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SUMMARY

The Fortran program SIMULAT provides a way of estimating hydro-

carbon resources assessed by the prospect by prospect method. Data are

input either as single values or as ranges of weighted values, and resource
estimates are produced in the form of cumulative probability curves for the

individual prospects dealt with, and for groups of prospects.



1. INTRODUCTION

There are three main problems in estimating the volume of
undiscovered oil and gas resources by the prospect by prospect method.
Firstly, the chance that a prospect will contain any oil or gas at all
(existence risk) must be estimated. Secondly, we must estimate the volume
of hydrocarbons that will be found in the event of a discovery. Thirdly,
the potential resource volumes of all the prospects in a region must be
added, taking into account the chances of making a discovery at each

prospect.

Methods of determining existence risk have been described by
Megill (1971, p.102-104) and Newendorp (1975, p.311-319). The method of
determining the volume of hydrocarbons that a prospect may contain, is
explained conceptually in Newendorp (1975, p. 369-436). A computer program
is not generally available to handle the required Monte Carlo simulation
although exploration companies have used these methods for many years. This
paper is written to sumiarize the basis for and to provide a description

of a computer program developed at BMR in 1977,

Existence risk

A petroliferous area must have: source rocks; a favourable
thermal history; reservoir rocks; a sealed trap; a favourable sequence
of trap development with respect to maturation; and protection of accum-
ulated hydrocarbons from escape or destruction. A probability may be
assigned to the likelihood that each of these critical factors occurs
favourably at a prospect. The overall chance of hydrocarbon discovery
(existence risk) is then obtained by multiplying the individual
probabilities (riSks) together. In this manner we may deduce that a
prospect has, for example, one chance in ten of containing hydrocarbons. We
"may also estimate the probability that the prospect will contain either

~all gas or all oil. If the chance of finding gas rather than oil is 3:1



o
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then, following the preceding exampie, the probability of a gas discovery
is 0.075 and the probability of an oil discovery is 0.025,

Existence risk = risk factor 1 x risk factor 2 x risk factor 3 x ....

Cumulitive probability curve of resources for a single prouspect

0il and gas resources of discovered fields can be calculated

using equations (Moody, 1961) such as:

Vo = vr x B «x (1 - Sw) x Ro

FVF
Vg = Vr x @ x (1 - 5w) x Rg
where Bg = 14.7 x T X Z
P + 14.7 520

Vr can be calculated by either Vr = A x h x TF or Vr = Vt x NP x TF.

The variables used in the above expressions are defined as follows:

Vr

reservoir volume
Vo - 0il volume

NP - fraction net pay -
@ - porosity

Ro - 0il recovery factor

P - reservoir pressure
(p.s.i.g.)
Z - gas deviation factor

FVF- formation volume factor

Bg - gas expansion factor

Vt
Vg
TF
Sw
Rg
T

trap volume

gas volume

fraction trap fill

water saturation

gas recovery factor

resérvoir temperature
(degrees Rankine)

reservoir area

reservoir thickness



The variables on the right hand side of equations 1, 2, and 3, are regarded

in the first instance, as independent.

However, the values to be assigned to each of the independent
variables in an undrilled prospect are uncertain, and accordingly, instead
of a single value, a range of values must be assigned to cover the un-
certainty. The range is first conceived of as a frequency distribution

and then converted to a cumulative probability distribution (see Fig. 1).

A Monte Carlo simulation pass is carried out by the random
selection of a value for each independent variable (through the cumulative
probability axis) and these values are substituted in equations 1 and 2
to obtain a single resource estimate. This process 1s repeated a large
number of times (say 2000); the resulting values of the resource
estimates being compiled into a frequency distribution, which is then
converted to a cumulative probability distribution of resources for the

prospect. The distribution only applies if the prospect contains
petroleum.

The variables used on the right hand side of equations 1, 2,
and 3 have been treated as independent. Certain degrees of dependence do
occur amongst some of the parameters. For example, water saturation
generally increases as porosity decreases; oil recovery factor generally
increases as net pay thickaess increases, etc. A basis for attacking this
problem is given in Newendorp (1975, p.406-431) but has not been
incorporated in the existing program. If one or more variables used in the
resource formulae are dependent then the formulae must be modified to
.eliminate such variables. A modification of the computer program is then

necessary as SIMULAT is designed to use predetermined formulae.
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4.

Addition of resources contained in undrilled prospects

Resources of all prospects in a region must be 'added' to obtain
an estimate of the total hydrocarbon resources of the region. The existence
risks of each of the prospects may be different and, as well, some of the
factors which make up those risks may be interrelated (i.e. dependent)

from prospect to prospect.

In the simplest case (Fig. 2) all the risks are treated as
independent, Firstly, a random number between 0 and 1 is chosen and compared
with the existence risk. If the number chosen is higher than the
existence risk value, then a zero is assigned as the resource value. Otherwise,
a resource value is chosen by selecting a number at random via the

probability axis of the cumulative probability distribution for the
prospect.

The values obtained for all prospects are summed arithmetically
and the process repeated a large number of times (say 2000). The summed
resource values are then compiled into a risked cumulative probability

distribution of resources.

The following procedure should be carried out if some of the

critical risk factors are dependent from prospect to prospect:

1. The group of prospects must be broken down into sub-groups, each
of which has common dependent existence risks. A dependent risk is

calculated for the sub-group by multiplying together the common dependent
risks,

2. Independent existence risks are calculated for each prospect in
the sub-group. The resources of the prospects in the group are then

'summed using these independent risks as in Figure 2 to produce a
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partially risked cumulative probability distribution of resources.

3. : The partially risked cumulative probability distribution for the
sub-group is fully risked by multiplying the partially risked probabilities
by the dependent risks.

4, = The fully risked cumulative probability distributions for each
sub-group are summed to obtain a risked cumulative probability distribution

for the resources of the group of prospects.

A separate computer program is being developed to handle steps

(3) and (4), which lie outside the scope of SIMULAT.

2. PROGRAM DESCRIPTION

| SIMULAT is a program written in extended Fortran IV for use on
the C.S,I.R.0. Cyber 76 computer. It consists of a main program SIMULAT
and tﬂe subroutines CUMPROB and RANGE. Most of the computation is |
carried out in the main program including all the Monte Carlo simulations.
CUMPROB converts frequency distributions, in the form of strings of
weighted values, into a cumulative probability distribution of 20 points
using linear interpolation between the input points. RANGE constructs
a cumulative probability distribution of 20 or 100 points from a frequency

distribution of 200 points.

Program structure

The structure of the program can be broken into two main
sections:



Section A,

1. CUMPROB produces a cumulative probability distribution of 20 points
for each input factor from a range of weighted values. When only one
weighted value is supplied for a factor, the algorithm is bypassed. The

15, SO, 85 percent values from the cumulative probability distribution of

each input factor are printed to use as a check on the input data.

2. A Monte Carlo simulation is performed to produce unrisked
cumulative probability distributions of 20 points for both recoverable o0il
and gas resources of a prospect. 2000 passes are made for each simulation,
as this number was found to produce consistent results during trials. Mean

resource values are also computed,

3. The independent risks are input and compounded to produce existence
risks for both oil and gas.

.oection B

The resources of all prospects are summed, taking into account
the existence risks, by a Monte Carlo simulation and presented as a 100

point risked cumulative probability distribution,

One hundred points are required to give adequate description
of regions with-low chances of containing petroleum. Even so, fewer than
five points will be available to describe the non zero part of the risked
cumulative probability curve of resources in regions where there is less

than a five percent chance of discovering oil or gas.



Data deck structure

Card No. Use Format

1 Decides whether card punched output required 12

(01 if card output is required)

2 Describes number of prospects processed 12
3-13- Labels (one per card) for each factor used
in the volumetric determinations 2A 10
14-22 Labels (one per card) for each critical risk
| factor 2A 10
23 Prospect title card 8A 10
24 - X Description of reservoir data with each factor

on one card (or more if format sufficient). The
values must be presented in ascending order.

The format is as follows

number of data points 110,
data value F10,
weighting F10,
data value, etc. F10, etc.
X +1 INDEPENDENT RISKING 8A 10.
X+ 2 Number of independent risk factors 12
The independent risk factors 8F 10

Cards 24 onward are repeated for each prospect



considered

- An example data deck is displayed in Appendix 1.

(X represents variable number of cards required).
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APPENDIX 1

SAMPLE EXECUTION DECK




APPENDIX § = SAMPLE EXECUTION NECK

.

