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ABSTRACT

The study areas that have been chosen are Malay Basin and Sabah Basin.
Malay Basin is situated in the southern part of the Gulf of Thailand, between Vietnam
and Peninsular Malaysia. Sabah Basin is situated in the northem part of the island of
Borneo and has a complex structural history. The primary objectives of this study are
to study the characteristics of oil in reservoir rock with geochemical evaluation of the
oil characters and to test the alteration of reservoir oil by modified evaporative

fractionation technique.

Erb West crude oil in Sabah Basin generally is slightly waxy, light, contents of
low sulphur and the API gravity value is about 28° while the gas constituent is 92%
methane. The Erb West structure is an elongated hydrocarbon bearing sand layer, and
it lies in a north-easterly by south westerly direction. As for oil in Dulang field, it has
a large oil accumulation and account for a majority of the Group E oils in the basin.
Mostly, oils in this group are immature over much of the basin except only in the
lowest part of E reaches the oil window in some areas. A majority of Group E oils are
moderately waxy to waxy and condensates are more common, and the gas produced is
known to be high in CO,. Angsi predominantly has Pre-group I oils in Malay basin.
The geochemical characteristics vary only little in Pre-group I and this variation is
considered to be due to a combination of differing maturity of the oils and of post-

accumulation processes such as evaporative fractionation.

The crude oil sample from each of basin was carried out using modified
evaporative fractionation technique in a closed system. In this process, instead of
injecting gas, the oil were heated at certain temperature and allowed adequate vapour
pressure to build up over oil in a closed system. The first analysis of the vapour and
residual oil samples from Erb West, Dulang and Angsi oil at the desired pressure
suggested increasing in aromaticity and decreasing in paraffinicity. All data from Erb
West, Dulang and Angsi show the same pattern for each of the graph data (show by

the similarity from the value) because they remained in equilibrium state (both

Vi



residual oil and vapour samples). Residual oil and vapour samples were taken. from
the same oil with the same temperature and pressure during each stage of the
expertment. The flow of heat in the first experiment for modified evaporative
fractionation in closed system is based on thermodynamic cycle. So, the results for

first experiment cannot show the whole effect of modified fractionation technique.

Due to this situation, a second test of modified evaporative fractionation
technique (second test) has been done only for Angsi. Angsi oil is chosen to show
how modified fractionation can effect the changes of characteristics of crude oil. The
vapour sample was collected at 90 psi (pressure) of 250°C (maximum temperature)
and residual oil sample was taken out after a cooling process of fractionation. The
results (second experiment) show the value of aromaticity is decreasing in residual
sample and rich in vapour sample while the value of paraffinicity is rich in residual
sample and decreasing in vapour sample. The result in second test is different and
vice versa from the first experiment because the technique for collecting oil samples

for both residual oil and vapour samples are different.

The effect of temperature and pressure can change the characteristics of crude
oil. Evaporative fractionation becomes a method of changing original crude oil to
paraffin rich in the original reservoir and aromatic rich fractionated oil in shallower
reservoir. Thus, it appears to be one of the major mechanisms of generation of gas-

condensate fluids.
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CHAPTER 1

INTRODUCTION
1.1 Overview

This chapter covers the introduction for the entire work process. It includes the
study of background, problem statement, objectives and the scope of study in

evaporative fractionation for this research.

1.2 Background of Study

Evaporative fractionation as a mode of reservoir alteration of trapped
hydrocarbon was established by Thompson (1987) whereby fractionation was carried
out using gas influx over reservoir oil. “Under this condition, evaporative
fractionation can also result in generated aromatic rich residual oil in the original
reservoir and paraffin rich fractionated oils in the upper shallower reservoir. This
occurs when the parent oil undergone repeated gas washing episodes, such that no
saturated compounds are left to be stripped by migrating gas, and then a subsequent
migrating gas is forced to pick up a very aromatic-rich residue from the parent oil, and
delivers that matenal to a shallower reservoir where it condenses out as an aromatic-
hydrocarbon-rich condensate”, Thomson (1987). Such fractionation leads to variable
compositions depending on the composition of gas because solubility of the liquid
components in gas depending on the pressure-temperature and also the composition of
the gas. In University Technology Petronas (UTP), a technique of evaporative
fractionation had been developed in a closed system. In this process, instead of
injecting the gas, the oil had been heated at certain temperature and allowed an

adequate vapour pressure to build up over oil in a closed system.
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Once the desired pressure was developed, the vapour was allowed to move

6ﬁt. The analysis of the vapour and residual oil samples at the desired temperature and
pressure suggest an increased in aromaticity and decreased in paraffinicity. Both
residual oil and vapour show same pattern because they remain in equilibrium.
Logically, it was inferred that when aromaticity increases in the vapour, the residual
oil should be correspondingly rich with paraffins. Thus, it became a method of
changing origiﬁal crude to paraffin rich oil in the original reservoir and aromatic rich
fractionated oils in shallower reservoirs. For first experiment, the modified technique
has been tested by using Sabah oil. Then, the experiment was continued with Dulang
and Angsi oil. Original oil was heated up to 100°C, 150°C, 200°C and 250°C in
different stages at each temperature and 20psi, 40psi, 60psi and 80psi pressures stages
were attained. For every temperature-pressure stage, samples from vapour and liquid
were collected and analysed. Results indicate that the paraffinicity decreases and
aromaticity increases at every stage. The results suggested this process of closed
system fractionation causes high paraffin in residual oil and corresponding
fractionated oil gets more aromatic. The resulis of corroborate analysis was made by
Yarborough (1972).

1.3 Problem Statement

Generally, the changes in oil composition were ascribed to the organic facies
variation. However, evaporative fractionation also can change oil characters by
redistribution of compounds in distillates and residues. The change follows pressure —
temperature conditions in the basin and is unique for each basin conditions. It is
necessary to experimentally verify the nature of distributed hydrocarbons in the

selected oils using modified evaporative fractionation technique.



1.4 Research Objectives

In this study, the interpretations of geochemical analysis were the convenient
way to justify the characteristics of crade oil. This research will enable the researcher
to achieve the following objectives:

1. To study the characteristics of oil in reservoir rock / detailed geochemical
evaluation of the oil characteristics.
2. To test alteration of reservoir oil by modified evaporative fractionation

technique.

1.5 Scope of study

The selected areas were chosen based on the occurrences and the production
of oils in the field. Samples of oil for the experiment were collected in Sabah basin
and Malay basin. Malay basin is located in the Peninsular Malaysia while Sabah basin
is located at the East Malaysia. Malay basin and Sabah basin are different from the
geography location, reservoir characteristics and also the composition of oil in the
field. Both of the basins were chosen to make a comparison due to the changes of
characteristics and the composition of oil. A comprehensive distillation test using
modified evaporative fractionation technique was planned to be carried out to test
hydrocarbon occurrences in selected Malay Basin (Dulang and Angsi) and Sabah
basin (Erb West) area. Malay basin is the largest petroliferous basin in Sunda Shelf. It
is also one of the deepest continental extensional basins in the region. In Malay Basin,

the natures of accumulated hydrocarbons are variable both laterally and vertically.

As for Sabah basin, it is known with a complex geological history and lying
adjacent to actively moving plates in the Southeast Asian region compared to
Peninsular Malaysia. Most of the hydrocarbons occurred in complex wrench-induced
faulted anticlines, rollover anticlines associated with deltaic growth faults, and other
fault-related closures. Oils from different reservoirs and same reservoirs were not
uniform in a particular field and also in different fields. These variations of the

composition of oil can be ascribed to variation of organic facies in the source rock or
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it can be possibly by in-reservoir alteration. So far it has been justified by assuming
facies wvariation in source rocks. However, reservoir alteration associated with
compositional change can also occur by evaporative fractionation in which injected
‘gas over oil can dissolve some compounds of oil and remove as the gas escapes. The
vaporization process of gas carrying oil components in the gas phase through
permeable pathways has been investigated by several workers (Zhuze et al., 1962;

Silverman, 1965; Thompson, 1987).

Thompson (1987) defined that the process as evaporative fractionation in
which a charge of dry gas enters an existing oil accumulation. The gas then
equilibrates with light components of the reservoir oil. The gas vented from the
accumulation and taking with it the dissolved compenents that originally is part of oil
accumulation. The migrating gas may then condense out a liquid (or “retrograde
condensate”) in a shallower reservoir. Therefore, this process is the cause of two new
fluids: (1) More paraffinicity condensate in a shallower reservoir, and (2) More
aromatic residual oil (in the original reservoir) depleted in the light paraffin and
enriched in the other fractions and this process known as fractionation as shown in
Figure 1.1. At lower temperature, the rate of decrease of paraffinicity in liquid is
uniform and linear with pressure whereas at higher temperature the rate of decrease is

polynomial of power two, However, the decrease is faster at lower pressures and with
higher pressure the rate of decrease of paraffinicity is reduced. Compositions of oil in
terms of aromatic and paraffin fractions are to be compared using gasoline range
known as “Mango Parameters’. This was because only the gasoline range compounds

are mobile between vapour and liquid phases during fractionation.

Crude oil is a complex mixture of many different components in chemical
systems. The fluids contain from hundreds to thousands of individual components in
the range of simple molecular weight n-alkanes to the high molecular weight waxes
and asphalitenes. Due to the content of these high molecular weight substances, crude
oils are somewhat colloidal in nature. Reservoir crude oils were very close to the
thermodynamic equilibrium, but during the production the changes of pressure and
temperature can cause a disturbance of the equilibrium and phases separation may

result. Crude oil is an example of supersaturated solution because the concentration of
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dissolved solute is higher than the saturated solution. In crude oil system, light
hydrocarbon components such as methane and ethane act as a solvents to the

supersaturated solution and the saturation depends on the temperature.

boiing point _ : boiling point
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Figure 1.1: Shows phase behavior of a mixture of two ideal liquids at latm. Pressure
(Source: Raoult’s Law)

Crude oils were ofien being processed or transported at conditions where fluid
temperature may decrease due to greater heat loss to the surrounding. When the crude
oil was cooled, a transition from none equilibrium to the equilibrium is accompanied
by crystallization. The conditions under which supersaturated crude oils were formed
and the properties of the crude oils govern. This will affect the nature of waxing or
crystallization. The separations of these components into usable products are known
as refining. Refineries must be designed to handle the type of crude oil that is going to
be process. The amount of gasoline and fuels that were produced or distilled was
relatively small, and in some conditions were by-products of the refining process.
From the analysis of the crude oil, it can be determined what the basic composition of

the crude is and what applications it is suited for.

As example as crude oil comes out of the ground, it can be the American
Petroleum Institute (APT) gravity methodology that can determines these differences.

The oil portion of cylinder stock is a heavy lubricant base stock that used in heavy
5



duty gear oil applications and many industrial lubricants. The refining of crude oil
was complex and involved operations that generate many different components that
we use in our daily lives. The proposed research was carried out in a selected field
(Malay basin and Sabah basin). Both basins were chosen to test the compositional
variation of oil composition with modified evaporative fractionation process under
different temperature and pressure. In this research it was proposed to generate vapour
by heating oil and allow the vapour to build pressure on oil. The vapour generated
was allowed to equilibrate with oil at a definite temperature and pressure. Then the

sample of vapour and original oil were analysed for comparison.

The first experiment was tested with the oil composition in the Sabah Basin.
Oil samples from Sabah Basin were carried out and completed using the test of
compositional variation with modified evaporative fractionation process under
different temperature and pressure stage. The technique was tested using Sabah oil
basically was heated to 100°C, 150°C, 200°C and 250°C in different stages and at each
temperature stage 20psi, 40psi, 60psi and 80psi pressures were attained. The change
in composition will ultimately be compared with distribution of hydrocarbons in the
reservoirs to understand their genesis. Experiment for Dulang and Angsi also were

carried out using the same method as in Sabah oil.



CHAPTER 2

LITERATURE REVIEW

2.1 Overview

This chapter covers the literature related to this study. It is mainly focussed on
evaporative fractionation and distillation process. This topic is divided into three
sections mainly which are history, function and the effect that are related to

evaporative fractionation and distillation process.

2.2 History of Fractional Distillation Process

Distillation is the principal method for separating crude oil into useful
products. Fractional distillation was developed by Tadeo Alderotti in the 13th century.
Both alembics and retorts are forms of glassware with long necks pointing to the side
at a downward angle which acted as air-cooled condensers to condense the distillate
and let it drip downward for collection. Later, copper alembics were invented. Riveted
joints were often kept tight by using various mixtures, for instance dough made of 1ye
flour. These alembics often featured a cooling system around the beak, using cold
water for instance, which made the condensation of alcohol! more efficient. These
were called pot stills. Today, the retorts and pot stills have been largely supplanted by
more cfficient distillation methods in most industrial processes. Early forms of
distillation were batch processes using one vaporization and one condensation. Purity

was improved by further distillation of the condensate.

Greater volumes were processed by simply repeating the distillation. Chemists

were reported to carry out as many as 500 to 600 distillations in order to obtain a pure
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compound. In the early 19th century, the basic of modern techniques including pre-
heating and reflux were developed, particularly by the French.

2.3 Function of evaporative fractionation

_ Evaporative fractionation is defined as the vaporization process of gas-
carrying oil in the gas phase vertically through faults, fractures, and other permeable
pathways and being trapped as condensate in the shallower reservoir. In order to
emphasize, it involves a fractionation process that can form aromatic condensates. It
is also known as geologic process of reservoir alteration of crudes during which
lighter fraction of oil is evaporated and condensed in the shallower reservoirs
(Thompson,. 1987). The process involves (i) a charge of gas (generally dry) entering
an existing oil accumulation, (i) the gas then equilibrates with the light components
of the reservoir oil, and then (iii) the gas is vented from the accumulation, taking with
it dissolved components that originally were part of the oil accumulation. The
migrating gas may then condense out a liquid (or “retrograde condensate”) in a
shallower reservoir. Therefore, this process is the cause of two new fluids: (1) High-
gravity retrograde condensate in a shallower reservoir, and (2) Lower gravity, more
aromatic residual oil (in the original reservoir) depleted in the light paraffin and
enriched in the other fractions in which the process known as fractionation. An
experiment were carried out as many as eleven successive equilibration steps of oil

supersaturated with methane at 6000 psi and 127°C (260°F).

. Respectively, the experiment shows the increase in aromaticity and decrease
in paraffinicity. Aromaticity is measured as the ratio of toluenc to n-heptane and
paraffinicity as n-heptane to methylcyclohexane. In the experiment, the first two
condensates are slightly less aromatic than parent oil, succeeding condensate become
highly .aromatic and naphthenic (less paraffinic) and this situation are called
evaporative condensates (Thompson, 1987). In evaporative fractionation, the original
reservoir oil may be supersaturated with methane by either thermal alteration of
‘conventional oil or methane migration through the reservoir from a deeper source (gas

stripping). As the gas with dissolved oil migrates upward, hydrocarbons liquefy and
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drop out on the way, just as in the distillation tower. Consequently, the shallowest oils
and condensates have the highest API gravity (lowest specific gravity) (John M. Hunt,
1979). The highest value of API is more related in quality of hydrocarbons but not all
high API gravity crude oils are condensates, especially if they contain little or no
methane (Sanudin Hj Tahir, 2003).

2.4 Function of distillation process

Distillation is a method of separating mixtures based on differences in their
volatilities in a boiling lquid mixture. Distillation is a unit operation, or a physical
separation process, and not a chemical reaction. Commercially, distillation has a
number of applications as shown in Figure 2.1. Tt is used to separate crude oil into
more fractions for specific uses such as transport, power generation and heating.
Distillation of fermented solutions had been used since ancient times to produce
distilled beverages with higher alcohol content. Crude oils form a continuum of
chemical species from gas to the heaviest components made up of asphalienes and the
techniques of fractionation is used in the characterization of peiroleum as well as the
techniques of elemental analysis applied to the fractions obtained. Distiliation process
is a first step to distillate crude oil and separates the mixture of crude oil that related

with its boiling points and hydrocarbon structures.
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Figure 2.1: The simple crude oil distillation tower (Vasily Simanzhenkov and Raphael
Idem, 2003).
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Subsequently, these molecules are separated from the liquid forming the gas
stafe. The vapour pressure is caused by a balance between molecules in a gaseous
state and molecules in a liquid state that is consider as the beginning of boiling
process. The boiling point is a rough measure of the amount of energy required to
separate a liquid molecule of their closest neighbours (Vasily Simanzhenkov and
Raphael Idem, 2003). A series of alkanes shows the general principle that boiling
points will increase with the increasing of molecular weight or length of the string.
Focus on oil and fossil fuels; fractional distillation of petroleum (oil refining) is the
physical process of separation of the mixtures and compounds present in many crude
oil in which the components of a mixture are separated by heating at different
temperatures. It 1s used for separation of complex mixtures and purification of crude
oil. The principle used is that the longer the carbon chain, the higher the temperature

of these compounds. Crude oil is heated and became gas.

The gases pass through a distiliation column cool as altitude increases. When a
compound in the gaseous state cools below its boiling point, it condenses into a liquid
(M.R.Riazi, 2005). The liquid can be extracted from the distillation column at
different heights. Although all fractions of pefroleum, the greatest demand is for
gasoline. A barrel of crude oil contains only 30-40% gasoline. Transportation
demands required that over 50% of crude oil became gasoline. To meet this demand
some petroleum fractions must be converted to gasoline. That can be achieved by
"cracking." "Cracking" is decomposition of large molecules of heavy heating oil,
"reform" that is changing the molecular structures of molecules of low quality
gasoline, or "cures" the formation of smaller molecules. For example, if pentane is
heated to about 500°C, the carbon-carbon covalent bonds begin to break during the
cracking process. Many types of compounds including alkenes are made during the
cracking process as shdwn_ in Fighre 2.2. Alkenes are formed because there are not
enough hydrogen atoms to saturaté}éll membership positions after the carbon-carbon

bonds are broken.
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Figure 2.2: Shows the differences of carbon atoms for each type of distillation
columns (Vasily Simanzhenkov and Raphael Idem, 2003).

_ Fractional distillation is a type of distillation that involves the separation of a
mixture into its constituent substances based on the differences in their boiling point
(volatility). It is practiced for those mixtures, in which the boiling point of the
components differs by less than 25°C at one atmospheric pressure. The component
with the least boiling point is separated first, while the component with the highest
boiling point is drawn off at the last. If the boiling point of the constituents differs by
more than 25°C, then simple distillation procedure is implemented for separation
(Vasily Simanzhenkov and Raphael Idem, 2003). In the process of fractional
distillation, a specific apparatus is used for boiling the mixture and collecting a series
of fractions of the components. The laboratory setup for fracﬁonal distillation includes
a round-bottom boiling flask, condenser, adapter (that connects boiling flask and

condenser), fractionating column (within the adapter) and a collection flask.

A thermometer is fixed to the adapter for monitoring the temperature. The
fractionating column is usually composed of plates arranged in a horizontal manner,
which enhances the separation by allowing condensation, evaporation and re-
condensation of the separated components. The vapour of the component substance
after passing the fractionating column is passed to the condenser, which is fixed with
a water nlet and water outlet pipe. In the water inlet pipe, cold water is constantly
supplied to cool down or condense the separated vapour. The warm water is removed

via the outlet pipe after being circulated through the condenser. The component had
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undergone condensation in the condenser, which is then collected in the collection
ﬂa.sk as a purified liquid. The component with lower boiling point tends to collect at
the top portion of the fractionating column, while those with high boiling point settle
at the bottom of the column,
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Figure 2.3: Shows petroleum refining in industries (Vasily Simanzhenkov and
Raphael Idem, 2003).

Though fractional distillation provides better separation of constituents, it
requires more energy and longer time than the usual simple distillation. The more the
number of plates, the longer is the distillation. For these reasons, fractional distillation
is implemented for purifying complex mixtures with many components. In fact,
fractional distillation is the most common procedure followed for separation of
mixtures in petroleum refining industries and chemical industries. In petroleum
refining, gasoline is separated first followed by kerosene, heating oil and lubricating
oil. In industries, large fractionation towers (vertical structures) are used for

distillation process. Under controlied conditions of feed (complex mixture),
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temperature and condenser, product is being collected continuously. This technology
had been implemented in the indusiries is referred to as continuous fractional

distillation.

The main difference between laboratory scale distillation and industrial
distillation is that laboratory scale distillation is often performed batch-wise, whereas
industrial distillation often occurs continuously. The composition of the source
material, the vapours of the distilling compounds and the distillate change during the
distillation as shown in Figure 2.3 known as batch distillation. In batch distillation, a
charged (supplied) with a batch of feed mixture, which is then separated into its
component fractions which are collected sequentially from most volatile to less
volatile, with the bottoms (remaining least or non-volatile fraction) removed at the
end. The still can then be recharged and the process is repeated. In continuous
distillation, the source materials, vapours, and distillate are kept at a constant
composition by carefully replenishing the source material and removing fractions
from both vapour and liquid in the system. This results in a better control of the

separation process.

2.5 Hydrocarbon

Crude oil is a complex mixture of mainly hydrocarbon compound molecules
because they consist of atoms of at least two different elements which are not
chemically combined. Hydrocarbons occurrences are a combination from carbon and
hydrogen which are organic compounds of carbon and hydrogen atoms that may
include from one to 60 carbon atoms that vary in both size and type of molecule in
crude oil. The properties of hydrocarbons depend on the number and arrangement of
the carbon and hydrogen atoms in the molecules. The simplest hydrocarbon molecule
is one carbon atom linked with four hydrogen atoms which is methane. All other
variations of petroleum hydrocarbons evolve from this molecule. The variations in the
distribution of the different sizes and types of hydrocarbons are due to the differences
in the physical and chemical properties of petroleum. The chemical property of each

substance in the mixture is unchanged. This means crude oil can be separated by
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physical methods, such as fractional distillation, because they have different boiling

and condensation points.

The crude oil is heated to vaporise it (evaporated or boiled). The most volatile
fraction, i.e. the molecules with the lowest boiling points, boil or evaporate off first
and go to the top of the column. The rest separate out according to their
boiling/condensation point so that the highest boiling fraction, i.e. the less volatile
molecules with higher boiling points, tend to condense more easily lower down the
column. The bigger the molecule, the greater the intermolecular attractive forces
between the molecules, so the higher the boiling or condensation point. Hydrocarbon
molecules are only made of a chemical combination of carbon and hydrogen atoms,

(Hunt, 1995) as shown in Figure 2.4.

HHHH
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Figure 2.4: Shows hydrocarbon molecules are only made of a chemical combination -

of carbon and hydrogen atoms (Hunt, 1995).

The percentage of NSO compounds also can be a factor to these differences in
petroleum properties. Hunt, (1995) state that the hydrocarbon molecules can occur in
differént typés of structural forms with the different names, for example, open-chain
mole.c.uies with single bonds between the carbon atoms are known as alkanes. Alkenes
c'pntai.n more or one bond between the carbon atoms, and hydrocarbons with one or
mote béﬂzene rings known as arenes. Mostly, the petroleum geologists and engineers
are famitiar with the terms of paraffins for alkanes, naphthenes for cycloalkanes,
olefins for alkenes and aromatics for arenes. According to Hunt (1995), the form of
hydfocarbons are from the homeologous series, that is, the families of molecules whose
niembers have similar pfoperties and differ in size by the CH, group. As the
mdiecular_ size increases, the individual members change from gases to liquids to
solid.
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Hydrocarbons containing up to four carbon atoms are usually gases. Those
with 5 to 19 carbon atoms are usually liquids and those with 20 or more are solids.
The refining process uses chemicals, catalysts, heat, and pressure to. separate and
combine the basic types of hydrocarbon molecules naturally found in crude oil into
groups of similar molecules. The refining processes also rearrange their structures and
bonding patterns into different hydrocarbon molecules and compounds. Therefore it is
the type of hydrocarbon (paraffinic, naphthenic, or aromatic) rather than its specific

chemical compounds that is significant in the refining process.

2.5.1 Paraffin

The paraffin types of hydrocarbons are the second most common constituents
of crude oil instead of naphthenes. The word paraffin is derived from the Latin parum
affinis, which means “of slight affinity”. Paraffins are the terms for alkane’s
compound. Molecules in the high boiling range of petroleum frequently contain more

than one of the molecular types just described.

Conventional formula - Skeletal formula

Figure 2.5: Shows hydrocarbon formula for normal alkanes (Hunt, 1995),

In order to avoid a misunderstanding, a molecule that does not contain either
an aromatic or a cycloparaffin ring is called paraffinic. The formula for the paraffin
series is C,Hyy+2, where n is any number from 1 to 100. In the paraffin series, # equals
1 to 4 for gases, 5 to 16 for liquids, and above 16 for solid for the straight-chain
paraffins. Paraffins are the principal hydrocarbons in the most deeply buried and
oldest reservoirs and dominate the gasoline fraction of crude oil, Hunt (1995).
Saturated and aliphatic hydrocarbons are also used as the terms for this group. Figure

2.5 above shows the straight chain paraffins that are called normal paraffins ot n-

15



paraffins. The conventional formula and the skeletal formula are shown in Figure 2.5.
There are a limited number of value of # in crude oil, usually fewer than eighty (n =1

to 80) and this is due to normal paraffin that is defined as a straight chain.

