 §1,8000 +6840
iew KPR T Co@ivw weRF W SeSv o ' s
2.0 4,8700 4,3400 3,5::00 23,4300 + 30380
4,0 2.5900 2,4100 1.8300 2,1200 1700
& O 1.0900 1.,0800 » 8300 » 86880 » 0880
$6.,0 13460 + 3280 +27T0 +2810 « 0210
PROCESSING REEULTS
Electrode Wenner Obrarved Offset Latersd ‘ .
Epacing Raststivity Error Errar Error
o5 33,66 -.00S%  .0471  ,OBAT
l.i’ 354153 00158 *» 1058 -2 1270
1.5 41.60
2.0 48,61 »00%1 -, 0281 . 0408
3.0 47,40
400 5012’ 00039 ) 1200 ' "0022_3
6.0 84 37
8.0 «3.68 » 0018 » 0437 + 0823
17,0 24,78
1640 27.99 » 0058 0216 0.0000
24,0 22,31

32.0 . 18,47

RiM+3, Ohzervaticna! Error = 0077
ReM.8, Ofbget Wannar Ditference = ,0712
R.M.%s Pota:iiial Ladder Ditference = ,0802

bt T
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e min sgection of the progran handles all data entries and sets up the input
and nutpit <channelsg.,

INTECER® o4 M1, M2

DINNSY ©ON Psmm.rsrzia:,mzsi.numzs;

N 78/ RCS(29), RCN(23),PRI2S ), AA(2%),PAL20),PC(20)

A YEEe3 RNQ/ ' Y '.',N )

DATA ™, FBP2/° 'y' ‘' 'DAT ", ‘' ‘v "INT °/

DATA AL /2704 /

WRITEIS . 600)
600 FORMTC - PROGRAM INPUT‘//,

I' Tili gprogram is used to inut resistivity data collected by’ /,
ZIZ;FE*&:IDQ"I"-HMH" method t03 disc filp for interpretation/7/)

WRITE(S . 908)

208 FORMAT! -~ Do ,ou want 310 enterdaca from fite? (Y/NV' /)

READNY, 314) ANS
IF M8 . EQ.RNO} COTO 921
IF N5 . NE.YES) GOTO 2!
1FLGed
CALL DI SSKFL (FSP)
60Tt 52

21 WRliLID o =40Z)

402 FORMAY = GCiveg the number of tht diFc drive on which the data fitle

115t Ry @ Crgut®d s’ 12A, 2B 0, 4=D ")
READ!)) =903, ERR#921 } 1D
IFIIDNES « 1+ AND, 1D, NE+ 2. AND, IDNE . 3. AND, ID.NE. 4) GOTO 921
WRITEID - 318

310 FORMATY = Entgr thg grimary nifa o©f ySur data file /)
READIly S» 19)FGP(1), FSPI(2)

319 FORMAY == A4)

403 FORMAT( T 1)

CALL OPEW{E, PSP, TD}
READIS, ESRR=32 ) pUMMY

- 605 WRITEIS. 21000)F8P(1),F3P(2),1D
1000 FORMM =  File ‘»2A4,  alrpdy exist on drive <, 12/,

1" Tryiry Othepy pame! !’ /)
ENDFILE &
6010 21
32 WRITES, 420)
420 FORMATL = Glvae che mymber ol the @i are Arive On phich <he outnoe £33
e/ s 10 pe Created s/ J2Acsn, S0, 430 7
Rg?%:,403r ERR=21)1Dn1
! ' 'l-ﬁND' ID!.“£‘20AN0![DI‘NE!~30 1D}, 4)
FSP?H!-:I"fSP( ) AND. IDY . NE, GOTO 32
FERZ2im B8P (2)
CALL (FEwm (7 FBP2, 1D1 )
READI?\ EE2= 553 ) pUMMY
t%0 WRITEL, 2 000)FBP2€1),FBP2(2}, DI
ENOFILE =
coto 21

ENf!r.TE‘;\E‘r'.c‘ DETAILS AND RES:STIVITY READINGS TO DISK FILE

&5 IF Uil » 969,906, 965
906 SE;}?‘&;‘ ?r_EﬂD-BZ) AIP1,AID2,(RBJ, M1, M2,N2, NS NF
LEN A - LA,
BIATlEe < < W5
00907 [ = 1, N
AA\I)'Z-OGHI 1) *STAT
REAME L O 8) 11.PACY), PG(H;Ru'ﬂfH s RGN« 1), ,PB(])
907 CONTINUE
. GOTO 952
96% WRITELY, =x01)
301 FORMAT(I e s ‘Give the V.E.S, numbar - fup to 8 charncters)’/)
READ(\ 3 21 aum.n P2
302 FORMATIZ g )
WRITENY, =590 ) Ali‘l 1 AIPZ '
490 FORMATI’  You pave g cered thi ZWE. 5. number 2s 'y 204)
o8 WRITES, =5 13)
READIL, B A Ans
IF (AN E=A.RNG) GOTO 987
IF (N0 N, YEG) GOTO 28
50 WRITES, D) o ‘
309 FOMATINC - ‘Give tha grid leiters of the sounding grid reference’ /

“ A}

22
23

406
4035

407

408
29

€1
304

READ(1,304) SPSJ
WPITE!S,40%5)
READ(1:406, ERR=22) M1

WRITE(S, 407 )

READ(!,406, ERF=23) M2

FORMAT(13)

FORMAT(' Give the easting oOf tne soundings S-figure grid reference
171 '

FORMAT!' Cive the northing of the soundings S-figure grid referenc
le'/)

WRITE(S,408) GRSJ, M1, M2

FORMAT!  The grid reference you have entered is ', AZ,217)
WRITE(S, 313

READ(1,314) ANS

IF {ANS.EQ.RNO) GOTO €0

1F (ANS,NE. YES)GOTO 29

WPITELS, 208

FORMATIAZ:

305 FORMAT(IX, Cive %ne azimuth of the sounding (up to three digics)’/

305
S0
30/

308
320

500
40

31
3:2

27

410
411
412
413
414
480

31
90
415

4 %

313
314
201

52
g3

1
READ(1, 306, ERR=81) NZ

FORMAT(13)

WRITE(S, 307 _
FURMALLIA) Wive the TIFST SPACING USEU VLR 30 VWL Ulyaesi ¢
READ(1,308, ERR=30) NS

FORMAT(12)

WRITE(S,320)

FORMAT(1X) "Cive the last spacing used (up to' two digits)’/)
READ(1,308, ERRa30) NF

WRITE(S, 300 NI, NSNF

FORMAT(’ You have entared the azimuth as’'14/° trne first spa
1¢cings as’'I37° the last spacing as'13/)

WRITE(S, 313

READ(1, 314} ANS

IF 1ANBS.EQ:.RNQ)GOTO 61

IF {ANS/NE. YES)GOTO 40 .

NaNF-NS+1

WRITE(%, 312) N

FORMAT!' Cive ‘', 12, scots of readings (up to 10 digits including
1 »a decimal point) ' /)

DO S5 i=)N

WeTTE(S, 410 7

mEADLL E01y ERFESBZY PRV

WRITEiIS,411) I

READ(1,201, ERR=24) PG(I)

WRITEIS, 412) 1

READ({)201) ERR=223)} RGS(I)

WRITE(S5,413) 1 .