_*CY,CPDMRXVA,STML f ‘ L 1
- SIML(TI®) - - - — , 2
E?g?$?;;ﬂﬁ*i***fﬁ3f?Tifﬁ?fﬁfiﬁ;4:R§§§lﬁﬁ??Ift?ﬁ*i#tifYKEKI§§aittﬁttttﬁffﬁﬁfitifwmwmﬁHWMH,mwmwmwwmwwwwu»mw~—¢WM~ - *’“Z
FTM (S W
LGO, ‘ 6
Teos
b oo PRUGRAM SIMULAT (INPUT,OUTPUT,PUNCH,TAPESI=OUTRUT).  swL 291
c
C SIMULAT CONVERTS STRINGS OF WEIGHTED VALUES FUR FACTORS IN REC, 0IL & GAS
C VOLUME FORMULAE INTO CUM, PROB, DISTRIBUTIONS FOQR RESOURCES IN INDIVIDTAL
S C PROSFECTS, EXISTENEE RISKS, AND ADDS QISTRIB®S USING MONTE CARLO SIMULATION
C TO0 PRUDUCE CUM, PROB, DISTRIB®S OF RESOURCES FOR A GROUP OF PROSPECTS,
C. Ex:&TQNCEMRLSK_FACTORBWAREMASSUMEDNlNQEPENQﬁNI,WPRQGRAﬁmﬁﬁgﬁéQDMﬂH§T bE USED
C IN CONJUNCTION WITH SIMULAT TO ADD RESOURCES FROM A GROUP OF PRUSPECTS wWHEN
CSOME EXJSTENCE RISK FACTORS ARE TAKEN AS DEPENDENT FROM PROSPECT TO PROSPECT,
12 C
DINENSION TITLE(20),F(1@1),0IL(21,40),6A5(21,40),R1SK(4m),URLSK (4D SML 0pp
1),6RISK(40),08SRES(1@1),FOSKES(141) ,GSRES(101),FGSRES (121),F0LL(21) SHL pu3
2,FGAS(21) - o . , N _ o - SHL opa
COMMON LABEL (2,20),CPROB(28,21),xN(3020),XCUM(3000) ,R(101) Sul aps
15 c
C TF NPUNCH = 1, CARD DECK OF SUMMED CUM, PROB, DISTRIB, 1S PRODUCED,
» , ,
KEAD 1 ,NPUNCH o Stilb 996
_ 1 FORMAT (I2) _ L . o ‘ _ - SML ay7
20 c
C NPLAYS 1S NO, OF PROSPECTS TO BE SUMMED,
C
READ {,NPLAYS SML mE8
READ 2, C(LABEL(J,1),J=1,2),1=1,20) SML D9
s ¢ FORMAT (2410) N , SML 210
LInsgnoe, § SMAXQ3g, $SMAXG=p, $ SMOMN=®,
SMEMN=9, § SxO0mM=p, § SXGM=p, SML m12
C
C LIM CONTROLS MAXIMUM NO, NF COMPUTATIANS IN SIMULATTON
30 C
D0 200 KK=1,NPLAYS | : SvL 213
READ 4,(TITLEC(L),Is1,8) SHML o4
4 FORMAT(BA1Q) SmL 215
PRINT 5, (TITLE(I),1=1,8) Sl 216
35 S FORMAT (tH1,/,30X,8A10) , SML @417
CALL CUMPRUR SML @18
c
C Max, B MIN, RESOURCE VALUES ARE COMPUTED SEPARATELY
C
4 UIL(1,KK)=CPROB(1,1)%xCPROB(2,1)*«CPROB(3,1)%xCPROB(U, 1) (1=CPROB(S,? SML 219
11))*CPROGB(6,1)/CPRUB(1L,21) SML nen
UTL (e1,KK)=CPRUB(1,21)«CPROB(2,21) *CPRUB(3,21)=CPROB(4,21)» ({=CPRO SHML @21
18(5,1))*CPROB(6,21)/CPROB(11,1) $ SMAXUSSMAXO+DIL(21,KK) Sl @ge
GAS(l.KKJ=CPROB(1p1)iCPRUB(a,1]*CPR08(3;1)*CPROB(4,1)*(1-CPROB(S.2 SML @3
45 11))#CPROB(7,1)#35,3%(14,73+CPROB(8,1))/CPROB(9,21)/CPROB(10,21) SML. @24
GAS(21,KK)=CPROB(1,21)*CPRUB(2,21) «CPROB(3,21)%CPROB(4,21) «(1=CPRO SML 225
18(5,1))tCPROB(VnalJt3S.3*(14.73+CPR08(8a21J)/CPROB(er)/CPROBtlﬂ,l SML Qes
2) % SMAXGTSMAXG+GAS(21,KK) : SML a7
DO 1¢g Iay,3000 SML @2R
50 - 1@ XN(I) =g, 3 QM=p, $ OLLMN=0, § GASMN=Q, § XQOM=®, 5 XGM=@, SML Qe9
C
C SCALING IS USED TO GIVE A RANGE OF 30@0@ VALUES
c
SCALE1s0IL(21,KK) - SML, 739
55 IF(SCALEL.,EQ,2,)G0 TO 7 SML @31
R S RO AT R D INE TR T L U A e

'C MONTE CARLO SIMULATION PREFURNED



60

65

10

15

80

8s

99

95

1002

1¢S5

110

PROGRAM S1MULAT 76/76  UPT=} ' FIN 4,6+¢439 11/04/78

OO0

U0 14 Isy,LIM
DO 12 J=i,11
II=RANF(D)Y#%2d.+1,5
1e FEJ)ECPROB(J,TL)
1QsF (1) *F (2)AF(3)wF (4 a(L=F(SI)*F(6)/F(11)/SCALEL #3000
GM=QM4 10
IFLIQLLT, 1) last
AN(TGYaXNCIf)+L
14 XOM=QMeSCALEL1/3000,/LIM § FXUMsX0OMab,2898
CALL RaNGE(LIM,2&)
vn 15 I=1,19
OIL(I+1,KkK)=R(1)#SCALEL/3n, , )
15 FOIL(T)=0IL(l,RK)wp 2898
FOLL(20)=0IL(20,KK) %6 ,289R & FOIL(e1)=ull(el,KK)%6,289¢
00 16 I=1,3un0
16 XN(I)=0, & WMz@,
17 SCALEP2=GAS(21,KK)
18 00 21 I=g,LIN
Do 19 J=1,10
{I=RANF (DI %20,+1,5
19 F(J)=CPROB(J,TI)
IQ=F(1J*F(E?tF(S)*F(Q)tCIOF(S)J*F(73*35.3*(14.73+F(8))/F(9)/F(Iﬂ)/
1SCALE2x3001
GMaMeIN
IF(IRLT,1) IQay
ANCIQYSXN(IO)+4
21 XGMsGMRSCALEZ2/3000,/LIM $ FXGMaXuMx,g35315
CALL RANGE(LIM,2@)
D0 22 1s1,19
CASCLl+),RK)ZR(L)RSCALEZ2/3n,
22 FGAS(I)=GAS(L,RK)»,0353%15
FGAS(R0)aBGAS (200,KK)*,035315 § FGAS(21)3GAS(R21,KK)»,A35315
A3 PRINT 24, (TITLEC(1),T21,R) o
24 FOKMAT (1H1,/,30X,8010,./,10%,29HUNRLISKED MEAN RESUURCE VALUES)
PRINT 25, XOM,FXOM,XGM,FXxGM _
23 FORMAT (10X, 45HMEAN REC,0IL RES,=MILLLCU METRES ,~MILLION BBL,/,
130X,F12,0,3X,F12,0,/, e
212X, 4THMEAN REC,GAS RES ,=MILL.CU,METRES, =BILLION CF, 7/,
230x,F12,0,3X,F12,2)
00 26 I=1,21)
26 F(l)=1,085-1/20, $ F(21)=0.,0001
PRLNTaa,(F(I),uIL(I.KKJ,FQIL(IJ;GA&(I.KK).FGAS(I),I=1.21J
28 FOKMAT(20X,26Hw%x UNRISKEND RESUURCES #xw,/,1X,9HCUM,PROB,,SX,22H0!
ihe= MILL, CU, METRES,7x,12mHMILL, BBL,,5X,22HGAS = MILL, CU, METRES
211X, 6HB,C F,,21(/,F10,3,2(10%,P(5%,F12,0))))

THE EXISTENCE RISK FACTORS FOR A PRQUSPECT ARE INPUT AND CUOMPOUNDED

READ 4, (TITLE(L),T39,16)
READ 1,NRISK
READ 32 ,(RISK(I),I=1,NR1SK)
32 FORMAT(BF1¢,3)
L UaRISK(1)+RISK(R) $ RISK(1)=RISK(1)/4 § RISK(2)=2RISK(2) /0
ORISK(KK)SRISK(1) $ GRISK(KK)SRISK(2)
LF(NRISK,LT,.3) GO TO 34

SML
SmML
SmL.
SML
Spit
SML

Smi

SML
SML
SmbL
SML
Smi,
Sl
SML
Sl
SML
SwlL
SmMi.
SMi
SML
SmL
Sl
SML
SmL
SmL
SmL
Smi
Snml
Smi
IR
SHlL
SmL
SmL
Sl
Sml
Smi,
Sl
Sl
Sl
SMlL,
S,
SmMi
Sml
SML
SML
Smi

SHL
Sl
Smi,
ShL
Smi,
SMi

t3e
h33
N34
73S
n36
»37
2358
739

a4

241
N4
B43

P40

D4S
D4k
n47
248
ny49
P50
251
n52
753
nS4
A5&
256
757
758
259
1Y
261
Y
263
P64
B65
Mbék
ho?
A6 R
269
21@
271
are
n73
@74
975
216
a1y

aT8
a9
pen
281

82
8%
264

17.04,05
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1S

120

125

132

135

142

145

159

155

162

165

112

PROGRAM SIMULAT 76/70 OPT=ay FTN 4,0+439

o000

(pNe N o]

