CHAPTER IV

DEVELOPMENT OF THE COMPUTER PROGRAM

In this chapter dev & computer program for'oil

reserve calculation ion t,echnlque w111 be

discussed. This is t tudy This developed

comput.er program cC listribution of o0il reserve

addition, the st,atistica . between two input variables, '
and the statistich¥ retationship—in-space-ofstifut variables, called
spatial correlatioﬂ will be incorporated into the developed plogram

Therefore, tﬂs ﬁéﬂ? ﬂ g ﬁwmiﬂtﬁeﬂec’a of these

stat.istical r«ﬂatlonshlps on #he calcul ed oil resegve

QW']ﬂ{lﬂ'iﬂHJW]’mEl']ﬂﬂ

For the Monte Carlo method the random numbers is an 1mport.ant
tool for selecting values of input variables (this random numbers is

also necessary for turning bands method in generation of values of input
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variable with spatial Qorrelat.ion). The random numbers used in ;c.he
\developed comput.er program will be obtained from random number generator
subroutine. In the f irst section of this chapter the generated random
numbers will be verified to ensure that the ei'rqr- causing due to an

imperfect.ion of set of random numbers can be neglected.

For spat.ial correlati ‘ ral turning bands method will be
used to generate random es limensional space. In'the
e — :

S

number and frecquency ‘de mined appropriately.

second section of thi ant. constants, harmonic

Then, the co il ‘Peserve calculation using

Monte Carlo simulatio s \ he description of this
o 2ol | :
computer program developméent then | = e escxflbed.
. -‘7 T J ]
ot o "::} -

 After :-y puter pro € :‘, oped the number of
T

'he number of simulations is the number

of calculateﬂ;uxﬁj‘%% ﬂlfi?}kw:ﬁ’ﬁoﬂoﬁtmct prqbabilit.y

density function of oil reserv¥e. This pumber has todbe large enough to
calculamaf }nga;] ﬁgtgg;g‘}!tnﬂgca Clg":!itl,e]dalﬂeserve with no

significant error.

simulations will besdetermined.
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Random Number Generator Development, and Statistical Tests of Set of

‘Obtained Random Nu.m_bers s

In this section the random number generator subroutine used for
Monte Carlo simulation and spectral turning bands method will be developed.

This subroutine will be called many times during simulation process to

input variables. For g#hands method the random number will

be used to generate ut,ing according to assisned

covariance function s will be used to obtain the

randon angle, HAo» in the previous chapter.

The followin hP random number is ext rac:tpd

from the work of Bank ‘and The wldely used technique today

5

or generating raid ' s € in this study is linear

T ==y
congruential methoe | e T" in 1949. The production of
" . . \ &

a sequence of integetgsy, V 1o Yose.-@be ‘rweén zero and m-1 is according to

s et L AR ﬂﬁl Nanens
Q Wq@ﬁﬂier ¢) ‘mod qwﬂ’lﬁzﬂ, (4;1)

m = the moduluss m > O
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[+
I

the multipliers O < a< m

the increment.; G <c < n

o
I

&r

i

the starting values O < Y < m.

The starting value Y  is called the seed, The selection of the

values for a, ¢, m, and Y, drastically affects the statistical.properties

and the cycle length.

Note that A =wBem i provy iA - By is divisible by M

with no remainder.
remainder of 2, so G

divisible by M =

The random num e een and 1 can be generated using

following equatiori:

]
,= Toln=aed Cif oy

L

e ‘*ﬂﬂ%ﬁ]’mﬁ% FRBAY e o e

are thpmselves mf ngrb in th® same range. Knuth(1969) summarizes the

AN IMARINENAY

1. ¥, cam be arbitrary
2. Pick a to have three properties (for binary machines):

a. amod 8 = 53
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b. m/100 < a < m - m“z;
¢. The binary digits of a have no obvious pattern
3. Pick ¢ as an odd integer with

e/m & 172 - 377%/6 & 0.21132.

