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ABSTRACT

Flow assurance basically involves ensuring the fluid flow as intended in a pipe or a well.
Wax deposits begin to form when the temperature incthde flow linefalls below wax
appearance temperature (WAT). This condition leads to reduced production rates and larger
pressure drops. Wax problems in production wells are very costly due to production down
time for removal of wax. Therefore, it is necessary to dgvalsolution to wax deposition. In

order to develop a solution to wax deposition, it is essential to characterize the crude oil and
study phase behavior properti¢édow assurance relies on weltablished sciences like fluid
mechanics, thermodynamics, chanical engineering, chemical engineering, chemistry,
discrete mathematics, automation, and computer scierPa.rnaf f i nds ar e p
responsible for this problem. To improve the efficiency of the transportation and the crude oil

quality, prevent lmckage, preventing and removing wax is very important.

This study summarizes the results tiie various experiments of viscosity versus time at
constant shear ratefhe subtasks completed during this study incdudeperiments to
understand the effect giretreatment on crude behavior, comparisdrviscosityof crudes
from different wellas a function of time at different shear rakbe viscosity variations of

crude having different wax percent are also analyzed as a function of time.

Wax depositionis one of the most importarfiactorsfor flow assurance, and henneeds to

be modeled. There are various models preseiiie literature. Matzain model arRlygg,
Rydahl and Ronningsen (RRR)e studiedThe RRR (Rygg, Rydahl and Ronningsen) model
is a mult-phase flow wax deposition model which predicts wax deposition in wells and
pipelines. Tis model estimates the wadkepositedalong the pipelinedue to temperature

gradient and shear dispersion effeéhe Matzain model incorporates shear stripping
iii
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alongsde molecular diffusion and shear dispersion as potential wax deposition models. The
shear stripping modeicts as avax reducing mechanism in the Matzain implemented model
Algorithms are developed for the Matzain and RRR model. Both the models have been coded
using MATLAB. The validation of the model is done using real data. The temperature and

pressure profile results are compared with the SCADA results.

Wax depositiorleads to clogging of pipeline. There exist different solutions to prevent this
problem such as chemical treatment, heating, insulation and mechanical methods. Mechanica
technique using pig is most common and economical for wax removal. The real time data
obtained is interpreted and it has been found that after pigging the flow behavior improves.
Pigging at regular interval removes the wax build up along the pipeline walls and maintains

the efficient flow with desired flow rate and pressure across thermpel

Keywords: Wax deposition, Modeling, Flow Assurance, Rheology
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ORGANIZATION OF THE THESIS

CHAPTER 1: OBJECTIVE AND MOTIVATION OF RESEARCH

This chapter describe about the flow assurance problems and challenges. It includes the main
objective and motivation for choosing this topic for thesis. Wax related concepts are

described in brief.

CHAPTER 2: RHEOLOGIC AL STUDY OF CRUDE SAMPLES USING

RHEOMETER

Rheometer is used tmnderstandhe rheology of the fluid. A wide study wiscosity versus
time at constant shear raie performed on rheometefhe same experiment is performed
after addition of xylene anePDand comparison of resulis done. The variation in viscosity

of crudes containing different wax percent is analysed.

CHAPTER 3: INTEGRATED STUDY ON CRUDE CHARACTERISATION

Crudesof Indonesia, Kuwait, Nigerian, Australian and Indiarfields arecharacterized on the

basis ofAPI, density, WAT, WDT, viscaity andwax% The global crude distribution is

briefed.

CHAPTER 4: WAX DEPOSITION MODELS FOR FLOW ASSURANCE

Wax deposition in production and transport continues to be a critical problem faced by

petroleum industry. Wax starts to pigtate and deposit along the inner walls of the pipeline

XV




as the temperature drops below the wax appearance temperature (WAT). This can lead tg
blockage in pipelines and result in huge lossSHsere are many models present in the
literature that describergcipitation of wax from oil, and they can be broadly classified into

two categories: (IJhermodynamic modeksnd(2) Wax models

The hermodynamic modelmclude Lira-Galeana Model, Erickson Model, Pedersen Model,
Woné model andCoutinho ModelMatzainmodel andRygg, Rydahl and Ronningsen (RRR)

model comes under wax deposition modéilis chapter gives a brief description of both the
models. It also describes about tiesic mechanisms influencing wax deposition (molecular

diffusion, sheadispersionprownian diffusion, gravity settling and other effects).

CHAPTER 5: MATZAIN MODEL AND RRR MODEL FOR WAX DEPOSITION

The RRR (Rygg, Rydahl and Rgnningsen) model is a +pblse flow wax deposition model
which predicts wax deposin in wells and pipelinesThis model estimates the wax
precipitation along the pipelineMatzain model is based on moleculaiffusion, shear
dispersionand shear stripping mechanisms. It predicts the rate of wax deposition along the
pipeline. Algorithms for RRR model and Matzairodel aredeveloped considering single

phase flowMATLAB is used to code the algorithm and study the models.

CHAPTER 6: VALIDATION OF MODELS USING REAL TIME DATA

The validation of the model developed in Matlab is done for Matzain and RRR model.

Pressurgtemperature, Rate of wax deposition avidlume of wax deposited are studied

CHAPTER 7: WAX REMOVAL TECHNIQUES WITH SPECIAL REFERENCE TO

PIGGING

XVi




Wax deposition cause severe operational problems in the oil field leading to huge losses.
There exist a numbef methods to deal with the problems of wax deposition. Some of the
methods are aimed to prevent wax from depositing and others at removing wax after it has
deposited. This chapter gives a brief over view of different techniques with focus on removal
of wax using pigsMany results of.imbodraPaliyad trunk line arestudied andnference is

drawnon how flow behaviourchanges after pigging.

CHAPTER 8: SUMMARY AND CONCLUSION

This chaptersummarise inference drawn from literature iegy experimental work on
rheometer, MatzainRRR modelling and piggingRecommendations for future work are

proposed.
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Chapter 1

OBJECTIVE AND MOTIVATION

1.1 OBJECTIVE OF THESIS

Flow assurance as the name implge$o assursmoothflow of crude oil from the reservoir
to the refinery.The objectives of the research presented in this dissertation desdtmpa
fundamental understanding of wax depositaomd use this to develofheoretical models to

simulate the wax deposition and typical flow assurance challenges in pipelines.

Specifically, the major goals of this work can be summarized as:

(1) To investigate how the crude propestivaries with variation in wax% hesestudies are

coupled with a shear induced rheological behaviour of the crude.

(2) To develop wax deposition modelsing MATLAB. The models have been coded using

MATLAB. The validation of the model is done using real data.