U0 33 133 ,NRISK

URLSK(KK)3ORISK CKK)wRISK(T)

33 GRISKCKRK)I=GRISK(KK)*RISK(I)

34 PRINT S, (TITLE(I),129,16)

PRINT 35, ((LABEL(J,1+11Y,J51,2),RISK(I),131,NRISK)

35 FOKMAT (5%,2419,F10,3)

_ UTLMN=XOMXQR]ISK{KK) § GASMNzZXGM*LRISK(KK)
PRINT 36 ,URISKIKK),GRISK(KK)
30 FORMAT (10X, 21 H0IL EXISTENCE RISK IS,F10.4,/,
| 10X, 21HGAS EXISTENCE RISK I1S,F1p,4)
PRINT 37 v

37 FORMAT (1@X,2THRISKED MEAN RESOURCE VALUES)

. FOILLMN=OILMN®6,2898 § FGASMNaGASMN«, p35315
PRINT 25,0ILMN,FOILMN,GASMN,FGASMN
SMUMNSSMUMNSUILMN § SMGMN=SMOMN+GASMN
SXUMzSx0M+#XOM § SXGMaSXGM+XGM

2m%p CONTINUE

CALL QUIPLUT(F,GAS,21,NPLAYS, ! |HxCUM,PROB,%,23H*56A8 RES,<MiLL, Cu

1 Mex)

11734776

SML

Sl

SML

SML
Sl
Smi,
SmML
SmML,
SML
SML
SHL
SML
SHL
SML,
SmL
Sl
SmL
. SHL
SHL,

CALL OUIPLOT(F,00L,21,NPLAYS,11H4CUM,PROd  %,23H%UTL RES,aMILL, CU, SAL

1 Mex)

PRINT 2@5

2NS FORMAT(1yX,33HTOTAL RISKED MEAN RESOURCE VALUES)
FSMOMNaSMOMNNG 2898 SFSMGMNESMGMN*, 035315
FRINT 25,S5MOMN, FSMOMN, SMGMN, F SMGMN

RESUURCES FKOM INDIVI[UAL PROSPECTS ARE SuMMED

Lo i@ Ist1,3¢ep
21y  XN(I) =0

MONTE CARLD SIMULATION PREFURKHED

uo 237 Isi,LIM

UTLSuUM=zQ, $ SURISK=0,

00 220 J=i,NPLAYS
SORISKsSURISK+ORISK (J)
CHANCEaRANF ()

LF(CHANCE ,GT,ORISK(J)) GO TO 220
N=RANF (D) %22 ,+1,9
OILSUMSOILSUM«UTL (N, J)

220 CONTINUE ,
IF(SORISK,LT,2,@1) GO TO 236
1Ja01LSUN*2@Q,/Sx0M +1
IF(IJ.GT.3020) 239,225

ees AN(TJIsXNCIJ)+1

230 CONTINUE
CALL RANGE(LIM,1pQ)

OSKRES (1) a0SRES(R)w2,=0NSRES(3) & FOSRES(1)30SRES(1)w6,2895

USRES(101)=SMAX0 8§ FOUSRES(L101)=SMAXOnG, 2898
DO 235 I=2,1¢0
USRES(I)sR(I=1)#5X0UM s2,
235 FOSRES(I)BUSRESf1In6,2898
eXe D0 249 Is1,3900
249 XN(I)=0,
DO 264 Iat,LIM

Sl

Smb
SHL
Smt
SMiL

Smt,
SMi

Smi
SmL.
SmML
Sl
Sl
Sk
St
Sl
S
SML
SHL
SmML
Smi.
SML
Smi
Sl
SMl,
Imi,
S,
Srl
Smi,
SmML
SML.

pes ...

a86
287
P88
289
290
291

17,04,09

92

793
n94
2995
€96
297
@98
aY9
te?
tut
192
103
104
148

166
1v7
1oée
169

112
11

112
113
114
115
116
117
118
119
1e2
121
ie?
123
124
129
126
127
128
129
132
134
152
133
134

PAGE



475 .

1602

yes

199

195

200

210

a1

220

PROGRAM SIMULAT 76,76  QPTEy FIN 4,6+439 - C11/04/78

GASSUMsp, $ SGRISKs@,

oA 350 J=1 NPLAYS e e e

waRISK:SGRISK*&RISK(J)
- CHANCESRANF (DY - -
AF(CHANCELGT,GRISK(J)) 60 TO 250
NsRANF (D) %20 ,+1,5 .
BAaSUM:GAS&UM*hA%(N 4y
250 CONTINUE e
IF (SGRISK,L.T,n,21) GO TO 268
- 1JaGASSUN#*2RD,/75X6M &1
IF(1J,6T 30n0)268,255
255 XN(IJYesXNCIJ)+1
260 CONTINUE
A CALL RANGE (LIM,100) e
GSRESs bSRES(a)aa ~GSRES(3) & FLUSRES(1)=6GSRES(1)x*, 235315
GSRES(101)=SMAXG § FGSRES(101)=SMAXG*, 035315
D0 265 I=2,100
GSRES(I)s R(In Y *xSXGM/2,
265 FGSRES(I)= GbRES(IJ* w33315
268 PRINT 37p o o
270 FORMAT (30X,35Hx#x RISKED AND suMmED RESOURCES x4x)
' PRINT 275
275 FORMAT (15X, 10HCUN, PROB,,2X,1GARISKED uIL,EX JQHRTSK&D GAS,PéX,
- 11@HCUM, PROB,,2X,10HRISKED OIL,2%, 16HRISKED GAS) '
PRINT 279
276 FORMAT (39X, 1eHMILL, CU, METRES,40X,16HMILL, CU, METRES)
D0eBy [=1,i01
280 r(l)=1,=(1=1) /120,
PRINT aBS,LF(I) QSRES(IY,GSRES(I),F(1+50),08RES(I+50),GSRES(1+502),
113145@)
285 FORMAT(1¢X,F1e,2,2F12,0,20X%, Fle2.2,eF12,0)
PRINT 270
PRINT 286
286 FORMAT (3pX,1@WMILL, BBL,,44,8HB, C, F,,32X,1aHMILL, BBL,,4x,8H8, C
1e Fo)
PRINIESS,(F(I).FUSRES(I).FGSRES(l),F(I+5®),FUSRES(I<SMJ,FGSRESLI*
150),1=1,5@)
PRINT g29p
299 FORMAT(1H1)
CALL QUIPLOT(OSRES,F, 99,1,23Hx0 L JRES ,=MILL, CU, Mo#,l1H*( M ,PRQH
1a%)
CALL QUIPLOT(GSRES,F, 99,1,23HxGAS RES,~MILL, CU, M,%,11H*CUM1,PROB
Lex)
CaLl, QUIPLUT(FDSRES F, 99, l:?SHkUIL ,RES, wMILL, BoB.le%,13HxCUM PROB
{a%)
CALL QUIPLUT(FGSRES,F,99,1,1THXGAS JRES @B, F,x, 1 1H*CUM,PRUB, %)
 LF(NPUNCH.EQ,1) 294,999
294 PUNCH 295, (OaRtS(I) GSRES(1),1=1,1u2)
295 FORMAT(1068,2)
999 CONTINUE
STUP
END

Sk

Sh

SML

ML

SML

CsML

Sl

“SHL

SML

Smb

SML,

SML

SML

SML

SML
Syl
SMi
S,
Swmb
SHL
SML

- SMl.

SML

- SML

SML
SML
SML
SML
SML
SrL
SwL

SML

SHL
SML
SML

SHL

StL

SML

SML
SML
SmL,
SmML
SML
Snl.
S,
Sl
SML,
SHL
Sul

8L

SML

SML

135

T

137

y3g

139

17.04,85

t4e

1414

143

144

145

146

147
148
149
152
151
192
152

154

1395
156
187
158
159

len

1el
1e2
1e3

164

165

143

(66

167

168

169
1o
171

172

173
174
175
176
177
178
179
180

181
182

183

285
286

Vei

PAGE



SUBROUTINE CuUMPRUB 76/706 UPT=1

1@

15

4%

e e e e
C THIS SUBROUTINE READS IN STRINGS OF PRUB, NEIbHTEU VARIAELES AND UU1PUT& A

SUBRQUTINE CUMPRGB

L 20 VALUE" CUM PROBL,DISTRIBUTION FQR EACH "STRING,

¢

OO0

OO0

25

30

35

492

45

R B

OO0

OO0

" DIMENSION D1(2@,20),D2(20, 22),A(29),B8(20),72(22 ,200)

COMMON L ABEL (2, 20) CPROR(E@aalJ XN(3QGQ) XCUM($@@MJ RO1OLY

Coglep Isy, 1y
READLG, L, (DL (L, d),02(1,d),d=1,0)
19 PDRMAT(IIW,7PIM ev/y (8F1m 2)) ‘
PRINT 11, (LABELCJ,I),Jt=1, 2) 5 (DLLI,d),051,L)
1y FORMAT (SX 2A1a,(1®F1a 3)1 ‘

