
CHAPTER III 

METHOD OF THE STUDY 

3.1 Introduction 

The geostochastic system for estimation of undiscovered hydrocarbon 

resources in the Chonnabot prospect is performed using Fast Appraisal System for 

Petroleum Universal (FASPU) program.  A resource appraisal system is designed for 

play analysis using a reservoir engineering geologic model and an analytic 

probabilistic methodology.  The geological model is a particular type of probability 

model using reservoir engineering equations.  The probabilistic methodology is an 

analytic method derived from probability theory.  The resource estimates of crude oil, 

non-associated gas, associated-dissolved gas, and total gas are calculated in terms of 

probability distributions. 

3.2 Method of petroleum resource assessment 

The FASPU program is a prototype package of programs designed to assess the 

resource potential of undiscovered oil and gas resources using a play analysis method.  

The play analysis is a general term for various geologic models and probabilistic 

methods of analyzing a geologic play for petroleum potential. 

The resource assessment is separated to individual groups that have similar 

geological characteristics and the same type of play attributes.  Each play will 

therefore be analyzed, including hydrocarbon accumulation in forms of oil, oil with 

dissolved gas and non-associated gas.  There are three sets of geologic attributes or 
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random variables involved in this play analysis approach; the play, the prospect, and 

the hydrocarbon volume attributes.  The characteristics of play and prospect are the 

analyzing of presence or absence of the geological properties at the play and the 

prospect levels, respectively.  The hydrocarbon volume attributes are concerned with 

the size of the hydrocarbon accumulation. 

The play attributes consist of existence of hydrocarbon source, favorable 

timing for migration of hydrocarbon from source to trap, existence of potential 

migration path, and existence of potential reservoir facies.  The presence of these four 

characteristics is due to the play favorable for containing petroleum.  If lacks of one or 

more of these are not favorable, every play has no petroleum accumulations.  Expert 

geologists make subjective estimate of the probability of the presence of each play 

attribution.  The product of the probability of these four attributions is equal to the 

probability of this play is favorable for the existence of petroleum accumulations, and 

called “Marginal play probability”. 

The prospect attributes consist of existence of trapping mechanism, effective 

porosity, and hydrocarbon accumulation.  If the prospect attributes are favorable and 

there are the presence of all three prospect attributes, it suggests that there are 

petroleum accumulation in the prospect.  In the same way as in prospect attribute 

judgment, the probability of the presence of each prospect attribute will be expected.  

The product of these three probabilities is the probability that the prospect has a 

petroleum accumulation, given the play is favorable, and called “Conditional deposit 

probability”. 

The hydrocarbon volume attributes consist of area of closure, thickness of 

reservoir rock, effective porosity, trap fill, depth to reservoir, and hydrocarbon 
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saturation.  The hydrocarbon volume attributes jointly determine the volume of the 

hydrocarbon accumulation within the prospect.   

The FASPU program is used to reservoir engineering equations for calculate 

the in place volumes of oil and non-associated gas, respectively; 

Oil in place in MMbbl unit 

= )
oB
hS

( x P x H x FA x  x 1,000 x 7,758                 (3.1) 

Non-associated gas in place in Bcf unit 

= )
Z
1( x )

T
eP

( x hS x P x H x FA x  x 1,000 x 1,537.7               (3.2) 

where  A = area of closure (1,000 acres) 

F = trap fill (decimal fraction) 

H = reservoir thickness (feet) 

P = effective reservoir porosity (decimal fraction) 

Sh = hydrocarbon saturation (decimal fraction) 

Bo = oil formation volume factor (no unit) 

Pe = original reservoir pressure (psi) 

T = reservoir temperature (degree Rankine) 

Z = gas compressibility factor (no unit) 
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To generalize the geologic model, a variety of mathematical functions needs to 

be available for modeling the five geologic variables original reservoir pressure (Pe), 

reservoir temperature (T), gas-oil ratio (Rs), oil formation volume factor (Bo), and gas 

compressibility factor (Z) as functions of depth.  Four types of mathematical functions 

will be established; zoned linear, exponential, power, and logarithmic.  Zoned linear 

means piece-wise linear with as many as four zones, or levels, and three transition 

depths.  Each of the four types of mathematical function has two parameters A and B, 

except zoned linear which has a set of A and B coefficients for each zone.  The four 

types of mathematical function can be obtained form; 

1) Zoned Linear Function : (A x Depth) + B 

Maximum of 4 zones with 3 transition depths (feet) 

2) Exponential Function : A x [exp (B x Depth)] 

3) Power Function : A x (Depth xx B) 

4) Logarithmic Function : A x [Ln (B x Depth)] 

When assessing the play, the following procedure is applied: for each of the 

five geologic variables, one type of function is selected and assigned values for the 

parameters A and B.  

Both equations for oil in place and non-associated gas in place consist of a 

product of a product of factors that are functions of the hydrocarbon volume attributes.  

The attributes are treated as continuous independent random variables, with the 

exception of the effective porosity which displays near perfect positive correlation 

with hydrocarbon saturation.  Expert geologists make subjective judgments determine 

of the probability distribution for an attribute based on actual geological and 

geophysical data when available, and on the experience and knowledge of the experts 
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using 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 (100th, 95th, 75th, 50th, 

25th, 5th, and 0th).  For example, the 5th fractile is an attribute value such that there is a 

five percent chance of at least that value.  In each play analyzed, the seven fractiles are 

estimated for all six 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.  The hydrocarbon type probabilities 

are also estimated, which the respective probabilities of a given accumulation being 

either oil or non-associated gas.  However, if the reservoir depth is greater than a 

specified depth, called oil floor depth, the accumulation is assumed to be non-

associated gas.  The oil floor depth is assigned, along with recovery factors for oil and 

gas, in the case of recoverable estimates and is 100 percent for each in the case of in 

place estimates.   

The number of drillable prospects in the play is treated as a discrete random 

variable, and seven fractiles are estimated.   

Probability judgments concerning each of the three sets of attributes are 

developed by experts familiar with the geology of the area of interest.  The experts 

first review all existing data relevant to the appraisal, identify the major plays within 

the assessment area, and then assess each identified play.  All of the geologic data 

required by this model for a play are entered on a primary oil and gas appraisal data 

form (Figure 3.1) and an addendum data form (Figure 3.2).  Information from the data 

forms is entered into computer data files as the input for a computer program based 

upon an analytic method. 
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Evaluator :        Play Name :       

Data Evaluated :       

Attribute Probability of Favorable   
or Present 

Comments 

Hydrocarbon Source   

Timing   

Migration   

Potential Reservoir Facies   
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Marginal Play Probability   

Trapping Mechanism   

Effective Porosity (>3%)   
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Conditional Deposit Probability   

Sand   
Reservoir Lithology 

Carbonate   

Gas   
Hydrocarbon 

Oil   

Probability of equal to or greater than  Fractiles
Attribute 100 95 75 50 25 5 0  

Area of Closure  
(1,000 acres) 

        

Reservoir Thickness 
(feet) 

        

Effective Porosity (%)         

Trap Fill (%)         

Reservoir Depth  
(1,000 feet) 
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HC Saturation (%)         

No. of drillable prospects 
(a play characteristic)  

        

 

Figure 3.1 Oil and gas appraisal data form used in the play analysis of the  

Chonnabot prospect (from Crovelli and Balay, 1994). 
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ADDENDUM DATA FORM FOR FASPU 

             

Geological Variables            

 Four Types of Mathematical Functions 

 1. Zones Linear Functions : A * Depth + B 

    Maximum of 4 zones with 3 transition depths (feet) 

 2. Exponential Function : A *exp (B * Depth) 

 3. Power Function : A * Depth **B 

 4. Logarithmic Function : A * Ln (B * Depth) 

 

For each of the five geological variables below, select one type of function and assign values for the 
parameters A and B. 

  

Pe Original Reservoir Pressure (Psi) 

T Reservoir Temperature (degree Rankine) 

Rs Gas-Oil Ratio (Thousand CuFt / bbl) 

Bo Oil Formation Volume Factor (no unit) 

Z Gas Compressibility Factor (no unit)  

   

  Parameters 

Variable Function A B D A B D A B D A B 

Pe             

T             

Rs             

Bo             

Z             

             

Oil Floor Depth (feet)   :          

Oil Recovery Factor (percent) :          

Gas Recovery Factor (percent) :          

             

 

Figure 3.2 Addendum oil and gas appraisal data form used in the play analysis of 

the Chonnabot prospect (from Crovelli and Balay, 1994). 
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3.3 Analytical method of play analysis 

An analytical method using probability theory is developed as a more efficient 

alternative to the costly and time-consuming Monte Carlo simulation method for 

petroleum play analysis (Crovelli, 1987).  The analytic method is developed by the 

application of many laws of expectation and variance in probability theory.  The 

analytical method systematically tracks through the geologic model, computes all of 

the means and variances 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 turn.  Separate 

methodologies have been developed for analyzing individual plays.  A simplified 

flowchart of the analytic methodology of play analysis is presented in Figure 3.3 and 

the basic steps of the analytic method of play analysis are; 

1) Select the play. 

2) Oil is the first resource to be assessed. 

3) The following volume attributes are estimated: (1) area of closure,           

(2) thickness of reservoir or thickness reservoir rock, (3) effective porosity, (4) trap 

fill, (5) depth to reservoir, and (6) hydrocarbon saturation.  Determine the mean and 

variance from the estimated seven fractiles, assuming a uniform distribution between 

fractiles, that is, a piecewise uniform probability density function.  Recall that the 

hydrocarbon saturation distribution depends on whether the estimated reservoir 

lithology is sandstone or carbonate.  Calculate the mean and variance of the product of 

effective porosity and hydrocarbon saturation, assuming they possess near perfect 
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positive correlation.  Also compute the mean and variance for the reciprocal of the oil 

formation volume factor, which is a function of reservoir depth. 

4) Compute the mean and variance of the accumulation size of oil in place 

using a reservoir engineering equation.  The equation involves the product of a 

constant, area of closure, reservoir thickness, trap fill, effective porosity, hydrocarbon 

saturation, and the reciprocal of the oil formation volume factor.  Various laws of 

expectation and variance are involved in the calculations. 

5) Model the accumulation size distribution by the lognormal probability 

distribution with mean and variance from step 4.  Calculate various lognormal fractiles 

of the accumulation size for oil. 

6) Compute the probability that a prospect has an oil accumulative, given the 

play is favorable.  This is called the conditional prospect probability of oil.  This 

probability is the product of the conditional deposit probability, the probability that the 

reservoir depth is less than the oil floor depth, and the hydrocarbon type probability of 

oil. 

7) Compute the mean and variance of the conditional prospect potential for 

oil, which is the quantity of oil in a prospect, given the play is favorable.  They are 

derived by applying the conditional prospect probability of oil to the mean and 

variance of the accumulation size of oil. 

8) Compute various fractiles of the conditional prospect potential for oil by a 

transformation to appropriate lognormal fractiles of the accumulation size of oil using 

the conditional prospect probability of oil. 

9) Compute the mean and variance of the number of prospect from the 

estimated seven fractiles, assuming a uniform distribution between fractiles. 
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Figure 3.3 Flow chart of the analytic method of the play analysis                            

(from Crovelli and Balay, 1994). 
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10) Compute the mean and variance of the number of oil accumulations, given 

the play is favorable.  They are derived by applying the conditional prospect 

probability of oil to the mean and variance of the number of prospects. 

11) Compute the mean and variance of the conditional (A) play potential for 

oil, which is the quantity of oil in the play, given the play is favorable.  They are 

determined from the probability theory of the expectation and variance of a random 

number (number of prospects) of random variables (conditional prospect potential). 

12) Compute the conditional play probability of oil, which is the probability 

that a favorable play has at least one oil accumulation, and is a function of the 

conditional prospect probability of oil and the number of prospects distribution. 