The subroutine for generating uniform random number following

the suggestions of Knuth is s ol

Appendix B1 in ANSI standard Fortran
(Forsythe, Malcolm, and values of m, a, and ¢ are
comput.ed automatical The main assumption here

is that the machine us ber representation and

s

multiplication is pe N s a power of 2. This

assumption simplif ie ué_ of m/2 is obtained by
testing succgssive p plication .by' 2 produces no
increase in magnitude. uned that integer addition is
either modulo m © :;T:==-T-?-='-‘==“-=:“‘=1 icant, bits are returned.
The values of a andm are computed following 1 e advice of Knuth,

out.lined abovﬁ ulg:raswﬂ mwsmﬂ? and ¢ is called IC.

The random b1tq]pat,t.ern of a 1% achieved g calling DAW(l .DO), which _
1etumSQhﬂm ﬂﬂjmml]/g mlEJ.’]na Elxary machine, is
the shifted bit pattern of n. The division by 8.D0 and multiplication

by m/2 is hopefully accomplished without unduly altering this pattern.

The double-precision value is finally converted to an integer, multiplied



52

by 8, and incremented by 5 to ensure a mod 8 = 5. The resulting value of
a is roughly (m/8)z A m/2. This satisfies the inequality constraints.

The value of ¢ is ¢c =m (1/2 —_31/2/6).

The linear congruential method for generating random numbers is

quite a good method, consisting of few calculation steps, giving broad

Therefore, to make e| ated random numbers are
qualified, it is nec S8t Lhe set of generated random numbers

using hypothesis te 7i“ﬁ an  "uArndency.

In this investig tests will be performed

following nine tests sdggd&ted by and Carson (1984). Test

procedures are pregen he erlfled set. of random

‘l
'g- will be used in this
study. The nine statgstical tests age listed as follows:

@ua;nanswswnﬁ
amﬁ\ﬂmﬁmumfmmau

3. Runs up and runs down test

nunber pass every

4. Runs above and helow the mean

5. length of runs up and down
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8. length of runs above and below the mean
7. Test for Autocorrelation
8. Gap test

9. Poker test.

In every test the number of tested random numbers is 600. Note

that this number is equal to number o simulations for Monte Carlo
simulation that will be det od AatCos ‘Level of significance (a)

used is 0.05. nuidbers can be performed as

follows: - L

yumbers using random number
generator,

3. The set °f.gi;$§,a 2 om numbers will be tested using nine

Fortran pr Ograms ?———‘__—— :.!.".:‘ §> B2 to BIO,

L

T théﬂlenerat- random numbers gannot pass one of the nine

tests, the ﬁdmlzlj % Wﬁmﬂﬁﬂ ﬂTtlng another set of

random numbels and testing them till t set of ran numbers can pass

m,ammmmumqwmaa

The seed that, generates random numbers that can pass every tests

will be used as seed for random number generator in the computer program
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for oil reserve calculation in this study.

several seeds were used for the test, such as 50000, 50001, 50010,
50015, 54325, 65432, and so on. The set of random numbers obtained from
a seed of 50015 can pass every nine tests on basis of each test and the

results are shown in Appendix A. Others seed, e.g., 50000, 500?)1, 50010,

54325, and 65432 were used to ge ing random numbers, but their

as a seed for random number

generator used in thi

However, when p a.;.i{"l;.;‘ sis flests of any sef. of random

numbers, it does not only 4 quality of uniformity and

independent. of a; - Tandom put, it sl =P depends on the assigned

significant index rmanf of rejected arear . If the sign’if icant, index
o cotan AP TR TG T o w002 e
and 'rhe set, of random nunbersgwill pqss e test eas . On the other

o, ARV AR A3 (RIS} gt v

is small causing less number of set of random numbers to pass the tests
and the better set of random numbers may be achieved. But the cost

would be high.
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Development. of the Spectral Turning Bands Method Subroutine and

Determihation of Involving Cdnstants.