IF FACTOR SINGLE VALUED ALGORITHM T§ BYPASSED

IF(L,EG.1) 15,17
15 00 16 M=1,21
16 CPROBCI,MY=DICI,1)
GO TO 1026
17 PRINT 18, (DR2(1,J),J=1,L)
18 FORMAY (19X, 6HWEIGHT, 10F1@2,3)

NORMALLZE THE FREQUENCY DISTRIBUTION

AREA=Q S Lisl=y
00 20 Jel.LY o o
20 AREASAREA+(DIC(I,J+1)=D1C1,Jd))x(D2CL,d+1)+02C1,d)) /2
DD 25 J=i,L
25 D2(I,J)=D2(1,J)/AREA

FREWUENCY DISTRIBUTION OF 282 VALUES 1S NOW GENERATED

0 32 J=i,L
AfdY=(02(T,J)=D2(1,J+1))/(DL(T,J)=D1(1,J+1))
3 B(JI=DE(L,d)m A(JJ*DI(I J)
B0 35 Jsi,200
35 201,380 (1, 1)+ (J=1) e (D1CT,L)=D1(1,1))/199,

DISTRIBUTION I8 SPLIT INTO 20 PORTIONS OF EQUAL AREA
AREAz@A, 8 M=l § N=)

L0 60 J=1,199
IFCZ(I,Je1) GEDICI,N*1)) 42,509

4p DELTA=A(N)*(01(I Net)+z2¢(1l, J))i(lel.N+1)-Z(I Jyy/s2
{ ACN®LIxCZ(1, JHIIADL (1, J+1)) % (2(1,J41)= DI(I N+1)1/a *
2 B w(DI(I,N+1)=2(1, J)J+B(N+1)*(Z(I J+1)-D1(I w+1)J

No N4y § ARtASAHEA+DELTA
IF (AREA,GE M/2p,) 41,60

A4 ARtA1=AR£A-DcLTA+ b*A(N~11t(D|(I N)xx2=Z (I;J)en2)

1 8 CN=IIn DI (T,N)=Z(1,J)) % MaMel
LF (AREA1,GE, mzam - 05) 42,43

42 CPROB(I, H)=Z(I J)+(Dl(I NI=Z(1,J))x(M/20,»,05=AREA+DELTA)/

1 (AREA]= ARtA+DELTAJ 8 GO TO 60

11) 8 GO TO 6@

'SP DELTA=A(NI«CZ(1, JEL 2 (T, ) w2 (L, JeyeZ (L ayze, T

2 RN (Z(I,J+1)=2(1,d)) &AAREA.AREA+UEQTAM

FIN 4,6+439

1i/04/78

cupP
CupP

CHP

Cup
CHP
CupP
CwMP

Cmp
CHpP
ChpP
CmP
CMp
CupP

CrnP
CMP

CHP
CwP
Chp

CmP
CHP
CuP
CMP

CMP

Cnp
CmP
CMp
CMP
CMP
- CMP
CHMP
- CHP
cmpP

- CMP

CiupP
- CHP
CMP

43 CPROBCI,MY=DLCI NI+ (ZCI,J%1)=D1 (], N))*(M/20,=,05=AREAL) 7 (AREA=AREA CMP

CMP

. CMP

CHP

‘7o

aB3

Qus

RB6

aar

17.04,05

aga

208

ap9
n1a
@11
ale
a3
w14

@215

216

217
218
ai9

nen
221
nae
Aed

e

?eS
Qee
ae7

nes

n¢e9

237

@31
nie
A33

234

R385

kY

A37

D38

n39

pin

P41

PAGE

!



SUBROUTINE CUMPROB 16/706 OPTay

62

s

L&

Y

S5

190
C.

ies

110

CupP

17.04,95

a4 ...

a4

@aam,w.‘

FTN 4,6+439 11/794/78
i RF (AREALGE M/20,4) S5S,00 .. . EMP.

MaMe g CHP 043

. CPROB(I,M)aZ(I,J)+(M/20,+DELTA=ARER) /DELTARCZ(L,J+1)=2(1,J)) - CmP
CONTINUE , CrP @4s
CPROB(I,1)=01(1,4) $& CPRUB(I,?21)=D1(l,L) _CNP n4e
CONTINUYE CHP PU7

voeno.15,5@ & 85 % CUM, PROR, DATA OUTPUT TO CHECK INPUT DATA
PRINT 105 ChpP
FORMAT (20X, 48H15,50,485% CUM, PROB, OUTPUT T CHECK INPUT QATA,/, CHNP 249
16X,y 1pHCUM, PROB.,an.3H85%.17X,3H5@x,17x,3H15%) CHMP pSn
PRINT 11¢, ((LABEL(J,1),J31,2),CPROB(L,4),CPROR(T,11),CPROB(I,18),1 CHP pSy
131,11) , CMR 252
FORMAT (1X,2A810,10%,F10,3, 10X, F10,3,10X,F12,3) CHp 33
KETURN CHP nsu
END

ns59

PAGE

e



SUBROUTINE RANGE 716/76 QPT=sy FTN 4,6+439 11/04/78 17,04,05 PAGE

1 .H"“_W”M‘NWW$H339UIJNENBANG§1LIMnNNlhm_MMMHWMAW”,WM“WM,.ww.www,hp"4“mmmmﬂ..HM,BGEWQQLM
(
- € THIS SUBROUTINE CUNSTRUCTS A CUMULATIVE PROB 0I8T, OF NN POINTS
C FROM A FREQUENCY DISTRIBUTION OF 30d@ PUINTS X
S COMMON LABEL(2,20),CPROB(20,21),XN(3000), XCUn(3000),R(101) RGE mo2
C
,,,,, S KCUM(1)ExNC1) o PRGE g3
00 5 I32,3000 RGE 204
S XCUM(I)axCUM(I=1)+xXN(I) , ‘ RGE 2US
12 , 00 6 1sy,NN RGE noe
6 R(l)=n, ‘ RGE mu7
uo 1p I=4,3000 RGE Py8
C MaXCUM(I)&NN/LIMey , , ~ RGE ap9
g K(MY=T/7100,~NNw,g0pQ21 RLE pinm
15 R(NN+1)=32, RGE 211
DD 185 I=1,.NN RGE myip
LF(R(I) EQ,n ) 15,20 , RGE 013
15 LONTINUE RGE 014
. 20 Kal+y o S RGE @15
29 D0 4@ I=K,NN ' ' ' RGE e
IF(R(I).EQ,@,) 25,40 RGE 817
25 Nsl ' PGE mn18
27 IF(R(T+4N) EQ,7,) 38, 32 RGE ©n19
3p N=hey ‘ RGE Ben
25 GO To 27 RGE net
, 12 00 35 gsi,N o L _ - o REE pea
35 RCi+Jm])aR(Imt )+ (R(I+N)=R (I~ 11)*J/(N+1J RGE 223
4p CONTINUE RGE @24
KETURN RGE 2%
12 ENU RGE 0eé




?g EQS
N e S ; R )
F a2 B
i RESERVOIR VOLUME e B ) R o N o )
¢ PAY THICKNESS
i _FRACTION TRAP FILL ) i - .
: PDRDS‘TY
* WATER SATURATION e i e _ - o e e
: OIL RECQOVERY FACTDR
» GAS REC, FACYOR e ~ ) I ) - e _ _
+ PRESSURE
© _ TEMPERATURE o L . B o
GAS DEVIATION FACTOR
FURMATION VOLUME FACTOR - — -
0IL V., GAS
_GAS V O B e ) e B e
RESERVOIR
7 _80URCE e . - . e
THERMAL HISTQORY
» TRAP & SEAL - i L }
: TIMING
FLUSHING .
s BLANK CARD
i BLACKKNIFE e o . . -
3 30, o, 120. 1. “azm. n.
3, ._.‘,1 r{" -PS O t . . q' e
a L2 n, .38 .5 . R A o
. @ L] . . - P . e i . e PR e et mn e e — e pere en em — —_- — — _— —_
3 .10 o, 15 i, 23 o,
. 3 _*xe_,l,_@w_.,.._-. f:ﬁ L ] —— ] P 3 -..,1.|__~ - [ -..q...- . ...._..-@ X e st et perema, —— e e e e - e e
Y
1 o715 ) -
Y usao.
1 690, ) - i i
1 o9
D S - N e e - e e
TEXISTENCE RISK
35 .5 ,. 1, .5 -7 ‘7 10
:: TURTLEDOVE ) - -
3 1go, ”, 200, 1, 100, 2.
3 . ", .25 1, \5 @,
3 .15 0, .5 i, 1. 7,
. TS 1 8. TR 5 NS - R S T o xf8 - e )
. ‘
1 .25 . . N )
i o?
] aam@. ' S ' " )
R 670, . N . - . . -
1 o9
i o ) I - T . -
EXISTENCE RISK )
. 3 7 i [ 8 . 8 » 7 . S . 3
{ END OF INFORMATION B - . L o N