READ(1,201, ERR=26) RGNI(1)

WRITE(S,414)

READ(1,201, ERR=27) PB(1) _

FORMAT(  Cive the A reading for spacing ,12/)

FORMAT(" Give the C reacging for spacing »12/)

FORMAT(' Cive the D1 reading for spacing’'» 12/)

FORMAT({’ GCive the D2 reading for spacirmg ', 12/)

FORMAT(' Cive the B reading for spacing’,12/)

FORMAT(5X, "WARNING: The observed error is greater than 1%°/,14X, T
lhere may be an incorrect input data value’™/)
EE=(PA(TI-PB(1)-PG{I})/PA(I)

IF (ABS(EE)-0.01) 30,930,891

WRITE(Y, 480) :
WRITE(5,415) I, PA(D),PG(1),RGS({I),RCN.I), PB(I)

FORMAT!' The readings for electrode spacing’,12,°
{ are’/S5F12,4) '

WRITE(S,313)

READ(1,314) ANS

iF (ANSEQ.RNOIGOTO &g

IF {ANS.,NE.YES)GCGOTO 41

CONTINUE :

FORMAT(IX. Correct? Y or N ?2°/)

FORMAT (AL}

FORMAT(FIO0. O)

you have entered

WRITE (§,93) AIP1,AIPZ:CRSJ, M1, M2,NZ,NS, NF
FORMAT(1X,2A4, A2, 215,13, 212)
STAT=0.5#NB

11
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DO 84 1oLN
AA(1 w208 € T - 1) egTAT
WRITE(6) 108> I,PA(I),PG(1),RGS(1),RCN(1),PB(I}
108 FORMATII4 S 9 , 4)
s4 CONTINUE
982 CALL JeAlAlP g , AIP2, GRBJ, M), M2, NZ,N, M, A, RWA)
CALL LO2LEI
WRITE(S,599)
w55 FORMATI (M)
RITE(7IAIPY , AIPe, GREJI MY, M2)NZ, M
00 7o feliM
WRITE(7) ACL > , RWA( 1)
70 CONTINUE
901 WRITE(%,900)
900 FURMAT(' D0y ou wang the plot pPrinted? (Y/N) '/}
READ(1,314) N3
IF (N EQ RMNO ) GOTO 42
IF (mgNE TEES ) COTO 901
WRITE(2)902)
902 FORMAT(/IX: * PL.OTTED RESULTS /)
CALL gpsONID , 2)
42 IE (1p1G) 94>, 9U6, a4?
942 WR1YE(%,800) ,
800 FORMATI' "2 wou wigh tO enter Mmore field data? (T or N)'/)
READ(1, 314 AN S '
IF (angiEQ' RINO Y GOTO B2
IF (AN NEVYEES1G0TO 42
GOTO a8
82 WRITE(5,8IFSJF (11, FGPI(Z)
83 FORMATL' your~ field data has Deen written tO file ', 2A4//)
ENDFILE 6 '
ENDF1LE 7
CALL pegdliD . =)
5TOP
END

Subroutina B6S

This stbroptine oxocesses the input readings from the BGS offset Wenner system to
Produce a yenner apparent resistivity curve. The variables used in the call are:

AIP) A1P2 = the gounding reference number

@sl ~ £he UR grid reference letters

l ~ grid reference easting

M - grid reference northing

N2 ~ azimuth of the array
N - <he number of electrode spacings used
H~- <«he nupber of electrode geparations on the

Pprocesged curve

A - - output vector containing the electrode separations

MR = cutput vector containing the Wenner apparent resistivities

The BGS offset readings are entered to the subroutine using vectors through the
common block Av  The vectors are:

RS - D1 readings

A - D2 Ieadings

7B - ¥3 readings

PA - & readings

P~ C readings

M - electrode separations

13

SUBROUTINE BGS(AIPL,AIP2,CRSJ, M1, M2,NZ,N,M, A, RWA)

INTEGER *4 M), M2

DIMENBION RA(25),RB(2%5),RG(25),E(25),RWB(20),RWG120),
1RC1(20),RC2(20), EL{20), H(20),A(23), RWA(25) ’

COMMON /A/ RGS(2%),RCN(29),PB(25), AA(25),PA120),PC(20)

DATA YES:RNO/"Y "+ 'N i

DATA CR/Z°0D’/

STAT=AA(L)

1FLC»0

PI"400|’ATAN(1|°)

A(1)=5TAT

DO 20 121,10

J=]a2

KnJe| ‘

A(J)n2,042]¢8STAT .
ALK)I=3,085TAT#2, One(l-1" .

20 CONTINUE
WRITE(S, 60)

60 FORMAT(' Do you wish to print processed resuits? (7T or N) /)

READ(1,61) ANS
61 FORMAT(AL)
IF{ANS,EG'RND)GOTOD 70
IF (ANS.NE. YESIGOTO 20 _

D3 FURMRI VikrDs w0 LA ERTE AR Gl LU WY i Lae ey LRy ITH K T, AX
1, 9HAzimuth: ,13/77)

104 FORMAT(/22X, "INPUT DATA - //,4X, 'Electrode’, /SX, 'Spacing ", 35X, 144, 9X,

1 1HGC, 9X,24D1, 8X, 2HD2, 8X, 1 HB/)
WRITE(2,77}

77 FORMATI1HL) et
WRITE(2,8%) AlPYI,AIP2.CEBSJ, M1, M2, K2 i
WRITE(2,104)

DO 34 [=I,N
WRITE(2,108) AAILTL),PACT)Y,PCIT),RGS(1),RCN(D),PRID)
NS4 CONTINUE

108 FORMAT(4X,F6.1,5F10.4)
109 FORMAT(/4X,9HE\ectrode, 4X,6HWennor, 4X, 8nlbservad, 2X, 6HOf fget,

13X, 7HLatera) /SX, 7HEpacing, 2X, | {HResistivity, 3(4X, SHError) /)
113 FORMAT(4X,F6.1,3X,F9.2, 3X,3F2. 4)
114 FORMAT(4X,F6.1,3X,F9.2)

70 EEE={.,0
MHtH=0, 0
DO 32 I=1N
PO e S B T S I
EE=ABRS(PA{[))+ABS(PB{ 1)) +ABS(PG(I))

RA(I)=PAll)-E(1)#PA(]I)/EE

PB(L)=PBI{I)+E(I)+PRI{I1)/EE :
RCUI}=PG(IY+E(I)#PS(L}/EE -
RG1(1)a(RON(IY+RCSIT1)) /2.0 : .
HU{T)Y={REN(I}-RCE(1)I/RCGL(])

RC2(1)=RG(1)-RG1( 1) . .
E(I)=E(I)/RA(]) x : o
EEEsEEE+E(I}#E(]) ' , e
HHH e HHHsH{ L ) #4 (1)

232 CONTINUE
EEE=SQRT{EEE/FLOATINY)
HHM=SERT (HHH/FLOAT (N) )
RWA(1=sRGI(1)

KeN-| . ‘

DO 3 1=K ,

II=]%2-1

IJ=1+1 -

It~}

12=1e2-2 o

RWA{12)=RGI(1) L

RWA(II)=RCL(I) /2. 04+RE(I ) =RB{I1)+RG1(1J) /2,0 ‘
3 CONTINUE

1 l=Nng-|

IJ=N»2

NN=N+2-2

RWA{NN)=RG1 (N)

PWALIIYaRCLIMY/Z,04PRINY —ABIK) +RG2IN)

PWA( T =2P02(Y1 22,0 ' B

ELL=0.% B : ‘ S - .

DO 4 1=},K '

Ti=Ia+1 :

EL(I)a{RC2(1I-ROL(IIN /2. DV/RCGILIT)

ELL=ZLL+ELI TV »EL(T)
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4 CONTINUE
ELL*SQRTIELL/FLOAT ¢ F ) )
ELIN)wQ,0
MaNe2
po 33 t=1,M
RWA([)e2.00Plea( ]l } #+ RWAL])
33 CONTINVE
IF(ANS, EQ.RNO)GCOTD ©93
WRITE(2, 115}
11% FORMAT(///17X, 'PROCESSING REGULTS )
WRITE(2, 109}
WRITE(2,113) A(LY, PWAI),El1),HII),EL 1
DO 6 1a2,N
[12]%2.2
IJule2.}
WRITE(2,113) AtII ), PWAILLLEID, I . ELT)
WPITE(Z,144) ATy, PRiAn
& CONTINUE
480 FORMAT(SX, 'WARNING = The observea error for spacing 12’ isxs greater
1 thun {4/ 14X. "Trigr 2 may be an incorre=t input dits value "~ /3
WRITE(2,114) A(M) , 2D (M)
WRITE(2,110) EEE
t10 FOHMT(IIIQLZBHR- ™M.S. Observationat Error s ,F5.i4)
WRITE(2,111) HHMH :
111 FORMAT(8X;34HR. M. S, O+t 2get Wanner Difeurence =« ,F5. 4)
WRITE(2,112) ELL :
112 FORMAT(SX,37HR. M. S . Potential Ladder Di # ferance * F5.4/)
98 DO 80 1=1,N '
1FLARS(E(IN}=0,01)>» =0, R80,8%
85 WRITE(S, 480) 1
A0 CONTINUE
DO 4533 [=1,M
IF(RUA(1).LE. 0. 0YCOTO 4540
4%239 CONTINUE
¢OTO 9993
4540 Ms-!
WRITE(S,49991)
IF(ANS, EQ. YES'WRITE ¢ 2, 9991)
9991 FORMAT{/’ NECATIVE RESISTIVITIES CANNOT INTERPET'/)
9999 RETURN
END

