CHAPTER V

EFFECTS OF PROPERTIES OF INPUT VARIABLES

In this ch g ofiechq of : \HQ?S of input variables on

A\ XR
calculated o0il resgrv be Investigate

s t is certain that
~ uncertainty of eig inp; .r;r.g: 3 used in wolumetric equation for oil

reserve calculation alculated oil reserve. Due to

the simplicity of the ic equation, it can be seen
that effects of uncertain&y of bLhe input._variables on the

uncertainty of t.?ﬂ:: "‘i-pend on the magnitude
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and degree of unce alnty of each var1able.

herefore, effects of
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However, the following properties of input, variables on calculated
0il reserve will be investigated:
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2. statistical relationship between porosity and water saturat.ion,

. 3. spatial correlation of porosity.

Study of Effects of Number of Blocks on Calculated 0il Reserve.

Generally, when Monte Carlo simulation is applied to oil reserve

calculation, a reservoir is treated as a block. One value of each

input, variable is assi lock (or reservoir) for each
: !

simulation (realization) ntioned, it is an exception

that a reservoir ha® \\\- t variable. 1In fact,

it is more realistic it \\has different. value

at. different locatio fore, to improve the

calculated results a ided into blocks. Size of

the block will be dictate informat.ion obtained. If there

are informations ffom s everal locations, a nu tber of blocks may be large
g ———— 1..

because there is s Plt:’* measured or estimated;

to be asz,lgneﬁ ﬁafjﬁeﬂugf‘/ﬁwg’] ﬂ }aer, if there are

information oflly for a few 100df1ons, a numher of blocks has to bo small.

i thl;;la‘ﬂe’] a3t @MQJ%%'J & lﬁ:&l a large nunber

of blocks the calculated results will not be improved because so many

values of input variable have to be estimated.

To investigate the effect of the number of%ﬁi;;kéhgh7£ﬁéwééiéﬁiéiéa"7"
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0il reserve data for input variables listed in Table 4.4 are used.‘ These
data are used for all nine cases considered. Each case has different

number of blocks as shown in Table 5.1. The number of simulations (or

realizations) used for all cases is 600.

Table 5.1. The number of blocks in each calculation. e
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istribution curves of oil reserves for four cases (1x1, 2x2,

5x5, and 10x10 blocks) are shown in Figure 5.1. Mean and standard

deviation of oil reserves for all nine cases are shown in Figures 5.2

and 5.3, TespectIVElY. - - s TR e
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From Figures 5.1 and 5.2, it can be seen that means of the

“calculated oil reserve for all nine cases are almost the same (vary from

35.07-35.60 million barrels). However, as a number of blocks increases,

the values of standard deviation decrease as shown in Figure 5.3.

From the results obtained, it cannot simply be concluded that.

as a number of block increase ncertainty in calculated oil reserve

decreases due to decre tion. This can be explained

by considering relati d eviat.ion (or even better,

variance) and size of rest. This relationship

is already wellkno \‘ re. The fact is that as

gene \\ ariance would be largers;

J""‘ \ L
] aluea of the variable. For example,
!; J .JJ 4 )

volume of interest i
that is there is higher
ize of 1x1 cm. would have higher

variation (.equlva ;m“_u ‘-i deviation) the porosity

values obtained f r‘(ﬁ samp le m. '&s is because by using

e fU BTNty = e o

larger volume. On the other bhand, by us'gng a small @ple size, the
porcotctilue) QL AU ALLL) TLEL AR E) 1.
Usually range of porosity values obtained by using smaller sample size

would be larger than range of porosity values obtained by using larger

g ’s’éhip’lé' size. Therefore, there is higher variation in porosity values
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obf:ained by using smaller sample size.

