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Abstract

Abstract

Crude oil separation processes involve many high-profile control-systems and
equipment costing many millions of .'poun.ds including the maintenance of, .and‘
resources' for, all facilities. Mistakes made in decision-making will have serious
~ consequences. This makes the rrianagement‘ of decision-making ‘invoil—prodilction
.' more challenging as to how the productivity as wéﬂ as the profitability can be
increased. This project focuses on developing an integrated framework to opt’imiseb
crude oil production area which includes oilv wells area such. as crude oil
transportation and production area (cmde oil sepaiators). Mathematical programming
‘and simulation modelling are used to investigate these issues and examine how they
could be improved. The crude Qil produced frcim difterent oil-wells of different
capacities in different locatioils is of different quality. This crude oil is collected in a
~ place called the manifold, then distributed to diffefent separators. This environment
is represented matherriatically using linear programming which will help to improve
the decision-making in crude oil-well selection. The naturel._of an oil-production
system is categorised as_a continuous environment and simulatiqn models proposed
in this work represent a step fovrwai'd‘in modeiling technique, as it is rare to find such
types of models in the literature. The results from the' simulation experiments are
: documenteci and presented graphicaily. This' enabled the decision-making to be more
effectively carried out through analysis.' In addition, a full commentary of the
proposed simuiation model is provided_ to help practitioners and users in the ways of
modelling‘ such an environment using a systematic approacli with animation. An
integrated, user-friendly interface is developed for variable set-ups, enabling

different experiments to be carried out and factors to be explored more easily.
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Chapter One | , Introduction and Company Background
Chapter 1
Introduction and Company Background

1.1 Introduction to the Project and Problem-definition

Crud‘eboil is the important principal source of energy in the world, and is used as a

resource in many areas of our daily life.

- Many countries have tried to obtain this resource and have paid vast amounts of
money té e)gplore for oil. Whilst the exploration for oil is needed‘, it can be an
expensive process, which includes the sourcing of the oilrthrough to processing and
finally delivery to the customer. T herefore, companies are working hard to 6ptimise

their project-operations.

Decreasing the oil-production cost begins with the exploration .of the reservoir. This
includes the different operations which are used to determine the location of the
reservoir, and start-up costs of dﬁlling the first oil-well which is a difficult and high-
cost operation. Once the location and initial drilling are complete, tﬁe crude oil is
produced from different oil-wells which are drilled in the reservoir and transferred to

the surface.

In the oil field there are many problems related to the oil wells area and production
area, for example enhanced of oil wells productioﬁ these includes all the operations

which should be carried out in the oil wells (e.g. water injection or gas injection) to

1 .



Chapter One : Int-roduction aﬁd Company Background
improve the oil production. In other hand, there are other problems in the production
area for example maintenance planning for separatovrs.‘, pumps, valves and tank.

One of the of the importanf problemsv involved is how to minimise the transportation-
| cost of the crude oil and at the same tirﬁe guarantee a high-quality produci which..is
requested by the »customérs,_ in order to fulfil particular demand over a particular

period of time.

The oil-field contains many oil-wells with different capacities and quality of oil, and

also with different distances from the oil-wells to the manifold.

 The first problem this research will focus on is how to minimise the transportation-

cost and to decide on the most suitable opefation'al policy for the oil-well area. -

The seéond pr'oblém considered in this thesis is the productivity‘ and proﬁtability of -
oil production area, where the crude oil surface-production operations are amoﬁg the
‘most dynamic chemical processes in the engineering field due to their complexitsr, :
high profile and high saféty considerations. Whole refinery systems from crude oil to "
ﬁnal consumable products are Separated into several steps together with hundre.ds of

complicated piping and control systems. The processes include 2-phase and 3-phase '

"sep'aration where all productivify at all stages is restricted by séveral faétors if not
effectively controlled. The whole production system is a confinuous process over
| time including minor discrete events which will be discussed further .in the literature
review. Due to the dynamic process behaviours and increasingl'yvﬁerce competition

in industries, manufacturers always find it difficult to achieve high performance and

2 .