Sﬁbroutine LGéLG3 |

This gubroutine produce= a log/log grid on the 3802's VDU in high resolution
graphics mode. The gric 1is two cycles wvertically by three cwcles horizontally and

is drawn in red:

SUBROUTINE LC2LGH
BYTE CLT({5)
CALL RESOL(0,2)
CLT(4 =M% (0,0, 0)
CLT(2VaMIxi7,0,0)
CLTI3)=MIX(0,7) 0)
CLT(4)2MI%10,0,2)
CaLl COLOuURICLT)
CALL PLOT(79,190, 1)
CaLl LINE(79,31,1)
CALL LINE(318,31, 1)
20 20 [=1,5
iXIsALOGIO(Je1d.Que{ i — 2 » ) #5079
CALL PLOT(IX), 31,1
CaLL LINE![X1,190, 1)

21 CONTINUE

20 CONTINUE
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L0 22 1=1,2

DO 7 J=t.1¢C
IX1=ALOCI0(J#10. 08¢y 1)) 880+5}
CalL PLOT(F 9, IX1.11

CALL LINE!Z18,1X1,1 -

CONTINUE

CONTINUE

FPETUERN

END

[OR{\]
N w

Subroutine RESPLT

This subroutine plots the data points of an apparent resistivity curve on the
3802's VDU using the high resolution graphics. The points are plotted in blue.

. The variliables used by the subroutine are:

X - vechtor containing the electrode separations
¥ - vector containing the apparent resistivities
M ~ the number of data points :

Values returned by the subroutine are:

XST - the value of the leftmost log éycle
AM - the logarithm of the mean apparent resictivity value

SUBROUTINE RESPLT(X,T,M, XST, AM)
DIMENSION X(i1),Y(M)
IF (XST) 92,231,492
31 IF (AM) 32,30,32
30 AM=ALOGIO0(T(1))
DO 20 122,M
AM=AMIALOGIO(Y (1
I3 IOWNTINGE
AM=IFIX(AM/FLOAT(M))
XST=ALOCIO(X( 1)+
IF (XST) 21,22,22
XSTeXST~1,0
XST=AINT(XST)
DO 23 1=1,M ' o
IX=80s{ALOGIOIX(I))~XST)+73 _ ‘
IY=80#(ALOCIO(Y (1)) ~AM) L
26 IF (iY) 24,25,25 :
24 IT=2171+i60
25 IF (Iv-160) 27,27, 28
28 I1v=I1Y-160
27 Iv=]ts3l
CaLL PLOT(IX,1Y,3)
23 CONTINUE
RETURN
END

2 bJ )
EI N »e

Subroutine DISKFL

The purpose of this subroutine is to cpen a disc £ile on a specified drive.

Questions are displayed on the VDU and answers given by the operator through the
keyboard are used to comtrol the file that is opened. There is only one vector
returned, FSP, which contains the name of the file. :



16

SUBROUTINE DISKFL(FSPE)
DIMENSION FSP(Z)
DATA YES, RNO/'Y v N ]

21 WRITE(S,402)

402 FORMAT(' Give the number of the disc drive on which the dacta file
i 15 ‘tocated’/’ 1=mA,Z2sB,3=C,42] /) :
READ{1,403)1D
IF(ID.NE. 1. AND, ID.NE,2.AND, ID.NE. 3. AND, !D. HE. 4) GQTO 21

403 FORMAT(11)

66 WRITE(S,313)

318 FORMAT(1X, "Enter the primary name of the data file’ /)
READ! 1, 319)F8PI 1), FER(Z!

219 FORMAT(2A4)

CALL OPEN(&,FSP, ID)
READ!&, ERR=33, END= 33) DUMMY
cOTD 95

2% JRITE:!S5, 44 FEP( 1), FEPIZ2Y,FER' Y, ID

44 FORMAT(  File '+2A4,'." A4, iz empty or d2eg not e2x15t orn d=ive .
111/7° Do vou wish to continue? (T or i) /)

READ( !, 5%)ANS

%% FORMATI(A1)}
IF(ANS, EQ. RNQ)ISTOP
[FLANS, NE. YESICOTO 33
COTO 2}

39 REWIND &

RETURN
END

PROGRAM 4

e S s - - - +- . iy v 1 -
This poogram 15 based on the work of Mocofeed (197%2), but the 2lgorithm that

carries out the interpretation has been modified to improve tae speed as recom-—
mended by Koefoed (1979b). In addition, routines have been ada>d that allow the
program to handle data with irregular electrode spacings and the input and output
routines added to make the system user—friendly. Koefoed's program is designed
for the Schlumberger array but this program is designed to handle both Wenner and
Schlunberger array data. Ideally this should have been done by the application of
a linear filter to convert Wenner array data to Schlumberger array data. However,
the limit of the computer's memory made this impractical. Instead Wenner array
data is merely shifted in the x-axis by the square root of 2. This approximation
only produces unsatisfactory results if very large differences in the resistivity

of adjacent layers are encountered.

The program uses an iterative interpretation method based on the methecd of steepest

descents. This method, when applied to resistivity sounding interpretation, yields
a fast improvement in the layer parameters. The field data are compared with data
calculated from a layered model and if the agreement between the two data sets is
unsatisfactory, the parameters of the layered model are adjusted in the direction
of the "steepest descent" of the diffexence between the two and the procedure
repeated. Unless a starting model is used which is a rough approximation to the
final solution, the iteratiuns either fail to converge or do so slowly. However,

" with experience the operator can provide an adequate gtarting model merely by
exauining the field Jxta displayed on the VDU by the progzam.

The apparent resié'i:ivity- curve is calculated from the layered model by firstly
taking the transform and then applying a linear filter, as desciribed by Ghosh

fl

—p—_——

(1971). This method allows the calculations to be made rapidly with only a small
error, generally less than 1%, due to the approximations involved. |

The program is designed to be fully interactive and leads the operator through the
necessary procedures. All data entries from the keyboard, or decisions for output
requirements are made by the operator in response to prompts by the program. In
order to minimise operatcr errors, all data entries are echoed by the program and
must be verified by the operator before the program will proceed.

The first section of the program concerns data entry. Data is entered from disc
files ir an unformatted state. When the program is started the operator is asked
to give the name of the data file and which disc drive it is located on. The
program checks whether the file exists before proceeding. 'The data can be inter-
preted sequentially, i.e. the soundings are dealt with one after another, or

soundings specified by the operator.

After a sounding has been selected for interpretation, the field curve is plotted
An +ha UNH and tha oparator is offered the chance of editinag the data. This can
consist of deleting, adding or altering points. Experience has shown that editing
usually consists of deleting obviously spurious data points.

The operator 1s asked to input the number of layexs for the starting model and
then the thicknesses of the layers, fcllowed by their resistivities. The program
cannot change the number of layers, only the layer parametef value. In addition
the program provides the facility for assigning fixed values for the layer resis-
tivities and/or the depth to the boundary between two layers by adding 100000 to
the value. This allows the operator to incorporate knowledge of the local geology r
such as the depth to a particular boundary derived from a borehole close to the

site of the sounding.

The interpretation algorithm is then called by the program. The iterations are
carried oue five at a time, after which the operator is presented with the option
of terminating the iteration. Otherwise the iteration is terminated eiilier wien
30 have been completed or when the difference between the field data and the values
calculated from the layered model falls below a level entered earlier by the
operator. Iteration also terminates if the adjustments made to the layered model

fali below a level set within the program.

On completing the iterations the calculated curve and the field data are displayed
on the VDU. The operator is given the option of printing the final layered model
and the plot of the curves, before trying another starting model for that sounding,
starting to interpret another set of field data, or stopping. An example of the ’

results of an interpretation is shown below.