The numbers of » value in crude oils are related to the waxy crudes. The
lowest value of »n, very waxy crudes that contain traces of paraffin chains with up to
200 carbon atoms can occur in hydrocarbon. Normal paraffin is the easiest identified
compounds in petroleum because all other molecules types contain hundreds of
different molecules and make the identification much more difficult. As described
éarlier, normal paraffins form a homologous series. This condition is due to the
differences of each hydrocarbon from the succeeding members by one carbon and two

hydrogen atoms. Homologs are known as the members of senies in hydrocarbon.

Figure 2.6: Shows branched-chain structures for paraffins (Hunt, 1995).
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Figure 2.7: Shows the n-paraffins form a homologous series in petroleum (Hunt,
1695).

In addition to straight chain, the paraffins can form branched-chain paraffins,
as shown in Figure 2.6 above. Figure 2.7 shows the n-paraffins form a homologous
series, The normal paraffins are relatively inert with strong acids, bases, and oxidizing
agents. It is theoretically possible to have more than a million branched-chain
structures like as shown in Tab.[e 2.1, whereas only about eighty structures of straight-
chain normal paraffins that exist in petroleum. The table that shown below list the
number of possible isomers representing different kinds of branching and all contain

the same number of carbon atoms and corresponding to the formula C,Hz o

Isomers have different compounds with the same molecular formula. Since
crude oil derived from a finite numbers of structures in living thing, these isomers can
form through the cracking and rearrangement of organic structures and it is obvious
that the composition of petroleum is very complex. The boiling point of normal
paraffin is slightly higher than any of the branched-chain paraffins with the same
molecular formula and the boiling range of paraffin in the fractional distillation of
crude oil is about 120°C to 240°C. In paraffin hydrocarbons, the covalent bonds of the
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carbon atom are normally at an angle of 109.5" and this refer to the angle of C — H

bonds 1t methane.

Table 2.1: Shows the possible number of paraffin isomers for each size of molecule

(source: Hunt, 1995)

Size ' Isomers
Ci Cp, G o o 1 each
G 2
Cs ' 3
Co 5
Cy | R 9
G T 18
S T
Cio ' 75
Cu 159
Ciz 355
Cis : : 802
- Cis 4347

Cis 60,523
G 36,797,588

2.5.2 Aromatic

The term of aromatic hydrocarbon originated when some pleasant-smelling
compounds such as cymene were isolated from natural fragrant oils, Hunt (1995).
However, most of the hydrocarbons have very little odour in the pure state. The
petroleum that has strong odour is due to the non-hydrocarbons. Aromatic is one of
the term for arene’s compound. The molecular formula for aromatic compound is
CuHaoss. A molecule is called aromatic if it contains at least one aromatic ring and a
combination of an aromatic ring with other two types would be called an

alkylaromatic and cycloalkylaromatic. All the aromatic hydrocarbons contain at least
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one benzene ring. The top of Figure 2.8 show the flat 6-carbon ring called benzene in
aromatic hydrocarbons and, in which the fourth bond of each carbon atom is shared

throughout the ring.

The ring is shown with an inner circle, which indicates that the fourth bond’s
unpaired electrons are delocalized over all carbon atoms in the ring. The aromatics
rarely amount to more than 15 percent (%) of a total crude oil and tend to be
concentrated in the heavy fractions of petroleum, for example gas oil, lubricating oil,

and residuum, in which the quantity often exceed to 50%.

Figure 2.8: Shows the skeletal formula for aromatic hydrocarbons in petroleum (Hunt,
1995).

Aromatics are the unsaturated hydrocarbons that react to add hydrogen or
other elements to the ring. The most common aromatic hydrocarbons in petroleum are
toluene and metaxylene as shown in Figure 2.8. Aromatics have the highest octane
ratings of the hydrocarbon types and they are valuable in the gasoline blends.
However, they are undesirable in the lubricating-oil range because they have the

highest change in viscosity with temperature of all the hydrocarbons. Polycyclic
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aromatic hydrocarbons in natural products are being studied more intensively because
some of them are potent carcinogens and some are being found in coal tars and

petroleum. They are a common constituent of the burning of most organic material.
2.6 Uses of crude oil

Crude oils have physical and chemical characteristics that vary widely from
one production field to another and even within the same field. The roughest form of
characterization, but nevertheless one that has great economic consequence is the
classification of “light” and “heavy” crude (Jean-Pierre Wauquier, 1995). The
diversity of products derived from petroleum classified according to their distillation
range and number of carbon atoms. From one sample of crude to another, the
proportions of the recovered fractions vary widely. A good illustration is the gasoline
fraction which is one of the most economically attractive. Crude oil is composed
essentially of hydrocarbon molecules and its specific gravity (60°F) varies inversely
with its H/C atomic ratio (Vasily Simanihénkav, _2003; Raphael Idem, 20G3).

Specific gravities foi' various crude oils will range from 0.7 to 1.0; they are
often expressed in degrees API (Américan Petroleum Institute} which will vary
between 70 and 5. It is clear that this variable gravity reflects the compositions of
chemical families that are very different from cach other. All these differences
influence the conditions of production, transporf, storage and refining adapted to the
crude and its derived products; hence the necessity for knowing the composition as
precise as possible. The grade of crude oil can be broken down into the following
basic fractions, or components: Gasoline, Kerosene and Fuel Oil, Gas Oil, Wax

Distillate, and Cylinder Stock or Bottoms.

API = [(141.5/ standard specific gravity) — 131.5] (2.1)

According to Jean-Pierre Wauquier (1995), the gasoline fraction is further
refined. Certain portions of the gasoline fraction are removed and others have their
chemical structure changed (isomerised). Some impurities are removed (desulfurized),
and others have components added to produce the final product (reformulated

gasoline). The kerosene and fuetl oil fraction are basically unchanged and used as fuel
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for the trucking and construction industry. This fraction can also be processed into
some of the specialty solvents used in manufacturing. The gas oil fraction is a heavy,
relatively slow burning, non-volatile fuel, or it is frequently used as light lubricating
oil. This fraction can be used either as a fuel or as oil. If the gas oil fraction is
hydroprocesssed, it can be made into white oil (sewing machine oil) or high quality

oils for use in cosmetics and pharmaceuticals.

The wax distiliate is a valuable source of lubricating stock and paraffin. By
removing the wax or paraffin one of the basic components of lubricant is produced
(neutral). Neutrals can be further refined through distillation (fractionation) and hydro
processing (catalyzation) to produce a series of specialized components used in the
manufacture of engine oils, gear lubricants, and greases. The addition of additives to
control oxidation, thermal degradation, and viscosity produce the high quality

lubricants used today.

Paraffin is used in many different aspects of our daily life. They are used not
only in candles, but in cosmetics, paper coating, inks, fabrics, and even on foods. The
Cylinder Stock or Bottoms fraction is what left over after the crude oil has been put
through the distillation tower. The wax portion is removed to create new product that
has higher melﬁng point than paraffin. The oi.l-portion of the cylinder stock is further
processed to remove the resins. These resins are used to create many different
products ranging from high temperature insulations to undercoating or fuels for ocean

going barges.

Among the more important characteristics are the distillation curve, which
leads to a first classification of light crude oils having high distillate yields as opposed
to heavy or extra heavy crudes; sulphur content which means the crude having low or
high "contents; chemical composition, this is used only to characterize particular
crudes (paraffinic or naphthenic). Classification of crude oil types by geographical
source is generally not a useful classification scheme for response personnel because
they offer little information about general toxicity, physical state, and changes that

occur with time.
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2.7 Mange parameter

The unique character of each oil family has evident from their n-alkane and
biomarker signatures which is supported by distinctive gasoline range characteristics
in general and C; (“Mango”) parameters in particular. Emphasis is placed on
compositional variations in the gasoline range (CsHjy to CgHig) to- verify the
biomarker based on the classification of oil families. Although higher molecular
weight biomarkers (Cyo — Cag) are considered the best tools for oil-oil correlation
studies because they provide much information regarding an oil and its source rock
(Peters and Moldown, 1993) but these compounds are unstable under thermal stress
and are often absent in high maturity oils/condensates (Van Graas, 1990; ten Haven,
1996).

According to the Benchmark studies (Thompson, 1983; Mango, 1990; BeMent
et al, 1995, Halpern, 1995; ten Haven, 1996) have suggested that gasoline range
hydrocarbons also -carry useful information regarding genetic associations and
alteration of oils. It has been documented that the light hydrocarbon ratios have
appiicaﬁons for oil-oil correlation studies (Mango parameters, Cr-based star
~ diagrams), provide an indication of the temperature of oil expulsion from its source
(2,3-/2,4-dimethylpentane ratio) and reflect the stage of thermal decomposition of oil
(paraffin indices).

- The application of these light hydrocarbon analysis is an advantageous, not
only because they may constitute the only compositional fraction available for
analysis in oils/ condensates generated late during catagenesis when sterane and
terpane biomarkers are below detection limit, but also because such techniques are
relatively rapid and inexpensive. Therefore, they show excellent potential and can be
extremely practical for geochemical correlations of low-density crude oil/condensate
fractions providing valuable information about differences in source kerogen,
depositional paeloenvironment, genetic affinities and petroleum alteration. Data

typically can be obtained through more advanced analyses of biomarkers.
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Paraffin Indices (Isoheptane and Heptane values, n-C;/ methylcyclohexane)
and aromatic index (toluene/n-C;) are proved to be successful indicators for

characterization of reservoir alieration.

2.8 Gas Chromatography (GC) — Mass Spectrometry (MS)

Gas chromatography ("GC") and mass spectrometry ("MS") make an effective
combination for chemical analysis. The GC device is generally a reliable analytical
instrument. The GC instrument is effective in separating compounds into their various
components. However, the GC instrument cannot be used for reliable identification of
specific substances. The MS instrument provides specific tesults but produces
uncertain qualitative results. GC analysis is a common confirmation test and separates
all of the components in a sample and provides a representative spectral output. The
sample will be injected into the injection port of the GC device. The GC instrument
vaporizes the sample and then separates and analyses the various components. Each
component ideally produces a specific spectral peak that may be recorded on a paper

chart or electronically.

The time elapsed between injection and elution is calfed the “retention time”.
The retention time can help to differentiate between some compounds. The retention
time should be measured from the sample injection until the compound elutes from
the column. However, retention time is not a reliable factor to determine the identity
of a compound. If two samples do not have equal retention times, those samples are
not the same substance. Identical retention times for two samples only indicate a
possibility that the samples are considered as substance. Potentially thousands of
chemicals may have the same retention time, peak shape, and detector response. The
size of the peaks is proportional to the quantity of the corresponding substances in the
specimen analysis. The peak is measured from the baseline to the tip of the peak. A

mixture of chemicals present in a specimen can be separated in the GC column.

Some chemical and physical characteristics of the molecules cause them to

travel through the column at different speeds. If the molecule has lower mass it may
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travel more swiftly. Also, the molecule's shape may affect the time needed to exitthe

column. Interactions between the sample's molecule and the column surface may
cause the molecule to be retained inside the column for a different amount of time
than similar molecules that interact with the column differently. The equipment nsed
for gas chromatography generally consists of an injection port at one end of a metal
column packed with substrate material and a detector at the other end of the column.
A carrier gas propels the sample down the column. Flow meters and pressure gauges
are use to maintain a constant gas flow. A gas that does not react with the sample or
column is essential for reliable results. For this reason, carrier gases are usually argon,

helium, hydrogen, nitrogen, or hydrogen.

Hydrogen usually is a good carrier gas but it may react and convert the sample
into another substance. So, many analysts use helium because it does not react. The
ultimate choice for a carrier gas may depend on the type of detector used. To ensure
proper separation, the sample must enter the column in a discreet, compact packet.
Normally the sample is injected into the injection port with a hypodermic needle and
syringe capable of measuring the specimen amount. The needle is stuck into a
replaceable neoprene or silicone rubber septum that covers the injection port. The
mjection port is maintained at a temperature at which the sample vaporizes
immediately. Ideally, the sample spreads evenly along the cross section of the
column, forming a plug. The column is a metal tube, often packed with a sand-like
material to promofe maximum separation. Columns are commonly obtained pre-

packed by vendors.

As the sample moves through the column, the different molecular
characteristics determine how each substance in the sample interacts with the column
surface and packing. The column allows the various substances to partition
themselves. Substances that do not like to stick to the column or packing are impeded
but eventually elute from the column. The various components in the sample separate
before eluting from the column end. The GC instrument uses a detector to measure
the different compounds as they emerge from the column. Among the available

detectors are the argon ionization detector, flame ionization detector, flame emission
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detector, cross section detector, thermal conductivity detector, and the electron

capture detector.

Some considerations are that the flame detectors destroy the sample, the
thermal conductivity detector is sensitive, and the argon ionization detector requires
argon as a carrier gas. The spectral output is usually stored electronically and
displayed on a monitor. The argon ionization detector does not detect water, carbon
tetrachloride, nitrogen, oxygen, carbon dioxide, carbon monoxide, ethane, or
compounds containing fluorine. The flame ionization detector does not respond to
water, nitrogen, oxygen, carbon dioxide, carbon monoxide, helium, or argon. The
electron capture detector can not detect simple hydrocarbons but it does detect

compounds containing halides, nitrogen, or phosphorus,

2.9 Parr reactor

The reactors are used for multiple processes such as scale up processes,
process development and small scale production. Lab reactors are often used as batch
reactors. The operation temperature for such reactors can be from — 50°C up to +
250°C. Chemical reactors are used for many different processes. To process many
different chemicals, the reactors are buiit in highly corrosion resistant or inert
materials. Due to this fact and due to the reactor’s design, they can be used as multiple
processes and substances. Glass pressure reactors can be used to a pressure up to 12

bars and offer the advantage to allow visual observation of the reaction.

If higher pressure is needed, the glass reactor can be exchanged for a stainless
steel reactor with a sight glass. Other reactor materials such as Hastelloy C22,
Titanium, Tantalum, and Zirconium are available. There are 2 ways of temperature
control for heating or cooling temperature control: A circulator controls the heating of
the heat transfer flnid, which is circulating through the jacket of the jacketed reactors.
The alternative is to use PID temperature control system which controls the electric
heating, built directly onto the pressure vessel. Inside the reactor, there are accessories

that available. Stirrers are to be defined according to the processed media and process.
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The stirrers are driven by magnetic drives or by magnetic couplings, allowing

the process to run under high pressure or high vacuum. Accessories such as burettes,
sampling devices, condensers, mass flow controller for gas dosing and many others
are built into the top of the reactor. Sometimes, dosing of solids or liquids into the
pressurized vessel is requested, other requests such as pH control, sampling, catalyst
addition, nitrogen purging /blanketing, distillation, reflux distillation are also to be
considered. In many cases these reactors are instailed in flame proof or hazardous

area.

26



CHAPTER 3

REGIONAL GEOLOGY
3.1 Overview

This section is focus on the geology, the regional geology, and also crude oil

characteristics for each of Malay Basin and Sabah Basin.

3.2 Geology of Malay Basin

It has been realised that the petroleum resources are valuable assets to the
country. The sedimentary basins have been proven to be petroliferous and currently
commercial oil and gas are being produced in the Malay Basin. Sedimentary
deposition and subsequent structural overprints in these basins have resulted in a
variety of structural and stratigraphic configurations which provide conductivity
conditions for petroleum generation, migration and entrapment. Figure 3.1 show that
Malay Basin is a northwest-trending elongate basin about 500 km long and 200 km
wide. It is situated in the southern part of the Gulf of Thailand, between Vietnam and
Peninsular Malaysia. The basin covers an area of about 80,000 km® and it contains
over 12 km or more of Oligbcéné to Recent sediments. The Oligocene sediments are
generally terrestrial deposits with minor marine influence, whereas the Miocene-
Recent sediments are coastal plain to shallow marine deposits. Malay Basin is also
underlain by a pre-Tertiary, basement metamorphic rocks. The Malay Basin is
separated from the Penyu Basin by the Tenggol Arch which is a shallow basement

arca.
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The Malay Basin strata are subdivided informally into seismo-stratigraphic

units and each unit is known as a Group, is bounded by basin-wide seismic reflectors.
Some of these reflectors represent major sequence boundaries and are erosional
unconformities on the basin flaks. The stratigraphic development of the Malay Basin
is directly related to its structural evolution, which occurred in 3 phases: (1) A Pre-
Miocene (Oligocene or possibly earlier) extensional or synrift phase, (2) An Early to
Middle Miocene thermal/tectonic subsidence phase, which was accompanied by basin
inversion, and (3) A Late Miocene-Quaternary subsidence phase, which represents a
tectonically quiescent period. According to Mazlan Madon (1997a), the Malay Basin
was effectively a narrow seaway or gulf that received sediment from its north-eastern

and south-western flanks.

Figure 3.1: Show the location of Malay Basin in the Sunda Shelf (Tjia, 1994).

The geographic and stratigraphic distribution of oil and gas appears to be
controlied primarily by basin morphology on a regional scale. The basin is
considerably deeper in the north, and has a much thicker, hence more deeply buried,
sedimentary succession. Having been buried to greater depths, the sediments would
have reached gas-window maturity or greater. There is a great tendency for oil to be
flushed out by high-maturity gas. In contrast, the Middle-Late Miocene tectonic uplift

in the south has resulted in shallower burial and lower thermal maturities. Energy
28



resources are becoming increasingly important to humankind as population growth
places increasingly greater demands on Earth’s natural resources. QOur increased
population size also has spurred the growth of both technological development and
industrial production, and this growth has in turn created an increased demand for
energy supplies. The development of modern societies has spurred a shift in the use of

energy resources from wood to coal to oil and, to a certain extent, uranium.

The use of each of these energy sources produces environmental costs; these
costs are incurred during harvesting, transporting, and the actual process of releasing
the energy contained within each of these materials. Petroleum, one of the world’s
most important resources, has had a huge effect on the world economy. From this
tesource, a wide variety of energy-rich products are produced—most importantly, oil
and gasoline. Most people are aware that crude oil is pumped from underground
sources, mostly from reservoirs in the OPEC member countries, and then it is shipped
to oil refineries for processing. But what processing occurs at the oil refinery and how
does it produce so many petroleum products will be answered when we explore these
questions by modelling the process of fractional distillation and investigating the
properties of the crude oil that makes the processing possible. Petroleum chemists
have 1dentified this fossil fuel as a cdmplex mixture of many different compounds that
developed underground under low-oxygen conditions. from marine-deposited organic

compounds.

3.2.1 Regional structures of Malay Basin

Malay Basin is originated by extension during Late Eocene-Early Oligocene
times which is probably atong a major left-lateral shear-zone and, subsequently, by
thermal subsidence during the Miocene to Recent as shown in Figure 3.2. Tt is one of
the deepest continental extensional basins in region, and is believed to have formed
during early Tertiary times. Sedimentation during the Miocene was accompanied by
structural inversion that caused major east-trending anticlines to grow in the axial part
of the basin. A major Middle-Upper Miocene unconformity is associated with this
inversion event. According to Hamilton (1979) and Mazlan Madon (1997a), the
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anticlines are believed to be the result of right-lateral wrench deformation. The Malay

Basin show a variety of structural styles that reflect their tectonic setting and origin

and also the extensional basins formed in continental crust.

Their structural styles are typified by basement normal faults, which often
have significant strike-slip displacements and these basin are also characterised by
high surface heat flow, perhaps because of the thinning of the lithosphere during their
formation, which caused a thermal a thermal anomaly beneath the basin (Mazlan
Madon, 1997b). Basement structures in the Malay Basin are dominated by pre-
existing pre-Cenozoic fault trends that may have been reactivated by Cenozoic
tectonic movements (Khalid Ngah et al., 1996) and some changes in the regional
stress regime had caused these faults to be reactivated again during the course of basin

falling and produced a variety of inversion structures.

SOUTHWEST.

‘MALAY BASIN
INTERPRETED FROM. -
REGIONAL SEISMIC LINE | ;-

Figure 3.2: Show the interpretation of Malay Basin from regionali seismic line (Tjia,
1994).

Others theory that refer Malay Basin as the northern part of the basin is
characterised by N-trending faults and half-grabens (Liew, 1994). The axial part of
the Malay Basin is characterised by very deep basement, which is poorly imaged by
conventional seismic and small pull-apart half-grabens also occur on the flexural

margins of the basin (Liew, 1994). The rift-sag basin geometry of the Malay Basin is
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typical of basins formed by lithospheric stretching and the initial basin geometry is
that of half-grabens associated with the crustal extension. According to Watts et al.,
(1982), this synrift basin is overlain by a broad sag basin characterised by
stratigraphic on lap onto the basin margins, which is produced by thermal subsidence

and sediment loading as in Figure 3.3.

Based on the analyses, the Malay Basin is not a purely extensional basin that
has been indicated by the gravity___que_lling_ analysis and its development may have
involved a significant strike-slip component of extension (Mazlan Madon, 1996;
Mazlan Madon and Watts, 1998). “The Malay Basin was subj ected to basin inversion
during the Middle-Late Miocene, which produced major anticline structures that trap
large amounts of oil and ..gas'ir.l the basin” (Tjia, 1994; Mazlan Madon, 1995, 1997a).
South-eastern part of the basin was probably uplifted during this time also and the
basin inversion is thought to have resulted from a dextral shear regime following a
change in the regional stress field (Tjia and Liew, 1996, Mazlan Madon 1997a).

A mantle plume developed beneath the current junction of the Malay-Penyu-
West Natuna basins and manifested as the Malay Dome. Intensity of inversion is
generally greater at the centre than on the flanks of basin. Inversion also increases in
intensity towards the southeast. Hence, in the West Natuna Basin inversion structures
are more commonly associated with thrust and reverse faults (Ginger et al., 1993).
The inversion structures are growth features formed during deposition, the thickness
of the syn-inversion stratigraphic unit’s decrease towards the crustal region as the

depositional surface is being deformed and eroded.
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Figure 3.3: Show the structural features in the Malay Basin (Watl:s etal 1982)

Although the timing of structural growth is synchronous across the whole
basin, the peak fold growth is earlier in the south than in the north. The three named
basins originated as rifts on this dome. Hard collision of the Indian sub-plate with the
Eurasian plate that begin in the Middle Eocene, differentially extruded elongated
crustal slabs of the Southeast Asian lithosphere towards the southeast along three

major NW-SE striking wrench fault zones.

3.2.2 Reservoir characterization

Depositional environments and reservoir characteristics in the Malay Basin are
divided into “groups” according to the stratigraphy and palacoenvironments of the
Malay Basin. Figure 3.4 show the groups are designated and labelled alphabetically in
order of increasing age, A to M from top to bottom. The Recent or Pliocene phase

represents Group A that consists of the earlier age of the sediments reservoir while
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Group B is in the Upper Miocene. The environment for Group A down to H is in the
area of coastal plain and the structural histories are related to the compression of the
basin development. According to the stratigraphy and structural history of Malay
Basin, Group D down to H are in the Middle Miocene phase, Group I down to K are
in Lower Miocene, Group L in Upper Oligocene while the age of the oldest sediment

1s Group M in Lower Oligocene phase.

However, the environment for basement ages from Cretaceous and older
sediments cannot be ruled out. The palacoenvironments for Group I down to J are
subtidal and for Group K down to L. is fluvial lacustrine while for Group M is alluvial
fan or alluvial plain sediments. The structural histories for Group 1 down to K are in
thermal subsidence and for Group L down to M are extension phase of basin
development. In the older groups, Group K, L and M reservoirs are formed, mainly
fluvial channels in a non marine-lacustrine setting. The sandstones are predominantly
shore face and subtidal shelf sands in the J and vounger groups (mostly in J group)
while in Group I and younger are fluvial deltaic to estuarine channel complexes.
Group K sandstones are mainly deltaic and braided stream deposits whereas those in

Group J are mainly shallow marine sediments.

The reservoir sandstones of Groups D and E in the Upper Miocene have been
interpreted as tidal, deltaic to lower coastal plain deposits (Khandwala et al., 1984;
Thambydurai et al., 1988; Mazlan Madon, 1994). The K reservoirs consist of braided
stream sands deposited in alluvial fans and fan delta complexes (Nik Ramh, 1988a).
Oligocene sediments were derived from the flanks of the basin via rivers flowing
across the steeply faulted basin margins. The reservoirs consist mainly of stacked
fluvial channel complexes in a low stand systems tract. The channel complexes are 5-
15 m thick, with individual channels measuring about 5-6 m thick. Non-reservoir
facies are interpreted as flood plain, tidal flat and lower shore face deposits. The
transition from lacustrine (K shale) to marine (J sandstone) is a significant event in the

depositional history in the basin.