Wax thermodynamic and depositiorodels is reviewed and evaluated. The review is aimed
to provide accurate prediction analysis of wax precipitation and to serve as a reliable

knowledge input into wax deposition modelling in oil and gas flow systems.

In the foreseeable future, hydrocarbaml @nd gas) will still be the major energy source
irrespective of the developments in renewable and nuclear energy. Flow Assurance covers all
methods to ensure the safe and efficient delivery of hydrocarbons from the well to the
collection facilities. Engring successful fluid flow has always been at the heart of the oil and

gas industry. However, it is only in the last 20 years that flow assurance has become a




classification in its own right. The economic implications of such depositions are

tremendous.

1.2 MOTIVATION

The motivation for doing this project was primarily an interest in undertaking a challenging
project in an interesting area of research. The opportunity to learn about a new area of
computing not covered in lectures was appealing. In Indiagbearch on flow assurance is

still at an initial stage. It is very new and challenging field. It is one of the major problems

confronting the petroleum industry

Wax deposition in oil and gas production is one of the major flow assuranéengeal the
industry faces todaylf wax precipitates it may deposit in pipes and equipment causing flow
issues. Wax deposition is mainly a problem in pipelines and in production equipntent

also at near well bore regiari3eposited wax in pipelines may cause incregsedsure drop,
decreased production and lead to clogged pipes. Deposited wax may also damage productior
equipment or make it less efficiedt.large part of worlds remaining oil and gas resources is
found in harsh environments such as deep water and eoctiitions. The development of

such oil and gas fields requires advanced process and transport solutions

Pigging is the most commowax removal techniquen oil pipelines. Pigging removes

deposited wax mechanically by scraping it of the wall

Flow assurance will play a fundamental role in solving major industry challenges and

servicing the global market going forward.




1.3 BACKGROUND

The term Flow Assurance was devised by Petrobras meaning liter@ély ar ant ee of
(Jhanshahi, E., 2013F)low Assurace addresses the issues of deposition of heavy organics
during entire petroleum extraction process from the reservoir sand face to fudeess
facilities and beyondWax deposition in oil and gas production is one of the major flow
assurance chlahgesthe industry faces todayVax precipitates from oil when it is cooled

and ths wax deposit on pipeline walls. Wall deposits can lead to severe problems and need to
be removed in an efficient way. Warecipitation and depositiozan significantly influene

the economy for a field, because ag@mal and remedial costs amereased in addition to

decreasing production.

1.4 WAX

Wax is a component of crude oil that remains in solution until operating conditions are
favourable to its precipitation, a conditictaused by changes in the temperatpressure
equilibrium of the crude oiWax is deposited on the components of the production system by
various mechanisms including molecular diffusion, shear dispersion, Brownian diffusion, and
gravity settling. Brownia diffusion and gravity settling are not very significant in the

dynamic condition obtainable in crude oil production.

Wax precipitated from oil mixture consists of

1 C18 to C36 (paraffinic waxes/ macro crystalline waxes)

1 C30to C60 (micro crystalline waxedok, M. V., and Saracoglu, O., 2000)
Macrocrystalline waxes are mainlyatkanes with a length afhain within the range 13 -
C36. Microcrystalline or amorphousiaxes present a higproportion of iseparaffins and

napthenesvithin the range C& C60.(Martos, C., et al., 2008)




Figurel.1l: Waxplug in wellbore on platfornm North Sea
(LabesCarrier, C.,et al., 2002)

Waxesare deposited as solids where there is a change in thermodynamic equilibrium, such
that thetemperature falls below the cloud point. The cloud point is a critical point in the
rheology ofwaxy crudes. Above the cloud point, flow is Newtonian and below the cloud
point, it is noANewtonian due to wax/solid precipitation. When the rheology of thd flu
changes, they obseraetenfold or more increase in viscosity. Hence the oil becomes thicker
and one needs mooempressor horse power to pump such oil in the pipdlikaesina,F.,et

al., 2010)This wax deposition results in additional pressure dangd decreases pipeline

efficiency because of potential plugging. (Elsharkawy, A. M., et al., 1999)

1.5 TECHNICAL ISSUES ASSOCIATED WITH WAX DEPOSITION

Technical issues associated with wax deposition include the following:
1 Reduction in pipe internal diametand eventual plugging of production tubing and
surface piping

1 Formation damage near wellbore.




Reduction in permeability.

Changes in the reservoir fluid composition and fluid rheology due to phase separation
as wax solid precipitates.

Significant pressureequirements to start the flow, since the gelled oil displays yield
behaviar. (In many operational scenarios, the pipeline may not be able to withstand
this pressure.)

Significant pressure drop across the pipeline. Limitation on the operating capatitie

the entire production system.
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Chapter 2

RHEOLOGICAL STUDY OF CRUDE SAMPLES USING

RHEOMETER

2.1. RHEOLOGICAL STUDY OF CRUDE

Millions of dollars are invested for the transport of crude oil in pipelines. The return on the
investment may disappear if the flow rate in a given pipeline is not as high as anticipated due
to lack of understanding of the factors affectithg oil's viscosity. The study of viscosity
variation of crude oil is one of the most important parameter in ensuring efficient flow
through pipelines. Crude oil follows Newtonian behaviour at sufficiently high temperature.
As the temperature drops, waarficles precipitate out forming crystals which change the
flow behaviour to nofNewtonian. The change in Rheology causes adkhincrease in
viscosity. (Wardhaugh, L. T., et al., 1988) The industrial cost involved in preventing wax
deposition is highand the petroleum industry is always looking for a cheap and effective

additive to control the problem.

To understand the crude oil viscosity changes, experiments are conducted on Rheometer with
different crude sample. The experiments are also carriedsiug crude mixed with xylene

and PPD to understand the effect of xylene and PPD on the flow properties and deposition
problems.

2.2. INHIBITION MECHANISM OF XYLENE

The wax depositioinhibiting action of the xylendased inhibitor is attributed to its
interagion with the forming wax aggregates. The xyldrased inhibitor has segmented

structures that prevent wax crystal growthinteracting with the forming wax crystal.




The waxes in crude oils are paraffinic and vary in amount and molecular weight distributi
When the temperature decreases, the paraffinic wax starts to crystallize in the form of thin
plates, needles, or micaystals. The needle crystals compact into a tdisensional

network.