13) Compute the mean and variance of the conditional (B) play potential for 

oil, which is the quantity of oil in the play, given the play is favorable and there is at 

least one oil accumulation within the play.  They are obtained by applying the 

conditional play probability of oil to the mean and variance of the conditional (A) play 

potential for oil. 

14) Compute the unconditional play probability of oil, which is the probability 

that the play has at least one oil accumulation, and is the product of the conditional 

play probability of oil and the marginal play probability. 

15) Compute the mean and variance of the unconditional play potential for oil, 

which is the quantity of oil in the play.  They are derived by applying the 

unconditional play probability of oil to the mean and variance of the conditional (B) 

play potential for oil. 
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16) Model the probability distribution of the conditional (B) play potential for 

oil by the lognormal distribution with mean and variance from step 13.  Calculate 

various lognormal fractiles. 

17) Compute various fractiles of the conditional (A) play potential for oil by a 

transformation to appropriate lognormal fractiles of the conditional (B) play potential 

for oil using the conditional play probability of oil. 

18) Compute various fractiles of the unconditional play potential for oil by a 

transformation to appropriate lognormal fractiles of the conditional (B) play potential 

for oil using the unconditional play probability of oil. 

19) Non-associated gas is the second resource to be assessed.  Repeat steps 3 

through 18, substituting non-associated gas for oil, with two basic modifications as 

follows.  A different reservoir engineering equation is used to calculate the 

accumulation size of non-associated gas in place.  The conditional prospect probability 

of non-associated gas is equal to the conditional deposit probability minus the 

conditional prospect probability of oil. 

20) Associated-dissolved gas is the third resource to be assessed.  Repeat steps 

3 through 18, substituting associated-dissolved gas for oil, with two basic 

modifications as follows.  The reservoir engineering equation for the accumulation 

size of oil in place is multiplied by a gas-oil ratio, which is a function of reservoir 

depth.  The conditional prospect probability of dissolved gas is the same as the 

conditional prospect probability of oil. 

21) Gas is the fourth resource to be assessed.  Repeat steps 4 through 18, 

substituting gas for oil, with two basic modifications as follows.  Replace step 4 to 

compute the mean and variance of the accumulation size of gas in place by using 
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conditional probability theory and conditioning on the type of gas.  The conditional 

prospect probability of gas is the same as the conditional deposit probability. 

3.4 Petroleum play analysis 

Play analysis is a quantitative approach for estimating undiscovered oil and gas 

resources at a play scale.  A play is a group of prospects within a geographically and 

stratigraphically delimited area where a set of specific geological factors is in place 

simultaneously, thus making permit the discovery of hydrocarbon.  The geological 

factors are reservoir rocks, traps, mature source rocks, migration path, and timing 

(CCOP, 1999).  Most of the variables used in the model are expressed in a 

probabilistic form that is either as a probability of occurrence or as a probability 

distribution.  Probabilities are assigned to the geologic attributes of the model 

necessary for generation and accumulation of hydrocarbons.  In this appraisal method, 

geologists make judgments about the geologic factors necessary for the formation of a 

hydrocarbon accumulation and quantitatively assess the geologic factors that 

determine its size. 

3.4.1 The probability of favorable play attributes 

The play attributes consist of four regional characteristics that describe 

a given play including hydrocarbon source, timing, migration, and potential facies.  

These attributes determine whether conditions underlying the play are favorable for 

occurrence of hydrocarbon within it.  For each of these four play attributes one has to 

assign a value between 0 (not present/not favorable) and 1.0 (certain present/favorable).  

The definition of the various attributes as follows; 
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The existence of hydrocarbon source is the probability of occurrence of 

a rock unit that has generated and expelled oil or gas in sufficient quantity to form one 

or more accumulation within the play.  This probability factor is evaluated based on a 

set of minimum source rock criteria that includes organic richness (total organic 

carbon), kerogen type, and thermal maturity.  When know hydrocarbon accumulations 

occur in the play, this play probability is 1. 

Timing for migration of hydrocarbon from source to trap is the 

probability of occurrence of a suitable relationship between the time of trap formation 

and the time of hydrocarbon movement into or through the play in prospect.  This 

probability factor is dependent on knowledge of the time of trap formation and the 

time of hydrocarbon generation from source rocks or maturity of source rocks.  When 

know hydrocarbon accumulations occur in the play, this play probability is 1. 

The existence of potential migration path is the probability of effective 

movement of hydrocarbons through conduits that may be permeable clastic or 

carbonate rocks, fractures or faults.  The evaluation of this probability is mostly based 

on structural and stratigraphic information from which inferences can be drawn 

concerning the presence of geologically favorable conduits.  When know hydrocarbon 

accumulations occur in the play, this play probability is 1. 

The existence of potential reservoir facies is the probability of 

occurrence of a rock that contain porosity and permeability capable of containing 

producible hydrocarbon accumulation.  This probability factor is evaluated based on 

reservoir data from the play, projections from adjacent areas, and analog comparisons.  

In most marine environments the potential reservoir facies probability is 1 because 
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marine gas can form their own reservoir by mechanically displacing sediments.  When 

know hydrocarbon accumulations occur in the play, this play probability is 1. 

The marginal play probability which is the product of the hydrocarbon 

source, timing, migration, and potential facies.  This term expresses the probability 

that all of the first four play attributes are concurrently favorable somewhere in the 

play but not necessarily everywhere in the play.  If oil or natural gas accumulation has 

been found in the play is an indication that the play attributes are favorable, the 

marginal play probability is 1.  If oil or natural gas accumulation has not been found in 

the play, the marginal play probability is less than 1. 

3.4.2 The probability of favorable prospect attributes 

The prospect attributes consist of three local characteristics that 

determine the nature of prospect within a play including trapping mechanism, effective 

porosity, and hydrocarbon accumulation.  Evaluation of these attributes is 

accomplished by recording a single value between 0 (total certainty that the attribute is 

absent) and 1 (total certainty that the attribute is present) for the probability that the 

attribute is generally favorable in a randomly selected prospect within the play area. 

The existence of trapping mechanism is the probability of occurrence of 

a structural or stratigraphic configuration that provides a trap for migrating 

hydrocarbons.  This probability factor is evaluated based on regional geologic 

information such as geologic mapping or projection from nearby areas, seismic 

records, and appropriate analog comparisons. 

The effective porosity is the probability of occurrence of significant 

interconnected void space within the potential reservoir facies capable of holding 

hydrocarbons.  Evaluation of this attribute is recorded with an estimate of the 



 72

probability that the porosity in the prospect is equal to or greater than 3 percent defined 

in the effective porosity volume parameter.  This probability factor is evaluated based 

on available core measurements, well log calculations, projections from adjacent areas, 

and analog comparisons. 

The hydrocarbon accumulation is the conditional probability of 

occurrence in a randomly chosen prospect in the play of the combination of 

hydrocarbon source, timing, and migration necessary for the formation of hydrocarbon 

charge equal or larger than the minimum size.  This probability factor is evaluated 

based on the structural, stratigraphic, and thermal history of the play. 

The conditional deposit probability which is the product of trapping 

mechanism, effective porosity, and hydrocarbon accumulation.  This term express the 

probability that a randomly chosen prospect in the play is an accumulation, given that 

the play is favorable for hydrocarbon accumulation.  As a guide, the conditional 

deposit probability should not exceed the success ratio calculated from the drilling 

results so far.  Usually the drilling starts in the most promising parts of the play.  It is 

necessary to evaluate if the remaining parts of the play is better or worse than the 

explored part. 

The unconditional play probability (the probability of discovery) which 

is the product of the marginal play probability and conditional deposit probability.  

The unconditional play probability is the probability that at least one undrilled 

prospect in the play is hydrocarbon accumulations of minimum size. 

3.4.3 Reservoir parameters 

The reservoir lithology does not affect the assessments.  The 

hydrocarbon type, probability of gas (hydrocarbon mix) is the probability that an 
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accumulation is a gas accumulation.  1 minus this probability is the probability that the 

accumulation is an oil accumulation.  The basic for the estimation of the hydrocarbon 

mix is based on thermal maturity, type of organic material, type of hydrocarbon 

observed in wells and seeps, and seismic observation. 

3.4.4 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 

equal 1.0.  The following parameters consist of area of closure, net reservoir thickness, 

effective porosity, trap fill, depth to the reservoir, and hydrocarbon saturation.  They 

describe the range of probability value of the reservoir characteristics that determine 

the volume of hydrocarbons present in an individual accumulation within the play.  

Evaluation of these parameters are accomplished by recording the estimated value at 

seven fractiles (probability level) ranging from 100 percent (total certainly that at least 

this estimated value will be attained) to 0 percent (total certainly that the estimated 

value will not be exceeded).  Intermediate fractile values indicate the relative 

confidence that the potential reservoir volume is at least as great as the recorded 

fractile values.  

These minimum values are used at the 100th fractile unless a higher 

value is selected.  The probabilities that these threshold values are achieved are 

incorporated in the prospect attribute judgments and the number of drillable prospects 

distribution.  The minimum threshold values are selected to be less any reasonable 

economic limit in order to prevent economic considerations from influencing the 

evaluation procedure.  An additional parameter, the number of drillable structures, is 
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actually a play attribute, but will be discussed along with the hydrocarbon volume 

parameters. 

The area of closure hydrocarbon volume parameter estimates the 

possible range for the area of the potential reservoir within a trap above the spill point.  

A minimum value is 600 acres or 2.40 square kilometers to be used at the 100th 

fractile.  This minimum value is very important for the number of drillable prospects 

parameter.  Data used in the evaluation of this parameter may include seismic 

mapping, surface geologic mapping, and analog comparison. 

The hydrocarbon volume parameter reservoir thickness estimates the 

possible range for the thickness of the potential reservoir, or the amount of vertical 

closure in the situation where structural amplitude is less than individual reservoir 

thickness.  The thickness value describes the maximum reservoir thickness for a single 

reservoir or for stacked multiple reservoirs with effective porosity of 3 percent or a 

minimum threshold value.  A minimum value is 5 feet or 1.60 meters to be used at the 

100th fractile.  Data used in the evaluation of this parameter may include seismic 

records, surface and subsurface geological maps, projection from nearby areas, and 

analog comparison. 

The effective porosity hydrocarbon volume parameter is the average 

value for the amount of interconnected void space in the available reservoir rock.       

A minimum value is 3 percent to be used at the 100th fractile, and the probability that 

this minimum value is achieved is incorporated into the effective porosity in the 

prospect attribute.  Data used in the evaluation of this parameter is based on 

measurement well cores, well log calculations, projection from nearby areas, and 

analog comparisons. 
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The hydrocarbon volume parameter trap fill estimates the possible 

range for trapped hydrocarbon volume as a percentage of the porous volume under 

closure.  A minimum value is 30 percent to be used at the 100th fractile.  The 

probability that this minimum value is achieved is incorporated into the determination 

of the hydrocarbon accumulation in the prospect attribute.  Data used in the evaluation 

of this parameter is based on source rock richness and thermal maturation, 

hydrocarbon drainage area, size of structure, porosity and permeability of reservoir 

rock, and analog comparisons. 

The reservoir depth hydrocarbon volume parameter estimates the 

possible range for the depth that must be drilled to penetrate the potential reservoir.  A 

minimum value is 100 feet or 30 meters to be used at the 100th fractile.  Data used in 

the evaluation of this parameter is based on seismic records, projection from nearby 

areas, and analog comparisons. 

The hydrocarbon volume parameter hydrocarbon saturation estimates 

the possible volume of hydrocarbon saturation as a percentage of the porous volume 

within the reservoir for the prospects in the play.  The hydrocarbon saturation is 1 

minus the water saturation.  A minimum value of 60 percent is used at the 100th 

fractile.  The probability that this minimum value is achieved is incorporated into the 

hydrocarbon accumulation in the prospect attribute. 