This Lower Miocene interval consists of coastal plain-estuarine to tidally-

dominated shallow marine sandstones deposited in a low stand systems tract (Ramlee
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and Beddingfield, 1996). It is about 40% of the total reserves in the basin consistsin

Group J and the majority of the reservoirs occur in the middle Group J {(Ramlee and
Beddingfield, 1996) estuarine and high-energy subtidal deposits. The lower and upper
T sequences have lower reservoir quality, having been deposited in low to moderate
energy subtidal environments. Group J cstuarine channel and subtidal sands, with
their long axis parallel to the tidal current direction, form the best quality reservoirs.
Up-dip of the estuaries, where the depositional energy is lower, poor quality reservoir

sands were developed.

Group J reservoir sandstones are mainly subtidal deposits forming east-west
trending, moderate-high energy and subtidal bars. Group I fluvial and tidal reservoirs
occur at depths of between 1300 and 2500 m. The two main reservoir intervals are a
lower fluvial-deltaic facies above a major sequence boundary, and an upper reservoir
of sandy tidal estuarine deposits. The fluvial deltaic deposits consist of braided fluvial
channels, with sharp-based, blocky log signature, which rest sharply on a coarsening
upward, offshore-delta front to stream mouth bar succession. The contact between the
two main facies was interpreted as a major sequence boundary which represents a
relative sea-level fall. The Group E sandstones form an important group of reservoirs

in the central part of the Malay Basin.

According to the researcher, Mazlan Madon (1994), studied the reservoirs in
the Jerneh gas field, which occur at depths of 1250 to 2000 m were interpreted the
sandstones as deltaic, include distributaries mouth bar, shore face, and channel
sediments formed during a Middle-Late Miocene regression. All the differences
between each group of reservoir are based on the different reservoir sand bodies
characterise between the delta front and delta plain facies association. The former is
typified by distributaries mouth bar and shore faces sandstones whereas the latter is
associated with the channel point bar deposits. The overlying transgressively deposits

are typified by laterally extensive shallow marine sheet sandstones.

Most studies indicate that two main factors that control reservoir quality are
depositional environment and bunal diagenesis. Compaction during burial is the most

important diagenetic factor controlling reservoir quality. Ignoring the burial
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diagenetic effects, however, depositional environment has the strongest control on the
reservoir quality. The best quality of reservoir is shown by Group J estuarine
sandstones, and mid-lower Group K braided stream deposits. L.ow energy subtidal and

tidal flat reservoirs have the poorest quality.

The reservoir properties of the J sandstones are primarily determined by
depositional factors which are high-energy facies storm bar sandstones tend to be of
better quality than low-energy lower shore face to inner shelf sandstones. In addition,
it was noted that meteoric water flushing of the sandstones associated with the
Middle-Upper Miocene regional unconformity in the southemn Malay Basin has
generated secondary porosity. Textural parameters such as sorting and grain size also
exert some control on reservoir properties. Coarser grained sandstones tend to have

the best reservoir properties.

The reservoirs of group M to K are mostly braided stream deposits, which are
very coarse-grained and conglomeratic, whereas the younger groups tend to be fined
to very fine grained. This generally fining trend with decreasing stratigraphic age
could be the result of decreasing cnergy of deposition, the coastal plain and tidal

settings being dominant in the younger groups.

Chemical diagenesis is thought to have played a minor role in altering
reservoir properties, and its effect is usually local (Mazlan Madon, 1994: EPIC,
1994). Apart from the direct impact of burial digenesis on porosity, there is the
indirect effect of high geothermal gradients on the rapid destruction of porosity with
depth. Reasonable that porosity values (>>10%) can still be maintained down to depths
of about 3000 m. Besides, the compactional effects during shallow buried that less
than 1 km will have resulted in up to 50% reduction of the original porosity into 10 to
25%.
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Figure 3.4: Show the correlation of the tertiary stratigraphy in Malay Basin (Khalid
Ngah et al., 1996).

3.2.3 Crude oil characteristics

In Malay Basin, the geochemical data suggest that the natural hydrocarbon
gases (methane, ethane, propane, etc) were derived from either a biogenic or a
thermogenic source (Curry, 1992; EPIC, 1994; Wapples and Mahadir Ramly, 1995,
McCaffrey et al., 1998). Oil types in Malay Basin maybe classified into three groups
which are based on a combination of geochemical characteristics and age of the host
reservoir. The three groups are Group E, Group | and also Pre-Group I oils. The
naming for oils group and reservoir group are a bit confusing but both of group is
different. Hydrocarbons in the Malay Basin are found in sandstone reservoirs of
Groups D down to K and the depositional environment of the sandstones vary with
the stratigraphy. Geographically, oils in Group E are restricted to the basin centre,
with the Dulang and Semangkok fields accounting for the majority of E oils. Group E
has a large oil accumulation such as Dulang. Mostly, oils in this group are immature
over much of the basin except only in the lowest part of E reaches the o1l window in

S0me arcas.

Although in the far north of the basin, such as Ular, a majority of Group E oils

are moderately waxy to waxy and condensates are more common. This is because of
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the thickness of sediment in the north and high maturity of the source sequences.
Although the majority of oil tends to have a terrigenous rather than a lacustrine
signature, the E oils show some variations in the biomarker distribution. Typically,
most of the Group E oils and condensates have high Pr/Ph (Pristane/Phytane) and
Pr/nCy;7 (Pristane / n-heptadecane) ratios and suggesting oxidising depositional
conditions for the source rock. The low Tm/Ts (Trisnorhopane / Trisnornochopane)
ratio which is less than 1.00, and moderate quantities of diasteranes probably indicate
that coal was not a major contributor to the E oils. Group I oils are common in the
southern half of the Malay Basin. Mostly, this group was found over much of the
width of the basin such as in Tembikai-1 and Meranti-1 in the west. In the deeper
nerthern part of the basin, oils in Group 1 are restricted to the eastern flank, such as
Bunga Kekwa field.

Group I reservoirs host many large accumulations in the southern Malay
Basin. In this field, the hydrocarbon reservoirs are mainly in Groups I and J. Group I
have high value of API condensatesrto moderately API waxy oils and also show
variable compositions at both bulk and molecular level. The degree of variation
observed in Group I source rocks, provided that all the source rocks have been
effective. The oils range from very terrigenous, to more lacustrine-influenced. The
different source rock facies during Group I times have resulted in mixing the oils they
generated. Although there are many similarities between the source rock and oil
biomarker distributions, the correlating of any oil to a particular source rock may not

be possible. Group I oils were sourced from Group 1 source rock (EPIC, 1994).

However, on the basin flank (north-eastemn flank), Group I oils were probably
sourced from stratigraphically deeper levels, such as the Pre-1 lacustrine sequences.
Pre-I oils occur in fesérvo_ir for Groups J, K and L and there are no known
occurrences in Group M reservoirs. The Pre-I oils are restricted to the southern end of
the basin, with only few exceptions, and primarily on the eastern side. The
distribution in this group is consequently caused of the maturity of the Pre-I source
rocks. The only parts of the basin where Pre-I source rocks are not over-mature are
the marginal areas (being relatively shallow). The Resak and Beranang wells is an
example where the Pre-I oils known occur on the western flank but the occutrences is
sparse. The Bunga Kekwa field also contains some Pre-I oils that located in the north-
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castern flank of the basin. The Pre-I oils has an interesting feature which is their
geochemical characteristics vary only a little, although despite a wide range of bulk

properties.

The oils vary from waxy crudes to light condensates and this variation is due
to a coﬁabination of different maturity of oils and also a post-accumulation process
such as evaporative fractionation. As most of the oils appear to have been derived
from éimilar source rocks, source facies is not considered to have been a factor. All
the Pre-I .oils havé common feature .in moderately low Pr/Ph ratio which are between
2.0 to 3.0 and low Pr/nC;; which are 0.3 to 0.5. Such features are typically of mildly
oxidising or non-oxidising depositional conditions. Group J and Group K are
suggested to be derived from the same source because of the similarity in the
geochemical characteristics. Therefore, according to thé earlier researcher, it has been
believed that K shale lacustrine sequence has been an effective source over large area

of the basin, and has been responsibie for charging the J and K reservoir sands.

3.3 Geology of Sabah Basin

Geographically, Sabah is known as a younger basin in Malaysia and the
hydrocarbon produced in the field is less than in Peninsular Malaysia. The first
offshore producing oil field in Sabah was Tembungo with production cominencing in
1974. Crude oil reserves in Sabah represent only about 15% of total teserves compare
to Peninsular Malaysia is about 62% total reserves. Figure 3.5 show that Sabah is
situated in the northern part of the island of Borneo and tectonic elements in Sabah
Basin. The well developed compressive and extensional structures are the

manifestation of several regional tectonic events in Sabah since the carly Tertiary.
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Figure 3.5: Show tectonic elements of Sabah Basin (modified from Hazebroek et al.,
1994)

Most of the oil produced in Sabah basin is within the “light 0il” category and
this is based on the cut-off for medium crude oil quality of between 22 and 31
degrees. Sedimentation in Sabah Basin was punctuated by several tectonic events that
resulted in several region unconformities at the basin margin. After an earlier phase of
deep marine sedimentation which is West Crocker and Kudat formations, its
sedimentation history involved basically the north-westward progradation of
siliciclastic shelf sedimentation since the Middle Miocene. According to Levell, 1987,
these unconformities have been used as the basis for subdividing the stratigraphy of
the Sabah Basin into “stages”. Noor Azim Ibrahim (1994) recognised two main
phases of deposition in the Sabah Basin, based on the detailed analysis of subsidence
history using well data. The first phase is a very rapid subsidence phase during early

Middle Miocene to early Late Miocene.

This rapid phase resulted in deltaic aggradation and then followed by the
second phase which is a much slower subsidence phase accompanied by westward
progradation of shelf-slope system as sediment accumulation rates exceeded the rate
of increase in accommodation space. Sabah Trough and NW Sabah Platform are the

distinctive geomorphic or tectonic elements in offshore NW Sabah deep waters.
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Features with water depths of 2.8 to 3.0 km and extending over 300 km, Sabah

Trough is a NE-SW linear bathymetric and its average width is 80 km. Earlier writers
has been interpreted Sabah Trough as a Palacogene subduction trench, underlain by
southward dipping oceanic crust (Haile, 1973; Hamilion, 1979; Taylor and Hayes,
1980, 1983),

Geomorphologically, a distinct mountain range comprising Palacogene
Crocker Formation and older rock units occurs near the west coast, and riscs to
between 3,000 to 4,000 m above sea level, culminating in the Late Neogene Kinabalu
granodiorite intrusion, which peaks at 4101 m. The main geological elements of

Sabah maybe can be categorized as fdll_ows_:
a) Pre-Tertiary Core — crystallihe basement

» A metamorphic and igneous complex (amphibolites, hornblende,

schists and gneisses, granodioriies, tonalites, granites)

o Radiometrically dated in the range of Cretaceous to Triassic (Kirk,
1962; Leong, 1974, 1998; Hutchison, 1997).

b) Cretaceous-Early Palacogene — ophiolites and indurate deep marine sediments

» Chert-Spilite Formation: a complex of extrusive igneous rocks (basalts,
spilites, volcanic breccias, agglomerates) associated with radiolarian
cherts, limestones and clastics. The radiolarian cherts are of Early
Cretaceous age and limestones are Late Cretaceous (Leong, 1974,
1977; Basir Jasin and Sanudin Tahir, 1988; Basir Jasin, 1992).

Associated with ultrabasic and basic igneous intrusives.
» Madai-Baturong Limestone: algal, oolitic and massive limestone of

Cretaceous age (Adams and Kirk, 1962; Leong, 1974; Fontaine and
Ho, 1589).
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o Sapulut, Trusmadi and East Crocker Formation: thick turbiditic

clastics; partly metamorphosed to slates and phyllites.

The above fock units occur mostly in central and eastern Sabah. The oldest
rocks penetrated offshore northern Sabah consisted of Eocene shales and mudstones,
partly conglomeratic, containing smooth, rounded to angular fragments of sandstone,
siltstone, chert and serpe'ntinit'e. The occurrences of Palacocene to Eocene limestones
in all parts of Sabah indicate that the Early Palacogene and older units were uplifted
during this time (Tongkul, 1991a). The pre-Tertiary crust in offshore Sabah is largely
unknown. In summary, the acid igneous rocks of the Crystalline Basement probébly
represent a continental basement and perhaps have a different origin and tectonic

history.

c) Palacogene Basins — mainly N-S elongated basins containing déep marine
sediments to the east and west of the Cretaceous-Early Palacogene deep

marme sediments.

d) Neogene Basins — the petroleum producing Sabah Basin to the northwest,
northeast (NE) Sabah Basin and southeast (SE) Sabah Basin, flanking the
Palacogene Basins (Leong, 1978a).

There have been many studies describing the geology of Sabah Basin in
general and the north-western Sabah continental margin in particular. In summary,
Sabah Basin (Figure 3.6) has a structurally complex basin that was formed on the
southern margin of a foreland basin that resulted from the collision between the NW
Sabah Platform and western Sabah during the early Middle Miocene.
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Figure 3.6: S ww geological and stiuctural map of Sabah (Huichison, 1989}

3.3.1 Regional Structures of Sabah Basin

The Sabah Basin is also known as the NW Sabﬁh Basin and a predominantly
offshore Middle Miocene sedimentary basin that underlies the continental margin off
western  Sabah. Sabah Basin (Figure 3.7) is unconformably overlies deformed
deepwater sediments that now form the Crocker Formation and Rajang Group rocks
in western Sabah. The structure and stratigraphic evolution of the NW Sabah
.continental margin is described based on seismic data. Several regional tectonic
events have occurred in Sabah since early Tertiary. Occasionally, mud volcanoes
occur at several local.ities in eastern, western and northern of Sabah and activated
through earth movements (Tjia, 1978; Lee, 1990; Tongkul, 1988). According to Lim
(1986), renewed fault activities in Sabah mainly along the north to northeast structural
trend were indicate by shallow earthquakes.
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Figure 3.7 Show tectonic evolution of North-West Borneo (Hazebroek, 1993, 1994;
Tan 1993).

The Sabah Basin exhibits features indicative of compressional margins
characterised by thrusts and wrench tectonics which reflect the strong influence
tectonics has had over its structural evolution. According to Tan and Lamy, 1990, the
Sabah Basin is subdivided into provinces that are characterised by distinct structural
styles and sedimentation histories. Earlier researcher such as Bell and Jessop (1974),
Tjia (1988), Hutchison (1993), Clennell (1991) and many more have given the
tectonic models for eastern Sabah. However, Tongkul (1991a) gave the first
comprehensive and coherent account on the tectonic evaluation for the whole of

Sabah, supplemented later by further research work in northern and central Sabah as
shown in Figure 3.8.
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Figure 3.8: Show tectonic evolution of Sabah (modified after Tongkul, 1991a).

According to Tongkul (1991a), the diverse and complex structures in Sabah
resulted from at least 5 episodes of deformation that began in the Early Cretaceous.
Three major of episodes were at least linked to NW-SE compressions coinciding with
the intermittent opening of the South China Sea sub-basins during the Middle Eocene,
early Middle Miocene and Late Miocene (Tongkul, 1994, 1997). Based on the study
of central Sabah area, Tongkul (1997) concluded that the Middle Eocene deformation
episode is characterized by folding and thrusting of basement rock and older
Palacogene sediments trending with associated N-S left lateral horizontal faults. The
early Middle Miocene deformation is characterised by imbrication of the basement
rock and overlying sediments to the NE, with associated NE-SW left lateral horizontal
faults. The Late Miocene deformation is characterised by thrusting earlier deformed

basement rock and overlying sediment to the NW.
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The complexity of the structural patterns is further enhanced by extensional
tectonics in eastern Sabah in Early Miocene to early Middle Miocene. The continued
extension in eastern Sabah probably initiated subduction processes in the southeast to
produce the extensive volcanic activity in Late Miocene to Quaternary. A large part
of Sabah Basin lies offshore. The complex structural history of the Sabah Basin is the
result of multiple phases of structural development that maybe local or regional in
nature. Bol and van Hoorn (1980) recognised three major phases of structural

deformation in the basin:
L Late Miocene phase in the central and southern parts of the bfisin.
II. Early Pliocene phase fﬁl_ding in the northeast.
IIL. Late Pliocene phase along the westernmost margin of Sabah Basin. |

Superimposed upon the basement flexure is the independent movement of
crustal Blocks, which resulted in contrasting structural styles in the different
provinces, particularly between the northwestern and southern areas (Levell, 1987;
Tan and Lamy, 1990). The overprinting of several structural events has also produced
a complex fault pattern. Furthermore, the obliquity of the compressive forces and the
presence of shale within the deltaic depositional system have produced very complex
transgressive structural trends. This condition 'commo'nly associated with wrench
faulting. Subsidence in Sabah Basin has been attributed to wrenching of West Crocker
Formation during Oligocene age (Whittle and Short, 1978).

In central Sabah Basin, strike-slip deformation has been associated with
younger deformation, and yet there is no evidence of rapid subsidence. Bol and van
Hoorn (1980) have noted that a variation in structural style across the continental
margin off NW Sabah. Figure 3.9 show the structural styles show generally from

southeast to northwest:

1. Dominantly compression with minor early extension.

ii. Dominantly compression with compression in some areas.
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iii. Dominantly compression with thrust belts that could be the result of

gravity sliding or subduction or a combination of both.

Shell geologists have subdivided the Oligocene-Recent strata into sedimentary
“cycles” for Sarawak Basin. However, this cycle concept is not applicable for Sabah

Basin because of the strong influence of tectonics on the stratigraphy during the

Neogene.
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Figure 3.9: Show generallsed stratlgraphy of Sabah (modified after Lim, 1985a).
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3.3.2 Reservoir characterization

Figure 3.10: Show stratigraphic summary of the Northern Sabah province (Levell,
1987).

The unconformities and correlative conformities are used to define several
unconformity-bounded stratigraphic unit called “stages”. A stage in Sabah Basin
(Figure 3.10) is similﬁr in some respeéts. to a “sequence” in sequence stratigraphic
terminology. The strongest of the regional unconformities is the Deep Regional
Unconformity (DRU), which separates a pre-Middle Miocene succession of deep
marine rocks (Stage I to III) from the overlying Middle Miocene to Quaternary
prograding shelf-slope sediments. The latter is subdivided into 7 stages which are
Stage IVA to Stage IVG in younging order. These stages are bounded by major
unconformities produced by tectonic movements and uplift of the south-eastern
margin of the basin. Each unconformity passes north-westward into a conformable

down lap surface.

The intraformational shale and mudstone units provide effective top and flank
seals in many accumulations because there is no major seal horizons in Sabah Basin.
The timing of structural trap formation is related to the shallow regional unconformity
(S8RU) in Late Miocene, Horizon II in Early Pliocene and Horizon I in Late Pliocene.
Two types of different ages structures are in Middle Miocene in Horizon II (affected

by SRU or Early Pliocene deformations) and also in Late Miocene in Horizon I
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(structures affected by Late Pliocene deformation). Stage IVA reservoirs mainly occur
in Southern Inboard Belt and deformed during Late Miocene in shallow regional
unconformity (SRU) deformation. The small accumulations in this area are maybe

due to the loss of hydrocarboh in d_eé;tmction of earlier formed traps.

The SRU deformation in Northern Inboard Belt is appears less severe. Most of
Sabah Basin reservoirs are predominantly 31hclclastlc and good quality of reservoirs
are formed by coastal fluviomarine and sl:acked shallow marine sandstones in Stage
IVA and Stages [VC/IVD. In general Teservoir th]cknesses can reach up to 300 m in
places. According to Scherer 1980, lower coastal plaln facies have better quality than
fluviomarine - facies because it has higher- permeablhty and tend to form thicker

reservoir, but fluviomarine facies reservoirs have better lateral continuity.

The deep marine turbidites in Stages IVC/IVD, to fluviomarine and shelf
deposits also form a thick and high quality reservoirs. Although carbonate reservoirs
is a minor compornent, but have fair to excellent quality of reservmrs Kudat Platform
that located in the Northern Sabah is one of the examples that con51st of carbonate
reservoir occurrences (Stage IVC and Stages IVE-IVG in Lower and Upper

Limestone Units).

Mixed carbonate siliciclastic reservoirs have been assigned to Stage VB
which located in Tiga Papan of Northern Inboard Belt and thought to be equivalent to
the onshore of South Banggi Formation. Mohammad Yamin Ali (1992, 1995) studied
the detail about dlagenetlc of these rocks. Figure 3.11 below show the schematic
illustration of stratigraphy several east-west tracts for Sabah Basin that based on Shell
(1993) exploration in the basin.
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Figure 3.11: Show stratigraphy of several east-west tracts of Sabah Basin (Based on
Shell, 1993).

The deposition of source beds that rich in terrigenous organic matter which
interbedded with sand prone reservoir facies is resulted by the erosion of NW Sabah
margin during Early Middle Miocene and the extensive outbuilding of Stage IV
siliciclastic wedge. The palacogeographic controls on the distribution, preservation,
quality é,nd maturity of source rocks based on onshore and offshore data from Sabah
Basin areas. Lower coaétal plain shales that containing disseminated organic matter
derived mainly frbm land plants with coals occurring as transported fragments is the

major source lithology.

These studies concluded invariably that the majority of potential source rock
have poor to good organic matter contents which have total organic carbon (TOC) is

less than 2 wt% with correspondingly poor to fair hydrocarbon generating potentials
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(S2 < 5 mg HC/g TOC) while the good quality of source rocks (S, > 5 mg HC/g TOC)
are rare because they are commonly associated with coaly shales. The reservoirs
range from coastal or shallow marine sediments to deep marine turbidites. They are
found in structural traps including extensional growth féuit structures and wrench

related compressive anticlines (Figure 3.11).

3.3.3 Crude oil charac_teriStics '

Hydrocarbons in Sabah Basin are foimd and produced from siliciclastic
reservoirs mainly in Stages IVA, IVC and 1vD. Most . of the hydrocarbons occur in
complex wrench induced faulted anticlines that associated with deltaic growth faults
and other fault, but there are minor occurrences in other stratigraphic units including
Stage III. The hydrocarbon plays in the different tectonostratigraphic provinces.
Generally, Sabah Basin crude oils are light, slightly waxy, and contents of low
sulphur. The API gravity ranges between 25° to 50° degrees and for normal, non-
degraded oils the API averages 35° while for degraded :Qils, the value of API is 25°.

‘The API value and the variation of wax content maybe are due to the amount of
landplant-derived components in source rock and éxtent of biodegradation of oils. The
API gravity value that less than 13.9° to 14° degrees, low in waxy and have very
heavy oils are probably because of the biodegradation of a light condensate due to

sub-aerlal chemical and biological weathering.

Most of the slightly waxy oils has been observed and found in the north-
edstem part of basin while some occur in the southwest. The variations in wax content
are related to the source rock depositional environment. Generally, deltaic source
rocks generate oils with higher wax contents compared to the source rocks that
deposited in marine shelf or slope environment have lower wax content in oils. The
source rocks are most likely non-marine, coastal plain deposits because the oils and
condensates contain low sulphur content. Carbon isotope ratios that stable in oils and
saturated hydrocarbons progressively become heavier with decreasing amounts of

saturated hydrocarbons, According to the earlier researcher (Leong, 1978; Mazlan
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Madon, 1994; Azlina Anuar, 1994), table 3.1 below shows the bulk properties of
hydrocarbons that have been recovered from the offshore in Sabah Basin.
Table 3.1: Shows the properties of hydrocarbons in Sabah Basin (Source: Leong,
1978; Mazlan Madon, 1994; Azlina Anuar, 1994)

Sample Gravity Wax Sulphur | §"Cyy T 87Chy | 85Ca
CAPD) | (Wt%) | (Wt%)

Bambazon 35 0.7 0.30 -28.0 -28.5 ~26.9
Barton 32 0.7 036 | 279 | 289 | 268
Bongawan 32 0.4 0.07 =277 -28.5 -26.8
Dampier 36 0.3 0.10 -27.8 -28.4 -26.3
Erb South 20 - 0.20 -26.7 -26.8 -26.4
Erb West 28 0.6 0.30 -27.5 280 264
Glayzer 31 0.1 0.10 -28.0 -284 -26.8
Kebabangan 29 - 0.10 -27.0 -27.6 -26.5
Ketam - 37 0.4 0.05 -27.2 -27.8 -26.3
Kinabalu 37 0.6 0.10 - -28.7 =299
Nosong 47 - 0.10 - -27.6 -26.6
Lokan 33 03 0.30 -27.6 -28.0 -26.6
Pondu 24 - 0.20 -27.5 -28.1 -26.4
Rusa Timur 32 1.0 0.10 - -28.7 -26.5
Samarang 34 0.4 0.20 -27.6 -28.1 -26.8
Sikuati 14 Low 0.50 -27.1 - -
South Furious 31 038 0.10 =276 -28.0 -26.6
St. Joseph 34 6.8 0.20 -28.0 -289 -26.7
SE Collins 34 0.4 0.10 -27.9 -28.4 -26.7
Tembungo 40.0 0.3 0.30 -27.4 -27.9 -26.6
Tiga Papan 26-36 4-10 €.10 27.6 - -
Titik Terang 50 - 0.05 - - -
W. Emerald 20 - 0.20 -26.7 -26.7 -26.4

The table shows that carbon isotope for aromatics remain constant because
aromatic probably are more reliable for correlation and not affected by gross
composition. Aromatics that have stable carbon isotope values indicate that they were
generated from very similar types of organic matter for example from land plants.