In this study, when the number of blocks is increased and the
same distributions for input variables are used, it is equivalent, to the
system that has the same range of variation in values of input variables

for any size of blocks. This is not true in reality. Therefore, the

conclusion that uncertainty Wi Wted 0il reserve, which is dependent.

on uncertainties in inpul Vel '@ses with increase in' number

Though such v cAnfic > ~. the results in this study
illustrate a very i | hserva that, is, it must be made

certain that the cor : tionghi 2 en distribution curves of

“input. variables and size Oi s used. To treat a reservoir

as a single bloghkguncercainti ;__*n"i ion curves of input
. e
variables have toﬁ Ca e (uncertainties or
i 2 i
dlstrlbutlorﬁﬂ Q ﬁ = consth!ctpd based on the size of the
reservoir. For example, a dlS ,rlbutlon cury ef]or porosn‘y should not. be

o AR VBRI DU R B s s

from log interpretation. These porosity values represent a small sample
size assigned by log analyst. To use these small sample-size porosity

“values to construct a distribution curve of porosity for using with
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a single block reservoir, they must be transf ormed by correct and
appropriate method so that their transf ormed values are representative

for a single block reservoir.

The above observation-is important for anyone doing a reserve
estimation using Monte Carlo method. He must be very careful in
constructing distribution cur

’ r’ input. variable, otherwise his
\\\

results will be meanin -L:Q s1ng of a smgle block reservoir,

he must assign or esﬁm alue ¢ input variables based on a

reservoir-size bloc this he will ebtain correct distribut.ion

reservoir should be divided

@
into blocks as part of the 5 ‘0il reserve estimation, all

distributions cugve ' sut, variab: ~must Dbe “constructed from
Wize of the divided block.

The advant agﬁ ﬁigl ﬁ é{l EJ eserv@dr into block is that other
y]var WEJ’] ﬂ

input-variable vals Wwh

statistical Properties of 1np es, suchz relat,ionship bet.ween

input Quﬁb'lsaﬁa Bla %m%&%{}q %B’*ﬁfﬂa’ned in the

estimation process. This, hopef ully, would improve the obtained results.

In short, it can be stated that the study of the effect of

qumber of blocks on the calculated oil reserve leads to the important
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observation that the distribution curves of or the uncertainties in

‘input. variable must be corresponding to the size of the block used in

calculation.

study of Effects of Statistical Relationship Between Porosit.y and Water

saturation on Calculated 0il Reserve. ) <

using Monte Carlo - '/ Bl <\ ariable will depend on those
‘\ N

of the other. 1o Lugr AN ”\\‘\\ S atlstlcal relationship
between two input vafighles; pow \\

tpr saturation, on calculated

0il reserve will be , s \ stat.istical relationship
R T : :
affects calculated oil réserve, JE8Should be included in 0il reserve

ot -""'{:,‘*‘}".

- : S E_L‘-. ' y

calculation using
of input variableﬂa o

I Bhat. as much as properties
‘*J

';ii the calculation process.
!

AR H AT e i o

1nc1ud1nw’r at. ist é}ﬁ Eﬁe'la‘r ﬁ?ﬂhﬁ q q ﬂp@o’si’r ﬁ&xd water saturation.
This statist 1ca1 relat.ionship will be incorporated into the calculat.ion

in form of an equation presented in Equation (3.3). For each Monte Carlo

loop, a value of porosity will be generated using a random number and its

cumulative distribution function, a value of water saturation will be
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then assigned using substitution of the value of porosity in Equation
\ (3.3), and magnitude of the ljandoni parf,"which, in turn, are obtained by

. using random number and specified distribution function.

In general, at a sampling point within a reservoir there is an

inverse relationship between magnitude of porosity and water saturation.

That is, when porosity is lawge W saturation would, generally, be

1@ the relationship bétween

small. Therefore, it

porosity and water i -\ egat.ive slope and random
part having normal to zero. It is also

assumed that there v Tz ti6n, for the wandom part. The form of

porosity and water

(5. 1)

In the cal’mlation A and B are assig‘ﬂd to be equal to —0.8 and

o s ) BRGNS oo o 1 s
| to be a w ﬁo 05 aﬁ ‘% gol'J ﬁtﬁi;glrfjnﬁ glarﬁala% are listed in

Table 5. In the 1nvest.1gat.10n, eight cases are considered (Table 5.3).
The standard deviation of the random part is equal to 0.05 for the f irst
four cases and 0.10 for the last four cases. Number of blocks used in

the calculation are 25 and 625 blocks.
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\ : y .
Table 5.2. Data for study eff ects of statistical relationship between

porosity and wat.er saturation.