APPENDIX 2

SAMPLE PRINTOUT




DOC , CPDMRXVA,

_#% 70p@ SCOPE 2,1,3-205 MOD 01/03/77

APPENDIX 2 - SAMPLE PRINTOUT

SIMLéﬁa-o.a.....i842..02/@3/77,.u.LPCP

12.43,54 »% 22/03/77

ALY

_ SYSTEM BULLETIN 23
HHL MM, 88

18,39,46

18,39,46

18 39,46

18 39 46

18, 39 55

18,39,55 ¢

18, 39 S?
18 39 57
18, 39 57
18 am 20
18 aa 00

”18 e, o0

18 H@ ne

18 4a, 0@”

18 QG 20

18 49 00“

18, 40 2@

18,40,00

18,40,00
18,40,00
. 18,40,00
18,40,00

18,4000

'“16 49,00

18 Jm 220
18 00 00
18 am 20

- 18.39,44

CPU SECOND ORIGIN
DAD,

18,3944
18.39,44 DAD,
02002,008 CYB.,
e@awl 211
ozmao o1

wwozz P12

GGGGZ 860

Joe,
USR

. -
LA 1 J

AT -
JoB,.
ool

- DYOS T VERS TON
DAD DOCUMENTY NAME = e
Y89 RECORDS READ. — ~ ' e e e e et e e e e e e

«SIML(T10)
»INIT ()

0@000,861 LOD, =60,

0@000 983 CYB.
0@0@0 985 CYB
ﬂ@@@@ 985 USR

”wz@za 595 USR

@00@2 595 USR
0@@@2 596 LfB
@@@Q& 597 CYB.
EQQGE 597 CYB.
0PBR2,.597 CVB.
00@@2 598 CYB.
0@0@2 598 CYB
00002,598 CVB
mgm@a 598 CYB.

0022.598 CYB.

0@@@2 599 CYB.
povaee, 599 CYB.
02202, 599 CYB.

ﬂ@@wa Ll CYB e

emama 600 CYB.

'06@52 600 CYB.”WWNHH*
20002.680 CYB.

SFINGSLY R
«845 CP SECONDS COMPILATION TIME

SIML,

1‘2/"“"&/77;"“ . C e e -

T LDAA3 = EXECUTION INITIATED OS,EXP
FORTRAN LIBRARY 4p1

- STOP

LOMRXVA

- DFILEVA

oUTPUT

5.725

a2k

18,641

1,612 CP SECONDS EXECUTION TIME

BLOCKS
BLOCKS

'SCOSQ = 20045 SC/LC SWAPS

R

USR

. scm
" RMS
1/0

PRI
RATE
CHARGE

YOTALTT

1,982

43,821

2,018

n,A30

2,200

oty

R TLE

Srue

"5:337“”

SEC

§§ e

KWSEC
MW

K

‘BLOCKS

14 6/76. USE =SYSRULL,LFN, OR =SYSBULL,

C$/SEC T

SEL

MeSEC T
R

LD61M@ = FLS REQUIRED 70 LOAD - 0@1i670 OU,COG

_1ei218

'-COMMENT.*t*tuta*itt**au**tt**E J e RIESZwuk e nwuwuw e ke kEXT 3G RN A kRN AR kb

A

I .

g5 g
P 365 & .
2,001 S
,052 8§ e
2.,323°% T T
2.2 8 = o



a2

15

g T

25

30

35

he

45

- 50

- R

PROGRAM SIMULATY 76/76 OPTsy

!

OO0 00a00o0

i
1

YO0

o0noon

B
c
c

s XaRal

FIN 4,4¢R4NY n2/8%/71

—...PROGRAM SIMULAT (INPUT,OQUTPUT,PUNCH,TAPER1sQUTPUT) . SIM_pay

SIMULAT CONVERTS STRINGS OF WEIGHTED VALUES POR FACTORS IN REC, OIL &

EXISTENCE RISK FACTORS ARE_ASSUMED INDEPENDENT,

GAS

TO PRODUCE CUM, PROB, DISTRIB®S OF RESOURCES FOR A GROUP OF PROSPECTS,
PROGRAM PROSADD MUST RE USED

IN CONJUNCTION WITH SIMULAT YO ADD RESOURCES FRGM A GROUP OF PROSPECTS WHEN
‘N$9ﬁ§m§XI§T§NFEMRI§KWFACT°R§%AREMTAKEN“A§_DEFENDENIWEBQMMRBQS?EQTWIOMERPSREFIgﬂwm,mw

DIMENSION TITLE(22),F(181),0IL(?1,23),6A8(21,23) RISK(23),0RISK(23 SIM aga

1),GRISK(23),08RES(121),FOSRES (191),GSRES(1@1),FGSRES(121),
_..2MAXD(23) MINO(23) ,MAXG(23),MING(23)

SIM
SIM

Qa3
eQd

18,39,47

VOLUME FORMULAE INTO CUM, PROB, DISTRIBUTIONS FOR RESOURCES IN INDIVIOIAL ~  ~ ~~~ 7~
. PROSPECTS, EXISTENCE RISKS, AND ADDS DISTRIB®S USING MONTE CARLO SIMULATION

COMMON LABEL(2,20),CPROB(20,20),XN(50@), XCUM(SQ0) ,R(101)

CRERDTINBUNER T T e s e e
.1 FORMAY(IR2Y . et e SIM QBT

NPLAYS IS NO, OF PROSPECTS TO BE SUMMED,

READ 1,NPLAYS e e ... 8IM o

READ 2, ((LABEL(J,I),Js1,2),T81,20)
.2 FORMAT (2A10)

SMOMN=@, §  SMGMNap,~ $ LIMs20@@, § SxOMed, § SXGMsd,

~ LIM CONTROLS MAXIMUM NO. OF COMPUTATIONS 'IN SIMULATION ~—~

00 Bad KKRT,NBLAYS T T
__READ 4, (TITLE(I),Is1,8) e e OIM 013

4 FORMAT(8AI®)

SIM

SIM

nAs

IF NPUNCH @ {, CARD DECK OF SUMMED CUM, PROB, OISTRIB, 1§ PRODUCED, =

209

- e . SIM pim

SIM

SIM

iy

R14

g pRINT 5. (TITLECI),Is4,80 . s;Mwes
S FORMAT(30X,8A10) SIM 16

MAX, & MIN, RESOURCE VALUES ARE COMPUTED SEPARATELY

MING(KKYSCPROB(1,1)#CPROB(2,1) #CPROB (3, 1) %CPROB (4, 1)« (1=CPROB (5,20 SIM p1a

1)) #CPROB(7,1)%35,34(14,734CPROB (8,

))/CPROB(9,20) /CPROB(1@,20)  SIM pi9

MAXG (KKIBCPROB(1,20)«CPROBCR,20) *CPROB (3,20 «CPROB (4, 20) % (1=CPROBC SIM 020

15,1 YY#CPROB(7,20)%520, % (14,73+CPROB(8,20))/14,73/CPROB Y, ) /CPRO SIM P21
SIM @22
SIM p2%

2B, 1)

MAXC (KK)sCPROB(1,20) wCPROB (2, 20 #CPROB (3, 20 wCPROB (A, 2R w(i<CPROBT ™

15.1 )1uCPROB(6,20)/CPROB(1Y,1 )
 MINO(KK)=CPROB(1,1)*CPROB(2,1)%CPROB (3, 1) «CPROB (4, {Yu (1=CPROB(S, 20
1) )#CPROB(6,1) /CPROB(11,20)

~ OTL(1.KK)WMINOCKKY 8 QIL(21,KK)BMAXO(KK)
_GAS(1,KK)IMING(KK) 8 GAS(21,KK)aMAXG (KK)

MAXSORMAXSO+MAXO(KK) 8§ MINSORMINSO#MING (KKY ~ 7 s e oo

MAXSGEMAXSGAMAXG (KK) 8 MINSGSMINSG+MING (KK)
D0 1p Is{,500
1@ XN(D)mp.

oMap.~ s OlLMNsg. s GASMNED. S XOMsD. 8 XGMg. T

~OUTPUT FROM SIMULATION,

SIM
SIM
SIM

~gM-
SIM @28
@29

SIM

ned

#2s

026

day

. CALL CUMPRQB(IND) e SIM 1Y

230

o
1 e
n33

'SCALING TS USED TO GIVE K RANGE OF SG0 VALUES WHICH SHGULD EOVER WOST VALUES — — ~

- g NN

PR S R L - o

C; E% S Y S S

1



65

R

75

8o

85

Q2

9S

1es

108

119

PROGRAM SIMULAT

c

- c.
c
c

~ SCALE18sCPROB(Y, {8)wCPROB(D,
- IF(SCALE1.EQ,2,)60 YO 17

14 XOMeQMeSCALEL/200,/LIM

C339XL.F10.3,5Y,F10,3)

76/76 0OPTsy FIN 4,4+R4pY
']