According to the earlier studies, hydrocarbons in Sabah Basin mostly very similar in
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composition because they have originated from source rock that rich in terrigenous

organic matter.

As the sediments are generally immature, it is difficult to correlate the oils
with their potential source sediments extracts. Sabah Basin oils can be grouped into
one family because the oils originated cither from different source rock or same
source rocks but with similar chemical composition. The source rock for organic
matter can be indicated by high triterpane to sterane ratios and the presence of
diagnostic landplant derived compounds. The Pr/Ph ratios also can be a good

indicator for source rocks deposition environments.
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CHAPTER 4

SAMPLES
4.1 Overview
In this chapter, this section discusses and explains the description of each

sample that has been collected from oil field in Sabah Basin (Erb West) and Malay
Basin (Dulang and Angsi).

4.2 Samples

Figure 4.1: Shows crude oil that collected from Erb West oil field in Sabah Basin

arca.

Figure 4.1 shows crude oil in Sabah Basin generally is slightly waxy, light and
has low content of sulphur. The API gravity value for Sabah oil is about 28°, and the
gas constituent is 92% methane. The oil from Sabah is collected based on its
stratigraphy and location area. Sabah oil has collected from the Erb West platform.
Erb West platform is situated in 125km offshore Malaysia, in approximately 215ft of
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water. The Erb West structure is an elongated hydrocarbon bearing sand layer, and it
lies in a nbrth—easterly by south westerly direction. The main faults in the blocks are
in the East - West direction, concentrated in the southern half of the structure. It is the
entrapped hydrocarbon within these southern blocks that are targeted for the revisit

campaigh.

Figure 4.2: Shows crude oil that collected from Dulang oil field in Malay Basin area.

Dulang is geographically restricted to the centre of Malay Basin and the
Dulang field has a large oil accumulation and account for a majority of the Group E
oils in the basin. Figure 4.2 shows the crude oil thét has been collected from Dulang
oil field. Mostly, oils in this group are immature over much of the basin except only in
the lowest part of E reaches the oil window in some areas. A majority of Group E oils
are moderately waxy to waxy and. éondehsates are more common, and the gas
produced is known to be high in CO;.

Figure 4.3: Shows crude oil that collected from Angsi oil field in Malay Basin arca.
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Angsi predominantly has Pre-group 1 oils in Malay basin. Figure 4.3 shows the
crude oil that has been collected from Angsi oil field. Pre-group I oils are common in
the eastern side of the Malay Basin. The geochemical characteristics vary only little in
Pre-group I and this variation is considered to be due to a combination of differing
maturity of the oils and of post-accumulation processes such as evaporative
fractionation. Group I have high value of API condensates to moderately API waxy oils and
also show variable compositions at both bulk and molecular level. The oils range from very
terrigenous, to more lacustrine-influenced. Crude oils are very complex chemical
systems. In crude oil system, the fluids contain from hundreds to thousands of
individual components in the range of simple molecular weight n-alkanes to the high
molecular weight waxes and asphaltenes. As for the light hydrocarbon components
such as methane and ethane act as a solvents to the supersaturated solution and the

saturation depends on the temperature.

335



CHAPTER 35

METHODOLOGY

5.1 Overview

This section will discuss and explains the methods that will be used to conduct
the study. The first part of the section which is, fieldwork will clarify how the data or
the sample (s) will be collected from the field and how the samples are collected for
laboratory analysis. The following section is related more to laboratory analysis which

will be elaborate more on experimental works.

METHODOLOGY

Fractionation using high pressure
Parr Reactor

Sampling under different pressure
& temperature

Data Analysis using GC - MS

Establish trend of variations

Figure 5.1: Shows the sequences in methodology for the experiment.

In this chapter, the modification technique of fractionatton used in the characterization
of petroleumn as well as the techniques of elemental analysis applied to the fractions

obtained will be introduced (modified from Thompson, 1987). The final part after
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fractionation experimental is data analysis using GC-MS analysis. Based on the
experiment, all the data can be concluded in Chapter 6 for its results and discussion

part as shown in Figure 5.1.
5.2 Modification of the instrument

The instrument (Figure 5.2) that will be used in the experiment is high
pressure reactor. The function of this instrument is to heat crude oil samples at a
certain temperature up to maximum. The samples are only available in a liquid phase.
A ‘modification with this instrument was made by adding a condenser that connected
to the vapour valve exit. So, by modified the instrument, a sample in a vapour phase

can be collected.

Figure 5.2: Shows instruments for evaporative fractionation experiment called

pressure reactor.

The methodology that has been used in this syétet_n'mostly was according to
Thompson, which was evaporative fractionation by heating' the oil sample with
different temperature and pressure. Thompson had done this experiment in the open
systém while for this experiment it was in a close systém.. Evaporative fractionation is

done by passing gas over oil.
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3.3 Fieldwork

Table 5.1 shows the reservoir and trap characters of oils collected from Erb
West oil field in Sabah Basin, Dulang Oil and Angsi Oils from Malay Basin area. The
volume of oil that has been collected from Erb West in Sabah Basin is about 700 ml

while for Dulang is about 900 ml and for Angsi is about 1000 ml volume of oil.

Table 5.1: Shows the data from each type of oil in Sabah Basin and Malay Basin
(source: Mazlan B.H. Madon, 1995}

[ No | Location Field Reservoir Trap
1 | Sabah Erb West Stage IV D shallow | Trap is trending from E-W
Basin marine sands and 6 main | anticline that cut by a
reservoirs at around | normal faults and oil rim
2286m. with gas cap.
2 | Malay Duiéng Main  resetvoirs are | Compressional anticlines —
Basin shallow ~ marine - and |a trend vsually comprises a
fluvial sandstones . of | series with major E-
Group I . r'gservﬁi;s. | trending deep-seated
Sourced .e.tré' from the | basement faul.
interbedded
c_ar_bona:ceous shales and
coals
3 Malay Angsi Reservoirs are formed by | Compressional anticlines —
Basin o shallow marine | central part of the basin
sandstones of Group D | trap are formed by 4-way
and Group E reservoirs, | dip closures in domal
interbedded  claystone | structures or asymmetrical
and shale units provide | anticlines, and normal fault
the - top seals for | bounded structures.
TeServoirs.
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5.4 Fractionation using High Pressure Parr Reactor
5.4.1 Parr High Pressure Reactor

Evaporative fractionation experiments were carried out using modified Parr
High Pressure Reactor as shown in Figure 5.3. The instrument principally comprised
pressure pumps in which pressure is recorded using transducers and burst limit is
8000 psi and a steel pressure vessel that are capable of being maintained at constant,

elevated temperature.

Condenser

Figure 5.3: Shows the modification by adding condenser into the vapour valve exit.

The first experiment is done with Sabah oil and continuously with Dulang and
Angsi oil. This experiment is use to collect liquid and vapour sample and both
samples are collected in a liquid _pha_s_e.”The.re wére two steel valve for collecting
liquid and vapour sample. However, vapour sample is only available in gas phase. A
modification with this instrument is made by adding a condenser that connected to the

vapour valve exit.
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Figure 5.4: Shows switch machine that control the temperature

Figure 5.4 shows the temperature can be control on the switch machine of the
instrument while amount of pressure is cbntrol by using pressure vessel. The
experiment was started by putting ‘the oil samples in the modified fractionating
pressure reactor instrument and the oil was heated at different temperature. About 350
ml amount of oil sample were dispiaéed into a glass cylinder before displace it in the
fractionating instrument. The oil sample then will be heated at a maximum 250°C
temperature. It takes about more than 2 hours fof the instrument to reach the final

temperature and this condition will generate excess vapour pressure.

At this extra pressure, .vapour will equilibrate with the liquid and some
molecules will be withdrawn from _'the liquid to \}apour phase. When this vapour
condensed, | it generates a different liquid from the original and also changes the
comi:ositibn of the original. If the excess pressure is more than 20 psi for initial
experiment, then a pressure valve will be open to maintain the pressure in the
fractionating instrument. This vapour then condensed to generate liquid sample for
conipositional analysis by GC-MS. The Figure 5.5 below shows the sequence of the

evaporative fractionation experiment.
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‘Put the glass cylinder in AR
the stainless steel heater Setup cap closure before
heating the crude oils

Put the crude oils
in glass cylinder

-Setup all the available
accessoriesinclude heaters,
temperature controllers,
1000 ml vessel valves, gage
‘block assemblies, and gas

filling hoses.

Figure 5.5: Shows the flow of the fractionation experiment ﬁsing modified insttument.

Liquid valve

Figure 5.6: Shows vapour and liQuid valve connected with the instrument
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After the heat was reached out for temperature and pressure, each of the oil
samples will be collected using glass bottle sample by opening vapour and liquid
valve. The heating of oil sample were repeated until vapour samples were collected at

initial p're'ssure 20 psi, and then it will continue for 40, 60 and 80 psi pressures.
5.5 Sampling under different temperature and pressure

The crude oil samples (Figure 5.7) will be collected in liquid phase and vapour

phase with different pressure and temperature.

Figure 5.7: Show samples coilected in vapour and liquid phase.

Figure 5.8, 5.9 and 5.10 show each of the vapour samples that have been
collected have different colour while for liquid samples, the colour is remain the same

but the viscosity is different for each samples.

Fig 5.9: Show vapour samples with same pressure but different temperature.
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Figure 5.10: Shows different viscosity in liquid sample with same temperature and

different pressure.

5.6 Analysis sample using GC-MS
5.6.1 GC-MS

The results then will be analysed with gas chromatography analysis (GC-MS)
as shown in Figure 5.11. Analysis of the samples was cartied out using a Hewlett-
Packard GC-MS (1P6890 series GC ‘with an HP5973 MS detector) with a capillary
column (Agﬂent HP-5MS, }]13190918-433) (length 30 m; internal diameter, 250
mm; film thlckness 0. 25 pm)

Figure 5.11: Shows gas chromatography (GC-MS) instrument.

Standard solutions covering the concentration range of the samples were used
to obtain the calibration curve for calculating concentration of the compounds of

interest. It was not possible to obtain standards for all the compounds identified in the
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GC/MS chromatograms. Consequently, signal intensity of the un-calibrated was
normalized to compare trend of their concéntratibn versus experimental parameters.
The method that had been used during GC-MS analysis was up to C; and the column
was BPXS SGE. The size of column' was about 30m x 0.25mm x 0.25pm and the
temperature for this ahalyéis wés basically'SSOC —70°C.

The pressure was mostly in vacuum pressure for about 9.86e™ Torr. The
purpose of this experiment is to analysis amount of each compound that contain in the
oil sample after fractionating process had been done. Each of the collected oil samples
were carefully removed from the bottle sample and transferred into labelled smail
vials which is about 2 ml from each of oil sample (10% from thé collected oil
sample). Figure 5.12 shows the vials were labelled with unique sample number

assigned to the sample. Then the vial will be placed in the GC-MS tray.

Figure 5.12: Show the samples transfer into 2ml vials to be analyse using GC-MS.

The exﬁeﬁmcnt will take about 30 minutes to analyze each sample. The
procedures for detection o_f the samples are genera]]y as follows. A 1 uL sample was
injected into the injectioﬂ'_port__set' at 35°C with a split ratio of 30:1. The column was
operated in a constant ﬂow mode using 1.1 ml/min of ﬁelium as carrier gas. The
column temperature was initially maintained at 40°C for 3 minutes before increasing
it to 270°C at a heating rate of 15°C/min. A solvent delay of 1.3 minutes was
employed. The identification of each compound was achieved based on the matching

mass spectrum in the spectral library,
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Gas chromatography mass spectrometer can determined the compound class
by passing a saturate or aromatic fraction of oil or extract through a GC column into
an MS, which will analyze the individual molecules and whole oil. It can be used in
some systems. The parent molecular ions initially formed in MS will have a mass to
charge ratio (m/z). Most biomarkers that are used for maturation and correlation elute
between the n-paraffins C,s and Css. This results in the formation of a major daughter

fragment ion plus additional fragment ions.

Moreover, the identification will further be confirmed by comparing the
retention time and mass spectrum with the standards. The distribution and relative
abundance of fragment ions on the mass spectrum also can be as identification of the
original molecule and its class. As for the determination of crude oil, the derivation

method was used and the procedure is generally following the literature.

5.7 Establish trend of variations

Subsequent tesearch by Thompson (1987, 1988) described the evaporative
fractionation process and listed various hydrocarbon ratios that are useful in
characterizing crude oils. According to Thompson (1987), the designations that use to
calculate the value of paraffinicity and aromaticity is designation B (toluene/n-
heptane) and F (n-heptane/methylcyclohexane). Mostly, light hydrocarbon
composition ratios have been used for many years to classified crude oils. As for the
analyses of a trend variation, a lower pattern of composition ratios is up to C; range.
The C; alkanes are increasingly being used for oil-oil and oil-source rock correlation
based on research by Mango (1990, 1992,. and 1994) indicaﬁng that the Crs are
generally related. Thé deﬁm'ti(.)”ns and .signiﬁcance. of Gasoline composittonal ratios

will be used as parameter for paraffinicity and aromaticity shown as Table 5.2 below.
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Table 5.2: The parameter shows the designation to differentiate between aromaticity
and paraffinicity according to Thompson, 1987.

Deesignation Definition Property assessed
A Benzene/n-hexane Aromaticity (fractionation)
B Toluene/n-heptane Aromaticity (fractionation)
X Xylene (m & p)n-octane Afomaticity (fractionation)

(n-hexane + n-heptane) / (cyclohexane o .
C Paraffinicity (maturity)
+ methylcyclohexane)

(Methylhexanes (2- & 3-)}/
(dimethylcyclopemianes (1¢3-, 13-, & Paraffinicity (maturity)

I

(isoheptane value)

1t2-))
F n-heptane / methylcyclohexane Paraffinicity (maturity)
o 100 n-heptane/ (£ cyclohexane .. )
, Paraffinicity (maturity)
{hepiane value) through methylcyclohexane)”
R n-heptane / 2-methylhexane Extent of branching
U Cyclohexane / methylcyclopentane Extent of branching
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CHAPTER 6

RESULTS & DISCUSSIONS

6.1 Qverview

This section will discuss the results of analysis of parafinicity and aromaticity
in condense vapour and the residual liquid. Parafinicity and aromaticity had been
analyzed individually with varying temperature and pressure. All the result from each |
basin (Erb West, Dulang and Angsi — liquid and vapour samples) had been analyzed
using Gas Chrorhatography - Mass Spectrometry (GC-MS). Results are shown
graphically as well as in tabular form. The purpose of this graph is to get a trend line
of oil in Sabah Basin and Malay Basin. It is also to understand the behavior of oil that

was affected from different temperature and pressure.

6.2 Erb West oil in Sabah Basin

Paraffinicity and aromaticity are calculated based on “Thompson Parameters™

as follow:

e n-heptane

Paraffinicity Methyl Cyclohexane (6.1)

Aromaticity =—.Jouene (6.2)
n-heptane

67



Table 6.1: Show the resuits of paraffinicity and aromaticity in the residual oil samples
in Erb West (Sabah Basin).

Residual oil | Sample | n-heptane, Methyl- Toluene | 1000*Paraffinicity, | Aromaticity,
Sarmples no, n-Cp) % cyclobexane , Yo 1000 {n-C/MCH) | foluene/n-C;
, (MCH) %

Original oil 1 3.94 18.22 19.09 220 4.86
Residual 1 2 33 20.02 30.82 170 9.34
Residual 2 3 282 1928 3323 150 11.78
Residual 3 4 2.33 18.13 35.17 130 15.09
Residual 4 5 1.8 16.51 37.04 110 20.58
Residual 5 6 1.26 13.91 36.21 90 28.67
Residual 4] 7 0.88 12.32 36.77 71 41.78
Residual 7 8 0.7 10.56 34.47 66 4924
Residual 8 S 0.59 9.52 33.62 62 56.98
Residual 9 10 0.34 5.92 22.34 57 6571

Residual 10 i1 0.12 411 15.45 30 128.75

. Residual 11 12 .16 6.12 24.14 . 26 : 150.87

Residual 12 13 0 0 191 0 0

Residual 13 i4 0 2.01 12.66 G 0

Residual 14 | 15 0 126 11.69 0 0

Residual 15 16 0 0 0 0 0

Residual 16 17 0 0 0 0

Note: The code of the sample number is: _
No. 1 = Original oil (25°C, 1 atm without any heating process)
No. 2 = Residual oil 1(100°C, 20 psi)

No. 3 = Residual oil 2 (100°C, 40 psi)
No. 4 = Residual oil 3 (100°C, 60 psi)
No. 5 = Residual oil 4 (100°C, 80 psi)
No. 6 = Residual oil 5 (150°C, 20 psi)
No. 7 = Residual oil 6 (150°C, 40 psi)
No. 8 = Residual oil 7(150°C, 60 psi)
No. 9 = Residual oil 8 (150°C, 80 psi)
No.10= Residual oil 9 (200°C, 20 psi)
No.11= Residual oil 10 (200°C, 40 psi)
No.12= Residual oil 11 (200°C, 60 psi)
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No.13= Residual oil 12 (200°C, 80 psi)
No.14= Residual oil 13 (250°C, 20 psi)
No.15= Residual oil 14 (250°C, 40 psi)
No.16= Residual oil 15 (250°C, 60 psi)
No.17=Residual oil 16 (250°C, 80 psi)
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Figure 6.1: Shows paraffinicity decreases and aromaticity increases in residual oil

samples in Erb West (Sabah Basin).

The data in the tabular form for paraffinicity and aromaticity in residual oil
samples are shown in Table-6.1. The analysis is shown graphically in Figure 6.1 in
which blue line represent paraffinicity while red line represents aromaticity. The
results show that the value of paraffinicity is decreasing while the value of aromaticity
1s increasing as the temperature or pressure becomes higher. The individual analysis

of the residual oil with effects of pressure and temperature are shown below.
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Figure 6.2: Changes of paraffinicity in residual oil samples with increasing pressure at

100°C (Erb West).
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Figure 6.3: Changes of aromaticity in residual oil samples with increasing pressure at
100°C (Erb West).

Figure 6.2 and Figure 6.3 above show the changes of paraffinicity and
aromaticity with changes of pressure at the same temperature of 100°C for samples in
Erb West. Paraffinicity shows the stable decreasing of trend (follow the linear line)
while increasing trend of aromaticity is a bit unstable. The value of temperature is
constant for the first experiment while value of pressure is changing starting from 20
psi, 40 psi, 60 psi and up to 80 psi. Then the experiments are repeated from 100°C,

150°C, 200°C until it reaches the maximum temperature 250°C. Each of the
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experiments are repeated with Sabah, Dulang and Angsi crude oil with same value of
temperature but different pressure, and same value of pressure but different
temperature. Figure 6.4 below shows a flow chart of the samples that had been

collected based on the temperature and pressure value.

Crude oil sample
(Sabal/ Dulang/
Angsi)

Residual
samples

Vapour
samples

[106"(:) .[156°.c] [édff’c] [2‘56"(:] [106"0] [156"0] [206"(:] [255°c]

(20 psiM {20 psiM (20 psiH (20 psiH =20 psi) H20 psi) H20 psi) H20 psi)
(40 psiM (40 psiH (40 psiH (40 psil (40 psi] 40 psi] 40 psi) |40 psi)
(60 psiH (60 psiH (60 psiH (0 psiH (60 psi) [H60 psi) Ho0 psi) [H60 osi)
(80 psi} (80 psij= {80 psi} {80 psi}~ - {80 psi] 80 psi] ™80 psi H_80_]

Figure 6.4: Shows flow chart of samples aécordjng to temperature and pressure.
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Figure 6.5: Changes of paraffinicity in residual oil samples with increasing pressure at
150°C (Erb West).
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Figure 6.6: Chahges of ar"omaticity‘in residual oil samples with increasing pressure at
150°C (Erb West).

Figure 6.5 and Fig*ui‘e 6.6 show the changes of paraflinicity and aromaticity
with Changes of pressure but at the same temperature of 150°C for samples in Erb
West. The aromaticity shows stable increasing trend (follow the linear line) and the
decreasing of paraffinicity is a bit unstable. It is not only about stability but also the
gradient of the trend line is also changing from -1 to -0.445 for the paraffinicity and
from 0.996 to 0.462 for the aromatics. This suggests that both the rate of decreasing
for paraffinicity and rate of increasing of aromaticity with pressure fall as the

temperature increased.
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Figure 6.7: Changes of paraffinicity in residual oil samples with increasing pressure at

200°C (Erb West).
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Figure 6.8: Changes of aromaticity in residual oil samples with increasing pressure at
200°C (Erb West).

Figure 6.7 and Figure 6.8 show the changes of paraffinicity and aromaticity
with changes of pressure at the same temperature of 200°C for samples in Erb West.
In this experiment, it is also use the same earlier trend and it was maintained.
Paraffinicity show decreasing trend and aromaticity shows increasing trend. However

at this temperature the rate of increasing of aromaticity is 2.129 and rate of decreasing

73



of paraffinicity is -0.775. Both ratios are higher than the previous. The rate of
increases in aromaticity and decreases of paraffinicity equals to the gradient of trend
line. There is no result or graph data that can be analysed for 200°C temperature with
pressure (80 psi) in residual oil samples. This is because the value of n-heptane from
condensate 12 until condensate 16 had been evaporated into vapour and cannot be
measured through GC-MS (gas chromatography — mass spectrometry) analysis. So
that is why the value of paraffinicity and aromaticity at 200°C (80 psi) and 250°C with

increasing pressure (20 psi to 80 psi) are not available in the graph.
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Figure 6.9: Changes of paraffinicity in residual oil samples with increasing

temperature at a pressure of 20 psi (Erb West).
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~ Figure 6.10: Changes of aromaticity in residual oil samples with increasing
temperature at pressure of 20 psi (Erb West).
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Figure 6.9 and Figure 6.10 show the changes of paraffinicity and aromaticity
with the changes of temperature but at the same pressure (20 psi) for samples in Erb
West. Paraffinicity shows more stable decreasing trend and aromaticity shows stable
increasing trend. The rate of increasing for aromaticity is 0.0195 and rate of
decreasing for paraffinicity is -0.011 with increasing temperature at pressure of 20 psi.

The rate of increasing aromaticity and decreasing of paraffinicity equals to the

gradient of trend line.
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Figure 6.11: Changes of paraffinicity in residual oil samples with increasing

temperature at a pressure of 40 psi (Erb West).
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Figure 6.12: Changes of aromaticity in residual oil samples with increasing

temperature at a pressure of 40 psi (Erb Wesi:)-
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- Figure 6.11 and Figure 6.12 show the changes of paraffinicity and aromaticity
with the changes of temperature at a fixed pressure of 40 psi for samples in Erb West.
The value of aromaticity increases and paraffinicity decreases exponentially as earlier.
However, the rate of decreasing of paraffinicity and rate of increasing of aromaticity
are observed to be faster than earlier. The rate of increasing of aromaticity is 0.0239

and the rate of decreasing of paraffinicity is -0.016. Both rates are higher than

previous graph.
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Figure 6.13: Changes of paraffinicity in residual oil samples with increasing
temperature at a pressure of 60 psi (Erb West).
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Figure 6.14: Changes of aromaticity in residual oil samples with increasing
temperature at a pressure of 60 psi (Erb West).
76



Figure 6.13 and Figure 6.14 show the changes of paraffinicity and aromaticity
with the changes of temperature but same pressure of 60 psi for samples in Erb West.
In this experiment, the same earlier trend is maintained. Paraffinicity shows the
decreasing trend and aromaticity show the increasing trend. Both of the graphs are
stable which follow the exponential line. However, the rate of decreasing of
paraffinicity and rate of increasing of aromaticity are observed to be the same as
earlier. This shows the rate of increasing of aromaticity is 0.023 and rate of decreasing

of paraffinicity is -0.016.
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Figure 6.15: Changes of paraffinicity in residual oil samples with increasing

temperature at a pressure of 80 psi (Erb West).
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Figure 6.16: Changes of aromaticity in residual oil samples with increasing

temperature at a pressure of 80 psi (Erb West).