variable and their parameters

“% 1. Area
type of distribution: deterministic value
acres
‘ 2
U; 2. Recovery fa
type of ic value

3. Gross thic

B ) type of «dighr

bl 4. Met to -‘»

Rl ﬂfﬁ‘% sy umm

value

RGN SR INEA Y

i ‘ type of distribution: = deterministic value

value SIERT
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Table 5.2 (continued). Data for study effects of statistical relationship

- between porosity and water saturation.

vVariable and their paraméters

g. Initial oil formation volume factor

type of distribution: deterministic value -

g dlstrlbut. ion

. The eff {!; - of sta ical rels nship. between porosity and
A\ A

water saturation '{E inve ; varing similar systems (same
5 . i¥

number of bﬁ)ﬁzﬁ ﬁmﬂpﬁpﬁ%& wf or rﬁdom art,) with t.he case of

having and néf having statlstlcal re at.lons ip bet,ween poros1t.y and water

sotortiif] FN INIUNRIINUAGE
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Table 5.3. Conditions of each calculation for studying statistical

relationship between porosity and water saturation.

std. dev. of
case number | relationship | number of blocks | random part
il no 5\5 . 10,05
2 0.05
3 005"
4 0.05
5 0.10
6 0.10
7 0.10
8 0.10
For the = .:J ionship between porosity

and water saturat®6on, the dis ributions fortwater saturation

oo G MRS o on o o
U

to O.(?q5 and ﬁ 107 qalﬁ obtaifed by usingaEquation (583) and whole range
of posqim values of :Erosl Ly u\:,]o’baax]eﬂ dgtabaion are as

follows:
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In the case corresponding to the (with-relationship) case with

" standard deviation of random part of 0.05,

distribution; triangular distribution

It

maximum 0.676

minimum 0.398 ; -

mode

13

istribution

: ...-’3'" }F"
Y7

Probabih de ssulted oil reserve are
1 |
i,

iF |

presented in Figures' 3.4 to 5.7. values of mean and standard

~ deviation oﬂeu E!d’a nﬂ nj “ﬁj lﬂ je presented in Table
g amaﬂﬂmummma g
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Figure ‘5.4. Probablht.y density function of oil reserve for studying effect. of statistical relationship

between porosity and water saturation (number of blocks = 5x5 and std. dev. of random part = 0.05).
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Figure 5.5. Pi‘obabilit.y density function of oil reserve for studying effect. of statistical relationship-

between porosity and water saturation (mumber of blocks = 25x25 and std. dev. of random part. = 0.05).
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between porosity and water saturation (number of blocks = 5x5 and std. dev. of random part = 0.1).
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between porosity and water saturation (number of blocks = 25x25 and std. dev. of random part. = 0.1).
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Table 5.4. Mean and standard deviation of resulted oil reserve (barrels).

0il reserve

relationship|no. of blocks|std. dev. of

random part mean std. dev.
no 5x5 0.05 2.239x10° 1.498x10°
yes 5x5 0.05 2.276x10° 1.689x10°

no 25x%25 O\ - 2.239x10° 0.307x10°

yes : .278x10° 0.335x10°
no | 185%10” 1.705x10°
yes 1.915x10°
no 2. 186x10° 0.347x10°
yes \ . 276107 0.371x10°
From the re .4 to 5.7 and Table 5.4,
= X _
it can be seen thailaf_, v : :E” of calculated oil reserve
are hlghel for the cédses ; having stabistical rplatlonshlp b@tween porosity

and vater saﬂyﬂ Mﬂ niﬂsﬂﬂg ies L e g
betwethW']ta @ﬂi{ﬁnﬁw WEI % Erhex strange at

first. However, after detailed consideration of the results, the

following intérpretationS-are proposed.
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For the cases with 25 blocks and standard deviation of random
' part. of 0.05, the standard deviations of the calculated reserve are
1.498)(1(_)‘5 and 1.689}{10‘3 barrels for the With—no—relationship and
with-relationship Cé,ses, respectively. The with-relationship case has
larger standard d.eviation.of 0il reserve because as the generaf,ed value

o

of porosity is low, the generated value of water saturation would be

high taccording to the gigen SE aFip) causing the calculated value

‘5\1

of oil reserve to be ¥ S90n i

porosity is high, J

causing the calcul

1]

e generated value of
saturation would be low
be high. This would
possibly cause range f

011 reserve to be wide

leading to higher va \ jon of calculated oil reserve.