Chapter One Introdﬁction and Company Background

thorough planning just by traditional design ‘and analytical methods. Highly-
automated and computer-controlled oil;production systems are not capable. of
achieving high performénce and to integrate the complex systems. The risks and
costs aréltoo great and too high for‘implémentat_ion which is not completely tested
and analysed for .its effectiveness. Mismatches and unexpected factors are really
w01_'rying for most of the process and operations planning, and failui‘es in thé systems

can cause enormous losses both in time and financially.

However, there ‘is another challenge: to keep this equipment opefating smoothly
- without a.break. In thls case maintaining this equipment is vital and'the' maintenance |
tasks, as well as the proceduré that should be followed in case of unexpected Break
down, and how to cope with the subséqtient incident should all be considered.and |

planned carefully

1.2 Company Background

Eni is one of the prestigious energy companieé operating in 70 countries over the
world. Its head-quartefs aré located in Italy. Eni is generally involved in oil and gas,
electricity genération and sale, petrochemicals, oilfield services, and the construction
and engineering‘ihdustries. Eni (Libya) is one of the branches setup in Libya and
| coﬁsists of four oilﬁelds, which are Bouri oilfield, Bu Attifel oilfield, Rimal oilfield
and El Feel oilfield. They are mainly involved in crude oil production throughout the
African contiﬁent. This research will be applied to the Bu Attifel onshore oilfield
which is located in the A100 concession in the Libyan Desert. The field was

~ discovered in 1968 and the production began in October 1972 (Eni, 2008).

3
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Thé current installation of Bu-Attifel field includes:

Oil Centre Facilities: Wﬁich consist of the oil ‘wells, manifold, horizontal and vertical
'séparatofs, tanks and delivery pumps. These parts Will covered in this study by
applying the mathematical model to optimise the transportation-cost (in terms of
" reducing the distance from the oil-wells to the ’manifbld) ‘and the simulation

technique will applied in the separation area.

Gas-processing Plant‘: this plant is used to incfease the pressure of the gas which is
r'emoved'from‘the separation area at different stages. The gas-pressure in the ﬁfst
stage is 700 psi and this gas is delivered direct to the Natural Gas Liquids plant‘
(NGL). The gas-pressure in the second stage is 350 péi and this needs to be inc;eas_ed
to 700 psi in the gas plant before it is sent it to the NGL. In the third sfage the gés- |
pressure is 30 p‘si and this also increased to‘_700 psi by the gas plant too, and

delivered to NGL.

Natural Gas Liquids Plant (NGL): this plént_ is designed to work with the gas which
is removed from the oil in the separatofs area; therefore the gas is changed to liquid

(conderisate) under high pressure and delivered to the customer as condensate.

Utilities Plants: these include the water-treatment and power station. The Water-
treatment Plant is used to treat the water which is used as drinking water and also for

other purposes in the field. The power station feeds electricity to the oilfield. .
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Oil and gas delivery pipelines: these big-size pipe lines are used to deliver the oil and

condensate to the customer from the field to the port.

There are many other facilities in the field which are considered as very important,
for example the chemical laboratory, maintenance department and communication

departmént.

The layout details of the pfoduction will be discussed in Chapter 5.

1.3Aims and Objective§ of the Thesis

Oil production or refinery has several processes and stages which .‘involve
transportation, separators and storage-tanks, The overall aim of this Study is to
develop an integrated framework to optimise the oilfield production érea. In}this
environment there are two challenges to deal With, the ‘crude oil transportation and

crude oil production area.

"The first objective is to optimise the crude oil transportation cost from the oil wells to

the manifold in term of distance.

Additionally, the number of wells which will be used or will need to be closed
depends on the capaéity of the oil-wells and market-demand. This situation needs to
be optimised in order to fulfil particular demand over a particular period of time in_l

the most cost-efficient way.
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The second objective of the thesis is to optimise the productivity and profitability of
crude oil area by examining the effect of the some parémeters on the performance

measures of the production area to increase its productivity and profitability.

