CHAPTER 3

METHODS OF STUDY AND TECHNICAL CONSIDERATION

3.1 Introduction.

Because the Thai-Vietnam overlapping afea is.a frontier area and has limited
geological data, most of the geological data used in this study are derived from its

adjacent areas, the northem and the southern area.

The main objective of this study is to assessment the petroleum potential of
the Thai-Vietnam overlapping arga.. Incrder fo.achieve the objective, this thesis is
divided into four studied areas, The firsi is general geology, such as, stratigraphy and
sedimentation evolution of this overlapping area. The second describes petroleum
geology and petroleum engineering system of this overlapping area. The third is the
potential of the undiscovered petroleum in the overlapping area. The fourth is

economic assessment of the potential discovery within overlapping area.
3.2 Methods;, of stratigraphic correlation and sedimentological.study.

Stratigraphic correlation and sedimentological analysis in this study are
derived from wire line logs data. Gamma-ray log pattern is used to identify vertical
sequence and log facies because of its properties responding to clay content and grain-

size profiles in clastic sequence.
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Data of stratig'raphic.dept.h is obtained from the result of log interpretation of
Chonchawalit ®. Then, the figures are used for constructing and outlined the

distribution and regional extent maps of each stratigraphic unit [-I'V.
3.3 Methods of petroleum geochemical considerations.

Results of geochemical analysis from well Yala-2, Kraphong-1, Kraphong-3,
Platong-1, Platong-5, Platong-8; Surat-1, Raneng-1, Kung-1, South Platong-1,
Pakarang-1, Pladang-3, Insea’1, South Platong-2, Trat-1, Satun-1, Satun-2, Satun-3,
Dara-1, Erawan 12-1, Erawan 12-7, Erawan 12-8,Er§wan 12-9, Krut-1, Erawan K-1,
Jakrawan-1, Jakrawan- 2, Funan.1, Baanpot-1, Baanpot B1, 17-B-1 of Unocal
Thailand and JDA are as qualified as vaiye of §1,82, §3, TOC and QOM

respectively.

The qualified value of S1, 2, 83 TOC and QCM from the study of
Chonchawalit “° are used for constructing and outlined the distributiop and regional

extent maps of TOC and QOM of each stratigraphic nnut I-IV respectively.

S1 tepresents the amount of hydrocarbons pre-exiting in the rock since
deposition plus those alrca.dy generated in the subsurface. S2 value represents the
amount of hydrocarbon being generated during pyrolytic degradation of the kerogen.
83 value represents the carbon dioxide being generated during pyrolysis. The TOC

value is used to indicate organic richness of the sediment being analyzed.

v
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(Sl;i-SZ)fT OC ratio expresses the relative quality of organic matter or QOM. The
QOM is a measure of the ty]‘)e of organic matter and thermal maturity which high
ratios indicate maturity of hydrogen-rich strata. Espitalie et al. * mentioned that a
significant spread in the QOM, which can not be related to variations in the degree of
organic maturation (DOM), reflects the effects of migration of hydrocarbons into or '

out of the strata.

In order to assess the potential of petroleum source rocks, the distribution of
organic richness, type, facies and manirity have to be examined. Organic richness is
best determine as the average TOC content across the thickness of a potential source
horizon rather than considerifig organic richness as a measure of organic matter
concentrate. Tertiary stratigraphic succession in the Pattani trough is subdivided into
units based on the geological association and palynological assemblages. Variation
within the units are a.lsp described. As a result, régional evaluation of each unit can be
discussed by considering how parameter differ and by considering their combined

effects on potential hydrocarbon source rocks.
3.4 Methods of petroleum resources assessment.

Thé undiscovered resources assessment in the Thai-Vietnam overlapping area
of this study is performed using FASPU prograﬁl, play analysis and analytic method.

Data used in this assessment were derived from its adjacent areas; the north, the west,

~ and the south of study area as previous mentions.
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3.4.1 FASPU program

The FASPU (Fast Appraisal System for Petroleum Universal) is a prototype
package of programs to assess undiscovered oil and gas resources using a play
analysis approach. Play analysis is a general term for various'geologic models and

probabilistic methods of analyzing a geologic play for petroleum potential,

The study or assessment.areas will be separated to each group which has the
similar geological charactéristie’and the same type of play attributes. Therefore, each
play will be analyzed, inclqding hydroearbon accumulation in form of oil, oil with
dissolved gas and non-associated gas. |

The three geological attributes that concern with the assessment are;
1. Play Attributes
2. Prospect Attributes

3. Hydrocarbon Volume,

The characteristic of plays and.prospects is the analyzing of presence or
absence of the gealogical properties of plays and prospects. While'the hydrocarbon

volume attributés is\the-analyzing-of the hydrocarbomaccumulation:

Play attributes are consist of ;
1) the existence of a hydrocarbon source
2) timing for migration from source to the reservoir

3) the effective of the migration path
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4) the existence of the potential reservoir facies.