Turning bands method subroutine that will be developed in this

study is the subprogram for simulating process (random variable) in

‘twb-dimension. The obtained random variables simulated by this

subprogram will have their valuas istributed in space according to

3531gned covariance funehl

-

Due to the cougp approach to obtain

uni-dimensional cow ion of two-dimensional
covariance, the sp or generating spatial
process as described i et will be used. The

covariance function useé >xponent.ial model.

The proc";“ xpressed as a flowchart

shown in Figure A.ig

ﬂumvm NI RHAN S s 50
W“rmﬂ ST YTy ™

of these 16 lines will be defined by 2 elementary vectors, X and N

(SX(16,2) in Fortran program in Appendix B11l:, respectively.
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evenly in a éycle

generate 16 lines distributed

|
n”

\VI// /

parameters

unct.ion.

ﬂ'Ll’J o(IE“J TI Ny

'QW’] ANNTIUNAY

N9
Y18 Y

Figure 4.1. Flowchart of the two-dimensional spectral turning bands

method subrout.ine.
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Each line will be divided equally into segments (bands). The
band width, UN, is calculated as a function of the width or the length of
an assigned block in area (DL or DC). In this study, UN is determined
to equal to half of minimum of width or length of a block, according to
the suggestion of Journel and Huijbrégt.s (1978). The length (ﬁi each

line must cover the interested area. The number of bands in each line,

After 16 line already at.ed then uni-dimensional
realizations will be d_and assigned bo each band using spectral
Then, the random variable

at.ion (3.10). These

calculated random variable wi ave their spatial correlation according

to the assigned -;.; i ?'T"‘E’:“?','?"‘."“_"‘“‘i;"‘*“‘f’ program for simulating
: , 4l ; : A

random variables usﬂg spectral™tu ¢ bands!method is presented in

Appendix B11. ﬂ uEJ’J 1{] Ejﬂjw Ej’]ﬂ‘j
TRV T AT I o

Er equency range (Q ) used in the spectral turning bands method have to be
assigned appropriately so that the error is minimum. Therefore, the

value of frequency range must be ralated to correlation length (b ')
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(Mantoglou and Wilson, 1982) and the Velue of harmonic number must be
Alarge enough to reduce the error of speetfal discretization. So, in
order to have proper harmonic number apd frequency range it is neecessary
to compare covariance functions of simulated random variables obtaining
at. various values of harmonic numbers and frequency range to their

theoretical covariance functions. The procedure of evaluation of

appropriate harmonic number. @i ¢ v range is presented as follows.

1. The deve i _ program presented in
Appendix B11 will be - . -» variables in two-dimensional
space using various and frequency range shown
in Table 4.1. The i

leulat.ion is set as shown

in Table 4.2.

2. The riﬁ;ov es ob neg ".é*‘ calculation will be
')

used to calculatel

U

Tﬂ ﬂﬁ:ﬁ:mtﬂﬁwm he simulation will

be compared wiah theoret.ical cgvariance ggpction. Thqtproper value of
sncncni ) Bk SRSl WELLBLEL, i v

used in the oil reserve calculation program.
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k¥ Table 4.1. Values of harmonic number (M) and f requency range (Q) for

generating random variable.

run number harmonic number - a/b

1 20 10

20

10

20

10

20

40

AULINERINENNT «
ARIRNIUURINIAE

16 150 _ 80

# Remark : b * = correlation length.



60

Table 4.2. Parameters for finding appropriate harmonic number and

frequency range.

parameter value

correlation length for exponential

covariance function, LENGTH, (foot) _ 800

length of a simulated k ock

50
width of a simulat.&@ bic 50
mber of blocks \ TOXTO
paber of blos M e

;\.