Oppositely, when. at.ionship between porosity and

water saturat ion,| When the ger ' 'yl ;‘ rosity is low, the

-
ater saturation can be eifher low of high depending

il 4 i BTG o o =

saturat Q10{1W ﬁlmllarly, when fthe generabed value of porosity is high,
the genérated - aue r(] water S}Juu’l Qm j‘@ EJU or hlgh That,

is, any tgenerated: value of porosity (either low or high) would give

generated value ofﬂ

any value of calculated value of oil reserve. This is different. from

the case having relationship between porosity and water saturation where
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the calculated value of o0il reserve is low when the porosity valué is
low and the calculated value of oil reserve is high when the porosity
value is high. All the reasons stated lead to the conclusion that the
standard déviat.ion of calculated -oil reserve would be higher for the
c;se having the relationship between porosity and water sat.urat..ion than

-

. for the case not having this relationship. Similar conclusion can be

sf.ated for other case with differe: imber of blocks or ldifferent. value

o % - & : _J R
of standard d.ev1at1 %) thn 5.1

It should al v 8 then mber of blocks is larger, the

L

standard deviation smaller. This phenomenon

There is also d ff' e-in of calculated oil reéerve for
cases with and witHout ionshir betueen pordsity and water

]

saturation. The dif i 2 ler standard deviation of

the random pdrt as expested. It sheuld be noticed that for cases having

i AL Ui k) ?ﬂﬂﬂ ﬂ?
appmx@tmqmm B I G e s

probably caused by the specified relationship between porosity and water
saturation. Because the random part has normal distribution with zero

mean, the mean values of calculated oil reserve is, therefore, not
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dependent. on the magnitude of the standard deviat.ion of random part.
In addition, number of blocks does not have effect, dn the mean values of

calculated o0il reserve also as expécted.

The statistical relationship between input variables involving

volumetric oil reserve calculation affacts distribution of calciilated oil

reserve. Therefore, this relati p should be considered in the oil

-i/Ation in order that the oil
B —

at.ion of available data.

reserve calculation usi

reserve will be obta

study of Effects of Porosity on Calculated 0il

Reserve.
In some case, ii .r""*-‘i" abt isedfor oil reserve calculation
scunpled from an interested .,':;-*f 'u possess spatial correlation

,f' Sxpressed through a

J
It. is wished to invesﬁ sed the effect. of spatial

correlat.ion ofﬂ u*ﬁcﬁ}%"%ﬁ WE}’?Ieﬂ ‘§ reserve. The

spatial correlatlon of por o:>1t.§ are seleehbed for this@pt ﬁo he

COVdrlancq : 4 ’1101’1 o(r])on) kyg:!zﬂslt]mg w E,I:'Jm@sented by

exponent.ial model. This model is well known in ground water literature

property. Spatiall GOFTETAEION T

covariance funct ionﬂ

and believed to be a goocd representation for statiétical properties of

porosity.
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In simulating values of porosity assigned to various block, the
épectral At.urning bands method is used witﬁ -s.peci'f ied value of correlation
lengt;ll. It was vdec:ided' that two systems will be used in the
investigation. The first system consists of 25 (5x5) blocks while the
second syst.erﬁ consists of 625 (25x25) blocks. For each system feven

runs are carried out. Different run uses different. value of correlation

length. The values of co gngtly for all runs for the 25- and

. E. v )
625-block cases are ablle Q’G, respectively.