The number of drillable prospects parameter describes the range of 

possible values for the number of valid targets that would be considered for drilling if 

the play were to be fully explored.  Only prospects with the minimum accumulation 

size are considered.  The distribution of the number of drillable prospects parameter 

also takes into account the probability that the reservoir formation nearby may be 
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absent in part of the play area.  Seismic records, surface and subsurface mapping, and 

analogue from better known areas of similar geology should be used in the evaluation 

of this parameter. 

3.4.5 Geological variables as a function of depth 

The estimation of the resources within a play requires that a number of 

reservoir engineering equations are included in the FASPU program.  The following 

depth related parameters are needs as input data; 

Pe : original reservoir pressure (psi) 

T : reservoir temperature (degree Rankine) 

Rs : gas-oil ratio (Thousand cubic feet/bbl) 

Bo : oil formation volume factor (no unit) 

Z : gas compressibility factor (no unit) 

These parameters 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 coefficients for each zone. 

3.4.6 Miscellaneous parameters 

The oil floor depth or critical reservoir temperature is the depth below 

which the reservoir oil has cracked into gas.  By using the geothermal gradient in the 

play area, the equivalent depth can be calculated. 

The recovery factor is often the most important and the most difficult 

parameter to establish with confidence at any stage.  The recovery factor is dependent 

on many aspects which range from reservoir drive mechanisms, fluid viscosity, 

reservoir thickness, rock permeability, porosity, rock type right down to the 
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abandonment conditions.  In the prospect evaluation, the reserves are recoverable 

using “good oilfield practices”.  Empirical value of recovery rate as follows; 

 Gas pool Oil pool 

Strongly water drive 30%-40% 45%-60% 

Partly water drive 40%-50% 30%-45% 

Gas top drive 50%-70% 20%-40% 

Solution gas drive 50%-70% 10%-20% 

3.5 The result of the FASPU program 

The FASPU program calculates the mean and variance of number of 

accumulations and accumulation size of oil (and gas) using the hydrocarbon volume 

parameters, the geological variable (functions) and a reservoir engineering equation.  

The number of accumulations is the number of accumulations of the relevant 

hydrocarbon type and the accumulation size is the amount of in place hydrocarbons in 

an accumulation.  The accumulation size distribution is then modeled by the lognormal 

probability distribution.  The lognormal is assumed to give a fair representation of the 

real accumulation distribution within a play. 

Conditional prospect potential is the risked amount of in place hydrocarbon in 

a randomly selected accumulation under the assumption that the marginal play 

probability is 1. 

Conditional B play potential is the risked amount of in place hydrocarbon 

expected to be found in the play under the assumption that the marginal play 

probability is 1, and that there exists at least one undrilled accumulation of the relevant 
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type in the play.  This estimate of play potential therefore ignores that there are a finite 

number of prospects available for drilling. 

Conditional A play potential is the risked amount of in place hydrocarbon 

expected to be found in the play under the assumption that the marginal play 

probability is 1.  This estimate of play potential should be close to the B potential 

when there are a large number of prospects in the play. 

Unconditional play hydrocarbon potential is the amount of in place oil (and 

gas) in the accumulation given the estimated value of the unconditional prospect 

probability.  If the marginal play probability is 1, then the unconditional prospect 

potential and the conditional prospect potential are identical. 

 



CHAPTER IV 

UNDISCOVERED RESOURCES ASSESSMENT 

4.1 Introduction 

Play analysis is a quantitative approach for estimating undiscovered 

hydrocarbon resource at a play scale.  A play is a set of pools or prospects which are 

conceived as having similar geologic characteristics and sharing common geologic 

elements (Charpentier et al., 1994).  Most of the input variables used in the model are 

expressed in a probability form that is either as a probability of occurrence or as a 

probability distribution.  This allows the uncertainty about the input variables to be 

expressed quantitatively.  Likewise, the resulting resource estimates are expressed as 

probability distributions in order to show the uncertainty of the estimates. 

The assessment of undiscovered hydrocarbon resource is performed using 

FASPU program and the play analysis approach.  Data in the assessment can be 

divided into two groups of parameter.  In the first group, the evaluation and 

determining petroleum geology parameters are mode of the favorability for resource in 

the play as a whole, as well as in a random prospect in the play, and the number of 

prospects and the size of the possible accumulation.  In the second group are the 

evaluation and determining petroleum engineering parameters.  The two groups of 

parameter are employed and calculated in term of mathematic and probabilistic 

methods for assessing the hydrocarbon resource of the prospect.  
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In the first group of parameter, the probability of favorability for resource in 

the play as a whole (play attribute or marginal play probability) is estimated by 

judging the probabilities of existence of the subsidiary attributes of hydrocarbon 

source, timing, migration, and potential reservoir facies.  The play can contain 

resources only if all four of these attributes exist.  The play risk, the probability that 

the play contains no resource, is 1.0 minus the marginal play probability.   

The prospect attribute or conditional deposit probability, the probability of 

occurrence of an accumulation in a random prospect (conditioned on the play 

attributes being favorable), is estimated by judging the probabilities of existence of the 

subsidiary attributes of trapping mechanism, effective porosity, and hydrocarbon 

accumulation.  The prospect risk, the probability that a prospect contains no resource 

(again conditioned on the play attributes being favorable), is 1.0 minus the conditional 

deposit probability.   

The hydrocarbon volume attribute, the estimates are made of the number of 

prospect and also of various parameters which deal with the size of accumulations.  

Many of these variables are input as seven fractiles describing a probability 

distribution.  Thus, the uncertainty about number of prospects is expressed by the 

seven fractiles for number of drillable prospects.  The accumulation volumes are 

analytically calculated from the variables: area of closure, reservoir thickness/vertical 

closure, effective porosity, trap fill, reservoir depth, and hydrocarbon saturation. 

The probabilities determinations are used with the distributions of prospect 

number and accumulation size to estimate resource amounts.  These resource appraisal 

estimates are estimated using an analytic probabilistic methodology. 
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In the second group of parameter, used in this assessing are such engineering 

variables as original reservoir pressure, reservoir temperature, gas-oil ratio, oil 

formation volume factor, gas compressibility factor, oil floor depth, oil recovery 

factor, and gas recovery factor. 

4.2 Geological model and Petroleum geology parameter 

This section studies the geological model and petroleum geology parameters of 

the Chonnabot prospect.  There are three sets of geologic attributes or random 

parameters involved in this play analysis approach; the play, the prospect, and the 

hydrocarbon volume.  The play and prospect attributes are concerned with the 

presence or absence of certain geologic characteristics at the play and prospect levels, 

respectively.  The hydrocarbon volume attributes are concerned with the size of the 

hydrocarbon accumulation.   

From the results of the study of geological, geophysical, geochemical, and 

petroleum reservoir engineering, we can define the attribute and the probability for 

each attribute, as shown in Table 4.1 to 4.3. 

4.2.1 The play attribute 

The play attribute determination and analysis is mainly involved with 

the presence or absence of regional characteristics (Table 4.1).  These attribute 

determine whether conditions underlying the play are favorable for occurrence and 

accumulation of the hydrocarbon in the play level.  
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Table 4.1 Assessment the play attribute probability of the Chonnabot prospect. 

Attribute Probability of Favorable or Present 

Hydrocarbon Source 1.00 

Timing 1.00 

Migration 0.90 

Potential Reservoir Facies 0.90 Pl
ay

 A
tt

ri
bu

te
s 

Marginal Play Probability 0.81 

 

Play type of the Chonnabot prospect is carbonate reservoir rock of 

Permian age.  There are two production gas fields as prototypes of the exploration and 

production from limestone and carbonate reservoir rocks, namely Nam Phong and 

Sinphuhorm gas field, in the Khorat Plateau.  As an evidence of previous work of the 

possible of source rock in the Khorat Plateau, Pha Nok Khao formation of Saraburi 

Group which has a fair to excellent organic richness and the thermal maturity of source 

rocks indicated late to overmature stage.  This assessment defines the probability of 

the existence of hydrocarbon source equal to 1.00, and the probability of favorable 

timing for migration of hydrocarbon from source to reservoir equal to 1.00. 

The probability of the existence of potential migration path is 0.90.  

This is because the reservoir is a fractured carbonate reservoir.  Therefore as, the 

movement of hydrocarbon through conduits fracture porosity and permeability rock is 

a local migration, and move from the lower level to higher level. 

This assessment defines the probability of existence of potential 

reservoir facies equal to 0.90.  Base on the Permian carbonate play the reservoir have 

low matrix porosity, and permeability that the carbonate facies are comprised of 
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mudstone, wackestone, and fine grained packstone/grainstone.  Numerous fractures 

and microfractures tectonically induced and partly filled with calcite are common and 

account for the majority of the porosity and permeability and dolomitization of 

limestone generally provides the best secondary porosity for enhances reservoir 

quality. 

Therefore, the marginal play probability for this prospect equal to 0.81 

which is the product of the probability of hydrocarbon source, timing, migration, and 

the potential reservoir facies. 

4.2.2 The prospect attribute 

The prospect attribute determination and analysis is mainly involved 

with the presence or absence of local characteristics (Table 4.2) which determine the 

nature of prospects within a play.  The attribute is generally favorable in a randomly 

selected prospect within the play area. 

Table 4.2 Assessment the prospect attribute probability of the Chonnabot prospect. 

Attribute Probability of Favorable or Present 

Trapping Mechanism 1.00 

Effective Porosity (>3%) 0.80 

Hydrocarbon Accumulation 1.00 Pr
os

pe
ct

 

A
tt

ri
bu

te
s 

Conditional Deposit Probability 0.80 

 

The probability of existence of trapping mechanism should be 1.0 

because the seismic profile shown angular unconformity between the Permian 

carbonate rock and the Triassic Huai Hin Lat Group. 
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The probability of effective porosity equal to 0.80 because data from 

drilled-well in the study area indicated that this carbonate reservoir rock has high 

average porosity. 

The probability of hydrocarbon accumulation is 1.00.  Reservoir and 

source rock is the Permian carbonate.  So, the chance of petroleum migration from 

source rock to trap rock is high. 

The conditional deposit probability for the prospect level equals to 0.80 

which is the product of the probability of trapping mechanism, effective porosity, and 

hydrocarbon accumulation. 

4.2.3 The hydrocarbon volume attributes 

The probability distribution for hydrocarbon volume attribute can 

consider and calculate from the plot of data and observe a complementary cumulative 

distribution function and predict the favorable value at the fractile 100th, 95th, 75th, 

50th, 25th, 5th, and 0th.  In play analyzed, the seven fractiles are estimated for all six of 

the hydrocarbon volume attributes consist of area of closure, reservoir 

thickness/vertical closure, effective porosity, trap fill, reservoir depth, and hydrocarbon 

saturation.  The probability for each attribute is shown in Table 4.3. 
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Table 4.3 Assessment the hydrocarbon volume attribute probability of the 

Chonnabot prospect. 

Attribute Probability of Favorable or Present 

Sand -- 
Reservoir Lithology 

Carbonate X 

Gas 0.95 
Hydrocarbon 

Oil 0.05 

Probability of equal to or greater than Fractiles 

Attribute 100 95 75 50 25 5 0 

Area of Closure  

(1,000 acres) 
1.01 1.66 4.06 7.07 10.07 12.47 13.07 

Reservoir Thickness 

(feet) 
100 120 205 234 256 323 340 

Effective Porosity (%) 3.00 3.14 3.71 4.61 7.00 13.10 18.00 

Trap Fill (%) 30 35 40 45 50 70 80 

Reservoir Depth 

(1,000 feet) 
11.40 11.65 12.65 13.90 15.15 16.15 16.40 

H
yd

ro
ca

rb
on

 V
ol

um
e 

Pa
ra

m
et

er
 

HC Saturation (%) 60 64 72 82 86 89 90 

No. of drillable prospects 

(a play characteristic) 
5 5 5 6 7 8 9 
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The area of closure on top of the Permian carbonate can be taken from 

the data distribution which is the lognormal distribution type (Table 4.4 and Figure 

4.1) because the big or large size prospects usually have the distribution less than the 

small size prospects. 