The result-'.r- sHO HEI! .5. The covariance

funct.ions of random vaylia n the developed subrout.ine at

various values of two col d with theoretical covariance

functions at correlati length equ )0, feet.. The best curve,

selected because OF be 1 ‘eatheoretical'curve, is
ﬂ il W

the curve obtained by‘nslng M = 100 and 0= ZOb where b is (correlation

tengtin™. ﬂ‘NEJ’J‘VIEJ'VliWEJ’]ﬂ‘i
amaﬂn‘mum'gﬂmaa
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Figure 4.2. Covariance functions at harmonic_number = 20 compared with theoretical curve.
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Figure 4.3. Covariance functions at harmonic number = 50 compared with theoretical curve.
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Figure 4.4. Covariance functions at harmonic number = 100 compared with theoretical curve.
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Figure 4.5. Covariance functions at harmonic number = 150 compared with theoretical curve.
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In addi_tion, the appropriated value of harmonic number and
Nfrequency range also were further tested at different correlation length,
400 and 800 feet.. The results show t.hat the simulated covariance

functions are close to their theoretical covariance function.

From the test the spectral turning bands method used in" the Monte

Cario simulation in this study wi ave values of harmonic number and

frequency range being 10Q ively. !

The Computer Program Deve lopheu v 0il Reserve Calculation Using Monte

A computer ppogué for.. : '_ slculation using Monte Carlo
simulation to be devefopgd infithis ‘ he program that can report
uncertainty of oil reserve meertainty of input variables. The

method of calculsa é{!‘-"E@T";;;:;':"""‘; , ic method using Equation .

(3.2). m i ' Vui
s ol 01 3 N8 NI WIANT 0 r o
o g SO TR TN BT 8

decided %hat. a reservoir will be treated as a two-dimensional system for

reserve calculation purpose.

In developing the computer program, two options concerning
& e ‘ ,
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division of the reservoir ha?e been offered. For the first option a
~reservoir will be treated as a single block while for the second option,
the reservoir will be divided into many small blocks with uniform
properties along the vertical direction (thickness). In the second

opt.ion all available information can be optimally used.

follows:

porosity—
k Y-',

m
water saturat.ion.

e GUBANENTHED Tusms e
e TR IO AN TN TR 0

determlned using the assigned statistical relationship.

For the case that an input variable has spatial correlation, its

realization will be generated using spectral turning'bands method. 1In
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this study the random variable having spatial correlation is assumed to
“be second—drder stationary and staﬁistiéélly isotropic in two-dimensional

space.

The steps of calcﬁlat.ion within the developed program are as
follows. o5

1. In the first part 0 program,” input, data involved in oil

reserve calculation wil input. file. These data are:
izations, NOLOOP

'}'x 1s, NCO and NLI

= distributioc of input variables.

2. Generatio et of, / eservo will be performed. Then,
area, width and length of : ock will be calculated (in case when

a Ieservolr 1s d h!_llnl‘--n—--l--—--l_-‘..:.:..-m

v, gl

B. Valuesﬂf inpt S are assigned to every blocks using

e “““FT‘HEJ’J‘VIEJVI?WEJ’]TW

t.he case t.hat.‘an input varlable hav115 spatial

e BA LRI ATUUBAND TR o e e

subroutine. The distribution of values of an mput. varlable obtamed
from this subroutine is normal distribution with zero mean. Theref oré,

if the distribution of that input variable is not normal, the e
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transformation from normal distribution to any desired distribbuiop is
~1"equired. Equation (4.3) f,o (4.5)'(Abraktéwitz and St.egun; 1964) can be
used to calculate cumulative probability for normal distribution. Then
using these cumulative probability with the specified Flistribution of
the desired random variable, the values of the desired random §ariable »

g

can be obtained.

