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PROGRAM DESCRIPTION

(<9 true layers plus underlying half-space), this program calculates
-the theoretical Wenner or Schlumberger vertical electric sounding,
"VES""

which would be seen over.the layered structure. Output con-

L sists of pairs [a, o pp(a)], where a = array spacing (= AB/3 for

Wenner, = AB/2 for Schlumbefger; AB is the distance between outer,
(a) = apparent resistivity at
that spacing, sampled at three points per decade of a. Separate

program cards are provided to handle Wenner and Schlumberger arrays.

CARD LAYOUT
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Given an input resistivity structure of <10 horizontal "layers"\.
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TECHNIQUE: This programvwas written following an HP calculator program
by Campbell and Watts (L978),end FORTRAN programs by Zohdy (1973, 1974a)
and Zohdy and Biedorf (1975). The technlque is described by Zohdy (1974b,
1975), and involves two steps for each electrode spacing value, "a".
First, the input layered structure is used to calculate a digital kernel
function B(x), where x is related to the present spacing a. Second,
B(x) is convolved_with a set of coefficients YGhosh, 1971), which are
specific to. the array in use, to find p_ pp(a). Iteration is accomplished
by incrementing a, . hence x, by 1/3 of a log cycle; B(that x) becomes

B(x=Ax); all other B(x) are cascaded in memory so that B(x-jAx) occepies

B(x-(j-1)Ax) slot; convolution is again performed; and so on.

EQUATIONS: Ax = 101/3
Wemner . £ =1.36 = a/108/3
Schlumberger - f =1.05 x = a/l100
1. To get B(x) = kernel function
a. Initialize for bottom layer (half-epace)
Bi =1 o : Ri = Pa
b. Iterate upward through all layers i 4 ; f”P 4L=0
- 7y -G
Ry T BBy e
= | - : ‘iz 2,
Ky = (py_y7R/(py 1 +R)) ] <=2
m, = (-Zhi_l)/(f'x) 5 | ,
c. After iterating through all layers (a "= N
n
B(x) = Bl-p1 o0
c. ~ Convolve with Ghosh coefficients, G, '
(a) = £’ G -B(x—ij)

ap =0
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OPERATING LIMITS AND WARNINGS
1‘, The Ghosh filter has been found to have too few coefflclents
to adequately track a rapidly falling curve (Zohdy, 1975, p. 37; ilso
see Anderson, 1979). Thus, curves produced by this program may be some~
whﬁt in'erfor in cases where a very good conductor underlies 5 relatiQely
resistant lajer. As a rule of thumb, be wary of this program's results

-

whenever a conducting layer has resistivity less than 1/20 that of the
o%erlﬁing material; .

2. if an attempt is made aﬁ step 3 to enter more than 10 layers,
the'ﬁrogram wiil stop with a flashing 11" in display.- (Press "CLR" to
clear the flashing.) ‘All further calculationé will'assume the 10th

layer represents the bottom half-space, and will ignore the deeper,

" invalid layer(s).
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- Partitioning (Op 17) 4.72.9.5.91 uirary Module _M__Pnnteerﬁam[Cards%
e (Standard ) :
USER INSTRUCTIONS _- .
) STEP) . : PROCEDURE - : ENTER PRESS DISPLAY
1 Loa,d Sldﬁ 1 and 2 of’ appm/ormiz,(wmm m‘,% card.
2 |Initialize program... . S| AT "o
3 | Input_layer sructure. | |
A Y- W 'Remshvriy o-f lajcr L. (o, |x«t . oO..
L] b 77uckne.ss of lager «..... ﬁ ¥s)| <
1. peatl step 3 ﬁr all o sha llowest (i=1)
'ta est lei=gio). . B"oymm ;c.s ﬁnaJL input layer 7o be
an._in mt'c.ﬁa//-.space. (ﬂ oa) no matte 'wZZe, A; you
| Ke -{or ik, A |
4 (0 éonal) Input Qmax Qmax C | Qma
|| Perform this step only 1/ VES pririted PC-100 privt
| | _cradle is desired. For manyal outpyl, skip T Step S
. 18| Input . startin s,oaan 4,,,,,,_ 1¢| o
- Start‘ .caleulation. 'VLTS 1D
| There will now be a several |minvfe. 4 - qutpul’,
: FPrinter. outpult & autgmathc for s pornt, and.
| wm‘foﬁ of a sgt of Aa/rs [a, @w(a)]. K7 p/e,a( qt 3 points
- per log cy dc .a,,,,-,‘, (ex] XN Amay