The data upon which the interpretation is based is listed, as is the final layered
model. The R.M.S. relative error is the average difference between the field and
calculated apparent resistivity curves and thus is a measure of the quality of the
interpretation. The value that can be attained is dependant on the quality of the
field data, but, the smaller the value, the better the interpretation. The number
of trials is the number of iterations carried out to produce the final model. -

17
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V. Ei B. ~°l FPS

FIELD CURNE DATA INTERPRETED MODEL

Electrode Apparant kefinction
Bepapation Resistivity T ' Hopth Rho vostfts,
i %] 88.66 PR 34,1
2 1o 55.63
3 1.5 4‘!50 1:42 weES o an. 3779
4 2,0 43,61
3 3,0 47,40 .40 . 3.6 .
6 4,0 30,27
7 6.0 48,97 4,82 erea-—e. =+ 3398
8 8.0 43,68
9 12,0 34,78 23.: 19 23,0
10 1640 27,93
i1 24,0 22,3t 30,01 memo e -es 6254
i2 92,0 18/47
3.3
TYIYY XY

R Ml Rlll;tlvc erpror- = 0313
Maxinug r¢ly error = 10801 at cample 2
Namber of Srials waz 14

The main segment of the program handles setting up the input files and selecting
the sounding to be intexrpreted before handing control to the intexrpretation

alcorithm.

LOGICAL FLG
INTEGER #4 Mj, M2
DIMENBION A(25), RWA (2S5 )
DATA YEB/RNO/'Y e TN "t
CALL RESOL(0,2)
25 WRITE(S, 500}
S00 FORMAT!' Which slectr o cle Itrsy? (W)enner or (S)chiumberger’/)
- READ(1, 10,ERR=25) wSA
FLGs, TRUE,
700 CALL DISKFL
30 WRITE(S2).
2 FORMAT( Do you wish T gart interpreting data from the'/,
1’ bagining of the dat= ¢${1e? (Y or N}’ /)
READ(],10)ANS
10 FORMAT(AL)
IF(ANB.EQ+RNDICOTC 130
IF(ANS, NE\ TE§)COTO 3O
GOTO 40
220 FLGx,TRUE,
WRITE(S: 210)
210 FORMAT(' Do you want T <> interpret the next sounding? (Y or N}’/)
READ{ ], | 0}ANB
TF(ANS.EQ,RNO)COTD 130
IFIANB, NE\ YES)COTO 220
GOTO 40
40 CALL SELECT(AIPI,AIPZ2, G RBINIMZ2NZ, M, FLG, A, RWA)
IF (N} 90,70,90
>0 WRITE(S, 100) _
100 FORMAT(’ Do you wish to (nterprec any other soundings? (7 or N)'/)

Nl il R e i Al kiRl 5 G

s e bl el T . i+ T il - D LA e

START
)— -
no input yes obtain
input data data from - filename
from ile? |
Keyboard input data).

from filgj

Loy | plot apparent -

—2p- resistivity curve

use cubic spline
to produce

yes dit no

—

'T call 1
editing - urve? A
routine \qi\*/’//ﬁ regularly spaced
data .

no —>— 1

correct |  parameters and
error criterion

S,
yes

compute the resistivity transform
of the model, compute partial derivatives
A of transform, apply linear filter and

compute partial derivatives of error
criterion, output intermediate results

is number of iterations > 30

or rem.ss. error < acceptable level
é or step length < /S ererur o

o Y e

comp'ce changes plos observed and

of lzyer - jcalculated curves
parameters on VDU
-
no 4
' list curve and
final model and
plots on printer

=
. Yes
-t Continues
\/ .

STOP

19
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READ(1,10)ANS

IF CANS. EQ. RNOICGOTO 99
IF({ANS.NE. YES)GOTO 70
IF(N.EQ.0)COTO 730
GOTO 220

750 WRITE(S:760)
760 FORMAT(’ Do you wish to interpret sourdings from a different file’,

- _.‘-M...,: oS q:'h ‘!.,. -.i-;‘.,--l,. o S—

AIP]l ,AIP2 the V.E.S. reference number
GRSJ - the UK grid reference letters
Ml - the grid zeference easting
M2 - the grid refnrence northing
Nz the azimuth of the array
N - the number of points on the apparent resistivity curve

12 (Y or N)' /)
READ(1,10)ANS
IFLANS,.EQ.RNOICQTD 220
IF(ANS.NE. YES)GOTO 750
ENDFILE 6
GOTO 700 ‘
50 ESEE !@SINT!AIPI;AIPZ.GRSJ.MI,NE,MpA.RwA.WSAl
I
99 STOP
END

Subroutine DISKFL .

This subroutine opens a disc file on stream 6. The drive number and file neme are
given from the keyboard by the cperator. If the file does not exist the operator
is prompted to supply another name.

SUBROUTINE DISBKFL
DIMENSION FSP(3)

DATA FSP/° "y T TINT /7
DATA YES,RNO/'Y *v'N °!
Tt WRITE (S W07
402 FORMAT( Cive the number of the disc drive on which the data fite

1 15 located’'/* 1=A,2aB,3uC,4=D /)
READ(1, 402) 1D
IF(IDJNE,!+AND. ID.NE, 2,AND. ID.NE,3.AND. ID.NE.4) GOTO 21

403 FORMAT(I1)

66 WRITE(S, 318"

318 FORMAT(1X, "Enter the primary name of the sata file'/)
READ(1, 319)F6P(1),FSP(2)

319 FORMAT (2A4)
CALL DOPEN{S,FSP, iD)
READ(&, ERR=33, END=33) DUMMY

COTO 99
33 WRITE(S, 44)FSP(IJ.FSP(21.FSP(3),ID
44 FORMAT(® File ', 2A4,°’,' A4,  is empty or dos_ not exist on drive °,

111/’ Do you wish %o continue? (Y or N)}'/)
READ( 1, S5)ANS
5% FORMAT (A1)
'FIANS,EQ.RNO)STOP
1F (ANS,NE. YES)LOTO 33
coTC 21
S9 PEWIND &
RET.PN
END

Subroutine SELECT

This subroutine selects resistivity soanding data from a sequeintial file. If the
selection fails all the V.E.S. numbers on the file can be listed. The inputs are
provided directly from the keyboard. The output variables are:

FLG - if zero the next V.E.S. is taken
A - vector containing the electrode separat! ns
RWA - vector containing the apparent resistivity curve

SUBROUTIWE SE.ECT(AIPI;AIPZ.NWJ.HJ;H?:NZ:N:FLG:A.Rth

LOGICAlL FLG
INTEGER +4 Mi,M2
DIMENSION A(29), RWA(Z2S) .
DATA BL, YES,RNO/°® I +'N °/
IF(FLGC) GOTO 3 '
S50 REWIND 6
9 WRITE(S, 1) ‘
FORMAT(‘' Enter V.E.S. numbsr you recuire’/)
READ(1, 4)RAIP1, RAIP2
FORMAT (2A4)
IF(RAIPt.EQ.BL.AND. RAI1F2.EQ.BLIGOTO 9
READ(6, END=11, ERR=77AIP},AIPZ, GRS, M1, M2, NI, N
DO 25 I=1,N
READ(G,ERR=77) A(l}),RWA(])}
2% CONTINUE
600 TFI(FLE) COTO 12
IF(AIP1,EQ,RAIP1,AND. AIP2,EQ:NAIP2) GCTO 12
GOTO 3
77 WRITE(S,78)
78 FORMAT(’ READ ERROR: May be corrupt data file!’/)
STOP
11 IF(FLG)COTOD 99
‘ . WRITE(S, 13)RAIP1,RAIP2
12 ENPMAT!* Nn sych V. E.S. number as °, 2A4/,
; I DO you WiSn tO J1ST veE:D numsers on Lne i
F READ{!, 14,ERR=11)ANS
14 FORMATIAL)
1F (ANS, EQ. RND)COTO 20
IF(ANS.NE, YES)GOTO 11
REWIND & )
] 34 ICOUNT=0
31 READ(6,ENDs20)AIP1, AIPZ
iIF(AIP1,EQ,BL.AND,A1P2, EQ,BLICITO 31
WRITE(S,6)A1IP1,AIP2
6 FORMATI(1IH ,2A4)
{ 1COUNT=ICOUNT »1
IF(ICOUNT.EQ, 13)CITD 33
COTO 31
33 WRITE(S,39)
5% FORMAT{(/’ Continue listing? (Y or N)'/)

[

W b

”Ez-“wﬂn-&ﬂlfG--aﬂﬂl--Wﬂn‘ﬂ'ﬂ-n-“ﬂ.ﬂﬂ-ﬂ-nﬂﬂﬂ“-."