ﬂ/ 2 X* exp-xZ/2y/(3 w1t 3,
-j

P(X) = 0.5 + 0.5[1 - expi ,

X>0 (4.3)

PX) =1 - 0.5C(4

- x> 1.4 (4.4
Pilaw 1 Sid s Y e X > 2.2 (4.5

where X = normald

PLEY = cumu- 54

! 'Lffﬁ V130 1l b1 R

variable to a —sn aed dist 1‘1b1¥t .ion 1is sho'm crap‘moa]‘"

QRABINIUNBIINEID Yoo s

and water saturation, its statistical relationship will be expressed as

-
v !

in Fouat.ion (3.
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Figure 4.86. ~ Tranformation from normal distributed varia.ble to desired distribution.
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8. The value of oil in place of each block is obtained by using
equation (3.1 and the o0il reserve is mult.iplicatién product of summation
of the oi]. in place in each block and recovery factor.
7. The oil reservc; ;:a.iCtxlatién ;ill be perfofmed repeatedly from

step 2 to 6. Probability density function and cumulative distribution

function of calculated oil reserve will, then, be estimated.

The developed r ,, 5] ve using Monte Carlo

simulation is prese

validation of the Devel

The developeg ited before being used.

The primary checks are a8 follous:

1. checkmg data L L" en main program and subroutines,

2. chec y - Tesults ) er * calculation steps.

ly f .

In addition, d.be validationgby checking correction of calcﬁlated

oo WELATYNEINT
iR WS FRIH WRHV eomti

of calculated 0il reserve should be

EIN. Y =" 7788 ELA] E[hg] ECR,1 E[R,] EC#] E[1-S_ 1 ECE.] EC1/B_,] (4.86) -
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Note that, this equation can be used when there is no statistical

relationship between any input. variables.

with the validat.ion mentioned above, it is believed that the

developed computer program can give correct results.

Description of the Developed Program.

will be presented here in

order to guide reade(' - " lification.

~.,~ “data section. Data input
file presented in App 1\0\ or easy use. Number of
\\ (= and Y-axes (NCO and NLI),
and ratio of length to width oF 17k ¢k (RATIO) will be entered firstly.
The number of simula OU 5 so that. probability
.,y:._—_A'*' \ ‘

density function ..,I 3 3% 1O significant error.

J i
Number of blocks shodld, correspond ¢e availability of information.

The ratio of @yﬂiuﬂnjﬂ &m sthape of assigned
s L K Mﬂ’i%@f’f‘l 99REE

Then, descriptions of input variables will be read into the
simulation as follows:

1. Name of input variables (NAME),
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2. Type of distribution (TYPE). In this program, the available
types ofr distribution of input variables are uniform distribution (UNIF),
triangular distribution (TRIA), normal distribution (NORM), and Log—normai
distribution (LOGN). The input vafiable; can also be treated as'

deterministic values (DETM),

L,

3. Parameters for the distribution (DETEM, MAX, MIN, MODE, MEAN,

STDDEV). These parameter r each type of distribution are

t

presented in appende

| —

1. Correlat' aving spatial correlation
(LENGTH). The exp ariagnce functi is only used in this
simulation,

2en porosity and water

saturation (AMU1, AMU2," AME ' standard deviation of random part

AMU3 + ﬂdom part. (4.7)

W

@mamm WA T e o
QTR TN TR Y = e

assmned as deterministic value, area will be determined using
parameters of distribution and a random number. Then, length and width

of a block (DC,DL) will be calculated us_ing number of blocks and ratio
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of length to width of a block.

In the next. step, values -of other input, variables of Equat.ion
(3.1) will be generated for each block. In case that an input variable
is not treated as a det.ermin_istic variable, the value of that  input.
variable will be determined using parameters of its distribution and a

\ 'W variable has spatial correlation,

ed u tral turning bands méthod

‘random number. In case tha
its realization will
subroutine. In cas

and water saturatio uratlon will be obtained

using value of por t.ing the statistical

relationship.

value of oil in f' lock will be determined using

Equation (3.1). |T¢ : 2voir is summation of oil

‘l

erthat an input variable is

i

in place of every w} ;

treated as a dpte1m1f1§10 vax 1abla,; its value will be not. assigned

ationship between porosity

t.o each blocku "will be ,' 7 ,1phcat.10n product.

o I HRF ?ﬂ}%}w}% YH bl

mult.1p15 ing oil in place with recovery factor. Note that, the recovery

factor can be treated as deterministic value or random variable.