The number of production lines, in particular, will be tested to find out not-only the
number of lines needed to fulfil the demand but also the number of lines necessary to
handle the maintenance activities in the real system by distributing the production

 load on the other working lines.

1.4 The Thesis's Structure

The rest of the report will discuss more about the background of the research and
What.» 'hae been done previously using different methods for the | crude oil
transportation and crude oil separation. Theories regarding- the production operations _
and methods used by various authors in the past for analysing the transportation—cost
and product1v1ty 1mprovement will be discussed more in Chapter Two. Also, in this
Chapter deﬁmtlons for some of the oﬂ-productlon jargon will be explained. Chapter
‘Three emphasises the methodology and how the project was carrled out, including

the general methods that could be used and justification of the used hlethode.

The oil-wells optimisation model and the results will be discussed in Chapter Four
and the simulation models at each stage in the production-area will be discussed and

explained in more detail throughout Chapter Five.
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Exp'eriments are d“esigned in Chapter Six, and results from the simulation will be
analysed and discuséed further in Chapter Seven. Chapter Eight will finally conclude
the whole project and make recommendations for improvements on the current
production systems .and operations, followed by ideas for future work on further

improvements.
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Chapter 2

-Literature Review

2.1 Introduction

.The pfevious Chapter ihtroduced the thesis and defined the problems which it will

. address, followed by information about the Eni 'Oi1.C>on'1pany and Bu-Attifel oilfield
which is used as a cese study in this thesis. Some ideas were speciﬁed about the
oilfield facilities and departments. At the end the aim and objectives of the thesis

were explained.

The preface to the crude oil transportation, oil-production, crude oil separators and
works carried out by previous scientists and engineers for optimisation of crude oil .
transportation and productivity through different methods will be researched in this

Chapter.

2.2 Crude Oil Transportation

| The crude oil wells are driiled in the reservoir in different positions and at different
distances from the oil separetion ﬁnit. The crude oil passes through rﬁany stages to
reach the customer; when the oil is produced frem the wells and transported by pipes
to fhe separation unit to separate the water and gas, then it will be ready to'delivery
to the customef. In crude oil wells sometimes we need to do a massive selection
between the wells because most crude oilfields contain a lot of wells. The selection. |
of wells depends on the eapacity of the wells, sometimes on the quality of the oil,

and also on the distance between the wells area and the manifold.

8
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Figure (2.1) shows example of the distribution of oil wells in the reservoir.

M anifold

Figure 2.1 Example of crude oil wells distribution

2.3 Crude Oil Transportation Methods:

The major transportation methods, which provide lower-cost transportation of large

volumes over long distances, are tankers and pipeline.

* Pipeline: a very economical method which can be used to cover long
distances, but limited as to route and destination.
* Tanker: tankers are used to carry large volumes of crude oil across

international waters to link exporting and importing nations.

The determination as to which method is to be used depends on such factors as:

> Distance.
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» Crude oil type.

> Cost and availability of alternatives.

- Typical total unitary crude transportation-cost is in the.range of U$$ 1.50-3.00 per

barrel of crude (Cheng et. al. 2004).

To enhance the décision-speed and - decrease the transportation-cost, different

techniques will be used. One of these techniques is linear programming.

2.4 The Background to Oil Production

Oil and gas have t)éen the main driver of civilisation sincn the 19™ céntufy before the
nuclear and computer age started, and they are still playing a significant role in the
development of the modern world. They are among the most important commodities
in our life as. one third tn nalf of the energy consumed is produced frotn oil and gés.- '
‘The world is in ntechnblogy era and all technology products need energy to function.
.Energy is needed for the lights, neating, food-growing, industrial applications,

- transportation, entertainment, etc.