R T,
€ T v i vad

READ(1,SI)ANS
31 FORMAT(AL)
IF(ANS.EQ, RNO)GOTO 20
IF {ANS. NE, YES)GOTO 323
GOTO 34
20 WRITE(S, 32)
2 FORMAT(’ Do you wish to continue selaction (Y or N)°/)
READ(1, 14)ANS
IF(ANS, EQ. RNO)STOP
1F{ANS, NE.YEB)GOTO 20
GOTO S0
| 39 N=0
{ WRITE(S, 333)
%33 FORMAT(’ End of file, no mors soundings’/)
i2 RETURN
END

0. st mmts B e sn 8 oy g




22

SWroutine VESINT

s subroutine is the interpretation algorithm.

outpat subroutines. The input variables are:

AIPl ,A1P2 ~ the V.E.S. refer :nce number

o
2000

50C

%7
I8

301

s

206
167
60
161

160

GRSJ - the UK grid reference letters
Ml - the grid reference easting
M2 - the grid reference northing

JZ2Z - the number of points on the apparent resistivity curve

OAB - vector containing the electrode separations
OAR - vector containing the apparent resigtivity curve
WSA - variable denoting the type of array

SUPBALRINE =R TRT Arme ATAS FADS o MU Ma 1T ARS NAD H!:'é\‘l

INTEGER“ MI.HZ'HI.MJ
DIMENSION RF(25),P(19),PL(19),GC(19), CL(!B);T(QJrU¢19)pD(4 19}

1 »AB(2%), RHouohnEeruoa.nmxm.Psrcano:.wwsnnmzss.cc 25)
2, RMM(2%),22R(25), 0AB(2%), 0AR(2S)

DATR YES, RNQ, CA/WAR, SAR/'Y "M *,'C “,'W ', '€/
F=EXp(aL0C(10.1/6,)

RE® Y

SQT.‘-;QQRT(:.". 0)

RB=.§

XET.OIO

AMN=0,0

IFLG=Q

JELG=O

WRITE(%,2000;

FORMAT (1H1)

cALL Lg2LC3

¢ALL RESPLT(0AB,0AR, JZ2Z, XST, AM)

reiliMe=n
WRITE(S5,1007) AIPt,AIP2

DO 301 J=1,42Z

WRITE(S, 1006 J,0AB(J), QAR(.])
AB{J)=gAB(J)

IF (WSa-SAR) 367,368,367
AB(Jd)=pB({J)agaT2
AB{J)=aLOCLQ(AB(J))
AR(J)..ALOC10Q (0AR(J))
CONTINUE

WRITE(S,1010;

READ(1,1002) ANS

IF (ANS,EG: RNQ)GOTQ 505
IF(ANS,NE. YES ) GOTO 501

c0T0 6

iF (1FLO) 163,505.168

CALL EDITXY(pAB:0AR,JZ2Z)
IFLG»0

cOTO 500

XA=10,0##AB(}1)
WRITE(S,2000)

JZ=d22

JZ3=38y2

cALL cygri(Jz,JZ3,AB, AR C, W)
IF w1y 156,157, 166

1E=-1]

{FLC=1

po 160 1=1,2%
ZBsAB(1)+FLOAT(I-1)/6.0
ZZP(1)1=0ABl 1)

IF {(1-1) 600, 161/600
ZZB{1)aZ2B{11#10: 020 (FLOAT([-1)/6.0)
gr—'tl)-cusPZ(xE,JZ.AB.AR.C.ZB)
IE=4

RF(1)s10.088RF:

IF (2B-AB{J2)) 160-160.162
CONTINUE

It also calls the editing and

el

[PRETERIE W e

162
168

oan

633

3003

JZ=l-1

WRITE(%, 132) .

READ(1, 1001, E. 7= BB)E

IF(E.GT. 1.0, OR-P—.LT 0.01CG0TO ice

WRITE OUT LAST MODEL PARAMETRS

IF(JFLC,EQ.0)COTO 633

WRITELS, 1234)

WRITE(S, 1237) (RD{IK1), RHO( 1K1}, IK]I=1, 1K)
WRITE(S, 1238)RHO(IL)

WRITE(S, 138)

READ(t, 1000, ERR=633) IL

IF(IL.LE. 3, OP. IL.CT. 1 8180TD 632

WRITE(S, 3003) '

FORMAT(/‘ 1t you do not want a layer parameter to be sdjusted, uid
1 {00000 to its vatue 7’ When entering a layer 'peraneter use up to

210 digits including a decimal point’/)

634

633
10

3000

001
96

3002
623

11

i3

a0n0n

16

i7
18

19
20

21

[KalL-1
17 iKeIL

DU 9 Img, 1K

WRITE(S, 1391

READ(1, 1003, ERR=634)P( 1)
IF(P(I),LE.0.01GOTO 6234
CONTINUE

po 10 I=IL,IT

j1el-iLet

WRITE(S, 140)11

READ(1, 1003/ ERR=633)P(])
IF(P{1},LE.0.0)COTO €38
CONTINUE

WRITE(S, 3210)
FORMAT( /1%, ‘Layer’, 4X, "Thickness’,2X, ‘Resiztivity’}

DO 96 l=1.1K

Ilnt‘rtlk

WRITS v L, POLY, POITD
FOI - ° L Fi14.2,F13.2)
co”ld A

VRITL ' 4y L, BTy

FURMART (. ., .. H 17X F10.2)
WRITE(S,137)

READ{1, 1002)ANS
IF(ANB.EQ,RNO)ICOTO 8
1F(ANS. EQ.CA)COTO 168
IF(AMB.NE. YESIGOTO 625
WRITE(S, 2000)

avs99,0

E5Te0,0

1C=0,0

1M=0.0

uili=t1.0

CONTINUE

COMPUTE THE RESISTIVITY TRANSFORM FOR THE CURRENT LAYER
MODEL T

XR=XA -

J=l

G=0.,0

BHIOIO

DO 17 1=1,IT
Gi1)=0,0
CONTINUE
Xu0, 0105« XR
Lp=i

Do 30 L=4,9
XaXsF#F
B=pP(IT)

IF (100000.0~-B) 20,20,21
BsB-{00000.
BC=B

DO 29 K=f, IK
ILKsIL~K
ITK=I1T-K
DW=P{ILK)




C2CY £ 20

20O

3

RWaP{ITK) _

IF (100000.0-Dw) 22,22,23
22 DW=DW-100000.0
23 IF (100000.0-Ry; 24,24,25%
24 RWaR4W-100000.8
2 THeTANH(DW/X)
2 Br.(B+THeRW) /{1, +TH*B/RW)
3 T LB :

COMPUTE ¥AHE PARTIAL DERIVATIVES OF THE SAMPLE VALIES OF THE
RESISTIVITY TRANSFORM WITH RESPECT TO THE LAYER PARAMETERS

D(1,X)

3 XK= ()X

| O

IF (Lk-1) 32,32,33
2 X=X

DO 41 Lelp, 4
BNOLL, I, 0

B=pC

DO 40 Ke1, IK

- T iun

IWe]IT-K

T X wlksl

Didwnp(l)

RiJup{lW)

IF (100003, 0-DW} 34,35, 33
4 Das=pW-130500.0
¥/IF (160020, 0-RW) 36,36, 27
3 RWarW-100000.0
37 TrH=aTANHIDW/ X)

BAw],+3tTH/RY

FPéasm(],-THaTH)/{BASBA)

DCL,1)s{RW-B#B/RUY) /X

DCL,IW)=xTH® ( 1. +BsB/ (RWSRW) +2, # TH#B

DO 38 1Z=1, 1K
DAL, 12)"PAcD (L, 12)
38 CONTINUE
DO 39 [Z2alYy, IT
D<CLl.,12)sPAsD!(L,12)
g O TNAITINGE
B= (B+TH*RW ) / (14 +THeB/RW)
4 CONTINUE
X=X aFsF
4{ CONTINUE -