Table 4.4 Size distributions of area of closure for the Permian carbonate play. 

Area of Closure Class 

(1,000 acres) 

Frequency Cumulative Greater Than Percent 

1.50 1 100 

2.50 2 93 

3.50 1 80 

4.50 2 73 

5.50 2 60 

6.50 1 47 

7.50 1 40 

8.50 1 33 

9.50 0 27 

10.50 1 27 

11.50 2 20 

12.50 1 7 
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Cumulative greater than percent of area of closure

y = -8.322x + 108.807
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Figure 4.1 Cumulative greater than percent of area of closure for the Permian 

carbonate play. 
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The reservoir thickness/vertical closure can be taken from the data 

distribution which is the lognormal distribution type (Table 4.5 and Figure 4.2). 

Table 4.5 Size distributions of reservoir thickness for the Permian carbonate play. 

Reservoir Thickness Class (ft) Frequency Cumulative Greater Than Percent 

100 1 100 

120 0 92 

140 1 92 

160 0 85 

180 1 85 

200 1 77 

220 4 69 

240 2 38 

260 0 23 

280 2 23 

300 0 8 

320 1 8 
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Cumulative greater than percent of reservoir thickness
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Figure 4.2 Cumulative greater than percent of reservoir thickness for the Permian 

carbonate play. 

The effective porosity can be taken from the data distribution which is 

the lognormal distribution type (Table 4.6 and Figure 4.3). 

Table 4.6 Size distributions of porosity in percent for the Permian carbonate play. 

Porosity Class (Percent) Frequency Cumulative Greater Than Percent 

5 69 100 

7 18 41 

9 14 25 

11 6 13 

13 3 8 

15 3 5 

17 2 3 

19 1 1 
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Cumulative greater than percent of porosity
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Figure 4.3 Cumulative greater than percent of porosity for the Permian carbonate play. 

The percent of trap fill can be considered from the possible range for 

trapped hydrocarbon volume as a percentage of the porous volume under the closure.  

The probability that this minimum value is incorporated into the determination of the 

hydrocarbon accumulation prospect attribute.  As discussed earlier a minimum trap fill 

of 30 percent has been used in this study. 
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The hydrocarbon saturation can be taken from the data distribution 

which is the lognormal distribution type (Table 4.7 and Figure 4.4). 

Table 4.7 Size distributions of hydrocarbon saturation in percent for the Permian 

carbonate play. 

Hydrocarbon Saturation Class 

(Percent) 

Frequency Cumulative Greater Than Percent 

60 2 100 

62 2 97 

64 4 95 

66 2 90 

68 5 87 

70 5 81 

72 2 75 

74 4 72 

76 6 67 

78 3 59 

80 4 56 

82 12 51 

84 11 35 

86 7 22 

88 10 13 
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Cumulative greater than percent of hydrocarbon saturation

y = -6.392x + 573.418

y = -2.330x + 242.980
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Figure 4.4 Cumulative greater than percent of hydrocarbon saturation for the 

Permian carbonate play. 

4.3 Petroleum reservoir engineering parameter 

This section is studied about the reservoir engineering parameters of the 

Chonnabot prospect, including; original reservoir pressure, reservoir temperature, gas-

oil ratio, oil formation volume factor, gas compressibility factor, oil floor depth, and 

oil and gas recovery factor.  Methodology still used the probability theory as in the 

hydrocarbon approaching. 

4.3.1 Original reservoir pressure, Pe 

Base on the pressure profile of Chonnabot well, the relationship 

between the reservoir pressure and depth of reservoir is a linear function (Figure 4.5). 

Pe = (0.7166 x Depth) + 14.5038                (4.1) 

where :  Pe = original reservoir pressure (psi) 
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The Relationship of Pressure (psi) and Depth (ft) of Chonnabot prospect

y = 0.7166x + 14.5038
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Figure 4.5 Relationship between pressure (psi) and depth (ft) of the Chonnabot 

prospect. 

4.3.2 Reservoir temperature, T 

Base on the temperature profile of Chonnabot well, the relationship 

between the reservoir temperature and depth depicts 3 zones of linear function. 

Zone 1) Depth interval 0-2,300 feet; temperature gradient is 2.67 oF/100 ft 

T = (0.0267 x Depth) + 538.00                (4.2) 

Zone 2) Depth interval 2,300-5,500 feet; temperature gradient is        

0.68 oF/100 ft 

T = (0.0068 x Depth) + 579.00                (4.3) 
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Zone 3) Depth interval 5,500-10,800 feet; temperature gradient is             

1.15 oF/100 ft 

T = (0.0115 x Depth) + 537.00                (4.4) 

where :  T = reservoir temperature (degree Rankine) 

4.3.3 Gas-oil ratio, Rs 

Due to there is no any well test data in this area, therefore, this 

assessment adopted the Rs from the Department of Mineral Fuels (DMF) in the 

northeastern of Thailand.  The study indicated that the relationship between gas-oil 

ratio and depth of reservoir is a linear function. 

Rs = (0.00 x Depth) + 0.0056146                (4.5) 

where :  Rs = gas-oil ratio (Mcf/bbl) 

4.3.4 Oil formation volume factor, Bo 

As the gas-oil ratio, there is no any well test data in this area, therefore, 

this assessment adopted Bo from Department of Mineral Fuels (DMF) in the 

northeastern of Thailand.  The study indicated that the relationship between oil 

formation volume factor and depth of reservoir is a linear function. 

Bo = (0.00 x Depth) + 1.00                  (4.6) 

where :  Bo = oil formation volume factor (no unit) 
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4.3.5 Gas compressibility factor, Z 

Gas compressibility factor analysis from Nam Phong–1 well to Nam 

Phong–4 well that plot with depth of reservoir, it can generated a linear function 

(Figure 4.6). 

Z = (0.00001 x Depth) + 1.02384                (4.7) 

where :  Z = gas compressibility factor (no unit) 

The Relationship of Z - factor and Depth (ft) of Chonnabot prospect

y = 0.00001x + 1.02384
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Figure 4.6 Relationship between Z-factor and depth (ft) of the Chonnabot prospect. 

4.3.6 Oil floor depth 

Oil floor depth is given to be 14,870 feet which is considered from 

temperature gradient of the Chonnabot well.  In assumption of oil will crack and yield 

gas at above 120 degree Celsius (708 degree Rankine). 
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4.3.7 Oil and gas recovery factor 

Recovery factor is determined to be 90 percent for gas and 5 percent for 

oil by production history in the northeastern of Thailand is mainly natural gas from 

Nam Phong and Sinphuhorm gas fields. 

4.4 Undiscovered resources of the Chonnabot prospect 

The assessments of undiscovered resource of the Chonnabot prospect are 

presented in the form of complementary cumulative probability distributions.  These 

distributions summarize the range of estimates generated by the FASPU program as a 

single probability curve in a "greater than" format.  The assessments are reported at the 

mean and the level of confidence to 5 levels as follow; 

- Very high confidence at the fractile of 95 (95th) 

- High confidence at the fractile of 75 (75th) 

- Medium confidence (most likely) at fractile of 50 (50th) 

- Low confidence at fractile of 25 (25th) 

- Very low confidence at fractile of 5 (5th) 

4.4.1 Oil potential  

Oil in place resource within Permian play of the Chonnabot prospect is 

estimated to 41.1836 MMbbl from 1 oil field at only 5 percent chance of discovery or 

fractile 5th (Table 4.8, Figure 4.7). 
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Table 4.8 Estimated oil resource within Permian play of the Chonnabot prospect. 

 Mean F95 F75 F50 F25 F05 

Number of accumulations 0.16101 0 0 0 0 1 

Accumulation size 
(MMbbl) 15.0153 2.81531 6.21216 10.7678 18.6642 41.1836 

Unconditional play 

potential (MMbbl) 
1.95824 0 0 0 0 13.8772 

 

4.4.2 Natural gas potential  

Non-associated gas in place resource within Permian play of the 

Chonnabot prospect is estimated to range from 122.433 to 1,807.66 billion cubic feet 

between 95 percent and 5 percent chance of discovery, respectively (Table 4.9, Figure 

4.7). 

Table 4.9 Estimated non-associated gas resource within Permian play of the 

Chonnabot prospect. 

 Mean F95 F75 F50 F25 F05 

Number of accumulations 4.47899 3 4 4 5 7 

Accumulation size (Bcf) 657.528 122.433 270.895 470.444 816.987 1,807.7 

Unconditional play 

potential (Bcf) 
2,345.50 0 1,250.23 2,232.27 3,337.20 5,644.70 
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The accumulation size of non-associated gas resource calculated from 

FASPU program can be summarized as follows; 

1) at 95 percent chance of discovery the accumulation size is 122.433 

billion cubic feet (from 3 fields) 

2) at 75 percent chance of discovery the accumulation size is 270.895 

billion cubic feet (from 4 fields) 

3) at 50 percent chance of discovery the accumulation size is 470.444 

billion cubic feet (from 4 fileds) 

4) at 25 percent chance of discovery the accumulation size is 816.987 

billion cubic feet (from 5 fields) 

5) at 05 percent chance of discovery the accumulation size is 1,807.66 

billion cubic feet (from 7 fields) 

Based on geochemical study of the Permian carbonate source rock in 

the study area, it indicates that the possible natural gas generated in the Chonnabot 

prospect could be only non-associated gas.  Therefore, the number of accumulations 

and accumulation size of associated-dissolved gas is not considered in this study. 
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Figure 4.7 Results of petroleum resource assessment by the FASPU program of the 

Chonnabot prospect. 
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Figure 4.7 Results of petroleum resource assessment by the FASPU program of the 

Chonnabot prospect (Cont.). 
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4.5 Conclusion and Discussion 

The undiscovered petroleum resource in Permian carbonate play of the 

Chonnabot prospect can be concluded as follows; 

4.5.1 Oil potential 

Although the result from the FASPU program indicates few quantities 

of oil (41.1836 MMbbl), the chance of discovery is only 5 percent (fractile 5th).  

Therefore, it can be concluded that there is a low or no chance to find an oil field 

within Permian carbonate play of the Chonnabot prospect. 

4.5.2 Non-associated gas potential 

The result from the FASPU program indicates quantities of non-

associated gas accumulation, as follows; 

- at very high confidence (95 percent chance of discovery or at 

fractile 95th), there are three fields with their size 122.433 Bcf. 

- at high confidence (75 percent chance of discovery or at fractile 75th), 

there are four fields with their size 270.895 Bcf. 

- at medium confidence (50 percent chance of discovery or at 

fractile 50th), there are four fields with their size 470.444 Bcf. 

- at low confidence (25 percent chance of discovery or at fractile 25th), 

there are five fields with their size 816.987 Bcf. 

- at very low confidence (5 percent chance of discovery or at 

fractile 5th), there are seven fields with their size 1,807.66 Bcf. 

 



CHAPTER V 

PETROLEUM ECONOMICS 

5.1 Objective 

The most likely undiscovered non-associated gas resource (470.444 Bcf) of the 

Chonnabot prospect is taken into account to study the economic potential, including 

the pay back period, net present value, internal rate of return (discounted cash flow 

rate of return), and profit to investment ratio for analyzing and estimating the 

investment option. 

5.2 The Exploration and production work plan 

The period of petroleum exploration under the petroleum acts “Thailand III” is 

limited to 6 years and can be extended for another 3 years.  Production period is 

limited to 20 years and can be extended for anther 10 years (start at the end of 

exploration period). 

5.2.1 Exploration work plan 

The exploration work plan for these non-associated gas field is 

depended on petroleum accumulation resource size 470.444 Bcf of 4 accumulations.  