The presence of these four characteristics is due to the play favorable for
containing petroleum. On the other hand, if lack of one or more of these are not
favorable, that mean, every play will not has any petroleum accumulations. The
judgments for probability of the presence of each attribution of the play will be done
by experts with subjective judgments. The product'of the probability of these four
attributiohs is equal to the probability of this play would have the petroleum

accumulation, and is called“marginal play probability”.

Prospect attribut€s arg consist of ;
1) trapping mechanism
2) effective porosity

3) hydrocarbon accumulation.

In case of play attributes are favorable and there are the presence of above
three attributes, it is‘ enough toindicated that there are petroleum accumulation in that
prospect. In the sameway as|in pIay level judgment, the prabability of each prospect
attribute willbe‘expected by experts with subjective. judgment. The-productof these
prospects afttributes will be equal to the probability of that prospeét will contain
hydrocarbon, and if play is favorable, this probability is called “conditional deposit

probability”.



The hydrocarbon volume attributes are consist of ;
1) area of closure
2) reservoir thickness
3) effective porosity
4) trap fill (percent)
5) depth to the reservoir

6) hydrocarbon saturation.

Hydrocarbon voluime atfribiiies jointly determine the volume of hydrocarbon

accumulation within the progpect. FASPU program use the following reservoir
engineering equations to caléulated the in-place volumes of oil and non-associated

gas, respectively:
FASPU Basic Equations.

1. Oil in place

Oilinplace=7758 x 1000 x AxFxHxPxSh (MMBBL)

Bo
2. Non Assacidted gas, in-place

Non Assoéiated gas in place = 1537.8x 1000 x Ax Fx HxPxShxPe  (BCF)

TxZ

where

A = Area of Closure (1000 Acre)
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H = Reservoir thickness (ft)

F =Trapfill (decimal fraction)

P = Effective Reservoir porosity (decimal fraction)
Sh = Hydrocarboh saturation (decimal fraction)

Pe = Original reservoir pressure (psi)

B, =0il formation Volume Factor (STB/BBL)

T = Reservoir Temperature (degzee Rankine)

Z = Gas compressibility factor

Both equations consist of a preduct factors that functions of the
hydrocarbon volume aﬂﬁl;utes. The attributes are treated as continuous independent
random variables, with the exception of the effective porosity which displays near
perfect positive correlation with hydiécarbon saturation. The probability distribution
for an attribute is determined from subjective judgments made by geologist, based on
geological and geophysical data, analog data and geologic extrapolations when data
are unavailable. The probability distribution for each attribute is described by a
complementary cumulative distribution function determined from. seven estimated
fractiles (100", 75%, 50%, 25", 5" and 0% ),/ The 5" fractilé, for example, is an attribute
value such thatthere.is,a five-percent-chance of at least-that value.In each-play
analyzed the seven fractiles are estimated for all of the hydrocarbon volume attributes,
except hydrocarbon saturation whose seven fractiles are one of the two possible sets

~of fixed values depending upon the expected reservoir lithology. Hydrocarbon type
probabilities are also estimated , which are the respective probabilities of a given

accumnulation being either oil or non-associated gas. However, if the reservoir depth
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is greater than a specified depth, the accumulation always is assumed to be non-
associated gas. The number of drillable prospect in the play is treated as a discrete
random variables, and seven fractiles are estimated. All of the geologic data required

by this program for a play are entered on an oil and gas appraisal form (Figure 3.1).
3.4.2 Play analysis
Play coacept

A play is a group of prospects with geologically similar source, reservoir and
trap controls of oil and gas oecwmrence, and thus has geographic and stratigraphic
limits ®. It is a practical, meaningful planning unit around which an integrated
exploration program can be constructed: A fgndamental assumption is that the
geological characteristics within a play are significantly correlated but show
substantially less correlation-between-plays.—ii-ail-the regional characteristics
necessary for the occurrence of trapped hydrocarbons are present in the play area, it is
likely that the play will contain 0il or gas accumulations. However, if one or more of
these regional cha.racteﬁstics are missing or unfavarable, it is likely that all the
prospects within the play will be dry The idealymethod of assessing the play is to
aggregated-all the individual prospect assessments. However, lack of time and/or data

commonly dictates use of the shortcut piay approach like FASPU.