- (approximatel -ouipat pairs
exceeds The Valve of Qm,, erffered. at

. For _manuval ou@;r (ie., no valge max] was entered
- at. dzpé’ OF.. Amay was. Sel less 7han ¢ F’“ ram

- Sfops with, . e (am) in display, (75 n ,,,,,,J,ﬁmss X41.)
Program is ndo& +o ca\f late o\ mpled 3 nts

" Note that a.,oparent ram‘m p 4.mé\.7 be"calicuicztza.'. mahuallj
- Cbut slowdy!) for arbd?ug spadings @’ |vid e above steas

| 5 and 6"by taking Qg = Q' FOF each valve, a| of |miterest.
7 | (Opticnal). 7o chanje, a,,,,,, | New Qugd |29 C | New . Qmay
- oLl |E | Cutput as abpve.
.1 8¢ OphanaL)To c/mryc a,.,,n New Qmin|. |\RSTC | » = « =
' Note in This case. execution bejms immeda fely| ony Iaans/

9 | For @ mew case, ja o step 2, . _

UniTs @ Unils must be compa.*ab/e Thczz‘: 5, 1F G5 are in
 ohm-meters, say, hen and a's | must de 1n meters.
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2 = __ | B & . .
D3E 04 =31 I 3 RCE %m, loop
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PROGRAMMER _ - _DATE_ : Codmg Form

Loc [coos] k&Y | COMMENTS || LOG [CODE] _ KEV | COMMENTS |[LOC {coos] KEY | COMMENTS

_element IHY new 8;

| 1684

160 93 RCL [ v& LBL | calculatn, N

161 32 22 73 RCx: [ L LBl | Excr
152 35 = 32 _ | Normals 3 ERD .
L 183 55 ¢ i .| .New Kerel|| : 32 Rl Enter
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I
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5
]
- , g T Dsz:
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RC# v o Gastade
00 s = : © Kernel
21 55 0+ 2 = A ..elemenly
52 43 ROL 3 lf.so sfap 69 & in
33 3 I 1 su 'mmog
24 55+ & ey B3 .
55 RECL & £ not, ZE ‘
3 21 g .. 90_on._ . #
a7 L= = j i

o . G

2
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e b W00 Pl Do LD et g T
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w3 P Tl Pl Tl 0000 By Tols B Tl [