APBLY THE LINEAR FILTERS AND COMPUTE THE P

OF THE ERROR CRITERIOn

S RIMI=C, 0L148#T(1)-0,08144T(2)+0.401684T(3)-1,57164T(4)+1,9724T(5)+0,18
159 ®T(6}+0. 10644T(7)-0,04994T(8) +0,02254T(9)

MftJ’URH
DO 44 L»), B
TCL)»T(L+1)
i CONTIRNUE
- piwvemy 0-RM/RFiJ)
00 50 I=1, 1T

I¥ (P{1)~100000.0) 48,50, 30
19 B=0,402¢D(1, PI-1, 8716002, 1) 41, 972#D(3, 1)+0. 186 #D{4, 1)

no 49 L=, 3

LE = 4|

DO L., VID(LL, I}
49 CON'T INUE

GC T I=G([)a2. O*BARB#P(]) /RM
50 (v T INUE

BRANCHING PROCRAM

{=G+ BA#PA
IF (RMeBM-™ ;PA) 42,85, c5
R pMm~BA L . o
JM =" L

T

L=

LB==

IP=XRsFsF

I- b < -S'XR

/RW) /{BARERA)

ART 1AL DERZ VAT IVES

i
|

36

¢

S8

OO0

960
350
970

1100

&0
61
52
63
68

anoon

70

75
381

B3
84

8%
88

cCOODD

89
91

92
93

94

95

97

a8

99

IF (J-J2) 19,19,356
IF ({J/2)e2-d) 37,358,957

XRaXA#F

Jn2

COTO 18

Q=BQRT(Q/FLOAT(JZ))

OUTPUT OF INTERMEDIATE RES_ULTS

WRITE(S, 142)IL, ST, @
INUMB= JNUMB+ 1
1IF(INUMB,EG:3)GOTO 960
COTO 31100

INUMB=0

WRITE(S,970)

FORMAT(* Continue Itarations? (Y or N}°/)

READ(1, 1002)ANS

WRITE(S, 2000)
IF(ANS,EQ,RNO)GCTO 113

IF(ANS.NE.YEE)GOTO 990
CONTINUE

IF (IM) 60,63,60

IF (E-Q) 61,115,119

IF (1C-30) 62,119, 115

F (E/%,0-8T) €2, 11%, 118
IC=IC+1

p=0.0

COMPUTE THE CHANGCES OF THE VALUES OF THE LAYER PARAMETERS

IN THE FIRST PHASE

D0 70 1s=§,IT
G(1)=C(1)/FLOAT(JZ)
BuB+C{I)G(I])
CONMTINUE

GR=8QRT(B)

IF (1M) 89,75,89

1F (Q-@v) 81,88,88
ST=l{GeR-0,.9¢C¢E /O
8T=0.5

DO B85 [={,IT
ClL(l)aG()
PL{I)sP(]}
PC=ST+G(I}/CR
Ptl)sP(1)2{1,0+PC)
CONTINUE

COTO 100

SReST

COMPUTE THE CHANCES OF THE VALUES OF THE LAYER PARAmETERE

IN THE SECOND PHASE

GOTO 91

1IF (@Qv-@}! 90,50, 91
SR=5T

B=0:0

DO 98 1I=1,IT

A=P(])

1F (A-100000.,0) 92,97,97
IF (Gt1)/GL(1)) 94,97,93
PC=SR#U{1)#G(1)/CR
PtI)aAx{t,0+PC)

COTO 9%
BAsCL{I)Z(CLII)-G(I))
P{1)=PL{1)+BA®{A-PL(I))
UL )=RBaU(T)
PC=pP{1)/A-1.0

BsB+PCaPC

GL(1)=G{])

PL{1)=A

CONTINUE

ST=SART(B)

IF (IM) 99,99,100

IM=}

SR=RARSR
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=y o

> > B o]

10000 £ OF lag, 1K
QDJUS'I‘ THE VALUES OF LAYER THICKNEBSES

IF ¢ 200000,0-P(1)) 502,101,103
100 Pt1 3 0,0
DH'0.0
0 202 Kei,!
Doy +PL (X) ~P(K)
102 CONT= Z NVE
Fily s=DW
103 CONT* £ NUE
T~
ro 16
419 CONT I NUE

WTPUT THE FINAL RESULTS

01220 1wy, 3K
likm g «1X
lisp ¢ I}
Risp » T 1K)
IF { £ 00000,0-DW) 116,116,117
116 nu-nw-looooo 0
117 IF t 1 ©0000,0-RW) 118,118, 180
118 RWaReg = £00000,0
lao RHOC » =AW
120 ROIY 2 =W
kvap ¢ IT)
IF (3 00000,0-RW) ;21,121,122
121 RWaRy -~ 100000, 0
122 RHOt :z.)wnu
DEPPe-; ¢ D!
01>0 Isg, 1K
DEF'I'HHI-nEPTHtI =1)4RD{ 1)
{70 CONT X NVE

'PLOT GRAPY

WRITE: ¢ S, 2000)

CALL  .CRLGs3

Chll.  m¥ODPLT(ZZB) RMM,JZ) XBT, AM}
CALL pREBPLT(0AB, 0AR,JZZ, XBT: AM )

WRITE MINI VERSION OF INTERPRETATION

WRITE ¢ S)1224)
1294 FORMAy g ¢’ m‘rznPRt'rA'rION'u' Thick Rho’)
1> weDEPTM(Y)
IF(IK.LT.!!GDTO 1233 ’
M 238 IX1a2, IX '
IKiegpC -4
Rl ¥ Y=*DCPTHIIKT ) -DEPTH( IX1)
1236 CONTT NUE
1280 un:rns.taamnnc:xn.nuoux:>.m-x.m
1237 FORNAY" (2X,F7,2/F8, 1)
WAITE ¢ S, 1238)RHO( 1L}

c1238 FORMA, 3" (5X, F8. )

WRITE ¢ 3, 148) @
WRITE ¢ B, 149) BM,JM
WRITE ¢ 5,130 IC
403 WRITE ¢ 93, 400)
400 FORMAY" €’ Do you wigh $0 print the interpretation (Y or N)'/)
READC % . 1002)ANS
IF(AMG.E_GoRND)GOTO 402
IF(AN®S » NEJ YEB)COTO 403

WRITE € 2/77)
77 FORMA T € SHL)
WRITE ¢ 2, 144) AIPL,AIP2
CALL PHOD(RMOg RD, DEPTH: REFCO) 1K, 1L: 2, 0AB/) OAR, y22)
WRLTE ¢ 2/ 142)9Q
WRITE ¢ 2, 149)5M; JM
WITE ¢ 2, 1801 1C

CITH umz:s. 4444)
4444 FONMAT € * Do you wigh 3 Print of the mpdel plot? (Y or N) /)

READ(}, 1002)ANS
IF(ANS, EQ: RNO)GOTO 402
IF(ANS.NE . YES)COTO 8881
WRITE(2, 6373}

63573 FORMAT(/1X° PLOTTED RESULTS’/)
CALL EPBON(0, 2)

402 CONTINVE

JFLGx1

183 WRITE(S, 151)
165 READIL, 1002)1ANSB
IF{ANB.EQ.RNO)ICOTO 1352
IF(ANS.NE. YES)COTO 183
¢OTO 800
t =2 CALL REEQLIQ, 20
RETURN
1000 FORMAT(12)
1002 FORMAT(AL)
1001 FORMAT(F10,0)
1010 FORMAT(* Do you want to alter this sounding data? (Y or N)‘/)

13> FORMATI(1YX, ‘Cive mcceoptable fractionat R.M.8, error’'/’{in to 10 dio

1its including a decimut point) /)
137 FORMAT(1X, "Correct? (Y or N)'/° (C)} will cance) the
lcurrant inmtruction” /)
1006 FORMAT(3X, 13,3X,F6.1,4X,F10.2)
1007 FORMAR(/ ' V.E.B. No. ',2A4/)
10032 FORMATIFIO0.0)
138 FORPAT(LIX, "Give number of laysr: {(up to 1001 )
139 FORMAT(1X, ‘Give the thickness of Jayer’, 12t °)
140 FORMAT(1X, Cive the resistivity of layer’, 12 )

