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Minutes of Discussions, held*in Petronas's
Offices, Kuala Lumpur, from 1llth to 15th

July 1976, on the Master Plan Study for the
Development of Petroleum Resources in Malaysia



Minutes of Discussions, held in Petronas's
Offices, Kuala Lumpur, from llth to 15th

July 1976, on the Master Plen Study for the
Development of Petroleum Resources in Malaysia

A Mission from the Japan International Cooperation Agency (JICR)
headed by Mr. Yukitoshi Nagasawa, Head, Industry Division,

Mining & Industrial Planning and Survey Department: of JICA,
discusged the Japanese quernment‘s portion of the Study with the
Malaysian team headed by Mr. Rastam Hadi, Executive Dixector,

PETRONAS, for the purpose of reaching mutual consent.

After considerable discussions the t&o parties concurrxed on the
contents of Attachment A to these Minutes. It was also agreed that
the portion within the Overall Objectives of the Master Plan Study
covered by Item (I) (1) (b) of Attachment A would not be undertaken
by JICA as the understanding was that this part of the Study would
be performed by C. Itoh in accexdance with an Agreement to be
separately concluded between PETRONAS and C. Itoh.

It was also explaiﬁed by Mr. Nﬁgaséwa that the aspect of the study
involvipg the recommendation of policies and strateaies for the
exploltation of petrcleum resources was an_integral part of tha
overall policy rucommandations and should not be separated from the

other part of the Study. Accordingly the following item:

. " recommending policies and-strategies for the
exploitation of petroleum resources with a wview
to ensuring proper conservation and seli-sufficiency

for the country in the long run "

which originally appeared in the Scoée of Work of the Study was
deletnd from Attachment A on the understandiné'that this part of the
study would also be undertaken by C. Itoh under the Agreement
referred to above.



The Japanese mission agreed to recommend to its own Government

the matters referred to in the Minutes of discussions.

Kuala Lumpur, 15th of July, 1976. .

For Petroliam Nasional Berhad, Fox Japan International
Coopexation Agency,

-

(YUR I’I‘OS‘:I" NAGASAWA}

g 4 -
L//f A D “““'«—--._.M\

STAM HADT)
Executive Director Head of
PETRONAS Industry Division, Mining &
Industrial Planning and Suxvey

Department, JICA.



g N

ATTACHMENT "A"

,ﬁ///,

‘On this Attachment "JICA" refers to -the Japan International
Cooperation Ageucy and “PETROMAS" refers to Petroliam Nasional Derhad,

(1)

(2)

(1)

ATTM I

THE OVERALL ORJECTIVES OF THE MASTER PLAN STUDY

The overall objectives of the Master Plan Study are to make
rocommendations that will assist PETRONAS to perform the
following:~ '

(a) to prepare a short term and long term development
programmie for the development of petroleum and

natural gas resources; and

(b) to pursue appfﬁpriate policies and strategies
for the cfficient utflizatica of the resources
consistent with the objective of moximizing benefits
to Mulaysia, and providing for the need for éelf
reliance and self sufficiency in petroleun and
.petrochemicals., - ,

The Master Plan Study shall be urdertaken within the generul
context of, and consistent with the objectives, goals and
targets of the Thixd Malaysia Plan of the Covernmznt of
Malzaysia,

ITEM IX

SCOPE OF WORK

The scope of work to be performed by JICA shall include:-

(a) review and assessment, based on the existing
available data, of the size o¢f petroleum and

natural ges reserves, the areas end data to be



(1)

(2)

(b)

{c)

examined and the items to be determined being
those indicated in Appendix ¥ attached hereto;

review and assessment of existing exploration
and production facilities available for the

exploitation of lMalaysia's petroleum resources

and making eppropriate recommendationss

review and assessment of the existing practices
with regerd to the exploitation of petroleum

resources and meking recoamendations for possible

dmprovements,

ITEM IIT

COLLADORATION OF JICA

JICA shall send a team of experts to Malaysla for the

sole purpose of cavrying out the study, Their periods
of stay in Malaysia shall be dictated by the necessities
of the study,

JICA shall submlt to PETROWAS the following reports:-

(e)

(b)

Inception Neport.