Play analysis methods have usually been applied to the appraisal of relatively

small areas, such as a geological trend consisting of a reef play or sand deposited in

-
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Figure 3.1 Oil and Gas appraisal data form (U.S. Department of Interior, 1979)
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fans along major faults, Play analysis applied to entire stratigrphic units in a large
basin or province will not be consistent with the definition. It is difficult to define the
probability that a play is favorable if distinctly different prospect types have been
lumped together. The lognormal distribution of accumulation size, which is the

model used in the FASPU program, is based on an adequate play definition.

Plays defined at early stages of exploraiion‘are often refined and split into
several plays as knowledge increased with continued exploration. In addition to the
use of play analysis in resotircesplanning , it can be considered as a working

hypothesis in prospect Mapping and evaluation *,
The prabability of 2 favorable play attributes.

Assuming the play has been properiy defined, the next step is to define the
probability that the vafious play attributes are favorabie or present. The parameters
involved are: hydrocarbon sources, timing, migration and potential reservoir facies.
For each of these four play attributes one has to assign a value between 0 (not
present/not favorable) and 1.0 (certainly present/ favorable). | The definition of the

various attributés’is;

Hydracarbon source: The existence of a mature source rock somewhere in the study
area that has generated and expelled oil or gas insufficient qua.ﬁtity to form at least
one accumulation within the piay. The source rock should contain a minimum of 0.5

percent organic matter, have source rock quality and maturity of minimum 0.6 percént

r
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(vitrinite reflectance) for oil generation and 1.2 percent (vitrinite reflectance) for gas

generation.

Timing: The trapping and sealing mechanism was established before and/or

simultaneously with the generation and migration of hydrocarbons.

Migration; Hydrocarbons have migrated from theSource rock(s) in sufficient
quantity and in the direction to form 2t least one accumulation somewhere in the play

area.

Potential reservoir facies: Within the play area there exists a rock that may contain

porosity and permeability capable of containing predicable hydrocarbons.

The probability that all the first four play attributes are simuitaneously
favorable or present is the product of the four separate play.attributes, and is called the
marginal play probability. If a discovery has been made within the play, the marginal
play probability equals 1.0. However, the presence of all four play attributes is a
necessary, but not sufficient, condition for the existenceof oil or gas accumulations in

the play.

Additional play attributes are the number of drillable prospects. The reservoir
lithology (no influence on the calculations) and the hydrocarbon mix (the proportion
of accumulations that may contain oil rather than non-associated gas). These

attributes will be discussed in more detail below. _
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The probability of favorable prospect attributes.

Assuming ﬁmt the conditional play probability equals 1.0, the next step is to
decide on the probability that the prospect attributes are favorable or present. These
prospect probability include the probability of trapping mechanism, effective porosity
and hydrocarbon accumulation. The product of these three attributes is called
conditional deposit probability. Given a favorable play, the presence of all three
attributes is a necessary and suffieient condition for the existence of a hydrocarbon

accumulation in the prospect.

In order to detcrmhﬂlate the probability that a specific prospect attribute is
favorable or present, it is necessary fo define the minimum value (threshold value) for
the related hydrocarbon volume parameter(s). For example, if the minimum
acceptable porosity is 7 percent, the probability that the effective porosity is favorable
is the probability that the éffeciive porosity-is-7/ peicentoi-liigher. The minimum

threshold values are selected to be less than any reasonable economic limit.

The trapping mechanism includes the probability of closure(existence of a
mappable trap) and the probability-of:sealing, andtrapping mechanism is'nat
considered to be a play attribute. The recorded value indicates that the number of

prospects having a sealed trap divided by the total number of prospects ®'.

The probability that the effective porosity is equal to or larger than a minimum

value (7 percent for gas and 10 percent for oil ) and that the reservoir thickaess is

r
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greater than the minimum value chosen for reservoir thickness determine this prospect
attribute, and the risk that no reservoir rock has been deposited is taken care of by the
play attribute “potential reservoir rock”. Itis important to avoid double-risking. In
the special case of stratigraphic traps, the assessment pf effective porosity is made
dependent upon the occurrence of the trap. If the reservoir rock, with porosity above
the threshold value, is limited to parts of assessed area, this will have consequences

for the number of drillable structurés.