Figure 6.135 and Figure 6.16 show the changes of paraffinicity and afomaticity
with the changes of temperature at a fixed pressure of 80 psi for samples in Frb West.
In this result, aromaticity is increasing and paraffinicity decreasing exponentially as
earlier. This is shown that the rate of increasing of aromaticity is 0.0204 and rate of
decreasing of paraffinicity is -0.011. Both rates are lower than the previous (at
temperature condition). The analysis data for pressure value in residual oil samples
only available up to 150°C for this experiment. This is because the value of n-heptane
from condensate 12 until condensate 16 had been evaporated into vapour samples and
cannot be measured through GC-MS (gas chromatography — mass spectrometry)

analysis.
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Table 6.2: Show the results of paraffinicity and aromaticity in the vapour samples in

Erb West (Sabah Basin).
n- Methyl-
Vapour Sample | heptane, | cyclohexan | Toluene | 1000*Paraffinicity | Aromaticity,
Samples no. {(n-C7) e, (MCH) , % , 1000 (n-C/MCH) | folnenein-C,
% %

Original oil i 3.94 18.22 19.09 220 4.86
Condensate 1 2 326 17.31 3215 190 9.86
Condensate 2 3 1.49 11.4 32.45 130 21.78
Condensate 3 4 243 17.07 35.62 140 14.66
Condensate 4 5 0.76 9.77 3471 80 45.67
Condensate 5 6 1.52 14.07 31.75 110 20.89
Condensate 6 7 0.96 11.16 34.88 90 36.33
Condensate 7 8 0.81 10.11 34.66 30 42.79
Condensate 8 9 0.59 8.15 35.42 72 60.03
Condensate 9 10 0.55 7.8 35,78 71 65.05

Condensate 10 11 0.53 7.59 39.54 - 70 74.6

Condensate 11 12 0.55 6.49 38.54 80 70.07
Condensate 12 13 0.38 6.23 41.58 60 109.42
Condensate 13 14 0.77 10.25 41.3 75 53.64
Condensate 14 15 0.47 9.14 43.96 50 - 93.53
Condensate 15 16 0.65 7.7 44.05 80 L IN
Condensate 16 17 0.85 7.74 40.78 110 47.98

The data in the tabular form for paraffinicity and aromaticity in vapour
samples are shown in Table-6.2. The analysis is shown graphically in Figure 6.17 in
which blue line representing paraffinicity while red line representing aromaticity. The
resuits show the value of paraffinicity is decreasing while the value of aromaticity is
increasing as the temperature or pressure rises. The individual analysis of the residual

oil with effects of pressure and temperature are shown below.
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Note: The code of the sample number is:

No. 1 = Original oil (25°C, 1 atm without any heating process)
No. 2 = Condensate oil 1 (100°C, 20 psi)
No. 3 = Condensate oil 2 (100°C, 40 psi)
No. 4 = Condensate oil 3 (100°C, 60 psi)
No. 5 = Condensate oil 4 (100°C, 80 psi)
No. 6 = Condensate oil 5 (150°C, 20 psi)
No. 7 = Condensate oil 6 (150°C, 40 psi)
No. 8 = Condensate oil 7 (150°C, 60 psi)
No. 9 = Condensate oil 8 (150°C, 80 psi)
No. 10= Condensate oil 9 (200°C; 20 psi)
No.11= Condensate oil 10 (200°C, 40 psi)
No.12= Condensate oil 11 (200°C, 60 psi)
No. 13= Condensate oil 12 (200°C, 80 psi)
No.14= Condensate oil 13 (250°C, 20 psi)
No.15= Condensate oil 14 (250°C, 40 psi)
No.16= Condensate oil 15 (250°C, 60 psi)
No.17= Condensate oil 16 (250°C, 80 psi)
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Figure 6.17: Shows the result of indicate paraffinicity decreases and aromaticity

increases in vapour samples in Erb West (Sabah Basin).
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Figure 6.18: Changes of paraffinicity in vapour samples with increasing pressure at

100°C (Erb West).
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Figure 6.19: Changes of aromaticity in vapour samples with increasing pressure
| 100°C (Erb West).

Figure 6.18 and Figure 6.19 show the changes of paraffinicity and aromaticity
with the changes of pressure at a fixed temperature of 100°C for samples in Erb West.
Paraffinicity show the decreasing trend and aromaticity show the increasing trend.
The rate of increasing aromaticity and decreasing of paraffinicity equals to the

gradient of trending line.
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Figure 6.20: Changes of paraffinicity in vapour samples with increasing pressure at
150°C (Erb West).
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Figure 6.21: Chénges of aromaticity in vapour samples with increasing pressure at
150°C (Erb West).

Figure 6.20 and Figure 6.21 show the changes of paraffinicity and aromaticity
with the changes of pressure at the same temperature of 150°C for samples in Erb
West. Both of the graphs of aromaticity and paraffinicity show the increasing of
aromaticity and the decreasing of paraffinicity is a bit stable compared to the previous

graph. It was not only stability but also the gradient of the trending line is also
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changing from -1.6 to -0.65 for the paraffinicity and from 0.5016 to 0.6194 for the

aromatics. This suggests both the rate of decreasing for paraffinicity and rate of

increasing of aromaticity with pressure falls and rises as the temperature is increased.

Paraffinicity

90

20

L 2

?

70

60

50 0115576

R*=0.1318

+ Seriesl

40

—Linear {Seriesl}

30

20

10

0 4

20 40 60

80 100

Pressure, psi

Figure 6.22: Changes of paraffinicity in vapour samples with increasing pressure at
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200°C (Exb West).
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Figure 6.23: Changes of aromaticity in vapour samples with Increasing pressure at
200°C (Erb West).

Figure 6.22 and Figure 6.23 show the changes of paraffinicity and aromaticity

with the changes of pressure at the same temperature of 200°C for samples in Erb
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West. Both of the graphs of aromaticity and paraffinicity show the increasing of
aromaticity and the decreasing of paraffinicity is unstable (did not follow the linear
line) compare to the previous graph. However at this temperature the rate of

increasing of aromaticity is 0.6429 and rate of decreasing of paraffinicity is -0.115.
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Figure 6.24: Changes of paraffinicity in vapour samples with increasing pressure at

250°C (Erb West).
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Figure 6.25; Changes of aromaticity in vapour samples with increasing pressure at
250°C (Erb West).
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Figure 6.24 and Figure 6.25 show the changes of paraffinicity and aromaticity
with the changes of pressure at a fixed temperature of 250°C for samples in Erb West.
In this condition, the paraffinicity is increasing while the aromaticity is decreasing
and both values did not follow the linear line. This condition maybe due to the
reaction of paraffinicity that has lower boiling point and aromaticity has higher
boiling point. So, when the temperature and pressure is increased, the reaction of

paraffinicity will be increasing and for aromaticity it will be decreasing.
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Figure 6.26: Changes of paraffinicity in vapour samples with increasing temperature

at a pressure of 20 psi (Erb West).
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Figure 6.27: Changes of aromaticity in vapour samples with increasing temperature at

a pressure of 20 psi (Erb West).
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Figure 6.26 and Figure 6.27 show the changes of paraffinicity and aromaticity
with the changes of temperature but at the same pressure of 20 psi for samples in Erb
West. The graphs of aromaticity show the increasing of aromaticity while graph for
paraffinicity shows a decreasing value. The rate of increasing of aromaticity is 0.0124
and the rate of decreasing of paraffinicity is -0.006. The rate of increasing aromaticity

and decreasing of paraffinicity are equals to the gradient of trending line.
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Figure 6.28: Changes of paraffinicity in vapour samples with increasing temperature
at a pressure of 40 psi (Erb West).
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Figure 6.29: Changes of aromaticity in vapour samples with increasing temperature at

a pressure of 40 psi (Erb West).
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Figure 6.28 and Figure 6.29 show the changes of paraffinicity and aromaticity
with the changes of temperature at fixed pressure of 40 psi for samples in Erb West.

The rate of increasing of aromaticity is 0.0102 and the rate of decreasing of

paraffinicity is -0.006.
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Figure 6.30: Changes of paraffinicity in vapour samples with increasing temperature
at a pressure of 60 psi (Erb West).
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Figure 6.31: Changes of aromaticity in vapour samples with increasing temperature at

a pressure of 60 psi (Erb West).
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Figure 6.30 and Figure 6.31 show the changes of paraffinicity and aromaticity
with the changes of temperature but at the same pressure of 60 psi for samples in Erb
West. The graphs show the increasing of aromaticity and the decreasing of
paraffinicity. The rate of increasing of aromaticity is 0.0102 and rate of decreasing of
paraffimicity is -0.003.
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Figure 6.32: Changes of paraffinicity in vapour samples with increasing temperature
at a pressure of 80 psi (Erb West).
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Figure 6.33: Changes of aromaticity in vapour samples with increasing temperature at

a pressure of 80 psi (Erb West).
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Figure 6.32 and Figure 6.33 show the changes of paraffinicity and aromaticity
with the changes of temperature at fixed pressure of 80 psi for samples in Erb West.
However at this temperature, aromaticity shows the decreasing and paraffinicity
shows the increasing value. This condition is maybe due to the paraffinicity that has
lower boiling point while aromaticity has higher boiling point. The rate of decreasing

of aromaticity is 0.0015 and rate of increasing of paraffinicity is 0.0015.

There is no result or graph data that can be analysed from the crude oil sample
for 250°C temperature with a fixed pressure in liquid samples. As shown in Table 6.1,
there is no value for paraffinicity and aromaticity starting from condensate 12 until
condensate 16. This is because there is no composition of heptane that can be detected
in the crude oil starting from condensate 12. This condition is due to the molecules in
normal paraffin has lower boiling point compared to the molecules in aromatic

compounds that have higher boiling point.

The covalent bonds of the carbon atom in the paraffin are easily to break apart
from each other as the temperature is increasing compared to the covalent bonds in
aromatic compounds. Paraffin also is a light compound compared to aromatic.
Paraffin remains on the top of aromatic compound in the samples. So, when the
sample was heated, molecules of paraffin will equilibrate and generate the excess
vapour pressure and then the vapour will condensate as a vapour phase. Subsequently,
as the temperature is increasing, the covalent bonds will continue to disintegrate to

form vapour.

As a result, the value of paraffinicity in liquid will be decreased due to the
increasing of temperature. The carbon atom in aromatic compound has strong
covalent bond. It takes a lot of energy to break down the bonds in aromatic. So, this
might be the answer why the data in liquid samples are not available until the
maximum 250°C temperature. All the concentration for paraffinicity and aromaticity
starting from condensate 12 until condensate 16 (Table 6.1) in residual oil samples

has been dissolved into the vapour samples.
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- However, the value of paraffinicity in vapour is decreasing due to the
i_ncreas’ing‘ of temperature and pressure, and the value for aromaticity in vapour is
increasing as the temperature and pressure are increasing. The result for both residual
oil and vapour samples are similar. Paraffinicity is decreasing both in vapour and
liguid samples and as for aromaticity; the value is also increasing in vapour and liquid
samples. Samples of paraffinicity and aromaticity have similar results because both
are in the equilibrium state. In thermodynamic, systems are said to be in thermal

equilibnum if they have no net exchange of heat or thermal energy.

‘As in thermodynamic cycle, the net heat supplied to the system equals the net
work done by the system. This also shows that at certain temperature and pressure
condition, the modified evaporative fractionation technique can be changed and
effected the composition and characteristics of crude oil. Most of the graphs show the
stability of result for paraffinicity and aromaticity in liquid samples compared to
vapour samples. This is due to the condition of samples in vapour having more kinetic

energy compared to liquid samples.

So, the tendency to move freely is higher in vapour phase compared to liquid
phase. As the temperature increasing, the reaction for vapour is faster than in liquid
phase. This condition is due to the differences of carbon atom in different type of
chemical composition in paraffinicity and aromaticity compound. Each of the
molecules has different characternstics. Due to the differences characteristics, each of
the molecules will react with different temperature and pressure. So, that 1s why the
graph shows the differences in each of the results. Most of the graph of paraffinicity
and aromaticity show the same pattern between the liquid samples. It has been
‘analysed that this condition is due to the evaporative fractionation of residual oil is in

equilibrium with the vapour samples.

6.3 Dulang oil in Malay Basin

All the analysis samples were analysed using GC-MS and calculated using

Thompson parameter as follow in the earlier page. Dulang field has both occurrences
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of oil and gas field. So, the results from Dulang oil in Malay basin maybe a bit
different from Sabah Basin oil field. Table 6.3 below shows the result of paraffinicity
and aromaticity in the liquid samples from Dulang oil field as the temperature and

pressure are increasing.

Table 6.3: Show the results of paraffinicity and aromaticity in the residual oil samples

in Dulang (Malay Basin).
Methyl-

Residual Sample | n-heptane, | cyclohexane, | Toluene, | 1000*Paraffinicity, | Aromaticity,
oil Samples | no. (n-C)) % | (MCH) % % 1000 (n-C/MCH) | toluenein-C,
Original oil 1 6.02 15.59 18.14 39 3.01
Residual 1 2 | 62 16.84 19.74 37 3.18
Residual 2 3 6 17.49 20.21 34 3.37
Residual3 | 4 5.85 18.39 24.04 32 411
Residual 4 5 427 15.28 18.41 28 431
Residual 5 6 532 18.29 247 29 4.64
Residual 6 7 2.8 12.91 23.14 22 8.26
Residual 7 8 434 16.95 25.97 26 5.98
Residual 8 9 2.84 13.42 23.67 21 8.33
Residual 9 10 1.94 1029 21.25 19 10.95
Residual 10 11 0.46 2.94 5.38 16 11.7
Residuat 11 12 155 9.02 15.36 18 9.66
Residual 12 | 13 249 14.44 24.78 17 9.95
Residual 13 14 1.43 8.95 17.7 16 12.38
Residual 14 | 15 0 12.04 23.47 0 0
Residual 15 16 0 495 9.87 0 0
Residual 16 17 O. . 3.43 6.79 0 0

The data in the tabular form' for paraffinicity and aromaticity in residual oil
samples are shown in Table-6.3. The code number for residual oil samples in Dulang
is similar with Erb West code number. The analysis is shown graphically in Fig.6.34
in which blue line representing paraffinicity while red line representing aromaticity.
The results show the value of paraffinicity is decreasing with increasing temperature

or pressure while the value of aromaticity is increasing as the temperature or pressure
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is increased. The individual analyze of the residual oil with effects of pressure or

temperature is shown below.
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Tig 6.34: Shows the result of indicate paraffinicity decreases and aromaticity
increases in residual oil samples in Dulang (Malay Basin).
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Figure 6.35: Changes of paraffinicity in residual oil samples with increasing pressure

at 100°C (Dulang).
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Figure 6.36: Changes of aromaticity in residual oil samples with increasing pressure

Figure 6.35 and Figure 6.36 show the changes of paraffinicity and aromaﬁcity
with the changes of pressure but at the same témperature of 100°C for samples in
Dulang, Paraffinicity shows decreasirig trend and aromaticity shows increasing trend.
The rate of increasing of aromaticity at thi_é femﬁerafuré is 0.0207 and the rate of

decreasing of paraffinicity is -0.145. The rate of increasing aromaticity and decréasing

Pressure, psi

at 100°C (Dulang).

of paraffinicity are equals to the gradient of trending line.
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Figure 6.37: Changes of paraffinicity in residual oil samples with increasing pressure

at 150°C (Dulang).
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Figure 6.38: Changes of aromaticity in residual oil samples with increasing pressure
at 150°C (Dulang).

Figure 6.37 and Figuré 6.38 show the changes of paraffinicity and aromaticity
with increasing of pressure but same temperature of 150°C for samples in Dulang.
Both of the graphs of aromaticity and paraffinicity show the increasing of aromaticity
and the decreasing of paraffinicity is unstable compared to the previous graph. It is
not only stability but also the gradient of the trending line (rate) is also constant (-
0.145) for the paraffinicity and changing from 0.0207 to 0.044 for the aromatics. This
suggests both the rate of decreasing for paraffinicity and rate of increasing of

aromaticity with increasing pressure are slower as the temperature constant.
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Figure 6.39: Changes of paraffinicity in residual oil samples with increasing pressure

at 200°C (Dulang).
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Figure 6.40: Changes of aromaticity in residual oil samples with increasing pressure
at 200°C (Dulang).

Figure 6.39 and Figure 6.40 show the changes of paraffinicity and aromaticity
with the changes of pressure at fixed temperature of 200°C in residual oil samples in
Dulang. Aromaticity is decreasing because at this condition, aromatic has not reached

its boiling point. So, due to this situation aromaticity is decreasing. However, the rate
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of decreasing of paraffinicity and aromaticity are observed to be slower than earlier.
The rate of decreasing of aromaticity is -0.0252 and rate of decreasing of paraffinicity

15 -0.02.
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Figure 6.41: Changes of paraffinicity in residual oil samples with increasing pressure

at 250°C (Dulang).
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Figure 6.42: Changes of aromaticity in residual oil samples with increasing pressure
at 250°C (Dulang).
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Figure 6.41 and Figure 6.42 show the changes of paraffinicity and aromaticity
with the changes of pressure at fixed temperature of 250°C for samples in Dulang. As
we can see, there are no data results up to 40 psi to 80 psi condition. The graph show
the value of paraffinicity and aromaticity both are available only at pressure of 20 Ppsi.
This condition maybe due to the concentration of n-heptane has been evaporated into

vapour.
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Figure 6.43: Changes of paraffinicity in residual oil samples with increasing

temperature at a pressure of 20 psi (Dulang).
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Figure 6.44: Changes of aromaticity in residual oil samples with increasing

temperature at a pressure of 20 psi (Dulang).

Figure 6.43 and Figure 6.44 show the changes of paraffinicity and aromaticity
with the changes of temperature at the same pressure of 20 psi for samples in Dulang,
The same earlier trend is maintained in this experiment. Paraffinicity show the
decreasing trend and aromaticity shows increasing trend. The rate of increasing of
aromaticity is 0.0099 and rate of decreasing of paraffinicity is -0.006. The rate of
increasing aromaticity and decreasing of paraffinicity are equals to the gradient of

trending line.
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Figure 6.46: Changes of aromaticity in residual oil samples with increasing

Figure 6.45 and Figure 6.46 show the changes of paraffinicity and aromaticity
with the changes of temperature at fixed pressure of 40 psi for samples in Dulang. The
rate of increasing of aromaticity at this pressure is 0.0124 and rate of decreasing of

paraffinicity is -0.008. There is no result or graph data that can be analysed for

Temperature, °c

temperature at a pressure of 40 psi (Dulang).
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temperature of 250°C at 40 psi pressure in residual oil samples. This condition maybe
due to the concentration of n-heptane at 250°C has been evaporated and dissolved in

the vapour samples.
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Figure 6.47: Changes of paraffinicity in residual oil samples with increasing

temperature at a pressure of 60 psi (Dulang).
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Fig 6.48: Changes of aromaticity in residual oil samples with increasing temperature

at a pressure of 60 psi (Dulang).
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Figure 6.47 and Figure 6.48 show the changés of paraffinicity and aromaticity
with the changes of temperature at the same pressure of 60 psi for samples in Dulang.
The rate of increasing of aromaticity at this pressure is 0.0085 and rate of decreasing
of paraffinicity is -0.006. There is no data that can be analysed for Dulang crude oil

samples at temperature of 250°C and pressure 60 psi.
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Figure 6.49: Changes of paraffinicity in residual oil samples with increasing

temperature at a pressure of 80 psi (Dulang).
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Fig 6.50: Changes of aromaticity in residual oil samples with increasing temperature
at a pressure of 80 psi (Dulang).
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Figure 6.49 and Figure 6.50 show the changes of paraffinicity and aromaticity
with the changes of temperature at fixed pressure of 80 psi for samples in Dulang.
However at this pressure the rate of increasing of aromaticity is 0.0084 and rate of

decreasing of paraffinicity is -0.005 are both lower than the previous graph.

Table 6.4: Show the results of paraffinicity and aromaticity in the vapour samples.

Vapour Sample | n-heptane, Methyl- Toluene, | 1000*Paraffinicity, | Aromaticity,
Samples no. (n-C») % cyelohexane, % 1000 (n-C,/MCH) | foluene/n-C;
(MCH) %

Originai oil 1 6.02 15.59 18.14 35 3.01
Condensate | 2 6.56 15.02 2118 44 3.23
Condensate 2 3 4.06 11.53 21.98 35 541
Condensate 3 4 0.89 376 | 1648 24 18.52
Condensate 4 5 1.69 5.8 20.25 29 11.98
Condensate 5 6 5.07 14.18 2294 36 4.52
Condensate 6 7 571 15.95 2294 36 4.02
Condensate 7 3 38 129 23.77 29 6.26

..._.'6;.I;densate 8 9 424 14.24 24.18 30 5.7
Condensate 9 10 4.56 16.2 24.03 28 5.27

Condensate 10 11 3.42 14.32 2427 24 7.1
Condensate 11 12 215 11.47 23.02 19 10.71
Condensate 12 13 2.94 14.97 24.53 20 834
Condensate 13 4 249 13.02 26.94 19 10.82
Condensate 14 15 211 12.09 26.7 17 12.65
Condensate 15 16 1.83 10.86 25.83 17 1411
Condensate 16 | 17 152 | 1013 27.09 15 17.82

The data in the tabular form for paraffinicity and aromaticity in vapour
samples are shown in Table-6.4. The analysis is shown graphically in Figure 6.51 in
which blue line representing paraffinicity while red line representing aromaticity. The
results show the value of paraffinicity is decreasing with increasing temperature or
pressure while the value of aromaticity is increasing as the temperature or pressure are

increased.
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Figure 6.51: Shows the result of indicate paraffinicity decreases and aromaticity

increases in vapour samples in Dulang (Malay Basin).

The individual analysis of the vapour samples with effects of pressure or

temperature are shown below.
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Figure 6.52: Changes of paraffinicity in vapour samples with increasing pressure at
100°C (Dulang).
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Figure 6.53: Changes of aromaticity in vapour samples with increasing pressure at

100°C (Dulang).

Figure 6.52 and Figure 6.53 show the changes of paraffinicity and aromaticity

with the changes of pressure at the same temperature of 100°C for samples in Dulang,

The same earlier trend is maintained. Paraffinicity show the more unstable decreasing

trend and aromaticity shows unstable increasing trend. However at this temperature

the rate of increasing of aromaticity is 0.1968 and rate of decreasing of paraffinicity is

-0.28.
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Figure 6.54: Changes of paraffinicity in vapour samples with increasing pressure at

150°C (Dulang).
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Figure 6.55: Changes of aromaticity in vapour samples with increasing pressure at
150°C (Dulang).

Figure 6.54 and Figure 6.55 show the changes of paraffinicity and aromaticity
with the changes of pressure but at the same temperature of 150°C for samples in
Dulang. The aromaticity show unstable increasing trend and paraffinicity show the
unstable decreasiﬁg trend. It is not only stability but also the gradient of the trending
line is also changed from -0.28 to -0.125 for the paraffinicity and from 0.1968 to
0.0289 for the arbmatics. This suggests both the rate of decreasing for paraffinicity
and rate of increasing of aromaticity with pressure falls as the temperature is

increased.
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Figure 6.56: Changes of paraffinicity in vapour samples with increasing pressure at

200°C (Dulang).
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Figure 6.57: Changes of aromaticity in vapour samples with increasing pressure at
200°C (Dulang).

Figure 6.56 and Figure 6.57 show the changes of paraffinicity and aromaticity
with the changes of pressure but at the same temperature of 200°C for samples in
Dulang. Paraffinicity show the decreasing trend and aromaticity shows increasing
trend. However at this temperature the rate of increasing of aromaticity is 0.0641 and

rate of decreasing of paraffinicity is -0.145.
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Figure 6.58: Changes of paraffinicity in vapour samples with increasing pressure at

250°C (Dulang).
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Figure 6.59: Changes of aromaticity in vapour samples with increasing pressure at
250°C (Dulang). '

Figure 6.58 and Figure 6.59 above show the changes of paraffinicity and
aromaticity with the changes of pressure but at the same temperature of 250°C for
samples in Dulang. The rate of increasing of aromaticity is 0.1123 and rate of

decreasing of paraffinicity is -0.06 are both higher than the previous.
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Figure 6.60: Changes of paraffinicity in vapour samples with increasing temperature

at a pressure of 20 psi (Dulang).
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Figure 6.61: Changes of aromaticity in vapour samples with increasing temperature at

a pressure of 20 psi (Dulang).

Figure 6.60 and Figure 6.61 show the changes of paraffinicity and aromaticity
with the changes of temperature at fixed pressure of 20 psi for samples in Dulang, In
this experiment, aromaticity is increasing and paraffinicity decreasing exponentially

as earlier. However, the rate of decreasing of paraffinicity and rate of increasing of
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aromaticity are observed to be slower than earlier. The rate of

increasing of

aromaticity is 0.0076 and rate of decreasing of paraffinicity is -0.006.
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Figure 6.62: Changes of paraffinicity in vapour samples with increasing temperature

at a pressure of 40 psi (Dulang).
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Figure 6.63: Changes of aromaticity in vapour samples with increasing temperature at

a pressure of 40 psi (Dulang).