.
118)Y«CPRUB(6,18) /CPROB (11,18

MONTE CARLO SIMULATION PREFORMED =~ =~ =

L0 (G 1EL,LIM

DO 12 Jmi,11

ITRRANF (DY w2041

IF(I1.67,20) 1ls2e | L
12 F(JY=CPROB(J,T1) o o o
mulgzigllif£§115£§lz519ltiieiisllzﬁﬁélif(1111§§AL§1ﬂ§@Qmmw

A2/03/77

18,39,47

SIM p3s

SIM 938
SIM @49

SIM m42

BY#CPROB(3,18)#CPROB (L, 18T w(1-CPROB (S, STN B3¢
) )

“gIM @3g -

R TL R TY

GMBGM+ 10
IF(IQ.LY,1) IQamy

- IF(1Q.6T,500) 14,13

13 XN(IQYSsXNCIQ)+1
CALL RANGE(LIM,28)

R TR LR O e e o e e e\ e i e e e o e = e e e

15 OTL(T+1,KkK)aR(I)%SCALEL#,S

16 XN(1ymg., , e L
17 SCALEEHCPROB(lo18)*CPROB(?.18)#CPROB(3,16)iCPROB(0018)*(1'CPR055§L_

~ 118))«CPROB(7, {8) w520, % (14, 73+4CPROB (8, 18)Y/14,73/CPROB (Y, 18)/
2CPROB(12,18)

IF (SCALE2.EQ.0.) 23,48 e

'8 00 214 Iwt,LIM
- DO 19 Jsig,10
ITaRANF (D) n20+}

CIRUITLGTE0Y T1eBE e
19 F(JI=EPROB(J,II)

'IGSF(Q)tF(E)&F(BjiF(OT*f{#F(S)5*F(7)tsaﬁgf(14;73#F(8))/1@;73/F(9)/”

1F€10) /SCALER %200
- omagrare el
IF(1Q.LT,1) I0ay

IF(16T6TISeE) 21,0 0 o O

20 XNCIGYeXN(IO)+1

21 XGMaQMuSCALE2/200, /LIM 8
CALL RANGE(LIM,22)
00 22 Ie),19 ‘

22 GAS(I+1,KK)®R(I)%SCALE2+,5

FXGM=XGM%, 035315

33 PRINT 84 e el e

24 FORMAY(10X,29HUNRISKED MEAN RESQURCE VALUES)

- PRINT 25, XOM,FXQM,XGM,FXGM ' o T

25 FORMAT (10X, 4SHMEAN REC,O0IL RES,=MILL,CU,METRES,«MILLION BBL,/,
13@X.Fl@.3;SX,F1Q;3./, ." “: - R
210X, 4THMEAN REC,GAS RES.=MILL.CU,METRES, ~BILLJON CF,/,

0O 26 Imi,21
26 F(l)=s1 ,05=1/20,
PRINT 27 ,(F (T JoO0ILCI.KK),GAS(I,KK),I=1,21)

27 FORMAT (1X,9HCUM,PROB., 2X,1THUNRISKED RESOURCE,/.12X,3HOIL,7X,

. A3HGAS, . 20(/,3F10.3,20X)) .

SIM @43y
SIM QU4

SIM nde
SIM »48

SIM A4y

SIM 059
SIM pSe

SIM asy

SIM 354

SIM 056

SIM @asT

SIM 958
SIM 0606
SIM pe2

SIM @63
SIM 064

‘SIM 068

SIM 66

SIM a68
SIM 269
SIM o7n

~SIM a7y

SIM nTe

SIN BT

SIM 074
SIM a7e
SIM a7s
SIM n8n

- SIM 81

SIM p8e

THE EXISTENCE RISK FACTORS FOR A PROSPECT ARE INPUY AND COMPOUNDED

§TM pEE

SIM @59 -

- 8IM 275
SSIMRTT

SIM oge
SIM @84

“SIM pTe

PAGE 2

ST Ry T

SIM @5y

G MR

§ FXOMSXOMS, 2898 T g Y T e e

STM G|~ e e

GIMTREY T

K UV ST X

o



PROGRAM §

JAS

o

IMULAT  76/76  OPT=y FTN 4.4+4R401

22/03/7T7 18,39,47 PAGE

3

L

Aes

DO B TEL LI T T T

_0ILSumMee, 8  SORISKap, S
DO 220 Jsi,NPLAVS
SORTSK=SORTSK+ORISK (J)

CCHANCERANF (DY T e e

IF(CHANCE.GT,ORISK(J)) 60 TO 220

N» RANF (D) *BE i e e e e e

IF(N,GT.20 ) Ns2p

220 CONTINLE

SIM ¢49

READ 4, (TITLECI),129,16) SIM 085
_READ 1,NRISK . . SIM @86 . R
READ 32 , (RISK(I),I=1,NRISK) STM 987
... ... 32 FORMAT(8F102,3) S e SIM maa I 3
129 ORISKTKKISRISK({) 8§ GRISK(KKIsRISK(2) | SIM 089
L __IF(NRISK,LT.3) GO TO 34 B ) B . _SIM 090
DO 33 Is3,NRISK SIM 9914
) ORISKfKKJBGPISK(KKJ*BISK(I) e o $IM 892 S
33 GRISKTKK)=GRISK (KK »RISK (1) SIM @93
125 34 PRINT 5,(TITLECI),I®9,16) e __8IM 294 o
PRINT 35, C(LABEL (J,T+11),J51,2),RISK(I), I=1,NRISK) SIM 995
e ___.,§,§A_E,DRMAT(5X AR, FLQ.L}_J - SIM 296
OTLMNEXOM®ORISK(KK) 8 GASMNeXGMwGRISK (KK) SIM 997
e PRINT 36 ,0RISKC(KK),GRISK(KK) .. S1IM @98 _ .
13p 36 FORMAT(10X,21H0OIL EXISTENCE RISK IS,F10,4,/, SIN 299
v 1@X,21HGAS EXISTENCE RISK IS,Fi1@,4) ___SIM 129 i
PRINT 37 SIM 101
) 37 FORMAT(10X,27HRISKED MEAN RESOURCE VALUES) SIM 102 } )
FOTLMNGOILMN%6,2898 § FGASMNEGASMN#,Q35315 SIM 103
135  PRINT 29,0ILMN,FOILMN,GASMN,FGASMN ~  smMi@sa )
SMOMN=SMOMN+GILMN § SMGMNaSMGMN+GASHN SIM 105
SXOMaSXOM+XOM $ SXGMsSXGMexGM .. SIM 126 e
DO 45 I=1,20 SIM 187
. A5 DTLCI.KK)R(OILCI,KK)+OIL(I4y,KKIIN,5 . oo SIM 108 I e
{40 00 55 1=1,27 SIM 179
55 GAS(I.KK)3(BAS(T,KK)+GAS (T+¢1,KK)})%e8 - SIM 110
272 CONTINUE STM 11t
C e e s s = eyt e pombs e v+ e b e % @ —am o i e e o e
C CARDS WITH A IN COL, MM ARE OPTIONAL AND ARE USED IF LINE PRINTER PLOTS REGD,
145  CALL BUIPLOT(F,GAS,21,NPLAYS,11H«CUM,PROB %, 23H4GAS RES, «MILL, Cl, SMLA 10 o -
{ Mew) SMLA 11
CALL QUIPLOT(F,0IL,21,NPLAYS, 1 {H*CUM,PROB,%,23H¥0IL RES,eMILL, CU, SMLA P
T MY ) TTSHLA 21
c
(B B TR e e b
205 FORMAT(10X,33HTOTAL RISKED MEAN RESOURCE VALUESY  §IM 113 o ~
- FSMONNESMOMN Y6 , 2898 SFSMGMNESMGMN® ,A35315 STM 114
. PRINT 25,SMOMN,FSMOMN, SMGMN, FSﬂGMNw_ﬂmwww““mA“ CSIMAMS
c
155 C RESOURCES FROM INDIVIDUAL PROSPECTS ARE SUMMED
158 - f RSO IVIDUAL PROSPECTS ARE SUMMED .
b0 2y Ymy,500 . 8IM 116 - R
o TUR19 T ANTIYEY f? STH 117
C .
Fem T B HONTE EARCO” STMUCATTON FREFORHEG = e e S

OILSUMSOILSUMSOILEN, 1) ' .

SIM 120
_.SIM 12 e
SIM 122
L SIM Ry B
T8IM 124
SIM 125 3
STM 126
e L SIM ey



PROGRAM SIMULAT

76/76  OPTsy

IF(SORISK,LT,Nn,81) GO TO 236

g

D0 38 Ie2, 100

s

RS

1%

2e

2es

210

R TE

o eee

225

FTN 4,4+R401

02/03/77

SIM 128

18,39,47

PAGE

4

IUBDILSUMtiﬁﬂ.ISXOM +1
IF(1J.GT,500 ) 230,225

225 XN(IJ?:XN(IJ)+1““‘"W“'WWMMMW”M“MW"“WWW“W””MM

230 CONTINUE
TCALL RANGE (UTM, (20) ™

OSRES (1) sMINSO $w9§RES(1@IJ=MAXSO

SIM
SIM

129
130

TTTUSIMT
SIM

137
132

“8IM 133
SIM 134

OSRESTIYER(I=1) «SXOM
236 00 242 I=1,500

Coug XN(IYwGL ~
00 260 Isg,LIM

235 FOSRES(I)®0SRES(I)Y%6,2898

“SIM 138
SIM 136

265 FGSRES(I)=® GSRES(I)w,B35315

. R
C CARDS WItW A IN COL,

GASSUM=D, $
DO 252 J=1,NPLAYS

SGRYISKED .