The work plan is scheduled as follows; 

1st year @ 2011 :  - Concession activities 

- Geophysical surveys: 2D seismic survey 

2nd year @ 2012 : - Geophysical surveys: 3D seismic survey 

- Drill one exploration well 
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3rd year @ 2013 : - Drill one appraisal well 

- Install first phase gas pipeline 

4th year @ 2014 : - Drill four development wells 

- Install secondary phase gas pipeline 

- Install processing production facility  

5th year @ 2015 : - Start production 

The production will start at the 5th year of the work plan with its initial 

production rate of 100 MMcfd for 6 years.  The production rate will decrease 

continuously and ended at the 20th year of production work plan.  The production rate 

profile is shown in Table 5.1 and Figure 5.1. 

5.3 Assumption of economics study 

The petroleum economics evaluation in this study is run under the Petroleum 

Acts (Thailand III) which has some assumptions and details as follows; 

5.3.1 Basic assumptions 

• Gas resource size (Bcf) 470.444 

• Number of exploration well 1 

Number of appraisal well 1 

Number of production well 4 

• Heating value of gas (BTU/cubic feet) 1,000 

• Income tax (%) 50 

• Escalation factor (%) 2 

• Discount rate of money (%) 10 
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Table 5.1 Petroleum production planning of the undiscovered natural gas resource 

size 470.444 Bcf. 

Gas production rate  Year 

MMcf/day MMcf/year MMBTU/year 

2010 0.00 0.00 0.00 

2011 0.00 0.00 0.00 

2012 0.00 0.00 0.00 

2013 0.00 0.00 0.00 

2014 100.00 36,500.00 36,500,000 

2015 100.00 36,500.00 36,500,000 

2016 100.00 36,500.00 36,500,000 

2017 100.00 36,500.00 36,500,000 

2018 100.00 36,500.00 36,500,000 

2019 100.00 36,500.00 36,500,000 

2020 92.22 33,658.48 33,658,475 

2021 78.01 28,473.65 28,473,650 

2022 66.27 24,188.55 24,188,550 

2023 56.52 20,629.80 20,629,800 

2024 48.39 17,660.53 17,660,525 

2025 41.57 15,173.05 15,173,050 

2026 35.84 13,081.60 13,081,600 

2027 31.00 11,315.00 11,315,000 

2028 26.90 9,816.68 9,816,675 

2029 23.41 8,542.83 8,542,825 

2030 20.43 7,456.95 7,456,950 

2031 17.89 6,528.03 6,528,025 

2032 15.70 5,728.68 5,728,675 

2033 13.81 5,038.83 5,038,825 

Total  426,292.63 426,292,625 
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• Tangible cost (%) 20 

• Intangible cost (%) 80 

• Depreciation of tangible cost (%) 20 

• Sliding scale royalty (%) for gas production   

1) Monthly sale volume (Bcf) Rate (%) 

 0-600 5.00 

 600-1,500 6.25 

 1,500-3,000 10.00 

 3,000-6,000 12.50 

 >6,000 15.00 

Monthly sale volume levels are calculated from production rate level of 

oil that relate with block by block basic; 

2) Production level (bbl/month) Rate (%) 

 0-60,000 5.00 

 60,000-150,000 6.25 

 150,000-300,0000 10.00 

 300,000-600,000 12.50 

 >600,000 15.00 
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The gas production levels are calculated by using gas and oil 

heating value condition.  In this study it is assumed that one standard cubic foot of gas 

has heating value equal to 1,000 BTU and a generous conversion factor of 10 million 

BTU gas to one barrel oil is provide, for example 

= ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛  

BTU
feet cubic

1,000
1 x 

bbl
BTU610x10 x 

month
bbl000,60  

= 
month

feet cubic 6x10600  

5.3.2 Cost assumptions 

Expenses and cost used in cash flow analysis are estimated based on 

2009 price as follows; 

1) Capital cost 

• Petroleum concession (MMUS$) 0.50 

• Seismic surveys-2D (MMUS$) 3.00 

• Seismic surveys-3D (MMUS$) 1.00 

• Exploration and Appraisal well (MMUS$/well) 20.00 

• Production well (MMUS$/well) 20.00 

• Gas pipeline (MMUS$) 7.00 

• Processing production facilities (MMUS$) 140.00 

2) Operating cost (US$/MMcf)  1,000 

3) Petroleum price 

• Gas price (US$/MMBTU) 6.00 
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5.3.3 Other assumptions 

• The gas price is constant over the contract. 

• Increasing rate of capital expenditure comes from the price 

increasing of machineries and other equipments used in petroleum 

industries, and given to two percent per year. 

• The discount rate of money is 10.00 percent. 

• Operating cost is escalated 2 percent each year forward. 

• The first production is conducted in the fifth year of work plan. 

• Signature Bonus, Production Bonus, and Special remuneratory 

benefit (SRB) are not considered in this study. 

5.4 Cash flow table explanations 

The cash flow table explanations is shown in Appendix C.  Detail of each 

column in the cash flow table is explained as follows; 

A = Year 

B = Gas production per year (MMcf/year) 

C = Gas production per day (MMcf/day) 

D = Gas price (US$/MMBTU) constant over the contact 

E = Gross revenue sale income (MMUS$); 

  (1,000 x B x D) / 1,000,000 

F = Royalty sliding scale (0.0500, 0.0625, 0.1000, 0.1250, or 

0.1500) of gross revenue (MMUS$); 

  E x (0.0500, 0.0625, 0.1000, 0.1250, or 0.1500) 
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G, H, I  Investment cost is 100 percent of the intangible cost;  

G = Concession (MMUS$): Investment cost 

H = Seismic surveys-2D (MMUS$): Investment cost 

I = Seismic surveys-3D (MMUS$): Investment cost 

J, K  Investment cost is divided to intangible cost 80 percent 

and tangible cost 20 percent; 

J = Drilling cost of the intangible cost 80 percent: Number 

of well x well cost x intangible cost 80 percent 

(MMUS$) 

K = Drilling cost of the tangible cost 20 percent: Number of 

well x well cost x tangible cost 20 percent (MMUS$) 

L, M  Investment cost is tangible cost 100 percent; 

L = Pipeline (MMUS$): Investment cost 

M = Processing production facility (MMUS$): Investment cost 

N = Operating expenses (OPEX) (MMUS$); 

  (B x 1,000 US$/MMcf / 1,000,000) x Escalation factor 

2% for each year 

O = Total Investing cost (MMUS$); 

  G + H + I + J + K + L + M + N 

P = Depreciation; Depletion; Amortization rate 20 percent  

  of tangible expenses (straight forward 5 years); 

  (K + L + M) x 0.20 

Q = Write off (MMUS$); 

  F + G + H + I + J + N 
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R = Total allow expense (MMUS$); 

  sum P + Q 

S = Taxable income (MMUS$); 

  Gross revenue sale - Total allow expense  = E – R 

T = Income tax (50%) (MMUS$) = S x 0.50 

U = Year   = A 

V = Gas production per year (MMcf/year) = B 

W = Gas production per day (MMcf/day) = C 

X = Gross revenue sale income (MMUS$) = E 

Y = Capital expenses (CAPEX) (MMUS$); 

  (G + H + I + J + K+ L + M) x 2% Escalation factor 

Z = Operating expenses (OPEX) (MMUS$) = N 

AA = Royalty sliding scale (MMUS$) = F 

AB = Income tax (50%) (MMUS$) = T 

AC = Net cash flow (MMUS$); 

  X – Y – Z – AA – AB 

AD = Discounted factor each year 

AE = Net present value; NPV@10% (MMUS$) = AC x AD 

AF = Cumulative Net present value; NPV@10% (MMUS$) 
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Note:  - Amortization is 20 percent of tangible cost and it will be accounted for 5 

years forward. 

- Net present value, profit investment ratio, and interest rate of return are 

calculated by the equations below; 

1) Net present value (NPV) 

NPV = A x (1 + i)-n                     5.1 

where  A = the net cash flow 

n = the amount of year 

i = the discount rate. 

2) Profit to investment ratio (PIR) is the ratio of sum of net cash flow divided 

by sum of CAPEX 

PIR = 
(CAPEX)

flow)cash (Net 
∑

 ∑                     5.2 

3) Internal rate of return (IRR) 

Using trial & error to find I value.  I value make the lower equation to be 

zero when replace I in the equation. 

0 = (-C) + A (1 + I)-1 + A (1 + I)-2 +….+ A (1 + I)-n                  5.3 

where  C = negative net cash flow value 

A = net cash flow value  

I = the assume value 
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5.5 Result of cash flow analysis 

Cash flow analysis of the undiscovered natural gas resource size 470.444 Bcf at 

gas price 6.00 US$/MMBTU within 24 years production plan are showed in table 5.2 

to 5.3.  The result indicated that gross sale revenue is 2,557.76 MMUS$, investment 

cost is 796.29 MMUS$ (Exploration cost 4.50 MMUS$, Drilling and production 

facilities cost 267.00 MMUS$, and Operating cost 524.79 MMUS$), government take 

is 1,013.11 MMUS$ (Royalty cost 264.75 MMUS$, and Income tax @ 50 percent 

748.36 MMUS$), cumulative annual cash flow is 733.32 MMUS$, and cumulative net 

present value at discount rate 10% is 228.88 MMUS$, respectively. 

5.6 Economic analysis 

From cash flow analysis results, considering the petroleum resource 

management system under Thailand III fiscal regime, concessionaire can get Net 

Income, Internal Rate of Return (IRR), and Profit to Investment Ratio (PIR) as 

follows; 

1) Since 1st year until 4th year of the concession (B.C. 2011-2014), cash flow 

is still negative because this period contains only expenses, including investment, 

exploration, and development cost. 

2) The 5th year (at B.C. 2015) is the first production year that produces 100 

MMcfd of natural gas.  The gross revenue sale income is 219.00 MMUS$ and cash 

flow becomes positive at 117.92 MMUS$.  The cumulative taxable income is still 

negative (-19.98 MMUS$). 
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Table 5.2 Production planning and gross revenue of the undiscovered natural gas 

resource size 470.444 Bcf at gas price 6.00 US$/MMBTU. 

YEAR GAS PRODUCTION GROSS REVENUE 
SALE INCOME 

ROYALTY SLIDING 
SCALE 

 MMcf/Y MMcf/M MMcfd US$/MMBTU US$/MMBTU 

2011 0.00 0.00 0.00 0.00 0.00 

2012 0.00 0.00 0.00 0.00 0.00 

2013 0.00 0.00 0.00 0.00 0.00 

2014 0.00 0.00 0.00 0.00 0.00 

2015 36,500.00 3,041.67 100.00 219.00 27.38 

2016 36,500.00 3,041.67 100.00 219.00 27.38 

2017 36,500.00 3,041.67 100.00 219.00 27.38 

2018 36,500.00 3,041.67 100.00 219.00 27.38 

2019 36,500.00 3,041.67 100.00 219.00 27.38 

2020 36,500.00 3,041.67 100.00 219.00 27.38 

2021 33,658.48 2,804.87 92.22 201.95 20.20 

2022 28,473.65 2,372.80 78.01 170.84 17.08 

2023 24,188.55 2,015.71 66.27 145.13 14.51 

2024 20,629.80 1,719.15 56.52 123.78 12.38 

2025 17,660.53 1,471.71 48.39 105.96 6.62 

2026 15,173.05 1,264.42 41.57 91.04 5.69 

2027 13,081.60 1,090.13 35.84 78.49 4.91 

2028 11,315.00 942.92 31.00 67.89 4.24 

2029 9,816.68 818.06 26.90 58.90 3.68 

2030 8,542.83 711.90 23.41 51.26 3.20 

2031 7,456.95 621.41 20.43 44.74 2.80 

2032 6,528.03 544.00 17.89 39.17 1.96 

2033 5,728.68 477.39 15.70 34.37 1.72 

2034 5,038.83 419.90 13.81 30.23 1.51 

TOTAL 426,292.63     2,557.76 264.75 

 

 