Figure 6.62 and Figure 6.63 show the changes of paraffinicity and aromaticity

with the changes of temperature but at the same pressure of 40 psi for samples in

Dulang. The rate of increasing of aromaticity is 0.0062 and rate of decreasing of

paraffinicity is -0.005.
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Figure 6.64: Changes of paraffinicity in vapour samples with increasing temperature

at a pressure of 60 psi (Dulang).
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Figure 6.65: Changes of aromaticity in vapour samples with increasing temperature at

a pressure of 60 psi (Dulang).

Figure 6.64 and Figure 6.65 show the changes of paraffinicity and aroniaticity
with the changes of temperature at fixed pressure of 60 psi for samples in Dulang.
However, both aromaticity and paraffinicity show the decreasing trend. This condition

maybe due to affect of aromatic that has higher boiling point compare to paraffin. So
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the changes of temperature and pressure will affected the stability of aromatic

composition.
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Figure 6.66: Changes of paraffinicity in vapour samples with increasing temperature
at a pressure of 80 psi (Dulang).
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Figure 6.67: Changes of aromaticity in vapour samples with increasing temperature at

a pressure of 80 psi (Dulang).

Figure 6.66 and Figure 6.67 show the changes of paraffinicity and aromaticity
with the changes of temperature but at the same pressure of 80 psi for samples in

Dulang. Paraffinicity show the decreasing trend and aromaticity shows increasing
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trend. However at this pressure the rate of increasing of aromaticity is 0.0031 and rate

of decreasing of paraffinicity is -0.005, are both lower than the previous.

The increasing and the decreasing for both paraffinicity and aromaticity value
that shows in the graph for liquid samples are constant as the temperature and
pressure are increased. As we can see from Table 6.3 above, the analysis data was
only available up condensate 13. The concentration of n-heptane in the residual oil
samples has been evaporated into the vapour samples. This condition is due to the
molecules in normal paraffin has lower boiling point compared to the molecules in

aromatic compounds that has higher boiling point.

So, when the crude oil sample is heated, it will generate excess pressure and
molecules of paraffin will equilibrate and condensate in a vapour phase. This
condition is due to the differences of carbon atom in different type of chemical
composition in paraffinicity and aromaticity compound. Each of the molecules has
different characteristics. Due to the differences charactenistics, each of the molecules
will react with different temperature and pressure. Most of the vapour samples are
unstable because the vapours samples reacted more exponentially with temperature
compare to liquid samples. Subsequently, as the temperature and pressure are
increasing, the covalent bonds will continue to disintegrate or atomize and condensate

as a vapour.

There is some condition where the value of paraffinicity and aromaticity are
both decreasing. At this point, the effect of pressure was linear compare to the effect
of temperature is exponential. As the temperature is in a constant condition, the liquid
samples maybe are not reacting as the increasing of pressure. So, both of aromaticity
and paraffinicity are decreasing because both composition did not react with the

Increasing pressure.

The increasing and the decreasing for both paraffinicity and aromaticity value
that shows in the graph for vapour samples is not constant compare to liquid as the
'tempcrature and pressure are increased. As we can sce from Table 6.4 above, the

analysis _data'in vapour sample are all available up to 250°C compare to residual oil
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sample. Most of the vapour samples can be analysed until 250°C for temperature and
pressure for 80 psi. The graph in vapour samples showing a spike of aromaticity for
Dulang oil while for paraffinicity, the decreasing is declined sharply. At this point
(condensate 4 - temperature 100°C, pressure 80 psi), the reaction for both samples
maybe in the optimized state which show the highest point for aromaticity while the

decreasing of paraffinicity sharply. |

6.4 Angsi oil in Malay Basin

Angsi oil sample also has been analySed using GC-MS and calculated using
Thompson parameter same as earlier sample. Angsi is located same as Dulang in
Malay Basin. However, Angsi field has occurrences of oil. Even though both of the
oil field located in the same basin (Malay Basin), but the results from Angsi oil maybe
different from Dulang oil field. It is mmaybe due to the differences of oil characteristics
ﬁnd.(.:oil.(;ccurrerll_;eé 1nb0th ﬁeidsTable 65 be.l.ow shows the resuit of pﬁrafﬁnicity
and aromaticity in the residual oil samples from Angsi oil field as the temperature and

pressure are increased.
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Table 6.5: Show the results of paraffinicity and aromaticity in the residual oil samples

in Angsi (Malay Basin).
- Methyl- . .
S Sample heptane, | cyclohexane, Toluene, | 1000*Paraffinicity, | Aromaticity,
oil Samples 1o. ©C) % | (MCH) % % 1000 (a-C,/MCH) | fofuenein-C,
Originatl oil 1 5.94 17.98 7.66 33 1.29
Residual 1 2 6.2 20.63 g 30 0
Residual 2 3 5.83 20.7 0 28 0
Residual 3 4 526 17.01 ¢ 31 0
Residual 4 5 431 17.4 0 25 0
Residual 5 & 3.29 16.24 0 20 0
Residual 6 7 3.1 15.19 0 20 0
Residual 7 8 2.35 13.59 0 17 0
Residual 8 9 2.66 12.82 0 21 0
Residual 9 10 3.85 16.93 0 23 0
Residual 10 1t 0.98 6.03 0 16 0
Residual 11 12 0.63 3.85 0 16 0
Residual 12 13 0.36 2.7 0 13 0
Residual 13 i4 036 2.52 0 14 0
Residual 14 15 0] 1.53 0 0 0
Res_idual' 15 16 0 0.97 0 0 0
Residual 16 | 17 0 1.4 0 0 0

The data in the tabular form for paraffinicity and aromaticity in residual oil
samples are shown in Table-6.5. The analysis is shown graphically in Fig.6.68 in
which blue line representing paraffinicity. The results show the value of paraffinicity
is decreasing as the temperature or pressure rises. The analysis for aromaticity could
not be measured. This is because the value of toluene in Angsi is very low which
cannot be measured either in residual oil or in vapour samples. The value of toluene
that has been analysed was a value of combination with 3-methylheptane value. So,
the original value of toluene cannot be measured and was not identified properly

because of the combination.
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Figure 6.68: Shows the result of indicate paraffinicity decreases in residual oil

samples in Angsi (Malay Basin).

Figure 6.68 shows the result of paraffinicity is decreasing as the temperature
or pressure rises. A residual oil sample 9 (sample no. 10) is increasing abruptly. This
condition is due to characteristics of paraffin that has lower boiling point. At this
condition, paraffin has reached its boiling point. So, when the temperature is higher
and pressure is lower, the value of paraffin will be higher. The individual analysis of

the residual oil with effects of pressure and temperature are shown below.
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Figure 6.69: Changes of paraffinicity in residual oil samples with increasing pressure
at 100°C (Angsi).
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Figure 6.69 shows the changes of paraffinicity with the changes of pressure at
the same temperature of 100°C for samples in Angsi. The graph shows the unstable
value in the decreasing of paraffinicity as the increasing of pressure. However, at this

temperature the rate of decreasing of paraffinicity is -0.06.
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Figure 6.70: Changes of paraffinicity in residual oil samples with increasing pressure
at 150°C (Angsi). '

Figure 6.70 shows the changes of paraffinicity with the changes of pressure
but at the same temperature of 150°C for samples in Angsi. The graph shows the
decreasing value of paraffinicity. The rate of decreasing of paraffinicity is -0.075 and
lowers than the previous. This suggests the rate of decreasing for paraffinicity falls as

the pressure is increased.
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Figure 6.71: Changes of paraffinicity in residual oil samples with increasing pressure
at 200°C (Angsi).

Figure 6.71 shows the changes of paraffinicity with the changes of pressure at
fixed temperature of 200°C for samples in Angsi. The graph shows the unstable value
in the decreasing of paraffinicity as the increasing of pressure. However at this
temperature the rate of decreasing of paraffinicity is -0.15 and rate for paraffinicity

falls as the pressure is increased.
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Figure 6.72: Changes of paraffinicity in residual oil samples with increasing pressure

at 250°C (Angsi).
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Figure 6.72 shows the changes of paraffinicity with the changes of pressure at

the same temperature of 250°C for samples in Angsi. The graph show the value of

paraffinicity is available only at pressure of 20 psi. This condition maybe due to the

concentration of n-heptane has been evaporated into vapour.
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Fig 6.73: Changes of paraffinicity in residual oil samples with increasing temperature

at a pressure of 20 psi (Angsi).

Figure 6.73 shows the changes of paraffinicity with the changes of

temperature at fixed pressure of 20 psi for samples in Angsi. The rate of decreasing of

paraffinicity is -0.004 and higher than the previous. This suggests the rate of

decreasing for paraffinicity rises as the temperature is increased.
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Figure 6.74; Changes of paraffinicity in residual oil samples with increasing

temperature at a pressure of 40 psi (Angsi).

Figure 6.74 shows the changes of paraffinicity with the changes of
temperature at the same pressure of 40 psi in residual oil samples in Angsi. However

at this temperature the rate of decreasing of paraffinicity is -0.006.
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Figure 6.75: Changes of paraffinicity in residual oil samples with increasing

temperature at a pressure of 60 psi (Angsi).
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Figure 6.75 shows the changes of paraffinicity with the changes of
temperature at the same pressure of 60 psi for samples in Angsi. The rate of
decreasing of paraffinicity is -0.007. There is no result or graph data that can be
analysed from Angsi crude oil sample at temperature of 250°C. This condition maybe

due to concentration of n-heptane has been evaporated into vapour.
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Figure 6.76: Changes of paraffinicity in residual oil samples with increasing

temperature at a pressure of 80 psi.

Figure 6.76 shows the changes of paraffinicity with the changes of
temperature at fixed pressure of 80 psi from samples in Angsi. The rate of decreasing
of paraffinicity is -0.007 and the value are similar as the previous. This suggests the

rate of decrease for paraffinicity is constant as the temperature is increased.
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Table 6.6: Show the results of paraffinicity and aromaticity in the vapour samples in

Angsi (Malay Basin).
Vapour Sample " Methyl- Toiuene, 1000*Paraffinicity, Aro maticity,
Samples no. heptane, : Cyclohexgne, Yo 1000 (n-C,/MCH) | foluene/n-Cy
n-C7)% | (MCH)%
Original oil i 5.94 17.98 7.66 33 1.29
Condensate 1 2 3.73 11.25 0 33 0
Condensate 2 | 3 4.69 12.53 0 37 0
Condensate 3 4 5.33 14.03 0 38 0
Condensate 4 5 3.37 10.26 0 39 0
Condensate 5 6 325 10.07 0 32 0
Condensate 6 7 4.04 12.37 0 33 0
Condensate 7 8 1.77 6.44 0 27 0
Condensate 8 9 3.12 11.07 - 0 28 0
Condensate 9 10 5.16 15.85 0 33 0
Condensate 10 11 412 16:28 0 25 0
Condensate 11 12 4.04 160.69 0 24 0
Condensate 12 13 3.36 16.35 0 21 0
Condensate 13 | 14 212 10.85 0 20 0
C'Ohdensate 14 i5 1.83 10.3 0 18 0
Condensate 15 | 16 154 93 0 17 0
Condensatie 16 17 2.05 13.39 0 15 0

The data in the tabular form for paraffinicity and aromaticity in vapour

samples are shown in Table-6.6. The analysis is shown graphically in Figure 6.77 in

which blue line representing paraffinicity. The results show the value of paraffinicity

is decreasing as the temperature or pressure rises. In this experiment also, the value of

aromaticity could not be measured due to the concentration of toluenc in Angsi is

lower. As we can see in Figure 6.77, residual oil samples 9 (no. 10) is increasing

abruptly. This condition is due to characteristics of paraffin that has lower boiling

point. At this condition, paraffin has reached its boiling point. So, when the

temperature is higher and pressure is lower, the value of paraffin will be higher.

121




35 2N Paaffinicity
F 3
30 \\v”\ /\

25

20

Ratio

15 . -

10 -+

0 T T t T H T g 1 T g T H T £ T T i

t 2 3 4 s § 7 8 9 10 11 12 13 14 15 16 17
Sample number :

Figure 6.77: Shows the result of indicate paraffinicity decreases and aromaticity
increases in vapour sampl

Concentration of toluene in Angsi oil sample is detected with 3-
methylheptane. The value of toluene that has been analysed is a value of combination
with the value of 3-methylheptane. The original value of toluene cannot be measured
and was not identified propetly because of the combination. So, the distribution of
toluene in vapour and residual oil became so low that was below measurable contain.
The Angsi crude oil sample has been taken from Petroleum Geoscience department in
UTP. The individual analysis of the tesidual oil with effects of pressure and

témperamre are shown below.
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Figure 6.78:; Changes of paraffinicity in vapour samples with increasing pressure at
100°C (Angsi).

Figure 6.78 shows the changes of paraffinicity with the changes of pressure at
fixed temperature of 100°C for samples in Angsi. The graph shows the stable value of
increasing paraffinicity. Paraffinicity is increasing at 100°C with increasing pressure
because it is due to paraffin lower boiling point. So at this condition, paraffin has

reached boiling point.
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Figure 6.79: Changes of paraffinicity in vapour samples with increasing pressure at
150°C (Angsi).
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Figure 6.79 shows the changes of paraffinicity with the changes of pressure at
the same temperature of 150°C in vapour samples for Angsi. The graph shows the
unstable value in the decreasing of paraffinicity. At this temperature the rate of
decreasing paraffinicity is -0.09 and lower than previous. This suggests the rate of

decreasing for paraffinicity falls as the pressure is increased.
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Figure 6.80: Changes of paraffinicity in vapour samples with increasing pressure at
200°C (Angsi).

Figure 6.80 shows the changes of paraffinicity with the changes of pressure

but at the same temperature of 200°C in vapour samples for Angsi. The graph shows

the paraffinicity is decreasing. The rate of decreasing for paraffinicity is -0.185.
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Figure 6.81: Changes of paraffinicity in vapour samples with increasing pressure at
250°C
(Angst).

Figure 6.81 shows the changes of paraffinicity with the changes of pressure at
the same temperature of 250°C for samples in Angsi. The rate of decreasing of
paraffinicity is -0.08 and higher than previous. This suggests the rate of decreasing for

paraffinicity rises as the pressure is increased.
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Figure 6.82: Changes of paraffinicity in vapour sampies with increasing temperature
at a pressure of 20 psi (Angsi).
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Figure 6.82 shows the changes of paraffinicity with the changes of
temperature at fixed pressure of 20 psi for samples in Angsi. The graph shows the
value of paraffinicity is decreasing. However at this temperature the rate of decreasing
paraffinicity is -0.003 and higher than previous. This suggests the rate of decreasing

for paraffinicity higher as the temperature is increased.
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Figure 6.83: Changes of paraffinicity in vapour samples with increasing temperature
at a pressure of 40 psi (Angsi).

Figure 6.83 shows the changes of paraffinicity with the changes of
temperature at fixed pressure of 40 psi in vapour samples for Angsi. The graph shows
the decreasing trend of paraffinicity as the increasing temperature. At this

temperature, the rate of decreasing of paraffinicity is -0.005.
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Figure 6.84: Changes of paraffinicity in vapour samples with increasing temperature

at a pressure of 60 psi (Angsi).

Figure 6.84 shows the changes of paraffinicity with the changes of
temperature but at the same pressure at 60 psi in vapour samples for Angsi. At this
temperature, the rate of decreasing for paraffinicity is -0.005 and constant as the
previous. This suggests the rate of decreasing for paraffinicity with constant

‘temperature 1s increased.
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Figure 6.85: Changes of paraffinicity in vapour samples with increasing temperature

at a pressure of 80 psi (Angsi).
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Figure 6.85 shows the changes of paraffinicity with the changes of
temperature but at the same pressure of 80 psi for samples in Angsi. The graph shows
the décreasing value for paraffinicity. At this temperature, the rate of decreasing for
paraffinicity is -0.005. The rate for decreasing paraffinicity remains constant. This

show that at this point, paraffinicity has reached its optimum point.

As we can see in Table 6.5 and Table 6.6, the values of aromaticity remain
zero from condensate 1 until condensate 16. There is no reaction for aromaticity in
Angsi crude oil as the temperature and pressure is increased. This condition is maybe
due to the concentration of toluene in Angsi oil is very low which 1s not measurable or
analysed through GC-MS analysis in the vapour or residual oil afterwards. The value
of toluene in the original oil that has been analysed was found out to be a value of
combination between toluene and 3-methylheptane. The valtue of the original toluene
is not identify properly because it is mix with 3-methylheptane. So, due to this
situation the distribution of toluene in vapour and residual sample became so low that

1is below measurable contain.

The viscosity of the Angsi oil is maybe higher compare to Dulang and Erb
West oil. This situation is due to the concentration in Angsi oil is different from both
Sabah and Dulang oil. Even though Angsi is located in Malay Basin same as Dulang,
but the characteristics and the concentration of Angsi oil is different from Dulang.
This shows from the result analysis and the graph from Dulang and Angsi oil. It is
also maybe because of high containing of paraffin in Angsi o1l and less aromatic. So,
when the crude oil had been analysed, the concentration of aromatic compound

camnot be detected in the GC-MS instrument.

As for paraffinicity, the data is only available up to condensate 13. The results
for paraffinicity from condensate 14 until condensate 16 are zero. At this situation, the
concentration of n-heptane has been dissolved into vapour. This condition is due to
the molecules in normal paraffin has lower boiling point compared to the molecules in
aromatic compounds that has higher boiling point. The graph for paraffinicity in

vapour sample is stable éompare to the graph in residual oil samples. This shows that
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the characteristics of crude oil can be effect by the increasing of pressure and

temperature.

6.5 Second evaporative fractionation test for Angsi oil

As we can see for the previous graph and table above, the value of aromaticity
and paraffinicity for both liquid and vapour samples mostly remain same. All data
from Dulang and Angsi in Malay Basin and Erb West in Sabah Basin show the same
trend or pattern for each of the graph data. The value of paraffinicity is decreasing and
the value for aromaticity is increasing. Paraffinicity is decreasing both in vapour and
liquid samples and as for aromaticity; the value is also increasing in vapour and liquid
samples. This condition is due to the first evaporative fractionation of residual crude
oil is in equilibrium state with vapour. This is show by the s'imﬂarity from the value of
both liquid samples and vapour sample. Both of paraffinicity and aromaticity show

the same pattern of graph.

In thermodynamic, systems are said to be in thermal equilibrium if they have
no net exchange of heat or thermal energy. The net heat suppliéd to the system equals
the net work done by the system. The flow of heat in the closed system evaporative
fractionation instrument is based on the thermodynamic cycle. This is also show that
at certain femperature and pressure condition, the modified evaporative fractionation
technique can change and effect the composition and characteristics of crude oil. Due
to this situation, a second test of modified evaporative fractionation technique has

been done only for Angsi oil.
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Table 6.7: Shows the value of paraffinicity and aromaticity (second test) for Angsi oil.

n- Methyl- . - .
Sample Toluene, | 1000*Paraffinicity, | Aromaticity,
Sample heptane, | cyclohexane,
no % 1000 (n-C/MCH) | tolueren-C,
{n-C) % | (MCH)%
Original oil Angsi 594 17.98 7.66 33 129
Vapour
sample A-
o 5.85 25.54 11.51 23 1.97
(2507C, 20 vapour
psi)
Remain
A-
sample o 4.84 12.34 0 39 0
o hiquid
(25°C, 1 atm)

The first experiment has been done by heating the crude oil using pressure
reactor and Both Vapour and liquid samples will be collected each of the increasing
pressure. This process nas been done for Sabah, Dulang and Angsi crude oii with ihe
incfeasing temperature and pressure in the first experiment. In this process, the excess
vapour pressure will be controlled by releasing the excess vapour so that the vapour
will remain constant for example 20 psi. The heating process will be repeated with 40
psi, 60 psi and up to 80 psi. Afier that, the sample will be collected in vapour phase at
the same time as liquid sample collected. At this point, both of vapour and liquid
samples Were remain in an equilibrium condition. So the previous results cannot show
. the whole effect of modified evaporative fractionation technique that can change the
com'pos.it.ion and characteristics of crude oil because the residual oil and vapour

samples were in the equilibrium state.

The second experiment has been done and repeated with Angsi crude oil
Angsi crude oil is chosen to show how modified fractionation can affect the changes
of characteristic of crude oil. Compare to the first experiment, the second experiment
with Angsi crude oil will be repeated with heated the samples to the maximum
temperature of 250°C. The integration of temperature will generate excess vapour
pressure and in this case, the pressure is generating naturally without adding any gas
up to 90 psi. The vapour sample is collected at this pressure of 90 psi and then the
heated crude oil has been cooling down first before the liquid sample was taken out

from the glass cylinder.
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The liquid sample was taken out after the cooling process of pressure reactor
instrument. As we can see in Table 6.7 above, the vapour sample has high pressure
and temperature while for residual oil sample; it is under lower temperature and
pressure condition. Both residual oil and vapour samples have different pressure and
temperature compare to the first experiment. The vapour pressure is generating
naturally by the heating process compare to the first experiment, the increasing

vapour has to be controlled so it can remain constant.

Based on the Table 6.7, aromaticity is decreasing and rich in vapour sample
while paraffinicity is increasing and rich in remain sample. Evidence of evaporative
fractionation processes affecting oils and gas condensates in nature are represented in
the second experiment for Angsi crude oil. At this certain pressure and temperature,

the crude oil will change in terms of its compositions and characteristics.

In the first experiment, we can found out that the residual or remain oil is rich
in aromatic while paraffin is rich in vapour. It is found that through second
experiment, the result is vice versa with the first experiment which is the residual oil
is rich in paraffin instead of aromatic and the vapour is rich in aromatic instead of
paraffin. Compare to the first experiment in Angsi crude oil, the value of aromatic is
remain zero for both liquid and vapour samples from condensate 1 until condensate

16.

This result is different from the first experiment. It shows that at certain
temperature and pressure, modified evaporative fractionation technique can effect the
changes of composition and characteristics of crude oil. As we can see for both
experiments, at certain temperature and pressure, we can generate new different liquid
with different concentration and characteristics using modified evaporative
fractionation technique. We can generate crude oil that rich in paraffin or rich in

aromatic using this technique at certain pressure and temperature.
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CHAPTER 7

CONCLUSION

7.1 Overview

This section will focus on the conclusions for the results that have been done
through modified evaporative fractionation experiment. The results were dealt in

terms of aromaticity and paraffinicity according to Thompson’s parameters.

7.2 Conclusion

This research is based on the study regarding the changes of characteristics
and compositions of crude oil using modified evaporative fractionation technique.

The following were the conclusion drawn in view of the objectives of this research:

1. The first objective is to study the characteristics of oil in reservoir rock and
the detailed geochemical evaluation of the oil characters to develop the

related methodology for research findings.

i) Qils from different reservoirs are not uniform in a particular field and
oils in the same reservoir in different fields are also not uniform. This
variation of the composition of oil can be ascribed to variation of
organic facies in the source rock or it can be possible by in-reservoir
alteration. So far it has been justified by assuming facies variation in

source rocks.
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iif)

Erb West crude oil in Sabah Basin generally is slightly waxy, light and
contents of low sulphur. The API gravity value for Sabah oil is about
28° and the gas constituent is 92% methane. The Erb West structure is
an clongated hydrocarbon bearing sand layer, and it lies in a nosth-
casterly by south westerly direction. The main faults in the blocks are

in the East - West direction, concentrated in the southern half of the

. structure. It is the entrapped hydrocarbon within these southern blocks

that are targeted for the revisit campaign.

Dulang o1l belong to Group E reservoirs in Malay basin that are

geographically restricted to the basin centre, with the Dulang fields

accounting for the majoﬁty of E oils.and has a large oil accumulation.
Mostly, oils in this grdup aré immature over much of the basin except
only in the lowest part bf E reaéhes the oil WindoW in some areas. A
majority of Group E oils ére moderately waxy to waxy and
condensates are more common, and the gas produced is known to be
high in CO,. |

Angsi belongs to Pre-group 1 oils in Malay basin. Group I oils are
common in the southern half of the Malay Basin. The geochemical
characteristics vary only little and this variation were considered to be
due to a combination of differing maturity of the oils and of post-

accumulation processes such as evaporative fractionation.

2. The second objective 15 to test the alteration of the reservoir oil by

modified evaporative fractionation technique.

Resuits indicate:

In the first experiment of modified evaporative fractionation,
paraffinicity was decreasing as the value of temperature and pressure
were increased while the value of aromaticity was increasing as the
temperature and pressure were increased for both liquid and vapour

samples.
133



ii) The second test indicate the ratio of paraffinicity is decreasing in
vapour sample and increasing in residual oil sample while the ratio of
aromaticity indicate a decreasing in residual oil sample and increasing
in vapour sample. The result for second test is vice versa with the first

experiment.