TTSGRYISKESGRISKSGRYISK (Y —— e e

CHANCE=RANF (D)

T IF(CHANCE . GT,GRISK(JYY GO TO 250

Na RANF (D) %20 .+1

TTIFIN BT .20 Y TNESD

GASSUM:GASSUM#GAS(N J

250 CONTINUE™
IF(SGRISK,.LT,2,21) GO TO 268
IJ'FASSUM*IGQ./SXGM
IF(IJ.GT,500) aez.ass

TESSTXN(IIYEXNCII et
26a CONTINUE
CCALURANGE(LIM, 109)

GsRES(1)nMINSG $ GSRES(lO!)ﬂMAXSGMHMN

DO 265 I=2,100
GSRESfI)cR(I-il*SXGM

268 PRINT 270

270 FORMAT (10X, 16HSUMMED RESOURCES)

PRINT 275

TUEYSTFORMAT (10X, 1GHCUM, PROB ., 2X, 1PHRISKED OTL, 2%, TOHRISKED™ GAS, 22X,

- SIM 162

11@HCUM, PROB,,2X,1OHRISKED OIL,2X,10HRISKED GAS,2X,14HMILL . CU, M@TR SIM 164

~1ES)
D0eRe Isiy, 101

282 F(IYei,=(I=1)/100,

SIM 165
SIM 166

CSIM1eT

PRINT 285, (F(1),08RES(I),GSRES(1),F (1450), OSRES (1+5@) ,GSRES (I+50), SIM 168

T 1lsi,52)

285 FORMAT (10X, 3F12 2 20xX,3F12,2)

TPRINY 290
29@ FORMAT (1H1)

CALL QUIPLOT (OSRES
%)

"“““Ciffmﬁﬁlﬁfﬁffﬁgﬁﬁs,FTwﬁep1.E3HiGKS:§E$:3WIEEZM

aw)

CALL QUIPLOT(FOSRES,F,99,1,23H#0IL, RES,=MILL,

14%)

CALL RUIPLDT(FGSRES,F,99,1, !7H*GAS RES, =B CuF. ¥, 11H*CUM PROB )

TUL M. %, TIHRCUM PROB SMLA 40

“gIMTIEg T T T

SIM 170

PN

BEUIEY S
SIM 172

ARE OPTIONAL AND ARE USED IF LINE PRINTER PLOTS REGD,
Fy 99,1, 23HA0IL RES, MILL, CU, M %, { TH¥CUM,PROB SMLAZE ~

SMLA 3¢ -

SMLA 41
SMLA 51

BUBLLLw, (IHRCUM,PROB SMLA S T e

IF (NPUNCHLEQR,1) 294,999

294 PUNCH 295, (OSRES(I),GSRES(I),Iet,000)

SIM 173

SIM 174

—SMLA Rt

e G R T e e
SIM 138
. e e — ; .
SIM 145
sStw ey B o
SIM 142
e e STH 143 e I
SIM (44
T SIMTIgs B
SIM 146
- SIMaT T
SIM 148 .
- et e _ g I,M__._i..a,g_-_.,,‘_.,,___ e S ‘_,_.__
SIM {50
_ g TH - .
SIM 152
) B SIM 15y T B
SIM 154 . ;
R ¢ <
SIM 156
SIM {58
""" SIM 159 ) T
SIM 160

s I M*‘Ml 6 3 VUV UU UM S NOS O R e e - diemma st s e e e e e e e o ..\
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PROGRAM SIMULATY 76/76

295 FORMAT(1m68.2)

OPTay

FTN 4,4+Rap1

999 CONTINUE

82/03/77 18,39.47 PAGE

SIM 175 .

5

SIM 176 S I
- LSYOR SIM 177 - ; _
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SUBROUTINE CUMPROB 76776 OPTay

FIN 4,4+R401

SUBROUTINE CUMPRODB(IND)

02/23/77 18.3%9,47 PAGE {

CMP pOY

g

5

L1

3.5_ - B,

40

45

c

€ THIS SUBROUTINE READS IN STRINGS OF PROB,WEIGHTED VARIABLES AND OUTPUTS &

€ a@ VALUE CUM,PROB.DISTRIBUTION FOR EACH STRING
c

OYMENSTON DY(27,20),02(20.20),A(20),6(20),2(20 ,200),APROB(21Y

COMMON LABEL(2,20),CPROB(20,20),XN(5020),XCUM(5ea),R(101)
IND=Q

Doiog 1=, 11

~CMP
CMpP

e0e
23

CMP
CMP

004
@as

READT@,L, (0T (T,Jy,02(1,3),J81,Ly

FORMAT(I:@ 710, 2./.(8F1e 22
PPRINT {1, (LABEL (J, 1), Ja1,2), (D11, 3y, 01,1

11 FORMAT (SX,2A10, (10F10,3))

e

CHP Ga8 e et et et e

CMP
CMP
CMP

A

a29

- I
C IF FACTOR SINGLE VALUED ALGORITHM 1S BYPASSED

- ,,c,._.. et 2o R SR P SN -
IF (L,EQ.1) 15,i7

19 DD 16 ME1,28
16 CPROB(I,M)=D1(I,1)
GO TO (A9
17 INDB Y

“PRINT{2, (D2 CI,JY, 51 L) e e

12 FORMAT (19X, bHWEIGHT 1GF1E 3)

o e e e e e e

C NORMALIZE THE FREGQUENCY DISTRIBUTION

CMP o1
CMP a1
CMP 212 _ a ) )

CMP 213
CMP at4

EMP R
_CMP m16

e bl 08
AREA=D, 8 L1=L-

Do 20 JBI 1 e e e e e e L e e e

20 AREASAREA+(DY(I,J%1)=D1(I,J))%(D2CI,J+1)4D2(1,J))/2
25 Da(l,d)s0a(l,J)/AREA

DORE IEY, L e

CMP 017
i e
T
_CMP 024 o ) ]

o
C FREQUENCY DISTRIBUTION OF 200
e e

DO 39 J=i,Ld

A DRI, I 02T, JF Y/ IDI(Y,IY=D1 (1, 1))
RN BfJ)lDE(I J)-A(J)*Diti 0 J)

35 2¢1,3)201 01,10+ (J=1) % (D1 (T, L) =D (1,1))/199,

~ DISTRIBUTION IS SPLIT INTO 22 PORTIONS OF EQUAL AREA

OO0

AREAzp § CPROB(I,1) lDi(I 22

$M=y $ Jisy

0o GGJEE 199 e

4o IF(Z(1,J).GE.DICI J1+1)) 85,5
A5 JeEJivy 8 TG0 YO 4o
50 AREABAREA+ACJ1Iw(ZCT,J+1042(1,0))%(ZCT,J¢1)2(1,J))/2,

OB ILY R (ZCT,Je1 )2 (T,0)Y S

IF (AREA,GE,M/20,) 55,60 e
Matey 8§ CPROBCI,MYS Z(I,0) "

CONTINUE

CONTINUE

CONTINUE

BRINT (@6~ T e
FORMAT (eX, 1@HCUM, PROB,,20X,3H15%,17X,3H50%, 17X, 3H85%)

g5
Y
- op
lae

105

PRINT 11@.((LABEL(J Iy,J=1,2),CPROB(Y,4Y,CPROA(Y, 1¢),CPROB(Y,18),1 CMP 240

LIV S N

_VALUES IS NOW GENERATED =~ =

b0 x5 Jey. 570 e e e e e e+ e e e+ e o

CMP 422 -
MR B
c M P m a a s e - an e = oo 2t o2 e b moms mmmtmte a mi. 40n nm ma sm e aie men e omee e s
CMP @25
CMP @26

CMP_a27 B
L — . ,

CMP 229 B
TR
CMP 231
O
CMP 933

1 | B L/ Bt O S

CMP 735
- CMP 036

CMP 637 eeaerim et s e vl - e e e
CMP R

CMP

n39

Cmp

LLA T

ST T Ra— et e e e e



SUBROUTINE CUMPROB 76/76

OPTsy

FTN 4,44RGDY

190 FARMAT (1X,2A10,10X,F10,3,108%,F10,3,10X,F12,3).

®2/93/77 18,39,47

CMP _p4?

PAGE

..

G

DO 12@ Imi,11
D0 112 Js2,21
DO 120 Jui,20

APROBC1)=D1 (1,

112 APROB(J)sCPROB(I,Jmy)

12p CPROB(1,J)5(APROB(J)+APROB(J+1)).

END

RETURN

CMP pu3

CMP Q44 o
CMP @45

. CMP @46 i
, CMP @47
.5 . CMP 948 e o e
‘ CMP 249
e CMP_@S®_ .