Plate crystals curl on their edges forming hollow needles filmher lead to network
formation. The xylene based inhibitor easily adsorbs onto the wax crystals preventing the
interlocking of the threglimensional wax networks. In the present study, xylene exhibited
better capability as wax deposition inhibitor dtalv improver. The ability to form a stable
suspension in the crude oil makes the inhibitor effective at concentration in th@erarts

million range, compared to the concentration of the wax crystals. (Bello, O. O., et al., 2005)

2.3. INHIBITION MECHANISM OF PPD

Pretreatment of crude oils with PPD is an attractive alternative to solve wax deposition
problems during transport of crude oils along pipelines. Pour point depressants (PPD) are
wax crystal modi yers which ar e alteatheaddwth o f
and surface properties. They decrease the tendency of wax crystals to interlock and form
three dimensional network structures, thereby lowering the pout poid the viscosity.

(Coto, B.,et al., 2014).

2.4. RHEOMETER

A Rheometers a laloratory device used to measure the way in which a liquid, suspension or
slurry flows in response to applied forces. It is used for those fluids which cannot be defined
by a single value ofiscosityand therefore require more parameters to be setmaadgured

than is the case fonascometer It measures theneologyof the fluid. Viscosity is a measure




of the resistance of a fluid which is being deformed bystiearstress. Stress is the measure

of internal force applied to an obje&hearstresss the stress which is applied parallel to the
face of an object or mat er i aHicknessrninter@al e r y
f r i c Yiscameteér.is an instrument used to measure the viscosity of a fluid. It measures the
rheology of the fluid. Réology is the study of the flow ofatter primarily in liquid state.

The termRheometecomes from the Greek wordeq meaning flow, and Rheometera
device for 0 m e(hats:/(www.amtgrpaarf.cbn/ime@products/details/mer

rheometesseries)

MCR RHEOMETER - ANTON PAAR

1. SPECIAL SAFETY INSTRUCTIONS

Fluids of IIC group according to EN60029, such as carbon disulfide, hydrogen or

acetylene must not be measured using the MCR.

Adequate protection must be ensured for hazardous gases thatvwapgrate during

measurement, especially at high temperature..

2. INTENDED USE OF THE INSTRUMENT

The MCR is intended for the measurement of the rheological properties of a wide range of

different samples.

3. MCR-AN OVERVIEW

A The modular compact Rheomesaries incorporates an EC motor and is designed for a

wide range of measurement tasks.




A Temperature control and samples specific accessories adapt the instrument to the
desired application

A The Rheometer software together with the tool master ffill autoratic recognition
and the configuration systenare the user friendly interface.

A All the mechanical and electrical components are incorporated into one unit.

A The movable measuring head ensures sufficient space for sample loading.

1. MCR measuring hd

2. MCR coupling for measuring system
3. Flange ring

4. Colour display

5. Soft keys

6. Recessed grip

7. Right side cover

Figure2.1: Schematic of a Rheometer Instrument

https://www.oelcheck.de/uploads/pics/rheometer_01.jpg

4. OPERATING MODES

The MCR can be operated in two different modes

A OFFLINE MODE - the green LED on the operating panel is OFF. The MCR can be
operated with the buttons tife operating panel.

A ONLINE MODE - the green LED on the operating panel is ON. MCR is remotely control
by the PC software. In this operating mode you can stop the movement of the measuring

head by pressing any of the buttons on the operating panel.
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5. OPERATING THE MCR

A Switch on the MCR with the main power switch on its left side.

A After the MCR has finished the boot procedure, the instrument display "status: O.K." in
the first line.

A Load the sample.

A Initialise the instrument from the software and essabtommunication.

A Set the required temperature and zero gap position and wait for thermal equilibrium.

A Set up the measurement parameters as required.

A Physical properties such as normal force, temperature and gap are displayed on the screen,

A The bottom lhe of the screen displays the functions that can be carried out with the

respective soft key.
A After the measurement disconnect the measuring system and move up the instrument head.

A Remove the samples and clean the apparatus.

NOTE: Avoid scratching or damag the measurement system and/or accessories. The

sample should be filled up to the mark indicated in the measuring system cup.

TEMPERATURE UNIT

A The temperature unit brings samples to the desired temperature with the use of thermostat.

A The temperaturegange is from-30°C to 70°C but can be extended to 180°C. When
suitable connections are used.

A The temperature unit is not an explosion proof instrument and therefore must not be

operated in areas with high risk of explosion.

1) MOUNTING THE MEASURING CUP INTHE CYLINDER SYSTEM

11




Put the measuring cup from above into the temperature unit and fix it with the clamping

SCcrew.

2) SOFTWARE SETTINGS

The instruments of the physica mcrxx1 series are equipped with Toolfhashéch detects
the accessories automatically.néh the temperature unit gets installed the first time, the
Rheoplus software shows a popup window with all settings of the temperature unit confirm

the data with <OK>

3) THERMOSTATING : THE TEMPERATURE UNIT

For thermostating the temperature unit use cirmndabath or a thermostat. As a cooling

agent only water, Si oil or water with an afiBezing agent may be used.

WARNING

The use of temperature unit with the hoses that are mounted at the time of
delivery is only allows up to 70°C temperature. Operage témperature

unit at higher temperature only with suitable supply hoses. Please note that
liquids increase in volume with heat, therefore the temperature unit may not

be over fill.

EXTREME TEMPERATURE

The temperature of the temperature unit depends on the connected
thermostating unit. Heated or cedlareas may take considerable time to

reach room tem perature.

12




2.5. EXPERIMENT

Experiments were conducted using Rheometer (ANTON PAAR CORPORATION) to
understand how viscosity of crude oil of X fields changes as a function of time. Two different
kind of waxy crude oils were used as test specimens. The experiments were conducted at

constant shear rate at given temperature.

2.5.1. PRE-TREATMENT OF OIL SAMPLE

The oil specimens were pteeated to eliminate the past history effect. The oil specimens in
sealed bottlesvere heated to 65°C in water bath for 40 minutes to make it homogeneous. The
oil specimens were then held at room temperature and mixed thoroughly before they were

loaded to the Rheometer cup.