The hydrocarbon acetmulation attribute covers the probability that the traps
have received at least a minimitin amount of hydrocarbons (related to source rock,
migration and timing) and ‘.program defines thisminimum to be 1 percent of the trap
capacity. In an exploration simation the well are mostly drilled outside the
culmination of the trap, and a higher threshold value (e.g. 10 percent) should be
considered. Assuming that the play is favorable, this attribute determiners the number

of structure having received hydrocarbons divided by the total mumber of structures.

The product of the marginal play probability and the conditional deposit
probability is called the average prospect chance (the prabability of .discovery). The
product sheuld, not-be higher than the success rates normally seen in-the-play, or
analog plays, and should be related to the probability of discovery used in standard

prospect assessment in the area.
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The Hydrocarbon mix.

This play characteristic describes the proportion of deposits within the play
that contain oil rather than non-as#ociated gas. Oil accumulatibns with gas cap' and/or
gas in solution is here classifieds oil. The sum the values entered for 0il and gas must
equal 1.0. For example, a mix of 0.3 (oil) and 0.7 (gas) indicates that 30 percent of

the hydrocarbon bearing structures in the play areoil-filled.

The basis for the estimauonof the hydrocarbon mix is information on sources

rock quantity and quality, matiiration and information from wells and seeps.
Hydrocarbon volume parameters

When the hydrocarbon volume parameters are being assessed, it is assumed
that both the marginal play probability and the conditional deposit probability eqlial
1.0. The following parameters are included: area of closure, net reservoir thickness
corrected for the geometry of the structures, effective porosity, trap fill, reservoir
depth and hydrocarbon saturation. They desc:.'ibc the range of possibility value of the
reservoir characteristics that determine.the yolume, of hydrocarbons present in an
individual accumulation within the play. Evaluation of these parameters is
accomplished by recording the estimated value at seven fractiles (probability levels)
ranging from 100 percent (total certainly that this estimated value will-be attained) to
0 percent (total certainly that the estimated value will not be exceeded). The

distribution is therefore cumulative.
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An additional parameter, the number of drillable structures, is actually a play

attribute, but will be discusséd along with the hydrocarbon volume parameters.

The area of closure parameter estimates the possible range for the number of
thousand acre within a trap above the spill point. The program uses a minimum
value of 0.6 thousand acre to be used for this parameter. This minimum value is very

important for the number of drillable-prospects parameter.

In areas with poorseismi€ coverage this parameter is difficult to determine but
we can compare the study area with/betier known areas with similar tectonic
development, such as this overlapping aréa and Pattani trough. In explored areas the

largest traps have often been drilled,

The reservoir thickness is entered as the product of gross reservoir thickness,
net to gross ratio a geometry factor. The geometry factoris.avalue between 0 and
1.0, and accounts for the thinning of a full hyd:ocarbé:n column at the edge. In Figure
3.2 a method for determinatiom the geometry factor is illustrated, The definition of
the net to gross value should be related to the cut off value chosen for the effective
porosity.~Croyélli-and-Balay, propeses: 5:34 fi as aminimum yaiue\forthe net
reservoir thickness. But this study consider 16.7 ft as a more realistic minimum valut;
in exploration situation. This minimum value should be considered when

determination the number of drillable-prospects play‘attribute.
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Figure 3.2 Trap geometry multiplier (After Covelli and Balay, 1986)



The effective porosity is determined by the amount of interconnected pore
space in the reservoir rock. Crovelli proposes a small (cut off) value at 3 percent for
this parameter. In this study would have used 8 percent for g;as filled traps and 10
percent for the oil filled traps, The minimum value is incorporated into the effective

porosity (prospect attribute) judgment.

The trap fill parameter estimates the posdible range for trapped hydrocarbon
volume as a percentage of the porous volume under the closure. The probability that
this minimum value is achieved.is incorporated into the determination of the
hydrocarbon accumulation prespect attnibute’. © As discussed carlier a minimum trap

fill of 30 percent has been used in this study,

The reservoir depth parameter describes the possible range for the depth that

must be drilled to penetrate the reservoir.

The number of drillable-prospects parameter describes the range of possible
value for the number of valid targets that would be considered for drilling if the play
were to be fully explored. Only prospects larger than the minimumvalue chosen for
the area of clasuré-parameter should-be includeci. Thedistribution/of the number of
drillable-prospects parameter also takes into account the probability that the reservoir

formation by. may be absent in parts of the play area.

Seismic and geological mapping and analogy from better known areas of

similar geology should be used in the evaluation of this parameter. This study uses ‘

-’
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the tectonic style of the study area and closed areas be the guide to find anelog areas

with a known prospect densi;:y.
Geological variables as a function of depth.