T ER N RN RN N S AR AT SR ) BTN PR W AT N I T RT . ST Y

—

2
23 Lnx 5
0OR5 = 3
91 43 R = | Increment 4 next
ar 3 Iz 2 U .
S I B ~- G
<4 4 = I R o - R
94 24 CE- | o = = A S
BEFEE -1 D D | =11 3 TE LBL 1 S+
Q8 32 32 1 o cEEE 1T
a7 94 +s- T =||z52 55 32 4T Sore
BELEEE: + z z TE 3TE A pewest B
a4 01 1 254 30 ooooQoTp T
200 95 = 255 Ts g3 0OF 1
20t 5 + .. T3 | 24 24 ) check
0z 53 0 <3 — 27 IFF __| _whether
203 Ol 1 o9 oL 91 There
[ 204 25 -+ ¢z 370 ._..Zhﬂ'mlt 7 a4 SN T are now
i bt CS RC 07 Uy —Jm 4 &3 OF _enogh
206 - 3 37 83 % 1T rndex =0 20 8.5 o
r..-_. rl? = 5 I-l'-" 2 i !;‘ [} DF‘ - i
2 ) k deos S A vol e,
nE o9 = Yoo 2e 24 --canval
LEE['EI a.‘,. D:_ 1 — ‘: 3 Fl L e e an  ——
2in E 35 . = MERGED CODES
211 & 22 INY T || *men  eEmem  83@e
R 44 SUM GSr3gE 7RI BAEE IR
Sis 5 l"‘ - 'EI - i GAETE E  74fwd B 92(mv] [sad
o e & _Heh idia
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PROGRAMMER _ — DATE - Ccdmg Form:
LOC [CODE{ ~ KEY COMMENTS .
i 02 02 .| Cheek .
32 4T | whelher
RIZL can convid|.
04 | a &l
Ed is imput.|

34 er-‘am . ‘ : :
REL. | cale. ||
| naxt 8. Bolh Wonner and -Schlumbe{?er'
Pmcedure.s Aqye a// 7he same.
Ll Sleps fo 7his ,Domz': From here.
1TOT en (locations 38/ Wmojh ¥79)
i | comveive]| e SRS differ; For Wenner
|7l and Schiumberger cards have
Separate - “STO" subroutines.
These wo versions of subrovtine.
‘sro¥ are jll/en on pages

9 and 10.

- .} COMMENTS |{LOC [CODE| KEY- CONiMENTS )

5 5TF [ Set 1
R
mem"

-

I IS A | W wa R PRI s DR R A R R ¢

303 O e DO R D e D e D T ) e L0
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fa
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Low,
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| VE'S.' W@ncr/?eh/umbﬂmer-;:age 1.

ExAmMPLE: Calcvlate VES curve J,
For Thi Struvctvre. - Surface,
| - €=/0chm-m  H,=/0m
Sowwrion: Suppase 6 poitts per log 1\
;y!':/e are adeguafe for our purpases, : | |
- for a-valves from Im % 1000m. S
p=50m,

Since pregram calcvlates ‘
3 ponts [eycle, we'll make 2 passes —  @=4 ohme-m
The st Fo get valves ot a= /0%6=1, )
102/6.-:2./5) /o%_-_-_ “6‘/) e“‘:u' The. . -

Second, o jive. valves at a= /¢9!/‘=Io‘/?J .
/0'76=3./6) 10 % = .82, ete. @zzfobm-m T
Valves \jfvcn in chart below
. Pg=e

are. #r Wenner calculation. Correspondin
valves on printer #ape for Schlumberger
- Case are on page 4. ' ' ’

' STEP (p.5) VARIABLE kéY DISPLAY

2, ST A o.

3. - e=10 | X<t 0.
- A=/0 ol L= 1.
e= Xt o.

*{5: So 8 v=2.
%:2.5 X<t O.

#3= 100000 ¥5) £=3.
(Because This is The deepest layer, any

valve of h3 may be input “here.)

The vres fr manval and printer
output  are s/:'h:p« different fram WS point on. Instructons
;ér pn’n’fer wr; Follow on pajes‘ 12,13 and 14, For
manval output instructions, skip fo page Is. B



For prffnfe.r ouvtput:
STEP VARIABLE

page 2

KEY DISPLAY | PRINTOJT _
® Echo pnnt of input layer struchune, as | RiH
" |shown at n7ht; will have resutted fom Stees , i:-::
2 and 3. (Nete printer gives “R" instead of
(Greek _tetter “0".) .
4. Qmay = /00 ZW_C- 100. \ i
Nete Qmax 'S Pur'pqse)3 chosen ‘oo small ag
in 17}']5 example. so as to demonstrate. The ‘bharye, \ 100000,
 Qmax op{zon_ later on. .. S —
S Ay =1 e 0. S
- Panter responds wrlh heading "A, / 3, 9NITILION

RAPPCA) s again, “R" in place of GrEck "o
é. | - D v+ 12.5913%515
Affer a few mndtes wait, - printovt oF
-[Q,@ ta) ] pairs proceeds, e Arst
numberppoz each gair is "a'; e Second i3

a’;
(a). | :
proceeds

é
PP Note caleulaton actuall

one ,mir
past input valve of Gmey (X100, here).