There are many subroutine used in the Monte Carlo simulation as

g
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follows:
1. Random number genera‘t.or. subroutine. The method used in this
subrout.ine is Linear Congruent.ial method. The appropriate seed assigned

for this subroutine was determined in the previous section.

2. Subroutines for generating unif oi‘m, t.riahgular, and’ normal

distributed variate. For th

i , o triangular distributions,

geometrical method is use e dom variate. In case of
_‘

—

generat.ing normal v Bell (Forsythe et al.,

1977) is used. In cas .ion is Log-normal

distribution, paramgbers the smulatlon in Log-term.

3. Subrout.ingff i i : sf yands hod for generating random
variable having assigned spatial COI ation. Input. data for this

subroutine are corfel: ngth ad @imension of a block

(DC,DL). Output oF“I ‘t ‘that is distributed in
| 1l :

space according to asSigned covariapge function.

AUEINENINEINT

The 1rst step of thig subroutine, is to comply rotation mat,r1x
of t.heﬂ ﬁn;l.a Tﬂeﬂ ‘E@ \}Melgnmaa and uniformly

in a cycle and having two unit. vectors, SX(IT,1) and SX(IT,2), where IT

is line number (1-18) to characterize their distribution.
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The next step, parameters concerning spectral turning bands
“method of Equation (3.21) are calculated. Required constants, harmonic
number amd frequency range were determined in the previous section as
100 and 20/ (correlation length), respectively. Value of Aw (DW) is
equal to (frequency.range)/(harmonic nmmber). Aw"(DWP)vis edual to

DW/20 following Tompson et al.’s (1989) recommendat.ion.

Uni-dimensional en generated using Equation

(3.21). Band width.d width of a block. Number
of bands is equal to : d agonal vided by band width plus 4

in order to cover t

The last stepgft alization is generated using

Equation (3.10).

4. Subr i ity density function

3 ‘ g . A f"
and cumulative dlsﬁalbutlon ’ on of oil ¥eserve.

wEMENENINEID D, e
o A TR T o o0

reserve is set, of oil reserves and number of simulations. In addition,
this subroutine will also calculate minimum, maximum, median, mode, mean,

and standard deviation of calculated oil reserves.

-
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Determination of Appropriate Number of Simulations for Calculation of

0il Reserve.

Before the analyses of effect of various variables on calculated
0il reserve are performed, .number of simulations has to be determined.
The number of simulations _is the number of calculated oil reseive to be
obtained in éach Monte Carl number of simulations can be
decided by observing & m&tlm of calculated 6il-

reserves at various

ne . The appropriate number

of simulations is th andard deviation of

calculated oil rese A ~ 1ge when the number of

simulations is furtl

To determine the 1 ations, the Monte Carlo run using

developed progra ne 7-:_4: ith same data but varying
R
"o in Appendix B12) as

i -

7
number of simulat ioy

shown in Table 4.3. &he, results, shape of curve, mean, and standard

soinicn o QL NH N ANEN?
1 La q smung,N()ns “’Ddz,‘legmllgedQSEJg 3 cases of

calculations, with a simple data (no spatial correlation) and two more
complicated ones (with spatial correlation). The number of simulations

that satisfies the set criterion are choosed and will be used in all
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later Monte Carlo run.

Table 4.3. Number of oil reserve in each Monte Carlo run to determine

the appropriate number of simulations.

case number number of simulations -

= o
sallue characterizing

(] g i1
probability distri J ion of every input, variable for determining the

sideni i éJ"‘?‘FEf’ﬂ TNBAN Y o g
@Wﬂﬂ‘ﬁ’ﬂﬁfw HNTD V’I*El’ﬁﬁ £t

spatial Porlelatlon is dxi. Th@ area is set as deterministic value at
1.7424x10a foot”® (4,000 acres’ and the simulated area is square.

Therefore, the width and length of the simulated block will be 13,200 feet.



Table_4.4.

sz
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Data for determination of appropriate number of simulations.