Logically, it is inferred that when aromaticity increases in the vapour, the
residual oil should be correspondingly rich with paraffins. Thus it becomes a method
of changing original crude to paraffin rich oil in the original reservoir and aromatic
rich fractionated oils in shallower reservoirs. The phenomena occur in many basins
and.a key to determine major aspects of petroleum variability and characteristic. The
modified technique firstly has been tested using Sabah oil and continued with Dulang
and Angsi oil. Original oil was heated gradually to 250°C in different stages and at
cach stage 20psi, 40psi, 60psi and 80psi pressures were attained.

For every stage samples from vapour and liquid are collected and analysed.
The result was analysed using GC-MS instrument. Results indicate that the
paraffinicity decreases and aromaticity increases at every stage. The results suggests
this p’rdcess of closed system fractionation causes high paraffin in residual oil and
correspbhding fractionated oil gets more aromatic. The effect of temperature and
pressure can change the characteristics of crude oil. Thus, evaporative fractionation

appéars' to be one of the major mechanisms of generation of gas-condensate fluids.

7.3 Recommendations

This research was important to identify the changes of crude oil characteristics
and compositions. It is also crueial in the comparison between the original crude oil

and the fractionated oil. Other recommendations may include:

1) Carry out a research in the original field which contain lot of crude oil in the
| system and make a comparison analySis in order to confirm modified

évaporative fractionation technique as a tool of reservoir alteration.
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2)

3)

Adding more pressure and temperature to the maximum value as in the
original oil field for both small and big amount of oil and make a comparison
in order to determine whether the effect of high pressure and temperature can

be change the composition of crude oil.

It would have been better if the API gravities of the resulting condensates and
residual oils were measured and included as part of the results in addition to

the paraffinicity and aromaticity parameters.
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Library Search Report
Acg On $ 1% Dz 2011 1Z:19

Sample : 8100.4 (1)

Data File : syagaila 103.D

Dazz Bath : C:'madcherm\{AL 2C10\DATAMZD1IIVPG\=syasailal
Datalbcg Mexh:UP IO C7.4

Hisc :

Opexacer : mohdfab

Jearch Libraries: C:\Database " HI5T05a.1 Mindmum Quality:

Dnknewn SpectrumnT Zpex minusr stars of peak
Inssgzration Events: ChexmStation Integraser — Z.e

e RT Zzea® Librazy/ID ' Res} CAS$  Qual

1 ¢.88%7 0.Z€ C:\Database HiSTG5a.L
i-Adamantanemethylamine, .alpha.-m 42410 0132352-28-4 %
ethyl—
1=, zlpha-“{l-hdamantyljbenﬂyx;dcn 132776 LCG0D02Z22-83-3 4
elthiosemicarbapide

Acetamide, Z-cyanoc™ idlz 0g0207-%1i-5 @
z 1.851 1.18 C:\Databasc\NIST05a.L
Heshylens Chloride 31488 OODUTE-CI-Z 3%
Hethylene Chloride 1467 C0LO00TE— ag—z 2]
¥ethyvlene Chioride 1530 0O0075-29-2 B1
2 1.845 0.28 C:\Database\NIZT05z.L )
Cyclopentane, meshyl- 1467 0G008E-37-T 61
i¥-Tetramole, S-methyli~ 18G4 0G2OTE-36-2 T2
tyslobutane, ethyi- 2445 004806-€1-3 72
4 2.182 :.88 C:\Database\NIST0Sa.L _
Benrpene 1000 900071-43-2 2§
Bencene 958 QGUOTLI-43-2 853
Beosene %0l 660071-43-2 53
s z.z88 o.68 C:\Database\NISTE5a2.1
Henane, 3-methyl- 33%4¢ QCDSBR-3%-4 85
Hexane, 2-mechyl- 3228 OQOSES-33-4 24
Hexane, 3-—methyl- 386l QOO58%-324-4 &1
- €&  2.434 0.2 C:\Database\NIST03a.L
Cyzlopentane, 1, 3~dimmthyl— 3325 09Z2483-0C-1 8%
Lyclopensare, 1, 3-dimethyi-, cis~ 3336 0C2532-58-8 &1
Cyelepencane, 1, 3-dimethyli- 3323 00Z453-00-L 95

7 2.533 0.6 T;\Databaae\NISTDSa.L
Cyelopentane, 1, 2-dimethyl-, trans 3346 00082Z-50-4 %€

Cyciopentane, 1,2-dimethyl— 3327 002452-95-5 36
Inopropyicyciobutane 36T OGGBRT2-56-0 85

2 Z2.624 §2_BO0 Q:\Database\NISTG5a.1L
ane 3836 G00igr~g2-5 85
Heptane 2885 00Di42—-82-5 8%
Heptane 2887 000142-82-5 8O0

k-] 2.07841€.52 E:\Datakase\HIST05a.L )

L clohexans, methypli- JE7E GODIUE-E7-2 83
LTyclohexans, methyl- 3269 09GI08-B7-2 83
Cyclohenane, methyl- 3271 000i08-87-2 8%

14 $.136 ©0.32 C: \Daeahase\ﬂi&aﬂﬁa 1

DF created with pdtEatiofy Pro tial vers pelfiact coias 000585-43-5 B3
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11

iz

13

14

1s

21

3.3%5¢

%.49¢€

3.€82

3.820

4.38%

3.462

Hexane, i1-thexylony)-2-methyl-
Heptane, 3—methyl-

0.8% C:\Database34NISTO0Sa-L
Cyclopenzane, ethyl”
Cyclopentane, ethyl-
Isarxasole

2.56 C:\DatabaselNISTOSa.L
Cyclopentane, 1,2,4 trimezhyl-
Cyclopentane, 1,2,4-trimechyl-,
.alpha_,2 . beta.,%-alpha.l~
Cyclppentane, 1,2, 4=-trimechyl-

0.77 C:\Davabzse\NIST05a.1l
fyclopsasane, 1,2, 3-srimschyl-,
.alpha.,2.alpha.,3.besa.l—
Cyclopentane, 1,2,3-trimethyi-,
.alpha.,2.alpha.,3.besa.}~
1-Beptene, I methyl-

0.71 C:'\Database\NI3TOEa.1
2, 3-dimethyl-

2, 3~dimeshyl—

a-ethyi~

Hexane,
Hemane,
Pentans,

€.02 C:\Databaze\NISTOSa.L
Heptane, 2-methyl-
Huptane, 2-methyl-
Heptane, Z-methyi-

3?.Odit:\nacabase\NISTOSa-L
luene

Teiuene
Tolusne

232.25 C:YDavabaseiHISTGS5a.L
i;3-Dimethylcycrlehermane, cit
Cyclohexane, 1,3-dimethyi-,
Cyclohexane, l,3~dimeshyl-,

cis-
cis—

4.60 T:\Database\NI3TOS5a.1
{yclohexane, I,4-dimethyl~,
Cyciohexane, 1,3-dimeshyl—
Cyeclohenane, 1, i-dimethyi-,

2.1 C:\DasabaseiNISTO5a.%
Cyciohexane, 1,l-dimethyl-
Cyclohexane, 1,l-dimethyl-
Twelokegana, 1l,I-dimeshyl-

1.4€ C:\Databas=\NISTOEa.L
Cyclopentane, l-ethyi-Z-methyli-
{yclopensane, l-eshyl-Z-methyli-,
is-
Cyclopentane,
is—

l-ethyi—Z-methyl-,

; 10.3€ C:\Database \NISTD5a.L

Qztane
Octane

Heptane, 2,4-dimethyl-

149
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tran>~

<

[ =4
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€€12
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€£54
€E55

€489
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2400
2355
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E£30
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€€16
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Librazy Bearch Report

Acg On : 10 Dee 2011 13:01
Sample x
Dava File :
Pata Fash :
Dagadsg Mech:U2 IO CT.M
Misc z
Dpezator

3100.4 (vp)
syazaila 10£.3

mohdfab

C:\msdchem\CAL ZC1G%DATAN20IYPG\ ayacailal

Seazch Libraries: Ty Datvabase \HISTCGEa.L Hinimum Quaiity: 30
Unknown Spoctsum: Apex minus stars of peak
Integzation Eventa: ChemStation Integrasor « 2. e
Tk BT Zzeak Librazy/ID Res# CA3F  (ual
1 £.8587 0.17 Q:\[avabase\NIST0Sa_ L
sec~Butylamine 738 013882~@3-¢ 7
I-Octanamine, N-methyl- 15634 0G293n-54~5 3
Eensenepropancis acid, .alpha.—{l— 518287 I35334-¢5-7 3
amineethyl:~, [R-(R*,R*}1-
2 1.3%1 0.2Z1 C:i\Database\WIST03a.1L
Methylens Chisxide 1458 000075-09-2 835
Hethylene Chloride 2497 QCOOTE-08-2 %4
Hethylene Chloride 1500 045075-08-2 51
3 2.1293 (.22 C:“\Datakase\NIST0Sa.L
Bencene 1201 QG0071-43-2 53
Beancene 958 0000T1—-43-2 86
12 HemadianwZusne 31514 010428-80-3 £2
4 2.286 0_1i4 C:\Database\NIST0S5a.L
Hezane, 3 -methyl- 2851 GOO5882-34-2 8O
Pentane, 3-eshyl- 2385 GUOELIT-TE~T T2
Pentane, S—ethyl- 2855 025£27-TA=T T2
&  2.47% 0.2% C:y\Database\NIST03a.L
Cyclopentane, 1,2-dimechyl-, cis- 3340 IGLLSZ-18-3 €3
Tyclopentane, L, 3~dimethyi~ 3325 GU2453-00-1 72
Cyclopensane, 1, 3-dimechyi—, trans 3347 ORLTEI-58-8 72
& 2_614 J0_7¢ ]:\DatahasekHIS?OSa-L
ptane 2ETH 0G0R42-82-5 74
Heptane 3284 0C0142-82-5 5&
Heptiane 3887 000142-82-5 S3
T 2.826 0.13 C:yDasaba=e\NIST0Sa.L
Hexane, 2,2-dimethyl- 74532 00DS80-T3-E TE
Hexane, 2,2-dimethyl- 7450 DBOSS53-73-B 78
Pentane, 2Z,2Z,4-trimethyl~ 7464 000520-B4~1 TE
g 3.075 §2.77 {:\Dasabasc\NI3T05a.1
tohenane, mathyl- az7a CuDigE~-27-2 98
Cyclohenane, methyl- 3269 GoDiog-B7-2 %3
Cyclocherxane, methyl— 3271 8Gllog-97-2 54
] 2.249%3 0.65 Cr\Database\NIST¢S5a.L
Cyclopantane, athyl- 3268 0616€643-089-7 &&
. Cyclopentane, ethyl-— 3272 QCLEFO-AF~T £4
Tyclopentvans, 1, 3~dimethyli— 23323 002453-00-1 44
1z 3-344 0.22 C:yDacabase\NISTISa.L
Cyclopentane, 1,2,4 srimethyl- €612 G0Z8i5-58~5 51
01€883-48-0 51

PDF created with pdtE3cibry Fro Yial version snew Daaactony.com. -
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11

13

13

1s

1€

2.896

2_€92

2.85€%

4.354

4.3€2

.alpha.,2.besa.,4.alpha.}-
Cyclopentane,

2.7€ C:\Database \NIST0Sa. L
Cyclopentvane,
.alpha.,2.alpha.,3.besa.i-
Lrclopentane,
.alpha.,? alpha.,3.besa. i~
Cyclopentane,

3.ES C:\Database\NIST(Sz2.1
Henane, 2,3-dimexhyl-
Henane, 2,3-dimechyi-
Occane, +4,5-dimechyl-

8.27 C:\Database\WNI3T0Sa.1
Heptane, 2-methyli-
Heptane, 2-methyl-
Hepvane, Z-methyi-

3.2€ C:\Davabaxe\NIST0Sa.1L
Hexane, 3,4-dimethyl-
Herane, 3,4-dimsthyl~
Henane, 3,4-dimechyl~

:\Databa=ze\RISTGSa.L
N luene

Toluene
Toluene

G.12 C:\Database\NIST0Sa.l
Undecane, 3-methyiens-
Cyalobutane,

1l,2,4-trimecthyl-

1,2,3~srimechyi-, {1
1,2,3tcrimethyl-, {1

1,2, 3 sximechyl—

1,1,2,3,3~pentazcthyl

Cyﬁiopentane; i,2,3~cxrimethyi-, {1

.alpha_,Z2.alipha.,3.aipha.]-

. 12,00 CyDatabaselNISTOSA.L

2, 3=Dimeshylcyclohexzane, cbt
Cyclohexane, 1,3~dimethyli~,
Cyzichexane, 1,3-dimethyi~,

5.8 C:\Database WI8T03a.L
Cyclohexane, 1,4-dimechyi-
Cyclohexane, 1,4-dimethyi—,
{yciohexane, 1l,4-dimethyl-,

2.91 C:\Databa=c\WIST03a.1
Cycloheptane, metshyl—
Cycichexane, 1l,l-dimethyl-
Cyclohexane, 1,l-dimechyl-

2.00 C:\Databasc \NIST0%a.L
Tyslopentane,
Cyclopentane,
i~
CZyzliohexane, ethyl-

0.£3 C:\Database\NI3T35s.L
Cyclopentans,
Cycleopentane,
Hexane, l-bromeo=-€-chlozo-

& 17.55 C:\Databaze\HIBT05a.%

Qctane
Ootane

Heptazne, 2,4-dimechyi-

151

“rans=
trana—

l-—ethyli-2-—methyi~
l-eshyl—2-methyi-, ©

l-ethyli~l-methyli—
J-ethyi~l-mechyi-

€615

€655
€654

€€12

T34
7436
1815

7425
T4
7433

7448
7437
7447

24G0
23EFS
2387

IHCOE
1i2EL
6658

€877
E&3Z
€£30

[ 211
€637
€640

6507
€5€8
L1120

€616
£647

€619
€620
S€ECEE

7421
7415
L2288

ogZai5-59-89

n1589C0-~&0-1
01588C0~40-1

SOZBE5-57-8B

gC0584-94-1
A00564-94-1
0158€8-9€-2

060552-27-8
QC0592-27~E
400582-27-E

0G0SRI-48-2
000583-48-2
Go0S83I~a0—2

6C010E-86-3
gooigs-88-3
200108 -88-3

07LIZS-€4-2
0537605 ~0€-9
DUZELI-ES—E

000581 -21-8
OD0EIE-04—D
riskel-2-2-2ud il Bl

GoDSEs-90-2
QGE2GT-04-7
QCZE0T-08—7

QU4126-78~7
0GDEeC-€E-0
000580~ €€-8

CORT2E-a€-2
GLO%30~A8-2

CELETR-53-7

016747-50-8
01ET4T-50-5
oo62584~17-3

GG01X1-€5-9
00RIi1-€5-9
0G2213-23-2
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Sample
Data File
Jasa Pash

Misc
Dperator

Z Apr 2012z 15:07

D-306-1 L
SYAIATILASS . D

Library Search Report

Crimsdehem\CAL 2010ADATANZDII VPG \syaczailal
Davalsg Mesh: TP TO C7 {84) .M

U IO LT
EASBULLAM

Search Libraries: Cr\Database\RISTESa.L Minimum Quality: §
Unknown Spectrum: Aperx minus start of peak
Integration Events: ChexStation Integrator - 1l.e
= = BT Areak Librazy/ib Rasd b ¥ $ 3 Cual
1 1.031 U-0B C:\Database N13i05a.L
Bensenepropancic acid, .alpha.—{i~ 521587 139344-£%-7 &
aminoethyli~, [R-(R*,R*}}-
Pyridine-3-carboxamide, 1,2~dikydr 44265 07R8927-2i-I &
o-i, E-dimethyli~Z-chioxo~
2=Thia-l-azabicyclo (3.2 .0 heptane~ EB8732 QGDS51-lE~0 &
2-carhexylic acid, f-aminc-3,3-dim
ethyl-7-oxoe~, [28-(2.alpha.,%.alph
a.,5_beta ]~
2 1.221 0.52 C:\Database\NI3T05a.L
Butane, 2-“methypl- 700 0QDGTE-Te-4 BB
Betane, Z-meshyl- €58 0Q0DOTE-78-4 51
Butane, Z2-meshyl- €58 CG0G72-78-4 &1
3 1.2€7 2.99 C:iDacabase\NIST0Sa.L
Acetone ’ 212 Q0DOEY-E4-1 8%
Hanganess (II} aceacate 38574 DOELISE-78-1L €4
Acetons 2¢9 9oD08T—-84~1 TF
4 1.402 ¢£.54 C:\Databaze\NISTDS5a.L
Hethylene Chloride 14858 Q00075-08-2 88
Methylene Chloride 1487 00QQ75-09—2 84
¥ethylene Chloride 1560 000675~0%-Z §1
3 1.457 1.81 C:\Datzhbase\N13T05a.L
Pentane, I-methyl- - 1788 QGUIgT-83-5 981
Pentane, 2-methyl— 17832 000107835 §1
Batane, 2,;3-dimecthyl- 18GL 0ODOTO~Z5-8 53
[ 1.57€ 0.82 C:\Dusabase\RIST0Sa. 1
Penvane, 3I-methyi~ 17%4 Q00DSE-14-0 S50
Pentane, I-methyl— i75%6 0000SE—-34-D @3
Pentane, I-ethyl—2,l-dimechyl- 12348 GLET74T-32-3 B3
7 1.666 2.34 C:\Database\NIST0IEx.L
Henane 1750 050Li0-54-2 81
Henane 1781 0O6X1G6-54-3 §1
Hexane 17%Z QGDLZI0-54~3 90
B 1.834 0.1€ C:\Database NISTDEa.L
Fentane, 2Z,Z-dimethyl~- 2510 0oDS80-35-2 90
Paptane, 2,2-dimechyli- © 2508 GODESO~-35-2 02
Pentane, 2,2-dimethyl~ 2560 GLOS50—35-2 83
-4 1.872 0.15 C:‘\Databa=e'NISTGSa.L
Pentans, 2,4-dimethyl- QL7 GCOLOE~OB-T AT
Pentane, 2,4%-dimethyl- 3602 GobICE~-0E8-T BT
L _ Dentane, 7, d-dimethyl~ 25¢3 00DlOE-08-~TF €4
PDF created with pdfFacion Pro nal version www pdfactory.com
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21

[
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1.813

i.563

<.3E8

2.5312

Z.85888

1]
'

o
9
o

3.01%

3.271

1.85 C:\Patabase\HIZTOSS. L

CTyclopentane, methyl— i4é@
Cyclopentane, methyl— 1465
Bropane, I-cyclopropyrl- 1478
0.9€ C:\Dasabase NIST0Sa.L
Cazbonic wscid, isobutyl isohexypi = 54227
ater
Fentane, 2,rI-dimeshyl- 254G
Butane, 2,2, 3-trimethyl- IH1L
8.1% C:\Davaba=meiNISTG3a.1
Fentane, 3,2-dimeshypl- 3525
Pentane, 32,23-dimethyl- 35904
Fentane, 3, i-dimechyl- 3-8
7.B4 C:\Database\NIST03a.L
EBEencense ‘BLE
Bencene 1099
Bengene hg
2.44 C:Z\Database\HIBTISa . L
Hexane, I-methyl- 38654
Hexzne, 3-meshypl- 3861
Hexane, 3-mexzhyl- 3C2E
0.82 C:\Database NIZTOSa.L
Lyslopentans=, 1,3-dimethyi- 3325
Cyzlopentane, 1,3~dimethyi-, cis- 33386
{yclepentane, 1,2-dimethyl—, cis- 3340
0.5€ C-\Danabase\NISTES5a. L
Cyclopenzane, i,3-dimethyli-, cis- 333g
Cyeclopentane, 1,2-dimethyi-, cis— 3340
Cycsiopentane, 1, 3-dimechyl— 3328
.95 £\ Dasabase \WISTE5a.1
Cyciopentane, I,i-dimethyl—, mrans 2346
Isopropylicyclicbutans 3267
Crclopeatane, .2 dimethyi- 33z2
£_Z4 1:\Dz=abas=\ﬂ15fﬂ$a_L
] BHane | 2885
Heptane 332
Heprane 3887
G.22 CriDatabase’ WISTOSa L
Butane, 2,2,3,3 setramethyl- 747
Hexane, 2,2-dimethyl— Tas2
Butans, 2,3.%,3-seszametvhyl- 7378
‘Darabase’NISTOS2 L
il =L ohexane, methyl- 3278
Cyclobexgans, mathyl— 3260
Cyzlchexane, methyl- 3271
0.73 C:-\Database Y WIZTi52 .1
LTyclepentans, sthyl- 3268
Cy<lopentane, ethyl- gavz
Cyclopentane, 1, i-dimethyl- IF22
0.08 C:iPatabase\NISTESa.L
Hexzne, 3,3-dimezhyi- TEEE
Hexane, 2,3-dimeshyl- 7445
Pentane, I, 3. %-oximethyl— 7458

153

aoig8se-3T7-7
0CD086—-37-7
0G3€38~35~5

az
TE
£4

3G00314-€0-2 TB

Soh596-35-2
Qo04€4-GE-Z2

OODSEI—49-Z
JO05€2~48-2
BG0562-45-2

onog73~-43-2
GE0TI~E3-2
Go0071~43~2

0GDEES~2&-4
Q0055 6-24—4
020S8%—-34¢-4

oZI5F~-00-1
002Z%32-58-3
ggLigs2~-ie-3

AGZ532~-58-3
OCLiIsZ~ig—3
OG2453-00-%

ooUeZZ-50-4
0c0e72-5€-0
GCZe8Z-85-3

BG0:92-82-5
OCGQZ42-82~8
GUlIel-gaw5

GoDEg4-g2~1
sieiehs-Telgrb-Lg:]
Go0Es4—82-1

GGoioa-g7-2
030208872
QSULI0E~g7~2

CGLE40-A9—7
B2OLEEG-05—7
022453001

BO03€I~1€—0
CGDSEI-1E-6
CODSES-TE-3

£3
-1

TE
TE
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22 3.449€ 0.42 C:\Database\NISTOZa.L
CTyclopentane, 1,2,4-czimethyl-, {3 €632 01eB8g3—39~3 &1
.alpha.,2 besa. 4. alipha.}-
Cyclopensane, 1,2, 3-tximevhyl-,» {2 €653 O04850—28~-8 51
-aipha.,2.alpha.,4.beca. .}~
Sycliopentane, 1,Z2:;d-trimetbhyl— €615 GOZEi5-58~-8 51

23 2.857 .85 C:y\Database\WISTO08a.1l
CTyclopensans, 1,2,3“srimecshyl~, {2 654 015980—-40-1 §4
-aipha_,2.alpha.,3.bmta.}—
Cyclopentane, 1,2Z,3 trimevhyl~, {1 €€55 31588C-30-1 BE
.aipha.,2.alpha.,3.beta.}~-

ivHeptene, 3~methyl- €488 QO048z0-08-T 02
bt 3.7854 0.5 C:\Database\NISTO5a.L
Hexane, 2,3-dimethyl- 7444 CGO0S84-F4—1 83
Hexane, 2.3-dimethyli— Tad3F GLHFEA-84-1 91
Hexane, 2,3%-dimethyl- 7452 GOUS84-54-1 41
28 2.923 5.04 C:\Datzbase\NIST0Sa.L
Heptane, 2-methyi- 7433 QUORS5S2-27-8 &6
Heptane, 2-methyi- 7425 00D592—-Z7~F SB&
Heptane, I-methyli- 742B 0005592-27-8 4%
27 4.013 0.1 C:\Davabase\NISTISa.L
Hexane, 3,4~dimethyl- 7437 GCODSAI-4€-Z2 21
Hexane, 3,4-dimethyl- . 7447 000583482 ©E
HAexane, 3,4 dimetnyi- 7445 0GO5E3—48-C 47
2E 4.47% Et \Dasabase\NIST0Sa.% .
luene 2450 Q0QLI0R-BE6-3 §7
Toluene 2355 O0Qi0E-88-3 54
Toluene . 28587 OUDZoE~B8-3 &1

s 4.387 0.87 C:\Dasabas=\NI5T05a. 1L
Cyclopentane, 1,2,4~trimeshyi~ €€L5 0o28l5-58-5 87
Cyclopentane, 1,2,48<trimeshyl-,y {1 £€33 004£856—-28-6 67
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Lalpha., 2. alpha.,3.beca -
Cydiaopentane, 1,2,3-szimethyl-,
-alpha.,2 alpha.,3 beta.}-
i-Heptens, 2-methyl-