Suppa:e at Ths Fao'ni' we wish fo chanje

. d:splay format 10 Suppress :‘n:c‘ym‘ﬁ'c.ant deumals
‘c'n. outpv?. /(lﬁ... : '
2% Fix 2 12.59 o azasens:
vfﬁlimmajaduall be. done a‘t‘ary'ﬁ;ne. emmT
afrer step 5. if pecformed before StepS 215, 447463
The alphanumon'c. b‘ﬂlﬁ)?.s will de SCI‘A‘Mbl-CA.) 12.59133515
 New = - o0 C 7000.00 464, 16
7 ‘ ; an‘mx | 7000 E 26,10 {=, 00
-Rﬂ'n‘t‘bu.t‘ c:]a/'n proczeds. As bcﬁfto, 1000 00
caleulations continve one point past™  nominal 22,09
a .
Max 2154, 43
24. 10




,, | page 13
Printer output ( conhnued):

STEP __VARIABLE KEY DISPLRY PRINT-ouT

Now we’rcréa?ﬁrZE“pa:s#m'ghm ar

ram, (rterpolating @, = Valves betweern., .- 10.00
4:'3; c:lcula'l‘aat ctu?;‘ e frrst pass. (7his A
pProcedure also demonstrates how fo charge. 2. 94
GAmin, Sfep 8 on page S.) :

‘ £. 51
First calculate new C%”&,==/QDA%=EL5/7E a, 38
6‘, ) //x a/; T (a6

. Dw2¥lg 197 7l 25

& New amy =147 Rst™C . 2333

(Prntout of interpolated [a, B0 () ] o Tslan
pairs fottows ... ) 85,13

' - |

142,78

1E. 2

15, 35

CB31. 22
20, 30

-

1457, 20




PRINTOUVT

page 1Y

STEP

o0 -
it 1T

- L]
Do)

el o
o9 o
» L
Y
ba

Do
- )

» -
LOLR {p

l£|

D]
Y+~
- =
YL )
ot
]

I 0D
(SR T}
...
-y
DOCE
"

00
Dl o
r 021
(S

ff.;_l .
10.

Printer tapes Por Schlumberger case
f’RMﬂ"Ou‘r_

STEP

LY ¥ u ]
~—t 1T

. w
=+ U

LY ]




5
For manval a_ui;out': Page

STEP__ VARIABLE KeY DIsPLAY
6. D (g =)9.9997343507
- L x=t (a7
E : (€¢=)7.7856?2‘765
Xt ( a=)2. 15993767
E ( @,=)9-#722377
xt (@ =)¥ey1589839
_and _so on... )

Now we're ready for 2™ pass Mmajé The %mm,
/hfzrpa/a 'y e, valves belieen 7hase caleulated
darfry At ,oa_t/.’/ . ATy procedure. also demonstates
how o change G — STep 8 on page s. )

_ 8 [4 s 1666666667
Tny 27 log . 1967177268
New Q= 1.967797268  Rst ™ C (©79.997507923

X<t (a3 1467799268
E (e =)9.935229902
X<t (@ =)3.16227766

and So en. ... '
(Check manval output valves = by companng
with printer Fapes shown on pages /2-;4/.)

Nofe d:kplc:y format may y.73 ohnry‘e,d., at”
any pornt alter step 5 To Sapress
thzZ'hi ficant decimals in d{kplaj 5 That s,

274 Ffix 2 ... (@=)r0.00
Xt (a =) 197

E (e, D994
Xt (a =316

and so on, as on page 13,