Ten (10} copius of Inception Report containing
proposed study propedures and work schedule within
two months after the completion of collecting the
data as specified in the appendisx

Interim Report
Ten (10) copics of Interim Report within six months
after the date of submission by JICA of the above

mentioned Inceétion Report,



(3)

(4)

(1)

(2)

(c) Draft Final Report
Ten (10) copies of Draft Final Repoxt within four
months after the date of submission by JICA of
the above mentioned Interim Report,

(d) Final Report
Thirty (30) copies of Final Report within two
months after the receipt of the comments on the
Draft I'inal Report. '

JICA shall not be responsible for, and PETRONAS shall
indemnify aund hold JICA harmless against, any claims
placed by any third parties resulting from performance
under this Master Plan Study except for claims arising

from negligence, malfcasence, or miscoanduct of its experts,

JICA and its employeces engaged in this study, and the experts
that it has retained shall not, at any time, divulge to

any thixrd party any information obtained in the course of

its work under this Master Plan Study. Therefore all
recomnendations made by JICA as & result of the Master Plan
Study shall remain confideuntial unless PETRONAS specifically
sipnificd otherwise,

ITEM IV

COLLABCRATION OF PETRONAS

PETRONAS ghall provide and arrange for JICA to have access
to all data, inforimation, documents and repérts as may be
hecessnry, in the custody of or available to PETRONAS,
relevant to the Master Plan Study. '

The Project Director, local counterpart staff and supporting
facilities shall be provided by PETRONAS in order to assist
JICA and the experts in their work in Maleysia under this

Master Plan Study.
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(3) PETRONAS shall make necessary arrangements for JICA personnel
and its experts to be provided with the necessary entry
and exit visas, residence permits, and other documents

necessary for their stay in Malaysia,

(4  Tax and/or duty of any kinds which may be imposed on JICA
or its experts under the laws of Malaysia in comnection
with an§ activities by JICA and its experts, or on remuncration
to JICA and its expérts, under this Master Plan‘Stundy, or

on remittance of the remuneration abroad shall be borne by

PETRONAS.,

(5) Withio one month of the receipt of the Draft Final Report,
PETRONAS shall. convey to JICA its written comments on the
Report,

ITEM V

OWNERSEIP OF DATA, MATERIALS AND REPORTS

All data, information, documents and reports furnished by PETRONAS to
JICA for the purpose of implementation of this study and all reports -
and masters of maps, diagraﬁs, charts, and histograms prepared as
part of this study, shall be the property of PETRONAS, and shall
not-be distributed to any third party Except with the specific
approval of PETRONAS, They shall be returned to PETRONAS not '

later then one month after the presentation of the Final Report.’

ITTEM VI

RESPONSIBILITIES

The Project Director appointed by PETRONAS will have gverdll
responsihility over this study.
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The JICA teem will collaboxate with the PETRONAS Rroject Director
on the performance of this study.

In view of the need for maintaining consistecncy end integrity between
the JICA's portion and the C, Itoh's portion of the Master Plan
Study, the JICA shall set up within its organization a coordinatlion
committee consisting of the representatives of the related Government
agencies and the C, Itoh,

ITEM VII

MUTUAL CONSULTATICH

The Maleysian authorities concerned and the Embassy of Japan in
¥alayela will have mutual consultaticns on matters necessaxy

to tha inmplementatiocu of the Japanese techuical assistance.
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SCOPE OF STUDY

L. Areas for the study of reserves;

(1) Producing Flelds

a) 'Flelds with loag~-production history;

(i) Vest Lutong

(11) Baram
(i11) Baronia
(iv) Bakau

b)  Fields with éhort-production history;

(1) Tukau
(i1) *Fairley-Baram
(1ii) Tembungo
(iv) Samsrang
(2) " Fields for Nevelopment.