Figure2.2: Pretreatmentof crude sample
(PanditDeendayal Petroleum Universityaboratory)

13




2.5.2.CHARACTERISTICS OF CRUDE OIL OF X FIELD

The following are the properties of the crude samples which are used in the study

Table 21: Characteristics dErude Oil of X Field

WELL NO PAY ZONE IEC())ILI<I$ WAX %  ASPHALTENE% = RESIN %
X#108 | K-VI+VII 36 14.35 2.79 22.26
X#60 | K-X 45 37.34 2.20 8.39
X#113 | K-V 33 22.45 0.19 6.20
X#46 | K-V+VI 39 30.38 0.57 12.08
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2.6.RESULTS

2.6.1. VISCOSITY VS TIME DATA AT CONSTANT SHEAR RATE WITHOUT

PRE-TREATMENT (X#108)

Table2.2: Viscosity vs time at constant shear rate withouttpgatment of X #108

constant
Shear rate 30 40 50 60 70 80
Time Viscosity at| Viscosity at| Viscosity at| Viscosity | Viscosity at| Viscosity

30 40 50 at 60 70 at 80

[S] [cP] [cP] [cP] [cP] [cP] [cP]

6 73.5 67.6 76.9 65.6 59.8 56
12 73.4 66.9 75.7 65.3 59.5 55.8
18 73.1 66.5 74.9 64.8 59.4 55.5
24 73 66.2 74 64.6 59.2 55.5
30 73 66.5 73.4 64.3 59.1 55.3
36 73 66.9 72.8 64.1 58.9 55.1

42 73.4 66.9 72.2 63.9 58.8 55
48 73.6 67 71.9 63.7 58.7 54.8
54 73.8 66.7 71.5 63.5 58.5 54.7
60 73.9 66.4 71.2 63.3 58.4 54.6
66 73.6 66.5 70.8 63.2 58.3 54.4
72 73.4 66.6 70.7 63 58.1 54.4
78 73.1 66.8 70.5 63 58 54.3
84 73.7 66.9 70.3 62.8 57.9 54.1

90 73.3 66.5 70.2 62.6 57.7 54
96 73.5 66.2 69.8 62.6 57.6 53.9
102 73.4 66.2 69.7 62.4 57.5 53.9
108 73.2 66.2 69.3 62.3 57.4 53.7
114 73 66.5 69.3 62 57.3 53.7
120 72.6 66.9 69 61.9 57.2 53.6
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GRAPHICAL REPRESENTATION OF RESULTS OBTAINED
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Figure2.3: Plot of viscosity vs time at constant shear rate withoutneament X108)

In this experiment we have considered the variation of viscosity with time at different shear
rate without prereating the crude sample. The results indi¢h&variationin viscosity at

different constant shear rate as a function of time.

As shown inthe abee graphviscosity at 3sec' is higher than the stosity at shear rate of
40 sec’. Similarly it can be seen from the result that as the shear rate is increased at constant

temperatee viscosity is decreased.
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2.6.2. VISCOSITY VS TIME AT CONSTANT SHEAR RATE AFTER PRE-

TREATMENT (X#108)

Table2.3: Viscosity vs time at constant shear rate afteitig@ament oiX#108

Time Viscosity at 30 Viscosity at 50 Viscosity at 70
[s] [Pa-s] [Pa-s] [Pa-s]
30 2.850 2.54 1.64
60 2.690 2.38 1.59
90 2.640 2.29 1.56
120 2.640 2.22 1.54
150 2.650 2.17 1.52
180 2.670 2.12 1.50
210 2.700 2.08 1.48
240 2.730 2.05 1.47
270 2.750 2.02 1.45
300 2.770 1.99 1.44
330 2.790 1.97 1.43
360 2.810 1.95 1.42
390 2.830 1.93 1.41
420 2.840 1.91 1.40
450 2.850 1.90 1.39
480 2.850 1.88 1.38
510 2.850 1.87 1.37
540 2.850 1.85 1.36
570 2.840 1.84 1.35
600 2.840 1.83 1.34
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GRAPHICAL REPRESENTATION OF RESULTS OBTAINED
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Figure2.4: Plot of viscosity véime at constant shear rate after-pematment (X 108)

The following results were obtained aftpretreatment of crude sampl&éhe above graph

showsthe variationn viscosity at different constant shear rate as a function of time.

From the results obined it can be seen thascosity atshear rate 38ec¢ is higher tharthat
at 50sec¢’. Similaly it can be seen that viscosity is decreased as the shear rate is increased at
constant temperatur&€he graphical result also showmtthe viscosityis decreaedafter pre

treatment of crude sample as compared to sample withctrieaitenent.
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2.6.3. VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT
SHEAR RATE OF 30 (1/S) (X 60, X 113, X 46)

Table2 .4: Viscosity vstime data of different crude at constant shear rate of 30 KL&),(X

113,X 46)
[S] [Pa-s] Pa.s Pa.s
Meas.Pts| Time | ViscosityX # 60 | ViscosityX # 113 Viscosity X # 46
1 12 4.93 1.54 1.740
2 24 3.74 1.22 1.390
3 36 3.18 1.06 1.220
4 48 2.80 0.945 1.110
5 60 2.51 0.856 1.030
6 72 2.28 0.782 0.959
7 84 2.09 0.714 0.900
8 96 1.93 0.648 0.848
9 108 1.80 0.596 0.803
10 120 1.68 0.55 0.763
11 132 1.58 0.511 0.726
12 144 1.49 0.472 0.694
13 156 1.40 0.439 0.664
14 168 1.33 0.402 0.637
15 180 1.27 0.363 0.612
16 192 1.21 0.33 0.590
17 204 1.16 0.306 0.569
18 216 1.11 0.286 0.550
19 228 1.06 0.268 0.532
20 240 1.01 0.251 0.515
5.00 -
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&
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Figure2.5: Plot of viscosity vdime at constant shear rate 3Q $X 60, X113,
X46)
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2.6.4. VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT

SHEAR RATE OF 50 (1/S) (X60, X113, X46)

Table2.5: Viscosity vstime data of different crude at constant shear rate of 50(K@€),

X113,X46)
[s] [Pa-s] Pa.s Pa.s
Meas.Pts.| Time | ViscosityX # 60 | ViscosityX # 113 Viscosity X # 46
1 12 0.705 0.0905 0.354
2 24 0.641 0.0795 0.341
3 36 0.595 0.0733 0.332
4 48 0.557 0.0687 0.323
5 60 0.524 0.0648 0.316
6 72 0.496 0.0613 0.311
7 84 0.468 0.0591 0.305
8 96 0.444 0.0561 0.300
9 108 0.423 0.0533 0.295
10 120 0.405 0.0511 0.291
11 132 0.388 0.049 0.287
12 144 0.369 0.0473 0.283
13 156 0.352 0.0454 0.280
14 168 0.335 0.0438 0.276
15 180 0.319 0.0419 0.274
16 192 0.304 0.0401 0.271
17 204 0.291 0.0386 0.268
18 216 0.278 0.0372 0.265
19 228 0.267 0.036 0.263
20 240 0.257 0.0351 0.261
0.8
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@ 0.6
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Figure2.6: Plot of viscositys time at constant shear rate 50(X 60, X 113, X 46)
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2.6.5. VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT

SHEAR RATE OF 70 (1/S) (X60, X113, X46)

Table2.6: Viscosity vstime data of differentrude at constant shear rate 6f(Z/s) (X60,

X113,X46)
[S] [Pa-s] Pa.s Pa.s
Meas.Pts.| Time ViscosityX #60 | ViscosityX #113 Viscosity X # 46
1 12 0.203 0.0249 0.243
2 24 0.191 0.0240 0.240
3 36 0.182 0.0233 0.238
4 48 0.174 0.0230 0.236
5 60 0.168 0.0223 0.233
6 72 0.162 0.0219 0.231
7 84 0.157 0.0215 0.230
8 96 0.153 0.0213 0.228
9 108 0.149 0.0210 0.226
10 120 0.145 0.0209 0.224
11 132 0.141 0.0203 0.223
12 144 0.138 0.0197 0.221
13 156 0.135 0.0196 0.220
14 168 0.132 0.0195 0.219
15 180 0.129 0.0189 0.217
16 192 0.126 0.0190 0.216
17 204 0.123 0.0189 0.215
18 216 0.121 0.0183 0.214
19 228 0.119 0.0183 0.212
20 240 0.117 0.0182 0.211
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Figure2.7: Plot of viscosity vs time at constant shear rate-Z(Xs60, X 113, X 46)

21




2.6.6. VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT

SHEAR RATE OF 30 (1/S) WITH 1% XYLENE (X60, X113, X46)

Table2.7: Viscosity vstime data of different crude at constant shear rate of 30witfs)]1%

xylene(X60, X113, X46)

[s] [Pa-s] Pa.s Pa.s
Meas.Pts.| Time ViscosityX # 60 | ViscosityX #113 Viscosity X # 46
1 12 0.186 0.0223 0.353
2 24 0.167 0.023 0.315
3 36 0.156 0.0228 0.334
4 48 0.148 0.0228 0.321
5 60 0.14 0.0233 0.272
6 72 0.134 0.0233 0.263
7 84 0.129 0.0228 0.256
8 96 0.124 0.023 0.250
9 108 0.12 0.0234 0.245
10 120 0.117 0.0232 0.240
11 132 0.114 0.0229 0.236
12 144 0.112 0.0232 0.232
13 156 0.109 0.0233 0.229
14 168 0.107 0.0231 0.226
15 180 0.105 0.0229 0.223
16 192 0.103 0.0229 0.220
17 204 0.102 0.0229 0.218
18 216 0.1 0.0229 0.216
19 228 0.0995 0.0229 0.213
20 240 0.0979 0.0229 0.211
0.4
4 A
5 S
g 0.25 LN -
2 02 A A A Ay
§ 0.15 -
2
> 01
0.05
o | EE . .
0 50 100 150 200 250 300
Time (s)
=¢=\iscosit X #60 —@-Viscositt X # 113 ==Viscosit X # 46

Figure2.8: Plot of viscosity vs time at constant shear rate-B(Xs60, X 113, X 46) witl

1% xylene
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2.6.7. VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT
SHEAR RATE OF 50 (1/S) WITH 1% XYLENE (X60, X113, X46)

Table2.8: Viscosity vs time data of different crude at constant shear rate of 5With/'9)%
xylene(X60, X113, X46)

[s] [Pa-s] Pa.s Pa.s
Meas.Pts| Time ViscosityX # 60 | ViscosityX # 113 Viscosity X # 46
1 12 0.0824 0.0184 0.170
2 24 0.0813 0.0184 0.168
3 36 0.0798 0.0184 0.167
4 48 0.0789 0.0184 0.166
5 60 0.0784 0.0183 0.165
6 72 0.0779 0.0185 0.164
7 84 0.0775 0.0183 0.164
8 96 0.0768 0.0183 0.163
9 108 0.076 0.0181 0.163
10 120 0.0755 0.0179 0.162
11 132 0.0743 0.0181 0.161
12 144 0.0736 0.0182 0.161
13 156 0.0732 0.0182 0.160
14 168 0.073 0.0183 0.159
15 180 0.0729 0.0184 0.159
16 192 0.0729 0.0183 0.159
17 204 0.0725 0.0184 0.158
18 216 0.0719 0.0182 0.158
19 228 0.071 0.0182 0.157
20 240 0.0706 0.0184 0.157
0.18
0.6 1 AA A A=A AAAAAAAA A
@ 0.14
a 0.12
> 01
2 0.08 _‘-.-‘-’-.-.WQ—Q—O—Q—Q—H_.
3 0.06
> 0.04
0.02 - —-.—-.
0 ; ; ; ; ;

0 50 100 150 200 250 300
Time(s)

=—9—\iscositt x #60 —=Viscosity x #113 =A—Viscosity x # 46

Figure2.9: Plot of viscosity vs time at constant shear rate-50Xs60, X 113, X 46) witl
1% xylene
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Table2.9: Viscosity vs time data of different crude at constant shear rate of 7With/'9)%

xylene(X60, X113, X46)

[s] [Pa-s] Pa.s Pa.s
Meas.Pts.| Time Viscosity X # 60 Viscosity X # 113 Viscosity X # 46

1 12 0.0644 0.0201 0.1516
2 24 0.0639 0.0195 0.1510
3 36 0.0634 0.019 0.1503
4 48 0.0632 0.0188 0.1497
5 60 0.0628 0.0184 0.1494
6 72 0.0622 0.0179 0.1490
7 84 0.0618 0.0176 0.1484
8 96 0.0617 0.0174 0.1479
9 108 0.0616 0.0171 0.1475
10 120 0.0613 0.0171 0.1472
11 132 0.0611 0.0171 0.1468
12 144 0.0607 0.0168 0.1465
13 156 0.0607 0.0165 0.1462
14 168 0.0605 0.0163 0.1460
15 180 0.0603 0.0163 0.1456
16 192 0.0601 0.0162 0.1453
17 204 0.0600 0.0162 0.1452
18 216 0.0598 0.016 0.1448
19 228 0.0596 0.016 0.1445
20 240 0.0596 0.0159 0.1442
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Figure2.10: Plot of viscosity vs time at constant shear rate-Z(Xs60, X 113, X 46) with

1% xylene
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2.6.8. VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT

SHEAR RATE OF 30 (1/S) WITH 2% XYLENE (X60, X113, X46)

Table2.10: Viscosity vs time data of different crude at constant shear rate of 3W{th/'2%

xylene(X60, X113, X46)