142 FORMAT(1X, 13, Iterations, Stepiength =’ ,F7.4," RM8., error =

1 E7 40
144 FORMAT(/* V.E.S8., No. ‘,2Ah4/)
145 FORMAT(1X, ‘Resistivity Thickness’)
146 FORMAT(2F10.2)
147 FORMAT(F10.2) ‘
148 FORMAT(/,1X) 'R.M.8, Reilative error =',F8,4)
149 FORMATUIX, ‘Maximum rel. error =’,F8.4,° at sample’, I4)
1950 FORMAT(1X, 'Number of trials wasm’,16/)

1T OFOMMATINY, ‘Do you want tp cerntirue interzroting thie sounding®’.

ity er N}/)
END

Swbroutine EDITXY

The puxpose of this subroutine is to edit pairs of data points.

deleted, added or altered. The editing is done interactively by the operator
through the keyboard using a question and answer procedure. The variables are:

X - vector containing the x values of the data
Y - vector containing the y values of the data
N - the number of data pairs

SUBROUTINE EDITXY(X, Y, N)
DIMENSION X(2%5),Y(2%)
- DATA YES,RNO, CA/'Y ‘s °N ‘»C °/
22 WRITEIS 100)
READ(1,1002)ANS
IF (ANS.EQ,RNO)COTO 20
IF C ANS.NE, YES)COTD 22
21 WRITE(S 102)
READ(1,105, ERR=21) J
‘ IF (J) 22,23, 24
23 WRITE(S 108)
READ(1,109) XP
WRITE{(S,111)

They may be
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FEAD(1,109) YP
DO 2% J=1,N
IF (X(J)-XP) 23,26,25
26 IF (Y (J)-YP) 25,24,23
25 CONT INUE
WRITE(S, 103) XP, YP
GOTO 21
24 WRITE (S, 104}4d,X1J),Yid)
READ ¢ 1, 10021ANS
IF(ANS.EQ.RNOICOTO 21
IF{ANS.EQ.CAIGOTO 22
IF (ANSNE.YESICOTO 24
27 NimN-1{
IF (N-J) 21,60,29
29 DO 28 I=J,N{
Iimfel
Xt{I)=X{II)
28 Y(1)=Y(]1])
60 CONTINUE
N=N1
GOTO 22
-m Q.!p'-r-fﬂ ann
READ 1, 1oozmns
IF VANS.EQ.RNOYCOTO 30
IF(ANS.NE.YES)GOTQ 20
31 WRITE(5,107)
READ{ 2, 10, ERRm2?)
IF <J) 20,32,33
22 WRITE(S,108)
READt 1, 109,ERR=32) XP
636 WRITE(S:111)
READ( 1, 109,ERR=636) YP
DO 34 J=i,)N
"IF (X(¢J)-XP) 34, 395,34
3 IF (r(J)-YP) 34,33,34
34 CONTINUE
WRITE(5,103) XP, YP
cOTO 31
3B WRITE(S,104) J, X(J),¥d)
READ (1, 1002)ANS
TEfanme, EO, PNOILOTO 9
IF(ANS.EQ,CAIGOTO 20
1F (ANS,NE. YEB)GOTO 23
3 IF tN-J) 31,62,38
38 Ji=aN-J .
Do 37 Isi,d1
NleN-141
NJ=NI el
XINJ)=X(NI)
37 Y{NJ)=Y(NI)
62 CONT INUE
N=N+ 1
JisJae1i
637 WRITE (S, 108)
READ( 1, 109,ERR=E37) X(Jl)
638 WRITE(S,111)
READ(1,109,ERR=638) Y(J1)
cOTO 20
30 WRITE(S,110)
READ( 1, 1002)ANS
IF {ANS . EQ: RND)GOTO 40
IF{ANS .NE: YEB)GOTO 30
41 WRITE(S,102)
READ{( 1, 105,ERR=s41) J
IF {Jy 320,42,44
43 WRITE(5,108)
READ( 1, 109,ERR=43) XP
635 WRITE(S,111)
READ(1,109,ERR=639) YP
DO 45 J=l,i
IF (X(J)~XP) 45, 46,43
46 IF (Y(J)=-YP) 45,44,45
4% CONT INUE
WRITE(S,103) XP,YP
COTO 41 _
44 URITEtﬁa 104) JlX(:J)pY‘J)
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READ(1, 1002)ANEB
IF(ANS.EQ.RNOICOTO 41
IF(ANB.EQ.CAICOTO 30
IF(ANS.NE, YEB)COTO 44
47 WRITE{(S,108)

READ{1, 109, ERR=q47) X(J)

640 WRITE(S,111)
READ(], 109, ERR*640) Y(J)
GOoTO 30

40 RETURN

100 FORMAT(' Do you want to rcmove a point? (Y or N)°/)

1002 FORMAT(AL)

102 FORMAT(’ Give the number of the point "/ ° i? you do not Know the
inumbar answer 0° /)

10% FORMAT(12)

103 FORMAT(' No point with these valuss has baeen found *,2F7.2)

104 FORMAT(' Is thim the correct point? ', 13, 2F8,2/° (Y or N)‘/

‘ 1 7 (C) will cance?l the current instruction’/) .

106 FORMAT(® Do you want to add a point? (Y or N}'/)

107 FORMAT(' Cive the number of the precesding point‘/" if you do not
iknow the number answer 0°/)

LVUB FURPAIY  UIvVE TNE @IECIro0® SPACING OFf thne polnt /)

109 FORMAT(F10,0)

110 FORMAT(’ Do you want to change 2 point? (Y or N)°/)

111 FORMAT(' CGive the apparent resissivity of the point’'/)

END

Subroutine CUBSPl

This subroutine calculates the values of a cubic spline for a function. The
variables are:

N - the nunber of points on the function

W3 - Lhe slze oi Uile working area veccor, at least 3 times N

X - vector containing the x values of the function

Y - vector containing the y values of the function

D - vector returned with the values of the spline at the x vaiues
of the function

A - vector used as working space

SUBROUTINE CUSP1 (N, N3, X,F, i A)
DIMENSION X{(N),F(N)Y,D{N), A(NI)
DO 8 I=2,N
IF (X(1)-X(I-1}) 1,1,5

1 WRITE(3:3) I

3 FORMAT(' RETURN FROM CUSP)1 BECAUSE X(', I3, *) OUT QF ORDEF
All1)=1.0
RETURN

S CONTINUE
I=0Q

30 1=}

Ju2
IF t(1-1) &,10,6

6 J=N-|
IF (1.E@'N) GOTO 10
Tinl-1
Hi=el,02(X{1)=X(I2))
li=l+1
H2=1,0/(X(1T)-X(2 1))
ITEMP=34] -2
A{ITEMP)=H{
ITEMP=341-1
ACITEMP)=2,08(H1 +H2)
ITEMP=3#]
A{ITEMP)=H2



g orsatnon

30

10

50

130

60

The purpose of +=F = is furction is to evaluate -
variables are: :

X~ a flag

TEMPa (H1 4 K ~H2MHZ)
Ilnlsy

Iluf.y

D3, 0% ¢ = (I1WH28HZ24F ¢ TOIATEMP~F(11)#H18H])
C0TO 30

Jind-g

Hixl, 07 (X ¢ . F 320011}
Jisdag

H20$,0/7 {20 € F J)-Nd1)
ITEMP=3# £ ~— =
ALITEMP) =4 X -=Hi

ITENPs2#I - X
AUITEMP) =g X -mep|-H2tHZ ’
ITENP23& X

ALITEMD ) == — ST 07
TEMPxH] o 1 - Wy

TEMR | aH2 & = - })

M2, 0® ¢ = = HHTENPL+YEMP)-F(JJ)#TEMPL1-F(J1 ) &TEMP)
FilL,LT- N> coTo 30
frAiq)7AC 1 D>

M3 up(S ) ~F -mmp(2)
RiBIap B ¢ ~ &~ frdl
Pi2inDpliz 7 ~F> -mm](])

122

Inls}

Kn30)-4

ITENR =K + <

P=A{ITEME v » o))
ITEMPuK + 32

ITEMP1 =K+ 1

AITEMPY= & € X TEN')-FeA(ITEMP!)
1TEMReT ~ 1

Dit)ap(l » —F —am]{|TEM?)
IFII,NEs N— =) 0070 150
ITEMP=K + S

PRA(ITEMP ) 7 & ()}

ITENP1 =K + &

ITENP2=X + 1

AUITEMP) =@ € X TEMP|)-PeA( I TEMP2)
ITEMPaK & 7

AUTERFL - =2 17TINP)

ITEMPeN-~-2

DIN)=D(N) — F> -ume 1({ [TEMP)

IF L LT- N> coTo 80

ITEMP232N -~ 2

DiNI=DI(ND) 7 A € ITENP)

122

Inle1

JeNe2-1

[YEMP=3 e J

ITEMP =)+ 2

TEMPx(D(J ) — 4 ([TENP)+D( I TEMPIL))
ITENPx3#J ~ 3

DIJ)=TEMP 7 £8 ®& ITEMP)

IF (1,LT- N ¢OTo 60

DDl 4 3 — > (210A(2)-D(3) #wA(D ) /A(1)
Allleg, 0 ‘
RETURN

END

Function Cusp2

N - the mwuaxxaber of points on the function

U=~ vectOox <containing the x values of the function
§ ~ vectox <contalning the y values of the function

-~ spline.