These are ficlds in which has bzen didcovered
petroleun that cau be exploited ccmmercially.
" The fields are;

a) Sabal and Sarewak

(L) *Contral Luconia

(11)
(111)
(iv)
(v)
(vi)

Temana

Betty

Bolior

Exb Vest
South Furious

b} Peuninsular Malayeia;

(1)
(11)
(114)

Pulai
Lolaok
Sotong



(iv) Duyong
(v) Anding

(3) Areas with Good Prospects

These are areas in which hydrocarbons have been
discovered but commercial visbility for cuploitation
is uncertain, ' '

The areas are:
a) Sabah and Sarswak

‘(1) Exb South
{(11) st. Joseph

(111) ‘WVest Emerald
(iv) Beryl
(v) Siwa

b) Peuninsular Malaysia

(1) Seligi
(11) Belumut
(11i) Peta
(iv) Besar
(v) Angsi
(vi) Bujang
{vii) Sepat
(viii) Jerneh
{ix)} Bintang
(x) Tapis
{xi) Pilong
(4) *Priority Areas

It is required that the following fields be pgiven
priority treatment; '

a) Tairley-Baram

b) Centrul Luconls,



1-3_

11, The study will involve examination and collation of the 4?7
following data:

(1) Surface geology
. €2) Ceophysics (magnetic, gravity, seismic)
(3) Exploration development and production well data
(stratigraphy, petxophysics, lithology, well logs,
results of tests and other data as necessary or

‘appropriate),
(4) Reservoir data
(5) Production data
(6) Data relating to existing field facilities including

hydrographic and meteoxrological date.

II1x, The above data and other relevant data, as may be necessary
or eppropriate, will be interpreted znd the following determined:

(1) Geological and geophysical studies involving lithology,
paleontology, well log interpretation, seismic intewv=-
pretztion, etc.

(2) Source rock evaluation,

(3) Hydrocarbon trapping mechanis@ in the arca.

(4) Geolopical description of fields.

(5) Hydrocarbon chavecteristics.

(6) Reserves (hydrecarbons in place, proven, probable,
possible and recoversbie).

(7) Maximum allowable production rate of wells.

(8) HéR of reservoirs,

(9) Forecasts of future producticn including secondary

and tertiary recovery.

(10) Feasibility and cost study of petrolcum production
© for the fields,
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VOLUMETRIC RESERVOIR SIMULATOR



TABLE OF CONTENTS

TABLE OF CONTENTS
INTRODUCTION
FEATURES

EQUATIONS AND RELATIONS DESCRIBING FLUID
FLOW THROUGH POROUS MEDIA

SOLUTION OF EQUATIONS BY THE FINITE
DIFFERENCE METHOD

COMPUTER PROGRAM
NOMENCLATURE
REFERENCE

APPENDIX

Page

12
13
16

17



1. INTRODUCTION

This booklet is to introduce a three-dimensional,
three-phase reservoir simulator VQL33S developed and in
service in the PERD (a division of Japan 0il Engineering
Co., Ltd., Tokyo, Japan). This simulator is designed for
studying oil and gas reservoirs with any types of driving
mechanisms such as depletion drive, gas. cap drive, water
flooding and gas injection, so long as the fluid properties
can be described simply by the reservoir pressure. By in-
serting in the simulator, porosity, permeability, fluid
properties, initial fluid saturations, initial reservoir
pressures and well informations, the reservoir performance
along the production schedule is simulated. The future
pressure and saturation distributions and production sta-
tistics are printed out periodically.

Many accessory sub-programs are availaﬁle.' They are
usefﬁl in the preparation of the input of VOL33S by the
statistical processing of the field data and in visuwaliz-
ing the calculated reservoir performances by the plotter.
various kinds of problems have been solved with this
simulator in the past. An example is seen in Reference
1.

In the following chapters, the principle of the

simulator will be explained.



2. FEATURES

The features of this simulator are as follows:

{1} “The flow of water, oil and gas through petroleunm
reservoirs are described by the equations of conservation
of mass, and the equations are solved by meané of the
finite difference method.

(2) Darcy's law for fluid flow through porous media
is assumed to hola.

(3) The phase behavior of reservoir fluids are as-
sumed to be described accurately by means of the gas and
0il formation volume factors and the solubility of gas
into o0il, and all the fluid properties are determined as
functions of preséure and bubble point pressure. .

(4) The bubble point‘pressurg in the initial state
can be treated variable with location. It can decrease
but cannot increase.