[S] [Pa-s] Pa.s Pa.s
Meas.Pts| Time ViscosityX # 60 | ViscosityX # 113 | ViscosityX # 46
1 12 0.07865 0.02136 0.1497
2 24 0.07778 0.02164 0.1487
3 36 0.07708 0.02182 0.1478
4 48 0.07599 0.02226 0.1472
5 60 0.07569 0.0224 0.1465
6 72 0.07562 0.02251 0.1464
7 84 0.07471 0.02195 0.1454
8 96 0.07436 0.02203 0.1450
9 108 0.07373 0.02199 0.1443
10 120 0.07496 0.02203 0.1440
11 132 0.07419 0.02237 0.1437
12 144 0.0738 0.02213 0.1430
13 156 0.07311 0.02204 0.1428
14 168 0.0728 0.02218 0.1422
15 180 0.07272 0.02208 0.1424
16 192 0.07184 0.02195 0.1417
17 204 0.07213 0.02197 0.1415
18 216 0.07216 0.02193 0.1413
19 228 0.07138 0.02183 0.1405
20 240 0.07138 0.02195 0.1404
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Figure2.11: Plot of viscosity vs time at constant shear rate-30%s60, X 113, X 46) with

2% xylene
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2.6.9. VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT

SHEAR RATE OF 50 (1/S) WITH 2% XYLENE (X60, X113, X46)

Table2.11: Viscosity vstime data of different crude at constant shear rate of 50witfsP%

xylene(X60, X113, X46)

[s] [Pa-s] Pa.s Pa.s
Meas.Pts| Time ViscosityX # 60 | ViscosityX # 113 | ViscosityX # 46
1 12 0.0620 0.0153 0.1321
2 24 0.0616 0.0154 0.1315
3 36 0.0614 0.0156 0.1313
4 48 0.0612 0.0161 0.1304
5 60 0.0611 0.0161 0.1300
6 72 0.0608 0.0159 0.1296
7 84 0.0602 0.016 0.1296
8 96 0.0600 0.0159 0.1293
9 108 0.0600 0.0159 0.1290
10 120 0.0599 0.0157 0.1285
11 132 0.0597 0.0159 0.1284
12 144 0.0595 0.0158 0.1280
13 156 0.0595 0.0159 0.1278
14 168 0.0591 0.0162 0.1274
15 180 0.0585 0.016 0.1274
16 192 0.0584 0.0164 0.1274
17 204 0.0585 0.0165 0.1272
18 216 0.0588 0.0163 0.1269
19 228 0.0584 0.0163 0.1268
20 240 0.0581 0.0164 0.1267
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Figure2.12: Plot of viscosity vs time at constant shear rate-5(Xs60, X 113, X 46) with

2% xylene
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2.6.10VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT

SHEAR RATE OF 70 (1/S) WITH 2% XYLENE (X60, X113, X46)

Table2.12: Viscosity vs time data of different crude at constant shear rate of 7W{tt/'2%
xylene(X60, X113, X46)

[s] [Pa-s] Pa.s Pa.s
Meas.Pts.| Time Viscosity X # 60 Viscosity X # 113 Viscosity X # 46
1 12 0.0547 0.0134 0.123
2 24 0.05453 0.01335 0.123
3 36 0.05447 0.01303 0.123
4 48 0.05426 0.01309 0.123
5 60 0.05411 0.01314 0.123
6 72 0.05403 0.01311 0.123
7 84 0.05398 0.01299 0.122
8 96 0.05424 0.01334 0.122
9 108 0.05413 0.01327 0.122
10 120 0.05409 0.01323 0.122
11 132 0.05403 0.01329 0.122
12 144 0.05365 0.01323 0.122
13 156 0.05332 0.01268 0.121
14 168 0.05325 0.01287 0.121
15 180 0.05329 0.01296 0.121
16 192 0.05335 0.0129 0.121
17 204 0.05321 0.01298 0.121
18 216 0.0531 0.01327 0.121
19 228 0.05339 0.01313 0.121
20 240 0.05343 0.01345 0.121
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Figure2.13: Plot of viscosity vs time at constant shear rate-Z(Xs60, X 113, X 46) with

2% xylene
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2.6.11VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT

SHEAR RATE OF 30 (1/S) WITH 1% PPD (X60, X113, X46)

Table2.13: Viscosity vs time data of different crude at constant shear rate of 3W{t/'d%o
PPD(X60,X113,X46)

[S] [Pa-s] Pa.s Pa.s
Meas.Pts.| Time Viscosity X # 60 Viscosity X # 113 Viscosity X # 46
1 12 0.202 0.0441 0.2082
2 24 0.19 0.043 0.2068
3 36 0.18 0.0422 0.2062
4 48 0.171 0.0401 0.2056
5 60 0.166 0.0393 0.2052
6 72 0.154 0.0394 0.2044
7 84 0.148 0.0381 0.2043
8 96 0.142 0.0373 0.2037
9 108 0.136 0.0367 0.2035
10 120 0.138 0.0358 0.2033
11 132 0.133 0.0362 0.2032
12 144 0.13 0.0353 0.2025
13 156 0.123 0.0346 0.2023
14 168 0.126 0.0347 0.2016
15 180 0.117 0.0336 0.2014
16 192 0.115 0.0337 0.2010
17 204 0.112 0.0332 0.2003
18 216 0.112 0.0328 0.2001
19 228 0.11 0.0326 0.1998
20 240 0.11 0.0326 0.1991
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Figure2.14: Plotof viscosity vs time at constant shear 13es’(X 60, X 113,X 46) with
1% PPD
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2.6.12VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT

SHEAR RATE OF 50 (1/S) WITH 1% PPD (X60, X113, X46)

Table2.14: Viscosity vs time data of different crude at constant shear rate of 50 (tit8) )
1% PPD(X60,X113,X46)

[S] [Pa-s] Pa.s Pa.s
Meas.Pts.| Time ViscosityX # 60 | ViscosityX # 113 Viscosity X # 46
1 12 0.0917 0.0197 0.1898
2 24 0.0898 0.0200 0.1890
3 36 0.0889 0.0200 0.1882
4 48 0.0876 0.0195 0.1877
5 60 0.0869 0.0197 0.1871
6 72 0.0861 0.0195 0.1867
7 84 0.0861 0.0193 0.1860
8 96 0.0852 0.0194 0.1855
9 108 0.0847 0.0195 0.1849
10 120 0.0831 0.0193 0.1845
11 132 0.0828 0.0191 0.1841
12 144 0.0825 0.0193 0.1836
13 156 0.0822 0.0193 0.1833
14 168 0.0821 0.0192 0.1829
15 180 0.082 0.0190 0.1824
16 192 0.0814 0.0188 0.1821
17 204 0.0806 0.0187 0.1819
18 216 0.0797 0.0189 0.1815
19 228 0.0796 0.0191 0.1810
20 240 0.0788 0.0190 0.1806
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Figure2.15; Plotof viscosity vs time at constant shear e (X 60, X 113,X 46) with
1% PPD
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2.6.13VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT
SHEAR RATE OF 70 (1/S) WITH 1% PPD (X60, X113, X46)