 114

Table 5.3 Cash flow summary of the undiscovered natural gas resource size 

470.444 Bcf at gas price 6.00 US$/MMBTU. 

CASH FLOW SUMMARY 

GOVERNMENT TAKE GROSS 
REVENUE 

CAPEX OPEX 

ROYALTY INC.TAX 

NET 
CASH 
FLOW 

NET PRESENT 
VALUE 

(NPV@DCR=10%) 

YEAR 

MMUS$ MMUS$ MMUS$ MMUS$ MMUS$ MMUS$ MMUS$ 

2011 0.00 3.50 0.00 0.00 0.00 -3.50 -3.50 

2012 0.00 21.42 0.00 0.00 0.00 -21.42 -19.47 

2013 0.00 24.97 0.00 0.00 0.00 -24.97 -20.64 

2014 0.00 236.65 0.00 0.00 0.00 -236.65 -177.80 

2015 219.00 0.00 39.51 27.38 0.00 152.12 103.90 

2016 219.00 0.00 40.30 27.38 48.57 102.75 63.80 

2017 219.00 0.00 41.10 27.38 58.56 91.96 51.91 

2018 219.00 0.00 41.93 27.38 58.95 90.75 46.57 

2019 219.00 0.00 42.77 27.38 74.43 74.43 34.72 

2020 219.00 0.00 43.62 27.38 74.00 74.00 31.38 

2021 201.95 0.00 41.03 20.20 70.36 70.36 27.13 

2022 170.84 0.00 35.40 17.08 59.18 59.18 20.74 

2023 145.13 0.00 30.68 14.51 49.97 49.97 15.92 

2024 123.78 0.00 26.69 12.38 42.36 42.36 12.27 

2025 105.96 0.00 23.30 6.62 38.02 38.02 10.01 

2026 91.04 0.00 20.42 5.69 32.46 32.46 7.77 

2027 78.49 0.00 17.96 4.91 27.81 27.81 6.05 

2028 67.89 0.00 15.84 4.24 23.90 23.90 4.73 

2029 58.90 0.00 14.02 3.68 20.60 20.60 3.70 

2030 51.26 0.00 12.45 3.20 17.80 17.80 2.91 

2031 44.74 0.00 11.08 2.80 15.43 15.43 2.29 

2032 39.17 0.00 9.89 1.96 13.66 13.66 1.85 

2033 34.37 0.00 8.86 1.72 11.90 11.90 1.46 

2034 30.23 0.00 7.95 1.51 10.39 10.39 1.16 

TOTAL 2,557.76 286.54 524.79 264.75 748.36 733.32 228.88 

    IRR / DIRR 30.75% 18.86% 

    PIR / DPIR 2.56 0.80 
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Figure 5.2 Net cash flow (MMUS$) of the undiscovered natural gas resource size 

470.444 Bcf at gas price 6.00 US$/MMBTU. 
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Figure 5.3 The cumulative net cash flow (MMUS$) of the undiscovered natural gas 

resource size 470.444 Bcf at gas price 6.00 US$/MMBTU. 
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3) The gas production is continuously produced at a constant rate 100 MMcfd 

along 6 years from the 5th year production (B.C. 2015) to the 10th year (B.C. 2020).  At 

the 6th year of the production plan this concession earns 438.00 MMUS$ and the 

cumulative taxable income becomes positive at 97.14 MMUS$. 

4) The production rate decrease in the 11th (B.C. 2021) and continue to the 

24th year (B.C. 2034).  At the last production year, cash flow and cumulative taxable 

income are still positive value and the cumulative income becomes 1,496.71 MMUS$. 

5) The natural gas production has completed paid back at the 3rd year of 

production (B.C. 2017) when the cumulative net cash flow rise up to positive range. 

6) Total net cash flow after concession has succeeded is 733.32 MMUS$ and 

the net present value is 228.88 MMUS$. 

7) Internal rate of return (IRR) is equal to 30.75 percent and discounted 

internal rate of return (DIRR) is equal to 18.86 percent. 

8) The Profit to investment ratio (PIR) is equal to 2.56 and discounted profit 

to investment ratio (DPIR) is equal to 0.80. 

5.7 Sensitivity analysis 

From sensitivity analysis, gas price vary between ±50 percent of 6.00 US$/MMBTU 

and two sizes of the undiscovered natural gas resource (470.444 Bcf for most likely 

case and 122.433 Bcf for high confidence case) are tested.  The results are as follows; 

5.7.1 Net income of the concessionaire 

For the most likely case at undiscovered natural gas resource size 

470.444 Bcf and gas price 6.00 US$/MMBTU, proposal has its profit of 733.32 

MMUS$.  Consider at minimum gas price 3.00 US$/MMBTU, proposal also has its 
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profit of 160.07 MMUS$.  In case of maximum gas price 9.00 US$/MMBTU, 

proposal has its profit up to 1,306.57 MMUS$ (Table 5.4 and Figure 5.4). 

For high confidence case at undiscovered natural gas resource size 

122.433 Bcf and gas price 6.00 US$/MMBTU, proposal has its profit of 84.23 

MMUS$.  Consider at minimum gas price 3.00 US$/MMBTU, profit is negative         

(-112.58 MMUS$).  But at maximum gas price 9.00 US$/MMBTU, the profit is up to 

232.27 MMUS$ (Table 5.4 and Figure 5.4). 

5.7.2 Internal Rate of Return (IRR) of the concessionaire 

For the most likely case at undiscovered natural gas resource size 

470.444 Bcf and gas price 6.00 US$/MMBTU, proposal has its internal rate of return 

(IRR) as 30.75 percent and discounted internal rate of return (DIRR) as 18.86 percent.  

While at minimum gas price is equal to 3.00 US$/MMBTU, proposal has its IRR 8.51 

percent and its DIRR -1.35 percent.  In case of maximum gas price 9.00 

US$/MMBTU, proposal has its IRR up to 46.91 percent and its DIRR 33.55 percent 

(Table 5.5 and Figure 5.5). 

For high confidence case at undiscovered natural gas resource size 

122.433 Bcf and gas price 6.00 US$/MMBTU, proposal has its IRR as 11.12 percent 

and its DIRR 1.02 percent.  While at minimum gas price is equal to 3.00 

US$/MMBTU, IRR and DIRR can not be calculated.  In case of maximum gas price 

9.00 US$/MMBTU, proposal has its IRR up to 27.99 percent and its DIRR 16.35 

percent (Table 5.5 and Figure 5.5). 
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Table 5.4 Net income (MMUS$) of concessionaire under vary gas price                

and resource size. 

Gas price Net income (MMUS$) 

 Most likely case High confidence case 

US$/MMBTU Resource size 470.444 Bcf Resource size 122.433 Bcf 

3.00 160.07 -112.58 

6.00 733.32 84.23 

9.00 1,306.57 232.27 
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Figure 5.4 Relationship between Net income of concessionaire (MMUS$)             

and Gas price (US$/MMBTU). 
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Table 5.5 Internal rate of return of concessionaire under vary gas price                      

and resource size. 

Gas price IRR DIRR IRR DIRR 

 Most likely case High confidence case 

US$/MMBTU Resource size 470.444 Bcf Resource size 122.433 Bcf 

3.00 8.51 -1.35 N/A N/A 

6.00 30.75 18.86 11.12 1.02 

9.00 46.91 33.55 27.99 16.35 
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Figure 5.5 Relationship between Internal rate of return of concessionaire (MMUS$) 

and gas price (US$/MMBTU). 
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5.7.3 Profit to Investment Ratio (PIR) of the concessionaire 

For the most likely case at undiscovered natural gas resource size 

470.444 Bcf and gas price 6.00 US$/MMBTU, proposal has profit to investment ratio 

(PIR) as 2.56 and discounted profit to investment ratio (DPIR) as 0.80.  Consider at 

minimum gas price 3.00 US$/MMBTU, proposal has PIR as 0.56 and DPIR as -0.05.  

In case of maximum gas price 9.00 US$/MMBTU, proposal has PIR up to 4.56 and 

DPIR 1.62 (Table 5.6 and Figure 5.6). 

For high confidence case at undiscovered natural gas resource size 

122.433 Bcf and gas price 6.00 US$/MMBTU, proposal has PIR as 0.29 and DPIR as 

0.02.  Consider at minimum gas price 3.00 US$/MMBTU, proposal has its PIR as         

-0.39 and its DPIR as -0.41.  In case of maximum gas price 9.00 US$/MMBTU, 

proposal has its PIR up to 0.81 and its DPIR 0.33 (Table 5.6 and Figure 5.6). 
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Table 5.6 Profit to investment ratio of concessionaire under vary gas price and 

resource size. 

Gas price PIR DPIR PIR DPIR 

 Most likely case High confidence case 

US$/MMBTU Resource size 470.444 Bcf Resource size 122.433 Bcf 

3.00 0.56 -0.05 -0.39 -0.41 

6.00 2.56 0.80 0.29 0.02 

9.00 4.56 1.62 0.81 0.33 
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Figure 5.6 Relationship between Profit to investment ratio of concessionaire and gas 

price (US$/MMBTU). 
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5.7.4 Host Government Take 

The fiscal system set by the government determines the method by 

which the government claims its entitlement to income from the production and sale of 

hydrocarbons.  The simplest fiscal system is the income tax and royalty scheme.  The 

royalty is normally charged as a percentage of the gross revenues from the sale of 

hydrocarbons but income tax is only payable once there is a positive taxable income. 

For each gas price and undiscovered natural gas resource size, 

government takes its royalty and income tax at different value as showed in Table 5.7. 

Table 5.7 Government takes (Royalty & Income Tax: MMUS$) of concessionaire 

under vary gas price and resource size. 

Gas price Most likely case High confidence case 

 Resource size 470.444 Bcf Resource size 122.433 Bcf 

US$/MMBTU Royalty Income Tax Royalty Income Tax 

3.00 132.38 175.11 32.58 0.00 

6.00 264.75 748.36 65.15 99.27 

9.00 397.13 1,321.61 97.73 247.31 
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Figure 5.7 Government takes (Royalty & Income Tax: MMUS$) of concessionaire 

and gas price (US$/MMBTU). 
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5.7.5 Investment cost 

Consider the relationship between undiscovered natural gas resource 

size and investment cost (Table 5.8), investment cost increases if the undiscovered 

natural gas resource size is increased.  For example, the most likely case at 

undiscovered natural gas resource size 470.444 Bcf, investment cost is 811.33 

MMUS$ while the investment cost of high confidence case at petroleum resource size 

122.433 Bcf is only 408.66 MMUS$. 

Table 5.8 Investment cost (MMUS$) of concessionaire under vary resource size. 

Resource size 

 

Capital cost 

(MMUS$) 

Operation cost 

(MMUS$) 

Investment cost 

(MMUS$) 

Most likely case 

Resource size 470.444 Bcf 
286.54 524.79 811.33 

High confidence case 

Resource size 122.433 Bcf 
286.54 122.12 408.66 

 

0

200

400

600

800

1000

470.444 Bcf 122.433 Bcf
Resource size (Bcf)

C
os

t (
M

M
U

S$
)

Capital cost Operation cost Investment cost
 

Figure 5.8 Investment cost (MMUS$) of concessionaire and resource size (Bcf). 
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5.7.6 Expected Value Analysis 

Results of FASPU program indicated that there is a probability of 

0.3520 (35.20 percent) of dry hold in this petroleum resource assessment, the 

probability of success equals 0.6480 (64.80 percent).  All of geological attributes and 

reservoir engineering parameters are already assessed and considered under risk 

assessment. 

For most likely case, sensitivity analysis is assumed that 1) petroleum 

resource size 470.444 Bcf, 2) gas price is 6.00 US$/MMBTU, and 3) 10% discount 

factor rate.  The sensitivity analysis which is made up at gas price vary between ±50% 

of 6.00 US$/MMBTU which is 3.00, 6.00, and 9.00 US$/MMBTU, respectively.  The 

results are as follows; 

The result of the sensitivity analysis is represented in Table 5.9 and 

Figure 5.9 to 5.10.  Figure 5.9 shows a plot of the gas price change against the 

percentage change in the discounted internal rate of return (DIRR) at 10 percent 

discount factor rate and Figure 5.10 shows a plot of the gas price change against the 

value change in the net present value at 10 percent discount factor rate 

(NPV@DCR=10%).  