The estimation of the resources within a play requires that a number of
reservoir engineering equationsare included in the' TASPU program. The following
depth related parameters are needs-as input data:

Pe : Original Reserveir Pressuze (psi)

T : Reservoir Temperature (Deg Rankine)
Rs : Gas-Oil Ratio (MCH/BELY +

Bo : Qil Formation Volume Factos (N0 units’)

Z : Gas Compressibility Factor {No units )

These variables can be modeled using one of four different mathematical
functions (Zoned linear, exponential, power and logarithmic). Each of these four
types of mathematical functions has two parameters A and B, except zoned linear,

which has a set of A and B coefficientsor each zone.

ThéFASPU program calculates the mean and variance of the accumulation
size of oil (and gas) using the hydrocarbon volume pararneters, the geological variable
(functions) and a reservoir engineering equation. The accumulation of size

distribution is then modeled by the lognormal probability distributién. The lognormal
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distribution is assumed to give a fair representation of the real accumulation

distribution within a play.
Miscellaneous parameters.

The oil floor depth is the depth below which the reservoir oil has cracked into
gas. By using the temperature gradient in the play area the equivalent depth can be

calculated.

The oil recovery factor estimated from local data. In addition to the reservoir
condition, it is very much dependent upon the recovery methods to be used. The gas

recovery factor determined in the same way as the oil recovery factor.

3.4.3 Analytic-Method.

The analytic method is,based upon the same geologic model, same type of

data, and same probability assumptions as the simulation method %

Thejanalytic method was developed by the application of many laws of
expectation and variance in probability theory. The analytic method systematically
tracks through the geologic model, computes all of the mean and variance of the
appropriate random variables, and calculates all of the probabilities of occurrence.

The lognormal distribution is used as a model for various unknown distributions in \



order to arrive at probability fractiles. Oil, non-associated gas, dissolved gas, and.gas
resources are each assessed in tumn. Separate methodologies have been developed for
analyzing individual plays and for aggregating the plays. Tﬁe basic steps of the
analytic method of play analysis are simply shown in Figure 3.3 (for details see

Appendix A).
3.5 Conceptual development plan.

Conceptual exploration’plays type.

Pradidtan * and Sattayarak "' suggested that the major and significant plays
type of the Thai-Vietnam overlapping area is Miocene Faulted Sandstone as evident
from the existing production plays type of Bongket field and JDA. Therefore, the
conceptual exploration plan will stress @a this faultéd sand play type (Figure 3.4).

Conceptual platiorm plan and development wells located.

Platform will be located behind faulted trap structure (Figure 3.5) and

conceptual-development wells-will-alse\be located -behind, this)structural-closure with

well spacedjat approximate 1 kilometer throughout closure (Figure 3.6).
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RESERVOIR SIZE vs. CLOSURE AREA

Closure Area

First Exploration

Well Location

Non-Reservoir

Figure 3.4 Conceptual exploration plays type (Madlied SintSiasie Yoreservair sizing dad clostire wea Himitalion)
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CONCEPTUAL PLATFORM PLAN

Conceptual-Development Well

Figure 3.5 Conceptual platform planning and its location,
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CONCEPTUAL DEVELOPMENT WELLS
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Delineation well.

Wells Spaced at approximate
1 km Through Closure

Undrilted Concepluai
Development Weti

Figure 3.6 Conceptual development well located.
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3.6 Petroleum economics evaluation.

Petroleum reserve from the previous step will be conducted to do economics
evaluation in this section. The exploration work plan, production planning and
engineering designed are also considered and designed in this step. The study for
petroleum economic potential is based on Thailand III fiscal regime, recent petroleum

contract used in Thailand. Thailand III fiscal regimeds described in Appendix B.

Cash flow analysis using Thailand I1! fiscal regime is further study for its
sensitivity of the investment based on following assumptiens,
1. The price of gas and condensate has an escalation of 2 percent per year.
2. Increasing rate of Capital Expenditure comes from the price increasing of
machinery and other equipment used in o1l industry, and given to 2 percent per
year.
3. Discount Rate of money-which-used-in-this-study-is-10,-12.5,715, 17.5 and 20
percent respectively.
4. The first production will conduct in-the sixth year of-work plan.

5. Operating Costiis escalated 2 percentieach year forward.

This study will not consider the Signature Bonus, Production Bonus and other

Benefits to the State besides previous mentioned.
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