Table2.15: Viscosity vs time data of different crude at constant shear rate of 7W{t/'d%o
PPD(X60,X113,X46)

[S] [Pa-s] Pa.s Pa.s
Meas.Pts.| Time Viscosity X # 60 Viscosity X # 113 Viscosity X # 46

1 12 0.0734 0.01522 0.1757
2 24 0.0727 0.01513 0.1752
3 36 0.0724 0.01512 0.1747
4 48 0.0716 0.01496 0.1744
5 60 0.0715 0.01494 0.1739
6 72 0.0711 0.01495 0.1735
7 84 0.0709 0.01493 0.1732
8 96 0.0705 0.01497 0.1728
9 108 0.0706 0.01509 0.1725
10 120 0.0705 0.01508 0.1721
11 132 0.0726 0.01497 0.1718
12 144 0.0815 0.01496 0.1715
13 156 0.1720 0.01528 0.1713
14 168 0.0693 0.01531 0.1710
15 180 0.0694 0.01474 0.1707
16 192 0.0690 0.01471 0.1704
17 204 0.0683 0.01475 0.1701
18 216 0.0681 0.01504 0.1699
19 228 0.0678 0.01486 0.1696
20 240 0.0684 0.01485 0.1694

0.2000
R _\;\;\-_\;\_\_\;\-_\A-_\_\A-_\_\;\_\A;\A
»' 0.1500
\
£ 0.1000
> 0.0500

0.0000 H—H—i—i—i—i—i—i—i—“—i—i—i—i—i—i—i | |

0 50 100 150 200 250 300
Time (s)

=¢=\iscosity x #60  =—f@@=Viscosith x #113 “A=\Viscosity x # 46

Figure2.16. : Plot of viscosity véime at constant shear rate 7Q(X 60, X 113, X 46) with
1% PPD
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2.6.14VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT

SHEAR RATE OF 30 (1/S) WITH 2% PPD (X60, X113, X46)

Table2.16: Viscosity vs time data of different crudeconstant shear rate of 30 (Msdh

2% PPD(X60,X113,X46)

[s] [Pa-s] Pa.s Pa.s
Meas.Pts| Time ViscosityX # 60 | ViscosityX # 113 | ViscosityX # 46
1 12 0.0848 0.0247 0.1924
2 24 0.0843 0.0246 0.1900
3 36 0.084 0.0242 0.1889
4 48 0.0839 0.0242 0.1880
5 60 0.0835 0.0242 0.1868
6 72 0.0837 0.024 0.1861
7 84 0.0824 0.0244 0.1853
8 96 0.0827 0.0242 0.1851
9 108 0.083 0.0246 0.1844
10 120 0.0817 0.0242 0.1838
11 132 0.0809 0.0246 0.1833
12 144 0.0812 0.0241 0.1831
13 156 0.081 0.0243 0.1826
14 168 0.0813 0.0243 0.1821
15 180 0.0803 0.0244 0.1822
16 192 0.0811 0.024 0.1818
17 204 0.0796 0.0239 0.1816
18 216 0.0802 0.0237 0.1807
19 228 0.0798 0.0236 0.1809
20 240 0.0788 0.0237 0.1807
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Figure2.17: Plotof viscosity vs time at constant shear r3es’(X 60, X 113,X 46)

with 2% PPD
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2.6.15VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT

SHEAR RATE OF 50 (1/S) WITH 2% PPD (X60, X113, X46)

Table2.17: Viscosity vs time data of different crude at constant shear rate of 5W{tt/'2%

PPD(X60,X113,X46)

[S] [Pa-s] Pa.s Pa.s
Meas.Pts.| Time Viscosity X # 60 Viscosity X # 113 Viscosity X # 46
1 12 0.0715 0.0166 0.1725
2 24 0.0708 0.0166 0.1716
3 36 0.0702 0.0169 0.1710
4 48 0.0693 0.0167 0.1705
5 60 0.0693 0.0164 0.1699
6 72 0.0689 0.0167 0.1694
7 84 0.0688 0.0169 0.1692
8 96 0.0683 0.0171 0.1690
9 108 0.0682 0.0166 0.1688
10 120 0.0682 0.0165 0.1686
11 132 0.0684 0.0166 0.1681
12 144 0.0685 0.0167 0.1677
13 156 0.0682 0.0167 0.1675
14 168 0.0681 0.0167 0.1671
15 180 0.0678 0.0166 0.1669
16 192 0.0672 0.0166 0.1667
17 204 0.0671 0.0166 0.1664
18 216 0.067 0.0171 0.1662
19 228 0.0669 0.0173 0.1661
20 240 0.0667 0.0174 0.1658
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Figure2.18: Plot of viscosity vs time at constant shear rate B(Xs$60, X 113, X 46) with

2% PPD
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2.6.16 VISCOSITY VS TIME DATA OF DIFFERENT CRUDE AT CONSTANT

SHEAR RATE OF 70 (1/S)WITH 2% PPD (X60, X113, X46)

Table2.18: Viscosity vs time data of different crude at constant shear rate of 7W{th/'2%

PPD(X60,X113,X46)

[s] [Pa-s] Pa.s Pa.s
Meas.Pts,| Time Viscosity X # 60 Viscosity X # 113 Viscosity X # 46
1 12 0.06316 0.0142 0.1614
2 24 0.06269 0.0143 0.1610
3 36 0.06265 0.0144 0.1605
4 48 0.06212 0.0144 0.1602
5 60 0.06206 0.0143 0.1599
6 72 0.06205 0.0146 0.1596
7 84 0.06197 0.0148 0.1593
8 96 0.06174 0.0146 0.1591
9 108 0.06175 0.0144 0.1588
10 120 0.06122 0.0141 0.1585
11 132 0.06104 0.0141 0.1583
12 144 0.06098 0.014 0.1582
13 156 0.06093 0.014 0.1580
14 168 0.06055 0.0141 0.1580
15 180 0.06052 0.014 0.1577
16 192 0.06083 0.014 0.1575
17 204 0.06091 0.0139 0.1574
18 216 0.06039 0.0141 0.1573
19 228 0.06059 0.0141 0.1571
20 240 0.06035 0.0142 0.1569
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Figure2.19: Plot of viscosity vs time at constant shear rate-Z(Xs60, X 113, X 46) with

2% PPD
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The experiments of viscosity variation with time at constant shear rate are done for the crude
having different wax percenthe Figure 2.5, 2.6, 25hows the viscosity variation with time
at constant shear raté crudesof X 46, X 60 and X 113X 46 hasthe highest wax content
and highest viscosity whil¥ 113 has the lowest wax content almvest viscosity and it is

clear from the graph and data tia# 60 has the moderate viscosity and wax content

Figure2.8, 2.9,2.10shows the effect of 1%yleneon crudelt can be seen from the graph
that xylene reduces the viscosity of crude oil. Figure 2.11, 2.12 sBd\8s the effect a2%
xylene on crudeThe results indicate that there is greater reduction in viscosity with 2%

xylene compared to 1% xylene.