Table 5.9 Sensitivity of concessionaire under various parameters at most likely case. 

Gas price change 

% IRR (%) DIRR (%) Net Cash flow NPV@DCR=10% 

-50 8.51 -1.35 160.07 -13.92 

0 30.75 18.86 733.32 228.88 

+50 46.91 33.55 1,306.57 463.59 
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Figure 5.9 Sensitivity diagram of gas price change and internal rate of return for 

most likely case. 
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Figure 5.10 Sensitivity diagram of gas price change and net present value 

(NPV@10%) for most likely case. 
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Consider the relationship between gas price change and discounted 

internal rate of return (DIRR) and net present value at 10 percent discount factor rate 

(NPV@DCR=10%), the gas price varies between -47.31% and +50% and the 

concessionaire can start having its profit when the gas price is 3.16135 US$/MMBTU. 

For high confidence case, sensitivity analysis is assumed that (1) 

petroleum resource size 122.433 Bcf, (2) gas price is 6.00 US$/MMBTU, and (3) 10% 

discount factor rate.  The sensitivity analysis which is made up at gas price vary 

between ±50% of 6.00 US$/MMBTU which is 3.00, 6.00, and 9.00 US$/MMBTU, 

respectively.  The results are as follows; 

The result of the sensitivity analysis is represented in Table 5.10 and 

Figure 5.11 to 5.12.  Figure 5.11 shows a plot of the gas price change against the 

percentage change in the discounted internal rate of return (DIRR) at 10 percent 

discount factor rate and Figure 5.12 shows a plot of the gas price change against the 

value change in the net present value at 10 percent discount factor rate 

(NPV@DCR=10%). 

Table 5.10 Sensitivity of concessionaire under various parameters                            

at high confidence case. 

Gas price change 

% IRR (%) DIRR (%) Net Cash flow NPV@DCR=10% 

-50 N/A N/A -112.58 -117.41 

0 11.12% 1.02% 84.23 5.43 

+50 27.99% 16.35% 232.27 94.53 
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Figure 5.11 Sensitivity diagram of gas price change and internal rate of return for 

high confidence case. 
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Figure 5.12 Sensitivity diagram of gas price change and net present value 

(NPV@10%) for high confidence case. 
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Consider the relationship between gas price change and discounted 

internal rate of return (DIRR) and net present value at 10 percent discount factor rate 

(NPV@DCR=10%), the gas price varies between -2.97% and +50% and the 

concessionaire can start having its profit when the gas price is 5.822 US$/MMBTU. 

5.8 Conclusion and Discussion 

Petroleum potential of the Chonnabot prospect has enough economics potential 

for developing evidenced from the results of cash flow and sensitivities analyses when 

undiscovered natural gas resource size 470.444 Bcf and gas price 6.00 US$/MMBTU.  

The gas production had started at the 5th year with the production rate of 100 MMcfd.  

The production rate was constant over 6 years and will be decline in the 11th until 

ended up at the 24th year.  The final production rate at the 24th year is 13.81 MMcfd.  

The natural gas production has completely paid back at the 3rd year of production.  The 

total net cash flow after concession has succeeded is 733.32 MMUS$ and total net 

present value at discounted factor 10.00% is 228.88 MMUS$.  The government take 

its royalty 264.75 MMUS$ and its income tax 748.36 MMUS$.  The undiscounted 

internal rate of return (IRR) is 30.75% and discounted internal rate of return (DIRR) is 

18.86%.  The undiscounted profit to investment ratio (PIR) is 2.56 and discounted 

profit to investment ratio (DPIR) is 0.80.  For this case, this undiscovered natural gas 

resource can be economically produced because the IRR is 30.75% while the discount 

rate is only 10.00% (DIRR is equal to 18.86%). 

Results from sensitivity analysis performed by changing gas price between 

±50% of 6.00 US$/MMBTU and undiscovered natural gas resource size indicate that 
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the minimum gas price should be 3.16 US$/MMBTU for the most likely case 

consumption and 5.82 US$/MMBTU for the high confidence case. 

 



CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

In summary, this research are to identify, assess, and evaluate the potential and 

economics of petroleum resource of the Chonnabot prospect.  The results of research 

are divided into four main parts.  The first part describes the stratigraphy and 

sedimentation evolution of this area.  The second part describes the petroleum geology 

and petroleum engineering system of the area.  Assessment of the potential of the 

undiscovered petroleum resource in the area is the third part.  The last part deals with 

economics analysis of the undiscovered petroleum resources. 

6.1.1 Stratigraphy of the Khorat Plateau, Thailand 

The lithostratigraphy of the Khorat Plateau is established by the 

integration of the seismic stratigraphy, techno-stratigraphy, well data, previous work, 

and tectonic history (Chantong, W., 2005).  There are six tectono-stratigraphy units. 

Basement 

These rocks older than the Late Carboniferous are considered to be 

basement in the Loei-Phetchabun fold belt and the Khorat Plateau area.  The Na Mo 

Group exposed in the Loei provivnce on the northwestern margin of the Khorat 

Plateau.  The low grade metamorphic rocks of the upper greenschist facies is consisted 

of phylite, chlorite and pelitic schist, metatuff, and quartzite. 
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The Pak Chom Group mainly is consisted of shallow marine sediments 

of limestone, greywacke, shale, conglomerate, and tuff.  However, radiolarian chert of 

deep sea facies is also recorded in the sequence, suggested allochthonous content. 

Wangsaphung (Si That) and Saraburi Groups 

The Si That Group is defined as the pre-rift megasequence.  This 

formation is found only in the subsurface data (underneath the Phu Phan range).  The 

group is consisted of sediments in shallow marine depositional environment (E-Sarn 

sea) which are deposited during the Late Carboniferous to Late Permian.  The Si That 

Group can be divided into three formations: Si That, Dong Mun, and Lam Pao 

formations. 

The Saraburi Group is defined as the pre-rift megasequence.  The group 

is consisted of sediments of shallow to deep marine depositional environment (Nam 

Duk sea) which are deposited during the Early to Early Late Permian.  This group is 

widely outcrop along the western edge of the Khorat Plateau, extended from Loei, 

Petchabun to Saraburi province.  The carbonate sequence is consisted mainly of 

limestone, dolomite, and clastic sediment of shale, sandstone, and siltstone, which 

represent sediment which deposited in different environment ranging from delta plain, 

shelf platform, and to deep basin.  The Saraburi Group can be divided into three 

formations: Nam Duk, Pha Nok Khao, and Hua Na Kham formation. 

Kuchinarai Group 

The Kuchinarai Group is defined as the syn-rift megasequence.  The 

group are consisted of sediment which are deposited in the Triassic half-grabens or 

graben.  This group can be divided into three parts.  The upper part is consisted of light 

to moderate dark grey, buff to tan, red brown to rust brown claystone, and shale.  The 
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middle part is consisted of dark lacustrine shale with minor amounts of siltstone, and 

sandstone.  The lower part is made of basal conglomerate.  The age of half-grabens 

filling indicates Late Triassic in age. 

Huai Hin Lat Group 

The Huai Hin Lat Group is defined as the earliest post-rift 

megasequence.  The group is consisted mainly of claystone, and siltstone interbedded 

claystone, siltstone, chert, and quartz-conglomerate that deposited during the Late 

Triassic based on the plant remains, pollen and spores, and a conchostracan.  This 

group is defined as the earliest post-rift megasequence and is separated from the 

Kuchinarai Group.  Although this group is found in the local area, the seismic data 

show it to be unconformable upon the Kuchinarai Group.  Thus, the Hua Hin Lat 

Group should be separated from the syn-rift megasequence. 

Khorat Group 

The Khorat Group is defined as the post-rift megasequence.  The group 

is consisted of very high thickness of red clays, siltstone, sandstone, and 

conglomerates (continental sediments) that deposited during the Jurassic to 

Cretaceous.  This unit is found in both the Loei-Phetchabun fold belt and the Khorat 

Plateau. 

Phon Hong Group 

The Phon Hong Group is defined as the post-inversion megasequence.  

The group is consisted of hypersaline lacustrine and aeolian sediments that deposited 

the Early Late Cretaceous.  This group can be devided into Maha Sarakham and Phu 

Tok formation. 
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6.1.2 Hydrocarbon occurrences of the Chonnabot prospect 

Source rocks 

In this Permian carbonate play type, the Pha Nok Khao formation is 

considered to be the principles source rocks of the prospect.  Analysis of several 

samples from the two wells shows a content of total organic carbon (TOC) are fair to 

excellent organic richness for Phu Lop-1 well and fair to very good organic richness 

for Dao Ruang-1 well. 

Maturation studies using a combination of rock-eval Tmax and vitrinite 

reflectance.  The Phu Lop-1 well, Tmax indicate that immature to overmature stage.  

The Dao Ruang-1 well, Tmax indicate that immature to mature stage and vitrinite 

reflectance analysis indicate that is thermally mature stage (Ro >1.0% to Ro ~1.4%) 

for hydrocarbon generation. 

Carbonate reservoir rocks 

The original rock of the carbonate reservoir was largely dark grey mud 

supported micritic limestone (wackstone) with minor grain support fossiliferous 

packstone/grainstone and dolomitic inpart that originated in a low energy, peritidal, 

restricted marine (lagoon) paleoenvironment with some high energy open marine 

margin of carbonate platform. 

The environment of deposition very much controlled the quality of 

reservoir rocks.  Calcite cements have occluded most porosity in carbonate reservoir.  

Microfractures are the main porosity for hydrocarbon and intercrystalline porosity is 

minor in the carbonate section. 

From past exploration history, the drilled carbonate rock was found to 

possess the porosity values ranges from 0 to 18 percent with an average matrix 
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porosity of about 4.0 percent.  Well testing results indicate the Permian carbonates at 

the Dao Ruang-1 well were proved to be low permeability. 

Seal and traps 

The fine grained sediments of the Permian Upper Clastic and/or 

Triassic rocks are believed to be seals for Permian carbonate reservoir. 

Trap are formed both by geologic structures and stratigraphic associated 

with the Permian carbonate play.  There may be angular unconformity between the 

Triassic of Huai Hin Lat Group and the Permian of Saraburi Group, traps in the 

Permian reefal and fore slop reefal limestone, and half graben structures in the Triassic 

and Permian sediments underlying the Khorat Group. 

6.1.3 Hydrocarbon potential estimation of the Chonnabot prospect 

The hydrocarbon resource evaluation of the prospect was performed by 

FASPU program with the established parameters as follows; 

The play attribute determination and analysis is mainly involved with 

the presence or absence of regional characteristics and they are given their probability 

as follows; 

- The probability of hydrocarbon source = 1.00 

- The probability of favorable timing = 1.00 

- The probability of potential migration path = 0.90 

- The probability of potential reservoir facies = 0.90 

- The marginal play probability = 0.81 
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The prospect attribute determination and analysis is mainly involved 

with the presence or absence of local characteristics which determine the nature of 

prospects within a play and they are given their probability as follows; 

- The probability of trapping mechanism = 1.00 

- The probability of effective porosity = 0.80 

- The probability of hydrocarbon accumulation = 1.00 

- The conditional deposit probability = 0.80 

The hydrocarbon volume attributes can be considered and calculated 

from the plot of data and observe a complementary cumulative distribution function 

and predict the favorable value at the fractile 100th, 95th, 75th, 50th, 25th, 5th, and 0th.  

The parameters which affect the petroleum resource quantity are determined.  They 

comprise of area of closure, reservoir thickness/vertical closure, effective porosity, trap 

fill, reservoir depth, and hydrocarbon saturation. 