Table 5.5. Correlati gt.hfused s\ h'galculation for the

calculations at n

| run number : i
- length to width of a block

. fuInemingins -
MM THAMINGAY,
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Table 5.6. Correlation length used in each calculation for the

calculations at number of blocks = 625.

rat.io of correlation
run number correlation length (feet) _
length to width of a block
1 . 0 o] -
o 1
3 2 !
4 5
5 10
6 20
7 40
Fo'r' both s¥s ‘the case ia .correlation or zero
correlation length S » sise of values of correlation

Tl
i |

!I .
y

length have magnitudeg aa.nging from ﬁiual t.o block size to as large as :

15 times (for%uﬂcgall ﬂmim EJ«;] I‘Z]ijlock case) block size.
PIAINIUNAIANLNAL .

number of simulations used for each run is 600. The results of the

investigation are shown in Figure 5.8-5.13.
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Figure 5.8. Probablllty density functions of oil reserve at number of blocks = Bx5
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Figure 5.10. Standard deviation vs. correlation length at number of | blocks = BxB.
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Figure 5.8 shows the distribution curve of each run for the
é5—block system. It can be seen that as the correlation length is
larger, the distribution curve becomes flatter. This is confirmed by
the plot of standard deviation and correlation length to block size

shown in Figure 5.10.

From Figure 5.10, wherea lation length increases the
standard deviation of caleulated r eases. However, the increase
rate becomes slower { i en; dincreases. At high value

_ -
of correlation lengt , shows Figure 5.10 is approaching a

> of 4.8 million barrels.

While there isghi , ,f 5 § ‘standard deviation of calculated

reserve, the mean value' is'% st © nt. ‘at. the value of 35.6 million

barrels as shown i af mean of calculated

-ifi:::T_______T_f_———~—?:—!Fi

reserve is not depezﬂ mf‘h of porosity. It may

be also concluded thak mean of calculated reserve will not depend on

) W4e3Y el N DT e o e
bmewqmww HAQ YA BREPBp rr o0

1ea112at10n become less dlfferent when the correlation length of porosity
is larger, the values of porosity for various realizations are still

distributing over the range allowed by the same input diétribution curve

.
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of porosity. This would cause the mean of calculated reserve to become

étable at. one value for all yalues of input correlation length of porosity.

The results for the 625-block system shown in Figures 5.11-5.13

indicate the same behavior as for the case of the 25-block system.

It should be noted that the curve of standard deviation of

calculated reserve (vs. rrelation sth) is increasing and far from

reaching a constant vadu LS+ @orrelation length used is

From the re : 5S¢ ’ Y ollowing conclusion can
be stated
: ‘at ionglexpressed through c&rrélation length,
of an input varlable has __?x he mean of the calculated reservé.
2. The 4

; :‘ variable has influence
o

on the standard dewiation of calCuls ed rese ,'J e. This implies that as

correlation ﬂ %Ejfza)ﬂlﬂ ﬁw Ejfrﬁ?oert Lainty in calculated

reserve decrpa,seb

Q‘W]ﬁNﬂ‘iﬂJ UNINYAY

The above conclusion gives an important finding about effect, of
spat.ial correlations of input variables on the distribution of the

calculated reserve. In addition, ‘by deduct.ion it may be concluded that
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if several input variables have spatial correlat.ion the uncertainty

of calculated reserve would even becowe less. However, this latter

conclusion should be tested and confirmed before accepting.

From the finding about. effect. of spatial correlation on

calculated reserve, it. can be seen that spatial correlations of- input

hould be siven special attention.
In addition to constructaor curves for input variables,

it should be tested i as spat.ial correlat.ion.

1t should ring explorat.ion period,

there is, generally, AR at.a invest.igate if input
variables have spatia e stat Mlowever, after more wells are
-3 ,
7L
drilled during develo ﬁﬁﬁﬁig_{ stage, much more data can
be collected and s input._variable should be

“ 4
investigated. .i,'J at, during exploration

J

period a reservoir ihould be treated as a single block for reserve

calculation @usﬂ ﬁﬂ\ﬂ ﬂ § W:%H ﬁdiroductwn stage,

when W@Ixmﬂmj wﬁﬁ ‘1 ;-3 WH," éfyx divided into

blooks. In addition, it should be emphasized that only dlstribuflon
curve of input variables corresponding to block size be used in the

reserve calculation using Monte Carlo simulation.
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