Figure 2.14, 2.15, 2.16hows the effect of 19%8PDon crudelt can be seen from the graph
that PPD reduces the viscosity of crude oil. Figure 2.17, 2.18,shd®s the effect 02%
PPDon crude.The results indicate that there is greater reductionsoogity with 2% PPD

compared to 1% PPD.
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Chapter 3

INTEGRATED STUDY ON CRUDE CHARACTERIZATION

3.1 GLOBAL CRUDE CHARACTERIZATION

Many types of crude oil are produced around the world. Petroleum occurs in all three possibl
states liquid, gas and solid and varies in colour from light brown to dark brown or black. It is a
mixture of paraffins, naphthenes and aromatics. Density ranges from light to heavy, while
sulphur content is characterized as sweet or sour. The main elements ar86%f84#H (1%
14%) andother elements O2, N2 ai@lin less proportion. The wax deposition poterdiahe

crude is assessed by measuring the following phmdiemical characteristics.

1 Pour point

1 Wax Content

9 Carbon number profiling of crude
1 Wax profiling

M Prediction of WAT and solid wax

Table 3.1shows the statistiof crude properties acrogéuwait, Indonesia, Australia and
Nigeria. The chars representedbelow are variations iorude oilspropertiesin various parts

of the world.Figure 3.1, 3.2, 3.3 indicates the density, percentage of wax, WAT and WDT
variation across the Kuwait Field.Figure 3.4, 3.5, 3.6 analyse the crude content and
viscosity changes in Indonesian Field. Figure 3.7, 3.8 shows the analysis of wax % and
Asphalthene content of Cliff Field from Australia. Figure 3.9, 3.10, 3.11 and 3.12 shows the

crude characteristics dfigerian Field.
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CHARACTERISTICS OF GLOBALLY DISTRIBUTED CRUDES

Table3.1: Characteristicef Globally Distributed Crudes

CRUDE OIL CHARACTERISTICS OF GAMIJ FIELD INDIA

Well I_:’our Sp. AP Vls(gg?ty Wax | Asphaltene| Resin
No. Point (°C) | Gr. 55°C % wt % wt % wt
GM 003 39 0.878 | 29.7 35 7.17 2.01 5.34
GM 013 42 0.862 | 32.65 30 17.35 7.65 14.45
GM 035 33 0.869 | 31.2 25.3 37.19 0.32 15.76
GM 094 27 0.843 | 36.35 9.8 31.68 2.43 7.84
GM 126 30 0.834 | 38.02 5.15 38.24 0.04 7.61
CRUDE OIL CHARACTERISTICS OF KUWAIT FIELD
. Wax% WAT WDT
Well No. Density % wi o o
KF-A 0.837 5.54 36 51
KF-B 0.886 9.670 38 67
KF-C 0.862 6.500 34 60
KF-D 0.872 3.630 38 53
KF-E 0.966 14.690 36 50
KF-F 0.907 5.020 37 56
KF-G 0.856 6.410 32 42
KF-H 0.879 7.100 33 45
CRUDE OIL CHARACTERISTICS OF TENJUNG FIELD INDONESIA
Wwell | W/IC Pour Sp.Gr Viscosity (Cp) Wax Asphaltene
No. Point API
% vol °C 50°C 60°C % wt % wt
TF-A | 0.7 37.77 0.83 | 38.9 6 3.5 31.97 0.102
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CRUDE OIL CHARACTERISTICS OF NIGERIAN FIELD

well Type Of W/C Eg#}t[ Density AP Viscosity (Cp) | Wax%
No. Crude | opvol | °c | at20°C 40°C | 50°C | % wt
NF | Bonny Light 0.5 19.20 0.857 | 37.61| 4.99 4.05 13.0
Escravos 0.2 13.90 0.853 | 34.40| 4.19 3.32 9.3
Forcados 0.2 -5.00 0.874 | 30.40| 6.48 4.60 9.4
Pennington 0.7 16.60 0.857 | 37.70| 3.12 2.64 14.3
Qua lboe 0.4 19.30 0.849 | 35.20| 5.02 3.98 12.9
Erha 0.2 16.80 0.867 | 31.80| 3.77 3.03 11.2
Aagbami 0.7 12.40 0.792 | 47.20| 1.98 1.69 8.3
Antan Blend 0.3 11.00 0.896 | 26.40| 9.92 8.63 7.5
CRUDE OIL CHARACTERISTICS OF CLIFF FIELD AUSTRALLIA
well Pour Point Viscosity (Cp) Wax% Asphaltene
API N
No. °C 73°C % wt % wt
CH1 36 31.4 6.88 30.2 0.67
CH3 33 33.2 20.6 0.67
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Kuwait Field
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Figure3.1: Density variation in Kuwait field
(ElsharkawyA. M., et al., 1999)
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Figure3.2 : wax percent variation in Kuwait field
(ElsharkawyA. M., et al., 1999)
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Figure3.3: WAT and WDTVvariation in Kuwait field
(ElsharkawyA. M., et al., 1999)
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Figure3.4 : Crude content distribution imdonesian filed
(Nengkoda, A., et al., 2011)
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Figure3.5 : viscosity variation in Indonesian Field
(Nengkoda, A., et al., 2011)
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Cliff Field Australia

Wax%

HCH1
H CH3

Figure3.6 : Wax percenvariation inAustralianField
(Daniel, S., and Roberts, 2006.)
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Figure3.7: Wax percentariation inAustralianField
(Daniel, S., and Roberts, 2006.)
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Nigerian Field
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Figure3.8 : Wax percenvariation inNigerianField
(Taiwo, E..et al.,2012)
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Figure3.9 : API variation inNigerianField
(Taiwo, E..et al.,2012)
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