(5) The porosity of reservoir rock is assumed not to
change with the change in reservoir pressure.

(6) The capillary pressures between phases are as~
sumed to be negligible,

(7) The simulation can be performed in various unit
systems. |

(8) The simulator can be equipped with a pressure

maintenance subroutine which adjusts production or



injection rate of indivisual well so that ‘the reserxvoir
pressure is kept unchanged and the field wide oil produc-
tion rate is maintained at a specified value as long as

the well production capacities allow.



3. EQUATIONS AND RELATIONS DESCRIBING FLUID FLOW THROUGH

POROUS MEDIA

3.1 Differential Equations

The law of conservation of mass for water, oil and

gas is described in the following mathematical expres-

sions.
-Vuw bw - gqw = Qiﬁ%%&ﬂ) (1)
-Vuo bo - go = Elg%%EQ) {2)
~ Vug bg - V(uo.bo Rs) - gqg = -§§E(¢Sg bg + $So bo Rs) (3)

The meaning of operator V is explained in the nomenclature.
When Darcy's law is assumed to hold, u's in Equations (1)

through (3) for each phase are substituted by the equations

ux = - T ggg = Y3x (4)
_ . Kykr (32 _ 3D

uy T (ay Yay (5)
_ _ Kzkr 3P _ 3D

uz = n (az Y5z (6)

and Equations (7), (8) and (9) are derived.

_ 0
e - YWVD) ~ gw.= 5 {¢Swbw) (7)
Kkrobo = 9 :
V—u—a—'—" (VP - yoVD) - go = 3¢ (¢Sobo) . (8)

VK—k—ﬁ-gP—‘l (VP - yg¥D) + v&r‘f;—s-@ (VP - yoVD)

-gqg = EBE (d)Sgbg + ¢SORSbO) (9)

- 4 -



3.2 Relations

3.2.1 Fluid saturations

By definitioﬁ, water, oil and gas saturations yield

Sw + So + Sg = 1 , {10)

3.2.2 Reservoir Fluid Properties

Fluid properties in Equations (7), (8) and (9) are
determined as follows:

(1) The formation volume factor and viscosity of
water and gas phases are calculated as functions of the
reservoir pressure only. '

(2) The formation volume factor and viscosity of
oil phase are determined differently according to whether
the reservoir pressure is lower or higher than the bubble
point pressure: if the reservoir pressure is lower, they
are determined simply as functioﬁs of the reservoir pres-
sure, if the reservoir pressuré is higher, they are
determined by '

B

- constant (P-P (11)

o - Bo bubble point bubble point)

T + constant (P-P ) (12)

o = Yo bubble pﬁint bubble point
(3) The solubility of gas into 0il is determined

as a function of the reservoir pressure for the reservoir

pressure lower than the bubble point pressure, and it is

assigned to the solubility at the bubble point for the

-5 - e e -



reservoir pressure higher than the bubble point pres-
sure.
(4) The fluid column pressures are calculated

from other fluid properties by

Yw = Yws/Bw (13)
Yo = (Yos + RsYgs)/Bo (14)
Yg = Ygs/Bg (15)

3.2.3 Relative -Permeabilities

The relative permeabilities in three phase regions
*
are determined by the following relations 2:

krw (Sw) ' (16)

krw

So (1 - Swe)
- Sw) (1l - Swc - Sg)

kro = krow (Sw) - krog (Sg)'(:L

krg krg (Sg) ' (18)

3.3 Initial and Boundary Conditions

The initial conditions are the initial distributions
of the reservoir pressure, fluid saturation and bubble
point pressure. As for the boundary conditions, no cross

flow across the reservoir boundaries is employed.