SUBRQUTINE RANGE

T6/76  QPT=y

SUBROUTINE RANGE (LIM,NN)

FTN 4,4+R4n1

02/03/77

RGE 001

18,39,47

PAGE )}

C

5 ¢

" TCOMMON TLABEL (2,20Y,CPROB (20, 20) , XN(S@2) , XCUM(S@RY, RCya1Yy —

~ XCUMc1)msXN(Y)

DBTTE TR §R T e e

C THIS SUBROUTINE CONSTRUCTS A CUMULATIVE PROB DIST,
TCTFROM A FREQUENCY DISTRIBUTION OF So@ POINTS

5 XCUM(I)3XCUM(I-1)+XN(T)

10
6

00 1o TEi.sep

DO 6 Imy,NN
Rtlysn,

MeXCUMCTI)xNN/LIMe

lsA - e e e e e

BY IE TR{ N
IF(R(1).,EQ,0,)15,20

15
20

25

13 R(MYsT1 /100, =NIx. 00601

R(NN+1)-5

"CONTINUE
Kelsy

SRR TEKGNNT T T e
29,40

IF(R(13.EQ,2,)
Nei

er IF(R(I¢NJ EG,0.) 30,32

10

es

5 g0
4p

30

RESERVOIR “ARER ™~~~
WEIGHT

PAY THICKNESS

WEIGHT

FRACTION TRAP FILL

WHEPGﬂ?A“,M

PNROSITY
WEIGHT
WATER SATURATION

WETGHT

DtL RECOVERY FACTYOR

GAS REC, FACTQOR
" "PRESSURE™ B

TEMPERATURE

GAS DEVIATION FACTOR
FORMATION VOLUME FAC

rtuM, PROB,

RESERVOIR AREA

'“05@@ 000

‘NaN+y
GO TO 27

OIS Jeg, N T - B
I5 R(l+J= I’RR(WI 1)*(R(I¢N)wR(I-1))*J/(N.,i)

CONTINUE
 RETURN
et
BLACKKNIFE
In.000
7,000
e oe
2,000

1.000

1,000

aﬂ@ . ‘;350HM,M.Mh

0 @eo
.1“@
0.000
.10@
B aeo
.200
. 7150

500

1,000
.250
1.000

69@ e
1. R@G
81 256

Tlasp

se

2,020
"Spg
?.000 ,
500 L7000
1,000 0.000
o
?,000
» 4020
2.000

- 50%
12& 472

OF NN POINTS

PAY THICKNESS — -

FRACTION TRAP FILL

POROSITY
WATER SATURATION

0IL RECOVERY FACTOR

GAS RFC, FACTOR

'PRESSHRE el S

TEMPERATURE

" GAS DEVIATION FACTOR
 FORMATION VOLUME FAC

T 4500,.009
‘ pqz 1]

J19y
. 348

s

.181

2200

.750

W2T5
474

L1857

2249

e

« 150

aSGGLGiﬁuwmmmw“”mww

690,000

T T

1.500

oG
1.500

8%
171 709
Iy
577

X ;1qd“wm““

. 317

T I

. 750

1500,000
69@ a00

1
REE gy . ¥
RGE 003 i
 RGE o004 R ) :
RGE 00S ;
REEgRe T
RGE o7 i
REEGRE T .
_RGE @29 e g
RGE 0{0 3
RGE 0211 .
" "RGE 021e T
RGE 013 -
RGE Atd T B
RGE @18
e REERLE - N
RGE @17
REE @18 -
RGE 019
"RGE @@
RGE 0221
RGE 023
RGE @25 ' o
- REETGR T T e
QGGMMWHW B 5




_.MEAN REC,GAS RES,=MILL,CU.METRES,

CUM,PROB,

1,000

’

“l2se

o1 v,
GAS V.,
$NURCH
THERM

~ RESER
TRAP
TIMIN
FLUSH

RESER

UNRISKED MEAN RESQURCE VALUES
MEAN REC,0IL RES.=MILL,CU.METRES,=MILLION BBL

 .213 . 1.362
«BILLION CF

3In3, 623 10.7014
UNRISKED RESOURCE o
o1L GAS
YL Y L L e e
95@ ‘ L0485 64,927
» 90¢.WMWWMA'6QWWM 92,932 o e e 3 .
857 L084 112,603
5@0 __”_V"@96M“w138 BB e i}
" 150 L1114 155,945
» 100 .129.mA1?31P58- e
ssa Jidt 194,953 .
,,§@Quwmwww.isgwmwzlalaigw_Mw_“wwuwm,__, o e e e e e
.550 171 238,296
2500 o186 264,304 _ i B . . L
450 .201 285,972
400, 2219 307,643 N _
.35n ,234 337,983
2300 255 38,322 . e e e . e
,282  4p2,996
200 w306 437,670
.150 .342 489,681
L100 0390  559,Me8
.050 459 667,384
a.,000 1.200 1686,000
EXYISTENCE RISK
Gas 1L B
. OIL .50
E R Y11 e . . . _
AL HISTORY 1.000
VOIR ... aS90
& SEAL .700
6 o aTRR e
ING 1.000
~OIL EXISTENCE RISK IS ~ ,122% e
GAS EXISTENCE RISK 1§ . 1225
RISKED MEAN RESOURCF VALUES L o
MEAN REC,0IL RES,eMILL,CU,METRES,~MILLION BBL
_ o a?26 164
MEAN REC,GAS RES,=MILL,CU,METRES, «BILLION CF
. 37,120 o 1.311 e - R e
TURTLEDOVE
VOIR AREA ~ 1eg.ern 209,000 30@,06@ )
WEIGHT n.000 {1,009 m oea
_PAY THICKNESS _siR@ .25 .50
WEIGHT P.000  {.p00 0.000 )
_FRACTION TRAP FILL  .150 +500 1.000 e . e o o B
WEIGHT 0.000 1.200 0.200
POROSITY . sama 50 .200  .250 _
WEIGHT 0.00d .B00 1.000 2.000
WATER SATURATION ~ .2%8 ) o L )
OIL RECOVERY FACTOR .200
GAS REC, FACTOR .750 B o L B L L
PRESSURE 340,000
TEMPERATURE 670,000 - : - .
GAS DEVIATION FACTOR “op0
qﬂEQR&AIIQNWYQkUEEWfﬂghmmmmtmﬁﬁgﬂwmmwwmwm‘ o e .



CUM, PROB,
RESERVOIR AREA
PAY THICKNESS
FRACTION TRAP FILL

15%
154,27
194 .

B5Y%

244,724
377
L7144

"POROSTTY
WATER SATURATION _ _
i oo & O ———
GAS REC, FACTOR
PRESSURE ~ =
TEMPERATURE

‘GAS DEVIATION FACTOR ~— ~
~ FORMATION VOLUME FAC

» 250

670,000
1.500

‘UNRISKED MEAN RESOURCE VALUES I

MEAN REC,0IL RES,=MILL,CU, MErR&swfmeL;on BBL

S0
oe¥50 o s758
i

CUM.PROB,
- oIL
1,000 0,000
i
900
tage
.800
,750
~ 700
1650
"e00
S50
K11,
450
. 400
, 350
300
Lot
»200
L 150
"100
.050

2141

. 202
.229
262
.289
. 323

383
w410
444
LT
.504

619

WT74
»935

0,007
orL v,

GAS Vv,
SNURCE

GAS
oIL

" THERMAL HISTORY ™~ ~— =~

RESERVOIR
TRAP & SEAL
TIMING
FLLUSHING

OIL EXISTENCE RISK IS
GAS EXISTENCE RISK IS

U
tiys

2350

1,558

L679

1,000

UNRISKED RESOURCE

- RISKED MEAN RESOURCE VALUES

.qggwm”wmwwwwwwwwum;uqmww_w e

Y TY. P
) lese B ] _ . @

.EQG o

.750 - .

t.8e0

Gagg e T T
672,000

31 2 108" - - - @
_MEAN REC,GAS RES,«MILL,CU, ME]Rgswiﬂ-aILLIQN“_gf_NNMWWH_m_ ) e w B B
642,974 22.707 1
RCE o ) 4
GAS i
21,000 i . o ;
(e oey o e q
214,968 ) o e o o o - v
273,675 e
312,799 .
151,923 -
400,829 ‘
439,953 €
Sralops e
567,107 -4
616,012 .
664,918 L
713,821 -
AL L o R e 2
831,196 o | : :
929,445 . g
997,474 i
1 ,» 3 a [ ] IJ 1 @ o "
1339,812 ‘ +
2887,000 ) 'v‘
EXISTENCE RISK -
. 300 |
2700 X
g.000 . . )
w800 T s
.800 o
T100 X
.500 v
L0202 ) ) ‘ .
ma?m crTeTme Tomm A oem T R e ST mn e T Tk e e — - - . e s - — e e e e e .3'
MEAN REC,0IL RES,=MILL,CU.METRES,=MILLION BBL 8
o | ,209 L0585 i v
 MEAN REc,GAS“nEs;;MILL;cu;MEYRES. -BILLIpN CF 2
e 30, 2\({5 e Y,068 e e - ——— e e .
7

501
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