The input and output

set to O on f£irst entry of the function and -1 subsequently :

ol s v, W s

e St v+ S i T e A 4 L 1

P .

30
80

11

al
12

Y]

&1
20

990
33
991
34

99

D - vector returned with the values of the spline at the x values of

the function

X - x value of the point at which the spline is to be evaluated

FUNCTION CUSPZ(1X,N,U,S,D:; )
DIMENSION U{N),S5(N),DIN)

IFLG=0

lIEPS=-19

IF (X, LT.U{1})) GOTO 990

IF {(X.CT.U(N}) COTD 991

IF (I%X.LT.0.0R.1FLG.EQ.,0) COTO 12
JiwJal

IF (X, LE,U(J1)) GOTQO 8

JeJel

IF (J-23) 11,3¢C,30

WRITE(S, 801

FORMAT(® J=23)

COTO 7

Ji=Js+!

TE (YL TEYY T, DY

GO0TO 7
J2ABS{X-Ul 1)) Z{UINY-UlL)})#(N-114+1
ITEMP=N-1

JaMI~O(Jd, ITEMP)

IFLG=1

IF (X, CE. L)Y COTO 11

J=J-1

1F (J.CT.0) COTO 20
WRITE!S,81)

FLURMATL . J=0")

GrTo T

TE (XL7T. 0 T RLTh 2

W NE Y ’

Helius - wiei

Ql=HegG( 1)

QZ2=HeD(J1Y

Se=8{J1)-8i.D

BRaX, 0#55-2,0+Q1-G2
A=G1-G2-2.530

Za(X-UtJ1r)/H
CUSP2={(A®Z2+B)#2+Q1)#Z24+8(J)
RETURN

TEMP=AMAX1 (ABS(U(L) }, ABBIUINY))
jFl(I-(U(l)-2-OIﬂIEPSGTEMF)) 99,99, 33
GOTO 7

TE. P=AMAX1 (ABS(U(1) )}, ABB(U(M)))
5FNtf¥{U(N)+2.OiiIEPS*TEMP)) 34,99, 99
GOTO 7

IFLG=0

CuUsSP2=0.0

RETURN

END

Subroutine PMOD

The purpose of this subroutine is to list a gecelectrical layered model and an
apparent resistivity curve on ‘he printer.

RHO - vector containiny the layer resistivities
RD - vector containing the layer thicknesses

DEPTH - vector containing the layer boundary depths

REFCO - vector containing the reflection coefficients

NMI - the number of layers -1
NLAY - the number of layers

The input variables are:

31
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NC - the output channel numbe x
OAB - wector containing the apjparent resistivity curve

: el ectrode spacings
OAR - wector containing the apparent resistivity curve

resistivity values
J22 - the number of points on +the apparent resistivity curve

SUBFOUT I NE FMOD ( RHO, RD, DEPTH, REFZ O, NMI, NLAY, NC, OAB; OAR, JZZ)
DIMENSIOMN RHO(NLAY),REFCO(NMI), RD ¢ NMI), DEPTH(NM] )
DIMENSIOMN (AB(23), 0AR(23)
DD 3 T=1 . NM]
1=+t
REFCO(CT » = [RHO(IL) ~RHO(I))/(RHQ(I 1 > +RHO(I))
3 CONTINLE
RD(1)=DE> [H(}®
IF (INMI-2) 2,6/ 6
6 DO 4 [=a2, NM]
Limi-i
RD(1)=DEF TH(1)-DEPTH{11)
4 CONTINUE
2 WRITE(NC » 1040)
NLAY4=NL.AY ¢4
DO & I=31, NLAY
Jele#d-2
JisJ+t
J2sJ+2
J3=J+3
IF(JILE. J2ZZIWRITE (NC, 1050)J,0AB (J ) , OAR(J)
IF(J.CT. JZZ)WRITE (NC, 1080)
IF(1.LT. MEAWRITE(NC, 1060)RD( 1) , RHO(])
IF(1.EQ. NNLAY)WRITE (NC, 10S8)RHO(T >
IFIJILE « JZ2YWRITE(NC, 1050)J1,0AB ¢ J1),0AR(J1)
IF(J1.GT « JZZ)WRITE(NC, 1080)
IF(J2,LE « «JZ2)WRITE(NC, 1050)J2, O0AB ¢ J2),0AR(J2)
IF(J2.CGT « JZ2)WRITE(NC, 1080)
IFILLT. NFLAY)WRITE(NC, 1070)DEPTH ¢ T Y JREFCO( )
IFil-D@. TS AT wns v i g, 10803
IF(JI. LE » «222)WRITE(NC, 1050)J3, 0AB ¢ J310AR(J3)
IF(J3.CT « <JZZ)WRTTE(NC, 1080}
5 CONTINUVE .
IF(J2Z. LE « NLAY4)COTQ 99
JAASNLAY 4 -« §
WRITE(NGC, 20350)(I,0AB(]),0AR(I), I=JAA,JZ2)
1080 FORMAT( 114 }
1050 FORMAT(SX s 13,3X, F6. 1, 4X,F10,2)
1060 FORMAT( 134 ,39%,F7,2,12X,FB8.1)
1070 FORMAT( 1+d-,47X,F8.2,3X,8(1H-),3X, F7 .4)
1053 FORMAT (14,58, F8.1)

106 FORMAT( 130 ,50%, Bt 1HY)
1040 FORMAT (7 7 13X, 'FIELD CURVE DATA’, 23X, 'INTERPRETED MODEL "/ /.,

211X, 'El@c trode ' 4X, 'Apparent 39X, ~Reflection’,
3/10X, ‘Sep aration ,» 3X, ‘Registivity - , 6X) 'Thickness’, 2ZX,
4°'Depth’ , 63X, 'Rho "+ 7X, ‘Conffts. " /)
99 RETURN
END

Subroutine MODPLT

This subroutine plots a Jontinuous apparent resistivity curve that has been cal-
culated from tlize layered model. The curve values are interpolated from the input
values using the spline routines. The input variables are:

XX - vectox containing the electrode beparations
Y - vectoOx oontaining tns. apparent resistivity values

icadalat

e o it 5 e AT o, IR i il

N - the number of points on tne apparent resistivity curve
XST - the value of the leftmost log cycle in the x-axis for plotting

the curve on
AM - tiie logarithm of the mean apparent :esistivity value

SUBROUTINE MODPLT (XX, Y: N, X87, AM)
DIMENBION XX{(N),Y{(N},C(2%),W(78),X(23)
DO 20 Im=i,N
X(I)1:80,0¢(ALOGLOIXX{I))-XBT)+79
Y{1)=B80,0#(ALOG10(Y(]1))~-AM)
20 CONTINUE
N3sNe3
CALL CUBPIIN,N3; X, Y, Co W)
IF (W(l1)) 21,22,21
22 IE=-]
IA=INT(X(1))
IXX=INT(XI{N))
PO 23 Js=sl1X, IXX
AXX=FLOAT(J)
!V-TNTfﬂU§ﬂ9fTF;N.Y-Y.C-AYT)’
IF (1Y) 24,25,238
24 [Y=]Y+160
2% IF (IY-1690) 27,27,28
28 IY=lY+160
27 1Y=lY+3
1E=|
CALL PLOT(J, 1Y,2)
23 CONTINUVE
RETURN
21 STOP
END
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