-6 - e
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4. SOLUTION OF EQUATIONS BY THE FINITE DIFFERENCE METHOD

4.1 Difference Equations

In applying the finite difference method, the reser-
voir is divided into a large number of small cells and
the cells are numbered as shown in Figurxe 1. The time
is also discretized into intervals of At. When the dif-

ferential operators are approximated by the difference

operators
o A) v (Ansl - An) /B¢ (19)
' 1 : . +1
3A QP n (Pie1-P)™ _n (i-pyq)D
ax 9% P il S P ikt 1/8%y  (20)
i+1H8X4i) /2 2 (AXi+AXi-1)/27""

and the similar operators for the y and z directions,
differential equations (7), (8) and (9) are reduced to

the difference equations

Il

BVAg (¢Swbw) = AT,R (APP+1_yP AD)Ar - QuAt (21)

BVA¢ (¢Sobo)

AT " (aPPHl_yN AD) AL - QoAg (22)

BVA¢ (¢Sgbg+ SoboRs) = [ATgn(APn+1-YngAD)+A(ToRs)n
(ApPtl -yR AD) JAr - QgAt (23)

In the above and following difference equations, the suﬁ-
scripts i, j, k are omitted for clarity. The intercell
transmissibility T, f£luid coluﬁn pressure y and gas
solubility into oil Rs which specify the fluid flow
between cells are given by the relation

-7 - e
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WATER WATER
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FIGURE 1 A DISCRETIZED RESERVOIR MODEL



(TstY).+1 - [(krb) er a;'ZKlKi+l AyAz
T H o UPSTEIeafy] AXj+1+Ki+18X]
Yityi+l '
Rsupstream("“—z__") (24)

for the x direction and the similar relations for the y
and z directions. The subscript "upstream" refers to the
cell i or i+l where the potential (P-Yi+%p) is greater

than the other one at time tj.

4.2 Bottom Hole Pressure and Production Rates

4,2.1 Bottom Hole Pressure

The bottom hole pressure is calculated from the cell
pressure by Equation (25) assuming a radial semi-steady

state flow with a correction factor C.

1 Mo(*n 28 - =
th =P -_ c QO]‘.‘ KA W (25)

m{h (Ky +Ky)kro}KA

4,2,2 Production and Injection Rates °

At production wells, either the stock tank oil pro-
duction rate or the water-oil-gas total production rate
in reservoir conditions is specified and then the produc;
tion rate for each phase and each cell perforated is |
determined in proportion to (mobility x effective thick-

nesg) at time t,.



However, the employment of fluid mobilities at time tj

in the calculation of the gas production rate often
results in the vibration of gas saturation with time at
production cells. This vibration can be avoided by using

the following gas production rate:

Qg = 187 + B 4,51, (26)

g

It is also made possible in tﬁis simulator to specify the
production rate of each phase considering the perforation
intervals and well.locations within the cell by use
of the relative permeabilities specific to each well.

At injection wells, the injection rate of each well
is specified by the input data,. and the rate then is

allocated to each cell pérforéted to the well in pro-

portion, to (total mobility x effective thickness) at

time t_.
n

4.3 Solution of Equations

Equations {10), (21), (22) and (23} contain four un-
knowns P, Sw, So and Sg, and are solved as follows.

B
Multiplying a factor al = (EE#:EﬁEEE)n+l to Eguation (21)

and a factor a3 = to Equation (23) and

—_—

(Bo - Rng)n+1
summing up the resulting equations and Equation (22)
give a difference equation where the fluid saturations

at time level n+l appear only in the form of

- 10 - e



(Sw + So + Sg)n+l' Thus, in right of Equation (10),

S 's are eliminated from this equation and Equation

n+l
(26) which has only one unknown P__. follows.

$BV{al+Sypnli(bw) + SgpAt(bo) + a3+Sgpbt(bg)
+.a3-SonAt(boRs)} = —(al*Qy + Qo *+ a3Qg)At
+{al* ATy, (AP - Yy AD) + ATG(AP - YoAD)
+ a3-ATg(AP - YgAD) + a3AToRg(AP - YoAD) }Ay (26)

The left side terms are now expanded by an iterative

scheme

An - A
AA=(m 113

t 5, = P, mtl " Fnl (27)

for an iteration step m+l at ﬁime level n+l. This equa-
tion is constructed for each cell and the set of equa-
tions thus obtained is solved by an alternating-direction
method explained in reference 3, given the pressure and
saturations at time level n in each cell. The terms
containing fluid properties at time level n+l is updated
during the iteration process. Once the set of equations
is solved for pressures Pp4j. saturations Sp431's are cal-
‘culated explicitly by Equations (21), (23) and (10).