Variables and their»parameters

%

Area

type of distribution: deterministic value

value = 4,000 acres

2.

Recovery factor

type of distrib

3.

Gross thicky

type of digbribyt] Ffr_ _‘ﬂ;., st.ribut.ion

standard ;eg

4.

Net. to gloss ration ) .

type ;m' value
value
type of distribution: deterministic value

awwmﬂmumfmmaﬂ
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Table 4.4 (continued). Data .for determination of appropriate number of

simulations.

Variables and their parameters

6. Initial oil formation volume factor

type of distribution: deterministic value

7. Porosity

type of dis istribution

standa

8. ' Water sa

type of dist. Lo S jangular distribution

= 0.25

= .7
AUBINENINEINT
U . 2 :
In case of the two cehplicated systems havipg spatial correlation

ARSI NI

determination of number of simulations and the spatial correlation of

porosity will be incorporated in the calculation. Number of blocks

determined are 25 and 625. Therefore, the width and length of a block
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will be 2,640 and 528 feet for the 25- and 625-block systems, respectively.
'i‘he assigned correlation length is 5,28(5 feet,. So, ratio of correlation
length to width of a block are 2 ‘and 10 for the 25-block and 625-block

syst.emn, respect ively.

For the first case (no spatial correlation), the probab“ilit.y

simulations; 50, 100, 200% 4 . d 1,000 are shown in Figures

4.7 to’ 4:-135 Vrespect.{ b val \\ ‘and standard deviation of
calculated oil resem 10us \' ber of simulations are shown

W

that. when the-number of

ely.

smulat.lons was set, at, sma- as 50 and 100, the obtained oil
reserve probability ¢ v funchic _’ not, smooth. When the
number of simulatiﬁ 00, 800 and 1,000, the

obtained proba.blllty density functign curve will be smoother and have

rather similags Hpgjf‘] 1’] qunjw EJ’]ﬂ‘j
amaﬂmmum'mmaa
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Figure 4.7. Probability density function of oil reserve at number of simulations = 50,

without spatial correlation.
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Figure 4.8. Probability density function of oil reserve at number of simulations = 100,

without spatial correlation.
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Figure 4.9. Probability density function of oil reserve at number of simulations = 200,

without spatial correlation.
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Figure 4.10. Probability density function of 0il reserve at number of simulations = 400,

without spatial correlation.
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Figure 4.11. Probability density function of oil reserve at number of simulations = 600,

without spatial correlation.
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Figure 4.12. Probability density function of 0il reserve at number of simulations = 800,

without spatial correlation.
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Figure 4.13. Probability density function of o0il reserve at number of simulations = 1000,
without spatial correlation.
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Figure 4.14. Mean vs. number of simulations calculated without spatial correlation.

88



Standard Deviation (Million Barrels:

12

11.8:4

=
emch
I

183 1 i

-
o
I

>

wi
I

3

Number of Simulations (Thousand)

Figure 4.15. Standard deviation vs. number of simulations calculated without spatial correlation.
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By comparing the obtained curves at various number of simulations,
é.g., 100 and 200, a variation in mean value is 3.898 % and variation in
standard.deviation is 7.160 % (using reference value at number of
simulations of 1,000), whereas variation in mean andvstandard deviation
values when using number of simulations ovaOOAand 1,000 are 6ﬁ1y 0.079 %

e

and 1.017 %, respectively, which is significant, less than those of smaller

number of simulations.

From the fir t using the number of

simulations at 600 or _ il ‘\:E;:;\‘\\\ probability den51ty

function curve and Landard deviation are

insignificant.