T

-
bt

1.031 C:\Database \NISTIZ. L
Hexane, 2,3%-dimethyl-
Octane, 4,5 dimethyl-
Pyrrolidine

1i.52 C:\Database\NISTIE.L
Heptane, Z-nethyli-
Heptane, I-methyi~
Hepmanes, 2—wmethyl—

7.249 C:\Databas=\NI3T(2.1L
Hemame, 2,49-dimethyl-
Hexane, 3,d-dimechyl-
Hexane, 3,34-dimeshyl-

EG .25 !:\Dﬂtab;sekﬂISTﬂB-l
Lusme

Toluene
Teluesae

2.0€ C:\Database\NISTIE L
Z-Bomtidinane, 2.4,$-crimechel-
I-Cxa~i; 4-diasacyclopentadiens
Ty=lopentane, 1,3-dimethyl—, cias—

' 12,01 Cr\Database \NI3T02 .1

CTycloherane, 1, 2-dimechypli~,
i, @-Dimethylocyclohexane, c&t
Cyclohexane, 1,3-dimechyli-,

4.%0 C:riDatabase\NISTLE.L
Cysicherane, 1,4~dimethyli-,
Cyclohexane, 1,4-dimeshyl-
Cyeclobexane, 1, 4-dimethyl-,

crans.
Lrans-—
2_£7 C:\Database'Niates. L

CTyslohaxane, 1,l-dimethyl-
Cyclohexane, 1,1l-dimethyl-
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161

15€L
gg3a

3309
3313
23264

7873
7362
k- d-
€786

ET2E
&T57

TEED

7558

‘IEE§

TETE
7875

z43E
2831
2438

&

W ke
[
He £

77

6748

GERL
745

£IEL
£672
€754

€676
€EBZ
683

040585425
OCZl44-41~4

0G1Lé43-88-7
GOGLE4C-B5-7
GC24853-00-1

Fo05€E3~16~6
QoDSE3 166
0GDSER~1E~E
0l68€3-46-0

QORBL5-58-6
004880-28-§

315850401

 O1589c~40~1

Q482 0~58~7

0Go584-94-1
GlEAER~-9£~-2

S OG0E23~TE-1

GGoSe2~27~-8
QopRsSZ-27-8
oo0D592-27~-8

00583482
0ooSE3-48-2
Do0SE3-48~-2

O30Z05~88-2
0g0icE—-88~-3
00X 03-86-2

OIXZE07F-4i-B
0Z0382-55-2
br2s3z-58-3

2DEFE-G4-0
QUUBeL-Ii-u
AGDEIE- G40

852207~04=7
950585-00-2
0G220T-04~7

COO590-6€6-D
GCO550-E£~5
OGRGRG— 668

56

4L

g€

8C

sE

g1

sl
91

37

55

LR T ]

83
a1
3



Acg On

Sample
Daza File
Zaca Fath

" 31 ¥azr 2G1lZ 13:31

A=-i00-1-L
BYAZRILASD.D

C: \msdohen\TAL 2SL0\DATANZ

Dasalksg Megh -T2 IC I7 {314} .2

Miae
Operater

Search Librarcies:

Unknown Spectruam:

g o & ¥
HASRULILE

O\ Database\RISTIE

Library S=arch Report

D114 PG\ =pacailal,

a.L

Apex minus start of peak

Integzasion Events: CThemStation Integrator - l.e

Hinimum Qualiiby:

kg RT Axeca® Librazy/ID Befd farX-5 4 Qual
1 1.087 0.08 C:\Databaze\NI3TG5a.L
Zeoetamide, Z-cyano- 1312 0CDIoT-92-5 8
2-Mechoxy~N-methylethylamine 2171 03B256~3%3~8 B
I-Meshyldecylamine 270%5 013205-5€-& &
2 1.08%F 0.22 C:\Databaze\NI3Ti5a.l
Ischutane 231 QCQQ75-28-8 72
Iscbutane 232 DUDBTS-26-F Tz
Ischutane 230 OQDGTE-28-5 SS9
1 1.2356 1.317 C:%\Database\NIST0oSa.L
Butane, 2-methyl- 700 0COG7E-TE-¢ S84
Butane, 2-methyl-— £58 00D@7E-768-4 51
Butane, Z-mathpl- £%% Q00QTE-TE—4 SC
-1 1.267 0.38 C:\DatabaseiWISTd5a.L
Pentane €41 0G0L09-GE~0 B1
Pentane €52 QUDIGH—E£E-0 51
Pentane G&5 GODICS~E6-T 81
k) 1.374 $.40 £:\Pasabase\NI3T0Sa.L
Butane, Z,Z-dimethyl- 1605 GoDUTS-8a8-2 5G
Butane, 2,2-dimethyl— iA75%9 000QTS-63-2 @3
Butane, 2,Z-dimethyl- 1BGE QODU7S-83-2 83
€ 1.402 0.76€ T:\Davabase\NI3T05a.1
Methylene Chloride 1457 OG0375E-0E-Z &4
Methylense Chioride L840 0GRD07R-G8-Z 51
¥ethylerne Chloxide 1450 Q0D0TE~GS~Z2 £1
¥ 1.4%7 2.23 C:\Datsbase\NISTCEx.L .
Pencane, 2-methyl~ i7R% JO0307-83-5 51
Penvane, Z-mebhyl- 1798 000107835 91
Pen:;ae €52 00D10%-~66-0 53
2 1.576 1.68 C:\Dastabase\WISTISa.L
Pentane, 3-wmetvhyl- 1784 QEDGEE-14-0 51
Pentane, I~ethyl—2,I-dimethyl— 123348 D1674T-32~3 B3
Fentane, I~methyl- 1787 0CUOSE-14-0 £3
9 1_£66 1.%3 C:\Database\NISTOSa.L
Hexane A7S1. ROUII0-54-3 Bl
Hexane 3782 04GD115-54-3 91
Hewxane L7850 OGOLIN—54-3 €2
1G 1.824 0.44 C:\Davabaze\WI3T03a.l
Pencane, 2,I-dimechyli- 3910 800S50-385-2 50
. Butane, 2Z,2,3-trimethyl— 2612 800464-0€~-2 8¢
g i N Carne —dimethele AFG0 GO055C~35-2 83
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11 1.87% 0.52 C:\Database\NIST05a.L

FPentane, 2,4-dimechyi- FEYT 0G0308-06-T7 &1

Pentane, 2Z,4-dimeshyl- 3%63 00DlI0B-0/—-7 51

fancane, 2Z,d4-dimethyi— 3sc2 OoOlOE~QA-T T
12 1.93%2 2.2% C:\Database\NISTVUSa.L

Cyclopentane, mechpl- i4E8 OQDOSE~3IT-T 81

Cyclopentane, methyl- 1465 0CDOSE~3T-T T8

1-Pentene,; Z2-methyl- 1452 0QUN€E-25-1 €3

13 1.9€3 0.22 C:\Databasxe\NISTSa.L

Butane, 2.2.3-trimethyl- 3511 0CDA€3-06-2 83
Butane, 2.2,3-trimethyl— 3913 0CD4€E4-0€-2Z 7S
2,2, €, 6—Tetramethylheptane 27266 0403227-45~-1 T2

13 Z2.154 0.50 €:\Database\FIST05a.L

Peatane, 3, 3~dimethyl- 3504 0GDSEI-48~-T TE

Tentane, 3,3-dimetkhyi- 2558 QOLSE2—26-F TE

Pentane, 3,3-dimevhyl- 3505 0ODSE2-49-2 TE
15 Z.2€1 %.87 C:\Database\NIST0Sa.1 .

Cyclohenane 1437 0ODI1G-82-7 80

Cyzlokexans 1432 0ODLXG-EZ-T 81

{yclohexane 1431 CODII0-8B2-7 74

16 2_.362 1.8¢ C:\Database\NIST05a.L

Pentane, I~ethyl- 3855 QODELT-TO~T BT

Aexane, 3-methyl« 3891 OOD58B-24-4 E7

FPentane, I-eschyl~— AR89 OCOELT-TE-T Qo
17 2.534 1.44 C:\Database\NISTU3a.l

Cyslopentane, 1,3-dixethyi- 3325 00Z453~00-1L %€

Tyclopentane, 1,3 dimethyi-. cis— 3336 002532583 8

Tyz=lopantans, 1, 23-dimethyl—, wrans 2337 DoOl7s84-~58-8 TE

12 2.85% 0_.B:X C:YDatabase NIST0Za.L

Cyciopentane, 1,2 -dimethyl~, cis- 834D 0GLi82-18-3 &%
Cyclopentane, 1,2-dimethgl~, cis- 2337 001182-3g~2 &5
Cyclopentane, 1,2-dimethyl-, cia- 333B 0028532-59-8 54

1% 2.582 2_BS C:\Database\NIST0Sa.L
Cysiopensane, 1l,Z2-dimethyi-, trans 2346 000822-50-4 3£

Izopropylicyeclobutane 3267 020872-5€-0 35
Cyclopentane, 1,2-dimethyi- 3322 QLZ452-55%-5 58
23 2_.704 §£.20 ¢:"\Pacaba=e'\NI3TI5a. 1
phane 3825 0UDiI4Z-82~5 8¢
Heptane 2886 0COD142-82~5 84
Heptane 8384 0OD14Z-B2-5 58U

21 2.01% $.668 C:'\Database\NISTOE2.L

Heptane, 2,2,4, 6, ¢-pentanethyl- 3€47TL C0II’TE-82Z-6 7S
Hexane, Z,2-dimevhyl- T45Z 000550~ T3I-8 TE
Pentane, 2Z,2.4 trimethyl- T437 DLD548-84-1 TE
2z 3.271 po.63 ’:\Da:abase\u:ﬁ?ﬂ&a_z
clohexane, methyl— 2273 000i0E-87-2 57
Cyeinhexane, methyl— 32ES DLGII0E-RT-Z 56
Cyclohexane, mechyl- 327F1 0GD3I0E8-AT-2 58

23 2.243 0.83 C:\Database \NWI3T0Sa.1l

{yclopentane, ethyl- 3268 0C1E4C-B9-T §7T
Cyclopentane, ethyl- 4272 0C1l€4C-88-T7 94
2-Hexans, 4-~methyi—, (E)l- 2306 0Q03IE[I-22-5 41
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Library Search Report
Ahcg On : 26 Feb 2012 1Z2:2%

Z2ample = ANGBI*S OIL 1eD.1 {Tv2)

Daza File : BYARAIAILRZ4.D

Data Path : C:\madchem\CAL ZG10\DATAR\ZDIZWEG\syszailal
Daztalicg Meth:UP TC €7 {II!.¥

Hisc : UBP TO C 7

Operator @ HAJEULLREE

Seaxch Libraries: C:\Datsbase\NISTGE . L Minimum Quality:

Unknown Spectrum: Apex minus start of peak
Integration Bwents: ChemStation Integraser — l.e

=55 BT Arca® Library/ID Resf¥ <asE GQual

i 0.482 0.1% C:\Databa»e\NISTOF.L
2,5 Furandione, dihpdro—3-methylen 6196 QC2170-03-8 2

=
1,2,5-0madiacole 453 000298-37-8 1
2~Echonypyracine 1208 038023-€7-0 1
2 G.597 0.902 C:-\Dassbase\NISTOE.L
L-Alanine, methyl ester 4520 DB1OUEE-72-2 3T
DL-Cystine Gp48¢ QO0822-32-0 10
Z2-Fentanamine ig%4 O006ES-30-% F
2 1.G621 0.05 U:\Database\NISTOZ.L
Ammonia € QLTEE4-41-T7 2
Watsexr 7 QGT732-i8-5 1
2 1.800 0.02 C:\Database\NISTOS.L
Pentane, 2,4-dimeshyi- 3958 0CDiI0E-08-7 S1
Pentane, 2,4-dimechyl- 253B 00DO2-08-7 81

Oxaliic acid, isobutyl hexyl esserx 52427 Lo0035B-3T-1 &9

3 2.07€ 0.07 C:\Dasabase\NIZTOS.L
Pentane, 3, 3-dimethyl- 3661 0GD562-48-2 B3
i-Hexene, 3.4%,5 trimethyl~ 13438 056723~10-0 €4
Pentane, 32, 3-dimeshyli- 3560 OGOOHE2-28-2 €4
€ 2.3i71 0.74 C:\Datsbase\NISTOS.L
Herane, Z-methyl- 3%46 0Q0S91-T€-4 90
Hexane, 2-methyl- 348 QUDES1-TE-4 52
Herxane, Z-methyl-~ 440 GOOSEL-TE—4 B0
T 2.28%2 0.87 C:\Database\NISTGS.L
Henane, 3-mashyl- A%50 00D585~34-4 &5
Hemxane, 3methyl- 2%44 0Q050F-34—4 54
Hexane, 3I-mevhyli- 3937 QO0SEe-34~-3 94

2 2.428 (.22 C:\Database\NISTOS.L
Cyclopentane, l,3-dimethyl-, ci=— 2377 002532-568-3 53
fyclopentane, 1,3-dimethyi- 3366 0CZ2<433—-00~1 51
Cyclopentane, 1, 3~dimethyl—, trans 332% 0GLTS5E-50-6 TQ

L} 2.46% .23 C:'\Database\NISTO02.L

Cyclopentane, l,2-dimethyl-, cis— 33759 DOZEI2-58-3 &7
Cyclopenztane, 1,3i~dimethyli-, cis- 2277 0028532-58-2 ¥5
Cyclopentane, I,2-dimethyl-, cis- 2378 GULi15Z2~-18-3 54

N
=]

2.508 Q.52 C:‘Dacabase\NISTO2.L
CTyciopentans, I1,I-dimsthyi-, STans 3358 0000822~50-4 €€
Isopropyleyelobutane 2308 000BT2-5€~Q 55
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11 Z.EDE § 2,72 l:\Datahase\ﬁISTﬁE.L
ptane 3547 OGO542-82-5 S5

Heptane 354l 000142-62-5 84

Heptane 3540 00OLI42-02-5 54
1z 2.523 0.B2 C:\Database\NISTO03.L .

Butane, 2,2,3:3-cetzamethyi- TECD 0C0594-92-1 B3

Hexane, 2,2-dimeshyl~ 7877 0C0830-T3-8 8%

Penta=ne, 2,2,4-trimethyl- 755! 0CD0S20-BE2-1 BE
iz 3.96% R1.28 t:&ﬂataba:e\NZETGE.L

¥ clohexane, methyl- 2212 0LOles-aT-Z 96

Cyclohexane, methyl- 3314 GOOIGE~-gT-2 45

Cyclohexane, methyl- 2310 0Q9lBE-a7-2 &5
13 §.321 1,22 C:\Database\NISTO5_L

Hexane, 2,3-dimechyl- TETO 000585435 &G

Hemane, 2,4-dimethypl- 7569 pC005A8~33~-5 B3

Heptane, 2-methyl- 7552 0CO0580-~-9i-i EE

15 %.287  0.0¢€ C:\Datahaaeiﬂlﬁfﬁ&_L

Pentane, 2Z,Z,d9-brimethyl- TS52 000540-84-1 72

Fentane, I,2,3 trimethyl- 7580 CGQOS&€4-02-2 72

Undecane, 2Z,2-dizetchyl- <7665 0173:2-€2-0 §€
i€ 3.23% 0.61 Cr\Dasabass=\NISBTCE.L

Cyclopentasne, echyl~- 2308 00LlE40—39-T7 535

A-Hexens, Z-methyi-, (Ej— 3383 CCDESZ-24-0 §F

Cyslopentanane, 3I-methyl- J2CL QCLTST-42-2 46
17 3,305 9.3%0 Q:\Davabase\NISTOZ.L

Herane, 3,3-dimethyl- TEFE OC0U5E3-26-6 HE

Eenane, 3,3~dimethyl~ THEEZ UCDEE3-1€~-6 €4

Hexane, 23,3-dimechyl- TSTIZ GO0S€3-1€~6 64

[
in

2.33% :.0% CriDatakase\WNISTO2.L
Tyclopeatane, 1,2,4-trimethyl- E£TIR NQZEIE~HA-5 91
Cyclopensane, 1,i,%-srimeshyl-, {31 €766 OGLOGRE— 4060 51
-alphan.,2.beta.,$.alpha.l- . : : :
Cyzlopentane, 1,2,4-trimexhyl- . €726 GOUZRALE~58-0 §1

(=)
(2]

4.4%1 1.B% C:\Database‘NISTOE_.L
Cyclopentane, 1,23 trimeshyl-, {1 €68 G15080-40~1 &€
.alpha., 2 alpha.,3 . bexx.}-
Cyciopentane, 1.2, 3-tximeshyil-, {I ETER Gl588G-40-1 94
.alpha.,l.alpha., 3. beta. i~

I-Heptrenes, F-metvhyl— . EE0E OCGE@IG-08-7 AT
25 2. €25 0,12 C:\DasabaaeBISTEZ.L
Heptane, 3,3, 3~crimethyl- 19%58 (20275-87-9 £4
Pengcane, 2,3,3-trimethyl-~ 8L
Hemane, 3,3-dimethyl— TETE
21 3.€87 Z2.Z8 C:\Databas=\NWISTOZ2.L
Hexane, 2,3-dimethyl- TEIL 0O0EE4A-9E-1 B4
Hexane, I,3-dimethpl- THEE 0TONRA-F4-1 81
Pysrolidige . €G6 OQQUi23-75~1 8E
22 3.822 16.3¢ CT:\Davabase\WISTOZ.L
Heptane, Z—methyl- 7860 GUOSSZ-27-B S5
Heptanw, Z-mechyi- 7585 050582-27-8 51
Heptane, I—methyl- TE23 OLOBSI-ZT7-B g3

pet= 2.801 0.6L C\Databzy=\NISTOS.L
Hexane, 3.4-~dimechyl- TE6L 0OUEEI-%8-F 81
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Library Search Repoxt
Acg On : 1 Apx 2012 11:23

Sazmple : A-10Gw4~L

Haza File : JIYAIATILREE.D

Bata Path : C:lmsdchem\CAL ZOI0NDATANZDIZVPG\syasmailal
Dazabog Mesh:OP TO £7 {:i) . ¥

HMises : BF TO C 7

Dperatsr : ZASBULLEX

Search Libraries: C:\Databaze\HIST0Sa. L Minimue Quality:

Urknown Spectrum: Apex minus suarw of peak
Integration Events: Chemdtation Integrator = l.e

3% BT Area® Likzazy/ID Resd oaEE  GQual

1 1.4637 §.08 C:\Databas=YNI3Z¥CSa.lL . e
2-Amino~1-{e-methoxyphenyl)propane 32735 015402-84-3 ¢
Cyclohexancl, Z- (methylaminemethyl 19618 077612~i€~5 ¥
}“, Srans- :

Acetanide, 2,2,Z-srichlozo— - 30222 GOOSS4-€5-0 &
4 1.97C 90.22 C:\Datzbas=\NIST0sa L
Armonia & BUTE€64-43i~7 2
Water ’ T GOFT32-ig-5 1
3 1.4562 20.23 C:\Database\NISTOSa2.L
¥ethylene Chloride 14%5% QOOOTS~08~2 S5
Methylene Chloride - 3487 CCDOTE~09-Z T4
M¥esthylene Chioride I500 050075-09—2 &1
3 3.857 1.8% CriDatabaas\HISEGSa.l
Pentane, I-methyl- 1765 O0GRI0T-83-5 &1
Fentane, 2-merhyli- 1783 a30icT-62-5 BG
Bentane 64 GO0I0E-€E6-0 EF
5 1.57€ ©.78 C:\Database\NI3T0Sa.L
Pentane, 3I-methyle : 1754 QGO086-14-0 80
Pentans, 3—methypl- 1786 Q0008 E—-18-0 @3
Pentane, I—methyi— - ATET 0GDOSE-1E-D B3
€ 1.€66 0.B5 C:\Database\NISTG5a.1
Hexane 1781 0opizd—54-3 81
Hexane 178D $O01:0-54-3 S0
Hexane . IEE 0001316543 B0
7 3.833 0.25 C:\Datsba=e\NIFT05a.L i
Fentane, 2,2 dimechyl~ 3510 009580-25-2 50
Pentane, Z,2-dimethyi- 8508 000580-35-2 683
Butane, 2,2,3-tzimethyl— a%1: O00D464-0&E-Z €3
B 1.87% 0.32 Cri\Database \HISTOSa 1L
) Pentane, 2,4-dimechyli- 3887 0G0308-08-7 80
Pentane, I,9-dimeshyl- 2802 00Qi03-0B-7 483
Pentane, 2,d4-dimerhyl— 350% CODAGE-08-T7 83
[ 1.61i2 1i.28 C:\Dacabase\MIST0S5a.lL
Cyclopentane, mathyl- 1468 QCO046~-37-T7 87
Cyelopzopane, propyl- 1464 0GZ4E5-T72-T €%
Cyclobutane, ethyl- 1445 004806625 €4
1 1.8€3 0.14 C:\Database\NI3TOSa.l
Butare, 2,2,2-tximethyl~ 25313 GUL4€4-0€-2 T2
Hearane 1751 090130543 T2
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11 2.184 0©.35 C:\Database\NI3TO0Sa.L

Pentane, 2, 3vdinechyl- 3504 0CGOS€r~25-2 GO
Pentane, 3,3-dimethyl- 25C5 000SE2-49-2 30
Sulfurcus acid, Iacbusyl 2-pentyl 63234 1000300-13-2 £4
ester

iz 2.2€1 J.1% C:%Database \HIB?35a.1

Cycloherane 1422
Cycloberane 1433
Cyclohexane 3420 O0Dizg-g2~7 T4

13 2.3€7 1.4Z2 C:\Database\NI3T05a.1

Fentane, I-echyl- IS5 QCDELT-T78~T &G

Hexane, 3-methypl- 2284 0C0589-34-4 87

Pestane, 2~ethyl- 3289 QCDEZT-T70-T BE
14 2.533% :z.pa3 C:\Databa:e\NIS?OSa-L

Cyclopencanms, l,2rdimetchyi~ 2325 QUZISEA~CO=-1 Q&

Cyclopentane, 1,2-dimethyl-~, cis- 2336 QOZ5S32-56~3 83

{yclopentane, 1,3-dimethyl-, trans 3347 001755-58-¢ 7

pE-3 2.5588% 2.82 U:\Davabasa\NISTCSa.l

Cyclopeasane, 1,2~-dimethyi—, cis— 3340 0C11is2~18-2 35
Cyclopenzane, l,3-dimethyl- 3325 Q02Z453-00-1 &3
Cyslopentane, 1,2-dimethyl~, cis- 333% Q01392-18-3 §1

1& L.5%F 1.4% C:\Database\NISTOSa.L
Cycleopentane, 1,Z2-dimethyl—, trans 3236 000822-50-4 S€

Iscpropylcyeliobusane 3267 UODB72-5€-0 95
Cyclopentane, 1,2-dimethyl- 2322 QOZES2-59~5 895

17 2.794 §4.31 Q:\Davabase\NISTOSa.l
Sblict ane 23885 QCPI42-82~% 96
Heptane 488G 00Di42-82-5 %4
Heptane AEET 000i42-82~5 %3

1E 31.01i% 0.5€ {:\Database \NISTCS5a.L
Hexane, 2,2-dimethyl- . 7450 0C0SS0-73-8 80
Butane, 2,2,3,3-setzameathyl- T472 000558~-82-1 50
Butane, 2,2,3,3 tetzameschyl- 7472 000554-B2-1 84

1% 3.7 l?.iﬁI;:\D;tab:se\NISTGSa-L
I ciohermane, methyl— . 3273 QOLL0E-87-% 37
Cyzlohexane, methyl— : 32656 ODUDLOB-BT-Z %€
Cyclohexane, methyl- 27 OCDLIGE-BT-2 83

2 T_.232 0.7% C:iDatabase\NIZTOZSa.1

Heptane, 3, 4,5 trimethyl- 18533 ¢20278-85-1 7TE
Hexane, 2,4-dimethyl-~ 7442 GQDE85—43~5 73
Oxalic acid, diischexyl sater 57285 1000306-32-9 &9

21 3.335 ©0.69% C:\Database\NISTOSa.1

Cyclopensane, ethyl- 26 0ClE4e~Be—7 87

Cyclopencane, ethyl- 32F2 DOLESC-B9-T %4

Z-Hexene, 3I-methyli-, {Z)- 23312 91D0572~3€-4 4%
22 2.432 0.15 C:\Database'\NISToSa.L

Hexane, 3,3-dimethyl- 7435 OD0SE€3~1€~6 BE

Hexane, 3,3-dimethyi- 7345 000S5€3-1£6-6 B6

Hemane, 3,3-dimethypl-— T446 DOUS€2~1£—¢ 86

23 3.484€ 0.EQ C:\Database \HI3TG5a.L
Tyclopentvane, 1,7,d~trimechyl-, {i €632 QC4855-28-6 51
-alpha.,2.alpha._,%.beza_]-
Cyclopentane, 1,2,4%-%rimethyl-, {2 €652 01460683-468-0 51
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