This procedure is started from time level 1 and is re-
peated step by step, giving the approximate solutions

to Equations (7), (8), (9) and (10).

_11_



5. COMPUTER PROGRAM

The above explained computation procédure is coded
in FORTRAN IV electric computer language. The number of
cells up to 4000 is possible with the IBM 360-195 computer
system, The computation time necessary to calculate one
time step is variable according to the type of problems
and the allowable computation errors and is 0.0010 - )

0.0030 central processing sec/cell with this computer

system.



NOMENCLATURE

»

B = formation volume factor in cuft/cuft

o)
]

1/B = inverse of formation volume factor in cuft/
cuft
BV = bulk volume of cell in cuft

¢ = (PD) 1/ (PT)

actua computational

w)
i

Depth in ft

h effective thickness in ft

Kx, Ky, Kz = absolute permeabiiity in the x, ¥y and z
directions, respectively in md x 0,00633

kr = relative permeability in fraction

krog = relative permeabiiity to oil in the oil-gas

system in fraction

relative permeability to oil in the oil-water

~
|

Irow

system in fraction

P = reservolr pressure in psia

P, = bubble point pressure in psia

th = bottom hole pressure in psia

g = production rate from one‘bulk volume of reservoir
in cuft/day/cuft |

Q¢ = production rate of phase & in the surface condi-
tions in cuft/day

Q = pil production rate in the reserveoir conditions

ro
in cuft/day

- 13 -



R, = solution gas oil ratio in vol/vol
r, = /Axi ij/w in ft
r, = well bore radius in £t

S = fluid saturation in fraction
s

= gonnate water saturation in fraction

we

T = intercell transmissibility

t = time in days

u = flow velocity in ft/day

x = length in x direction in £t

y = length in y direction in £t

z = length in z direction in ft

At = to+1tn in day

Ax = length of cell in x direction in £t
Ay = length of cell in y direction in ft
Az = length of cell in z direction in ft
¢ = porosity in fraction

vy = fluid column pressure in psi/ft

U = viscosity in cp

Subscripts and Superscrips

g = gas
i = cell number in x direction
j = cell number in y direction

k = cell number in z direction

- 14 - .



KA = the cell number of the uppermost perforated

% = subscript denoting w, o or g

m = iteration step

n = time level

o = oil

s = surface condition

w = water

X, ¥, 2 = subscripts denoting the direction as shown

in FIGURE 1

Operators
VAVP = %Ax%{-m- %Ay-%P+ %Az:—z P
ATAP = Txit+} (Pi+l ~"Pi) - Txi-} (Pi = Pi-1) ’
+ Tyj+y (Pj+l - Pj) - Tyi-} (Pj - Pj-1)
+ Tzx+k (Pk+l - Pk) - Tzk~% (Pk = Pk-1)
B = Aiq T Ay

In the above difference equations the subscripts i, j

and k are omitted for clarity.

- 15 -
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Tembungo, West Lutong, Baram Tukau ®PVT Data %
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BURAIE. ZHE. %) 2 RDABCXEHH L LBy R L o

B A A
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N,

Rs =Fo ( ATo, Cg, Tr, Pi)
BEX—~ELS, EAOHEMEL L bCHmML., EAR—ELS, BEDOH
meidhlcRksT20T

Rs=Pi/(Tr+460 ) Fi1-( ATo, Cg )
L@} 5o | .
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ro=F2 ( ATo, Cg )
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LLTHELADH Fig.1 TH3b,
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Fig.2 TREL TR TWB 2D v S LiEWest Lutong 6D DT
b 5o



HENERE
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£ WE (ro, AP )\ BFEMIBE ( Tr.F )« MABKE(Pb. psia)
L TStanding’s correlation WENITKDRNEZ LN T\ B,