In the second » of oil reserve with spatial

! éiual to 25 is considered;
pY )

ﬂﬂ are expressed in Figures

correlation of poresi

The probability d--h g

4.16 to 4.22 and gra of mean and standard deviation versus number of

e GUE2 RN G
f»m 0903 RUNIATNENAE. e

the first case. The obtained probability density function curves will

be smoother and have similar shape when the number of simulations is

increased. Fa e iR o i P
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Figure 4.16. Probability denslty function of oil reserve at. number of simulations = 50,

with spatial correlation (number of blocks = 5x5).
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Figure 4.19. Probability density function of oil reserve at number of simulations = 400,

with spatial correlation (number of blocks = 5x5).
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Figure 4.20. Probability density function of o0il reserve at number of simulations = 600,
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Figure 4.21. Probability density function of oil reserve at number of simulations = 800,

with spatial correlation (number of blocks = 5x5).
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Figure 4.22. Probability density function of oil reserve at number of simulations = 1000,

. with spatial correlation (number of blocks = 5x5).
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Figure 4.23. Mean vs. number of simulations calculated with spatial correlation

(number'of blocks = 5x5).
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At number of simulations of 100 and 200, a variation in mean

“and standard deviation are 0.409 % and 4.019 %, respectively (using

reference value at number of simulations is 1,000), whereas the variation:
in mean and standard deviation values when using number of simulations
of 600 and 1,000 'ax_'e only 0.168 % and 1.449 %, respectively. We then

conclude that the number of simulations to be used in this case is 600

spatial correlatio Eit \ blocks equal to 625, the

are expressed in Figures

4.25 to 4.31 and gr amean- andsstandard deviation versus number of

simulatioris_ are shown in _g;k 5, 4 and 4.33, respectively.

e
-y

It ecan be-see . ed in this case are similar

I

to that of ihe f 1rsﬁ d the seco cases. The values of mean and

At T ﬂlmﬂnimmamihen the number of
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Figure 4.25. Probability density function of oil reservé at. number of simulations = 50,

with spatial correlation (number of blocks = 25x25).
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Figure 4.26. Probability density funct.ion of oil reserve at number of simulations = 100,

with spatial correlation (number of blocks = 26x25)..
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" Figure 4.28. Probability density function of oil reserve at number of simulations = 400,

with spatial correlation (number of blocks = 25x25).
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Figure 4.29. Probability density function of 0il reserve at number of simulations = 600,

with spatial correlation (number of blocks = 25x25).
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Figure 4.30. Probability density function of oil reserve at number of simulations = 800, .

with spatial correlation (number of blocks = 25x%25) .
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Figure 4.31. Probability density function of oil reserve at number of simulations = 1000,

with spatial correlation (number of blocks = 25x25).
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Figure 4.32. Mean vs. number of simulations calculated with spat.ial correlation

(number of blocks = 25x25).
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At, number of simulat.ions of 100 and 200, the variation in mean

and standard deviation are 0.364 % and 9.119 %, respectively (using

reference value at number of simulations of 1000) whereas the variations

in mean values and standard deviation values when using number of

simulations of 600 and 1000 are only 0.015 % and 0.280 %', respect.ively.

probability density functions o the calculated reserves are rather

i€ at, or more than 600. Therefore,
j . '

his caw.be set, at 600 or higher.

similar when the number

the number of simulati

From the t ; ' \\\\\: i ulatlons that should be
used in each case i ’ \u d the appropriate number
of simulations is 600. is, el igves ‘u,\ ' ing this number of

simulations will give  sufficiently reliable.

After nuig mulations has beemiaSsigned for every case
\ .. Y ) .

the obtained compuﬁr prog d ‘:jj study effects of properties
!

of mput var ﬁaﬁ ﬁ ﬁ: ﬁ culatﬁ*‘ 0il re;iarﬁ ‘§1 the next chapter.

There are 3 t®bics to be prpsentc-\d in the next, chapter as follow
Q1WMM§%HCH M I]n’\alﬂ H qcasgx calculated oil
reserve,
2. The.study of eff ects of sta’c,ist.ical relationship betweén two

input. variables, porosity and water saturation, on calculated _Qil,resemz'e,
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3. The study of effects of spat.ial correlation of an input’

calculated oii resérve.

variable, porosity, on

AULINENINYINg
- RINNINAMINIAY
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