The reservoir engineering parameters comprise of original reservoir 

pressure, reservoir temperature, gas-oil ratio, oil formation volume factor, gas 

compressibility factor, oil floor depth, and oil and gas recovery factor. 

Estimation of the total undiscovered oil and gas in the Permian 

carbonate of the Chonnabot prospect are presented in the form of complementary 

cumulative probability distribution.  These distributions summarize the range of 

estimates generated by the FASPU program as a single probability curve in a greater 

than format.  The estimates are reported at the mean and at the 95th, 75th, 50th, 25th and 

5th fractiles.  Results from FASPU program can be summarized as follows; 
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1) The quantities of oil accumulation is 41.1836 MMbbl but the 

chance of discovery is only 5 percent (fractile 5th).  Therefore, there is a low or no 

chance to find an oil field within this prospect. 

2) The quantities of gas accumulation are vary from 122.433 Bcf at 

very high confidence (fractile 95th), 270.895 Bcf at high confidence (fractile 75th), 

470.444 Bcf at medium confidence (fractile 50th), 816.987 Bcf at low confidence 

(fractile 25th), and 1,807.66 Bcf at very low confidence (fractile 5th), respectively. 

6.1.4 Economics analysis of the undiscovered natural gas resource of the 

Chonnabot prospect 

Petroleum potential of the Chonnabot prospect has enough economics 

potential for developing evidenced from the results of cash flow and sensitivities 

analyses when undiscovered natural gas resource size 470.444 Bcf and gas price 6.00 

US$/MMBTU.  The gas production had started at the 5th year with the production rate 

of 100 MMcfd.  The production rate was constant over 6 years and will be decline in 

the 11th until ended up at the 24th year.  The final production rate at the 24th year is 

13.81 MMcfd.  The natural gas production has completely paid back at the 3rd year of 

production.  The total net cash flow after concession has succeeded is 733.32 MMUS$ 

and total net present value at discounted factor 10.00 percent is 228.88 MMUS$.  The 

government take its royalty 264.75 MMUS$ and its income tax 748.36 MMUS$.  The 

undiscounted internal rate of return (IRR) is 30.75 percent and discounted internal rate 

of return (DIRR) is 18.86 percent.  The undiscounted profit to investment ratio (PIR) is 

2.56 and discounted profit to investment ratio (DPIR) is 0.80.  For this case, this 

undiscovered natural gas resource can be economically produced because the IRR is 



 138

30.75 percent while the discount rate is only 10.00 percent (DIRR is equal to 18.86 

percent). 

Results from sensitivity analysis performed by changing gas price 

between ±50 percent of 6.00 US$/MMBTU and undiscovered natural gas resource size 

indicate that the minimum gas price should be 3.16 US$/MMBTU for the most likely 

case consumption and 5.82 US$/MMBTU for the high confidence case. 

6.2 Recommendations of results for future studies 

1) Reliability of petroleum prospect assessment depends on the accuracy of 

the input parameters and the geological model. 

2) The results of this assessment may change as new information on this play 

type is available from future exploration work in the northeast of Thailand. 

3) The undiscovered petroleum resources assessed by FASPU program which 

can be used for decision making in the investment of petroleum exploration and 

production in the nearby prospect of northeastern Thailand. 

4) The results are useful in the prediction of the future petroleum business in 

northeastern Thailand. 
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Table A.1 The area of closure distribution of the top Permian carbonate play. 

Prospect Area of closure  (acre) 

Prospect 1 2,883.71 

Prospect 2 11,621.00 

Prospect 3 6,881.86 

Prospect 4 7,684.95 

Prospect 5 3,212.36 

Prospect 6 5,189.19 

Prospect 7 5,189.19 

Prospect 8 8,648.65 

Prospect 9 11,613.91 

Prospect 10 1,005.72 

Prospect 11 2,110.27 

Prospect 12 4,368.81 

Prospect 13 4,420.70 

Prospect 14 10,244.95 

Prospect 15 23,605.88 
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Table A.2 The reservoir thickness distribution of the Permian carbonate play. 

Location Reservoir Thickness (feet) 

Location 1 234 

Location 2 103 

Location 3 144 

Location 4 238 

Location 5 322 

Location 6 238 

Location 7 198 

Location 8 300 

Location 9 300 

Location 10 213 

Location 11 228 

Location 12 244 

Location 13 252 
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Table A.3 The porosity distribution of the Permian carbonate play. 

Interval Porosity Interval Porosity Interval Porosity 

1 0.0200 24 0.0100 47 0.0400 

2 0.0000 25 0.0400 48 0.0300 

3 0.0300 26 0.0100 49 0.0100 

4 0.0100 27 0.0400 50 0.0200 

5 0.0300 28 0.0300 51 0.0000 

6 0.0500 29 0.0000 52 0.0220 

7 0.0100 30 0.0300 53 0.0100 

8 0.0400 31 0.0000 54 0.0100 

9 0.0300 32 0.0200 55 0.0500 

10 0.0100 33 0.0030 56 0.0800 

11 0.0500 34 0.0000 57 0.0300 

12 0.0700 35 0.0600 58 0.0210 

13 0.0300 36 0.0300 59 0.0000 

14 0.0200 37 0.0040 60 0.0500 

15 0.0100 38 0.0000 61 0.0200 

16 0.0030 39 0.0200 62 0.0400 

17 0.0200 40 0.0200 63 0.0400 

18 0.0200 41 0.0000 64 0.0300 

19 0.0100 42 0.0100 65 0.0040 

20 0.0100 43 0.0500 66 0.0300 

21 0.0300 44 0.0020 67 0.0000 

22 0.0200 45 0.0300 68 0.0000 

23 0.0300 46 0.0100 69 0.0370 
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Table A.3 The porosity distribution of the Permian carbonate play (Cont.). 

Interval Porosity Interval Porosity Interval Porosity 

70 0.0300 93 0.0000 116 0.0400 

71 0.0000 94 0.0200 117 0.1700 

72 0.0700 95 0.0200 118 0.0000 

73 0.0010 96 0.0100 119 0.1300 

74 0.0100 97 0.0000 120 0.0300 

75 0.0000 98 0.0500 121 0.1500 

76 0.0000 99 0.0000 122 0.1200 

77 0.0000 100 0.0000 123 0.0900 

78 0.0900 101 0.0400 124 0.0110 

79 0.0000 102 0.0300 125 0.0600 

80 0.0040 103 0.0300 126 0.0400 

81 0.0000 104 0.1300 127 0.0800 

82 0.0200 105 0.0900 128 0.0700 

83 0.0500 106 0.0300 129 0.0600 

84 0.0500 107 0.0800 130 0.0320 

85 0.0200 108 0.0100 131 0.0000 

86 0.0000 109 0.0400 132 0.0300 

87 0.0000 110 0.0100 133 0.0220 

88 0.0300 111 0.0600 134 0.0470 

89 0.0000 112 0.0000 135 0.0700 

90 0.0100 113 0.0700 136 0.0020 

91 0.0300 114 0.0200 137 0.0110 

92 0.0000 115 0.1200 138 0.0100 
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Table A.3 The porosity distribution of the Permian carbonate play (Cont.). 

Interval Porosity Interval Porosity Interval Porosity 

139 0.0000 162 0.0320 185 0.0510 

140 0.0200 163 0.0400 186 0.0510 

141 0.0000 164 0.0300 187 0.0400 

142 0.0300 165 0.0410 188 0.0430 

143 0.0200 166 0.0200 189 0.0410 

144 0.0330 167 0.0400 190 0.1600 

145 0.0100 168 0.0300 191 0.0400 

146 0.0100 169 0.0600 192 0.0010 

147 0.0100 170 0.0740 193 0.0470 

148 0.0300 171 0.0100 194 0.0300 

149 0.0120 172 0.0600 195 0.0400 

150 0.0000 173 0.0120 196 0.0300 

151 0.0420 174 0.0300 197 0.0500 

152 0.0020 175 0.0370 198 0.0400 

153 0.0000 176 0.0800 199 0.0400 

154 0.1100 177 0.0440 200 0.0800 

155 0.0900 178 0.0500 201 0.0400 

156 0.0100 179 0.0700 202 0.0100 

157 0.0300 180 0.0300 203 0.0300 

158 0.0300 181 0.0400 204 0.0300 

159 0.0300 182 0.0470 205 0.0900 

160 0.0700 183 0.1400 206 0.1000 

161 0.0360 184 0.0700 207 0.0400 
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Table A.4 The hydrocarbon saturation distribution of the Permian carbonate play. 

Interval Hydrocarbon 

saturation 

Interval Hydrocarbon 

saturation 

Interval Hydrocarbon 

saturation 

1 37.0 24 21.0 47 12.0 

2 5.0 25 21.0 48 8.0 

3 5.0 26 21.0 49 13.0 

4 5.0 27 9.0 50 13.0 

5 5.0 28 9.0 51 14.0 

6 5.0 29 21.0 52 76.3 

7 5.0 30 15.0 53 53.0 

8 40.0 31 8.0 54 55.0 

9 57.0 32 29.0 55 55.7 

10 5.0 33 18.0 56 79.9 

11 5.0 34 25.0 57 75.0 

12 39.0 35 25.0 58 53.0 

13 39.0 36 3.0 59 84.0 

14 39.0 37 23.0 60 86.0 

15 39.0 38 23.0 61 72.0 

16 59.0 39 25.0 62 88.0 

17 35.0 40 12.0 63 78.0 

18 69.0 41 13.0 64 87.0 

19 76.0 42 2.0 65 84.0 

20 2.0 43 3.0 66 59.0 

21 17.0 44 3.0 67 89.0 

22 29.0 45 13.0 68 84.0 

23 25.0 46 13.0 69 84.0 
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Table A.4 The hydrocarbon saturation distribution of the Permian carbonate play 

(Cont.). 

Interval Hydrocarbon 

saturation 

Interval Hydrocarbon 

saturation 

Interval Hydrocarbon 

saturation 

70 72.0 92 62.0 114 66.0 

71 85.0 93 87.0 115 26.0 

72 38.0 94 84.0 116 23.0 

73 86.0 95 74.0 117 29.0 

74 85.0 96 78.0 118 31.0 

75 46.0 97 90.0 119 20.0 

76 81.0 98 31.0 120 59.0 

77 49.0 99 89.0 121 4.0 

78 73.0 100 69.0 122 9.0 

79 30.0 101 85.0 123 8.0 

80 88.0 102 65.0 124 35.0 

81 87.0 103 53.0 125 27.0 

82 85.0 104 85.0 126 30.0 

83 90.0 105 69.0 127 48.0 

84 89.0 106 65.0 128 48.0 

85 71.0 107 86.0 129 47.0 

86 65.0 108 32.0 130 75.0 

87 17.0 109 82.0 131 67.0 

88 78.0 110 84.0 132 42.0 

89 86.0 111 68.0 133 54.0 

90 80.0 112 69.0 134 45.0 

91 86.0 113 39.0 135 34.0 
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Table A.4 The hydrocarbon saturation distribution of the Permian carbonate play 

(Cont.). 

Interval Hydrocarbon 

saturation 

Interval Hydrocarbon 

saturation 

Interval Hydrocarbon 

saturation 

136 43.0 147 89.0 158 84.0 

137 84.0 148 16.0 159 87.0 

138 72.0 149 64.0 160 83.0 

139 86.0 150 70.0 161 39.0 

140 71.0 151 81.0 162 84.0 

141 62.0 152 89.0 163 82.0 

142 76.0 153 64.0 164 89.0 

143 89.0 154 77.0 165 38.0 

144 77.0 155 83.0 166 35.0 

145 90.0 156 80.0 167 50.0 

146 84.0 157 88.0   

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 

GUIDELINES FOR RISK ASSESSMENT 
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APPENDIX C 

CASH FLOW TABLE EXPLANATION 
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APPENDIX D 

CASH FLOW TABLE ANALYSIS 
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