Pb=1 8 Pe

Rs 0.8 1 Q0000917
Pe= 100.0]251‘0

Zhicish o C

Pb=KPclt RELTHET S
Fig.3 CH 5B L5 KKRRHABOND,

Pb=11650Pc"'8

T DBk

BHHE (Bo, b M AWML (Rs)s ¥REE (rg ) WHE( ro ),
FrEBEE (T )3T %Standing's correlation D3

rg 056 1.175
Bo'b=10.972+0.000147 ( Rs(—) -1.25T)
ro

Wich =T
i 0,5
Bo.b=1b ( Rs(—2) +1.25T)°
ro

Bo’.b=Bo.b-—a

&L, Tembungo Field D% A AZBRVTHER LA (Fig.4),



TH D5 P
u=F ( Tr. P. ATo )
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uo.r=Fo( Tr, Pb, ro, Rs )
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‘= PENINSULA AREA -~

IMPORTANT PARAMETER USED FOR LOG-ANALYSIS

FIELD CEMENTATION | ARCHIE FORMULA'S | SATURATION WATER
. FACTOR CONSTANT EXPONENT RESISTIVITY
(m) (a) {n) (Q-M)
BEKOK -2 1 2 0.22
PULAI 2 1 2 0.2
SELIGL 2 1 2 0.15
TAPIS 1.67 1 2 0.2
SOTONG 1.99 0.86 2.1 0.14
DUYONG 1.87 1 2 0.2
ANDING 2.15 0.62 2 0.296
BELUMUT 2.15 0.62 2 0.17
PETA 2.15 0.62 2 0.21
BESAR -2 1 2 0.15
ANGSI 2.15 0.62 2 0.19
BUJANG 2.15 0.62 2 0.16
SEPAT 2.15 0.62 2 0.20
JERNEH 1.88 1 1.8 0.15
BINTANG 2.15 0.62 2 0.25
PILONG -2 1 2 0.062




.IMPORTANT PARAMETER USED FOR LOG—-ANALYSIS

SABAH AND SARAWAK

FIELD CEMENTATION | ARCHIE FORMULA'S | SATURATION WATER
FACTOR CONSTANT EXPONENT RESISTIVITY
(m) {a) (n} (-M @ F.T.)
TEMANA 2 1 2 0.15 @ 152°F
SOUTH FURIOQUS 1.69 1 2 0.22 @ 155°F
. BETTY 2 1 2 0.11 @ 180°F
BOKOR 2,15 0.62 2 0.16 @ 140°F
ERB WEST 2.15 0.62 2 0.13 @ 145°F
ERB SOUTH 2.15 0.62 2 0.3 @ 120°F
ST. JOSEPH 2.15 0.62 2 0.25 @ 150°F
WEST EMERALD 2.15 0.62 2 0.21 @ 135°F
BERYL 1.87 0.7 2
SIWA 2.15 0.62 2 0.4 @ 120°F
CENTRAL LUCONIA .
B12 1.84 1.04 1.84 0.096@ 240°F
E6 1.84 1.04 1.84 0.23 @ 70°F
E8 1.84 1.04 1.84 0.102@ 148°F
E11 1.84 1.04 1.84 0.096@ 165°F
F6 1.84 1.04 1.84 0.096@ 152°F
F9 2 1- 2 0.208@ 170°F
F13 1.84 1.04 0.84 0.25 @ 1B4°F
Fl4 1.84 1.04 1.84 0.124@ 148°F
F22 1.84 1.04 1.84 0.2 @ 170°F
F23 1.84 1.04 1.84 0.16 @ 204°F
K4 2 1 2 0.102@ 175°F
M1 1.84 1.04 1.84 0.11 @ 162°F
M3 1.84 1.04 0.84 0.06 @ 203°F
M5 1.84 1.04 1.84 0.06 @ 206°F
BARBM A 1.87 0.7 2 0.135@ 150°F
BARAM B 1.87 0.7 2 0.13 @ 170°F
BAKAU 2.15 0.62 2 0.11 @ 206°F
BARONIA 1.69 1 2.0 0.09 @ 150°F
RAIRLY BARAM 2.15 1 1.49 0.22 @ 70°F
SAMMARANG 1.8 1 1.8 0.111@8 142°F
TEMBUNGO 1.93 1.14 1.93 0.14 @ 150°F
" TUKAU 2.15 0.62 2 0.12 @ 140°F
WEST LUTONG 1.84 0.68 .2 0.205@ 100°F
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