2.4.1 What Is Crude Oil?

Crude oil and natural gas are the raw materials of petroleum and they are the major
- source of energy supply in the world, though there is now some renewable energy
supplied in the market. Crude oil has a mixture of .h_ydrocarbons‘ in different forms

and can only be refined through various chemical processing. Asphalt, tar, heating-

10
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oils, diesel fuels, kerosene or parafﬁn, naphtha, p_etrol, petroleum gases, butane,
propane and natural gas methane are all products from the processed crude bil.

They can be classiﬁed ﬁ‘oni densest fractions and lighter fractions depending on their
' characteristics."According to Bﬁtish Petroleum (1977), cmde oil or petroleum
naturally contains various individual chemical compounds such as volétile liquid
hydrocarbons, otherwise known ‘as gas condensates >or "non-volatile liquid

hydrocarbons, which cannot be distilled due to high molecular Weighf boﬂstituents.

Crude oil found ih differenf zones over the world has its own uniqueness where the ;
proponions'of the mixtures and compounds vary_from one place to arvlother.v Some
crude oil has higher viscosity since it contains more semi-liquid hydroéarbon‘s while
‘some contains more gases or water which results in lower viscosity. The ’quality of
the crude oil depends on the proportion of water in it which caﬁ give more oil dutput
from the production.‘ There are other factors that dictate the quality of crude oil such

as impurities contents, pressure, temperature, etc.

2.4.2 The Crude Oil Separation Process

How does the separation process of crude oil work? Crude oil production stafts from
the wellhead where control-equipment is installed above the top of the well. Siﬁce
the crude oil from the wells is in multiphasc, it mainly consists of oil, water and gas.
Separator tanks are used to separate the crude oil into its constituents. Two types of
separators are used in this process, the horizontal and vertical separator as shown in

figures 2.2 and 2;3.

11
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(a) (Source: COMPACT, Horizontal Conventional (b) (Source: COMPACT, Vertical Conventional
Mist Pad Separators, Compact, Mist Pad Separators, Compact,

Figure 2.2 (a) Horizontal Separator; (b) Vertical Separator

0il, Water and Gas Separation
Pressure Control Valve

Mist Extractor

Inlet Diverter i— [XI—» Gas Out

Gravity Settling Section

Weir
Oil & Emulsion Pad
Water Pad
Gas/Liquid Interface
Water Out X)— 0Oil Out

Oil/Water Interface

Level Control Valves

(Source: Arnold and Stewart, (1999), pg. 137, altered contents by A. Omer)

Figure 2.3 Horizontal three-phase separator schematic
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Crude oil 'arrivi‘ng from the manifold is flashed into 'the separator at high pressure
from the inlet and hits the inlvet-div‘erter. This is where the liquid and vapour in the
crude oil separate at high momentum. Thé vapoﬁr which contains different chemical
compounds flows to the top of the Vess§1 and is extracted from the separator through
the mist-extractor. The liduid flows down to the oil/water interface by the down-

comer directed from the inlet-diverter.

There are droplets withiﬁ the gas, oil and water. The gas will contain some liquid
droplets which are not yet-separated By the inlet-diverter but which will be separated
by the mist-éxtractofland drop into the liquid By gravity-force. Thc oil d_roplets in the
‘water will rise above the oil/water interface and the water droplets in the layer of “oil
pad’ will settle down below thé oil/water interface. The weir is used tob maintain thé
‘ ofl level so that t'he oil is skimmed over the weir. The level controller valves control
the level of water and oil &ownstrea’m of the weir. These pfocesses are repeated -
through different separators at different ﬁressures until the oil is completely sepafated
from the water and gas at a.tmo.sph'ere pressure. The more detailed processes will be
disc':ussed in the rést of the reporfs_. The figures fegarding the separators, manifolds,

stdrage-tank and API separator can be referred in Appendix D.

| Refefring to. Table 2.1 and ‘Tab'le 2.2, one third of fhe crude oil is produced in the
Middle East though there are many more other countries involved. However, the
major consumers of oil are the United States, Western Europe, Russia, China and
Japan. The United Statés and China have consumed 47 percent of the total oil
broduced in the world. In_facf, the total world crude oil supply decreased in 2006

compared to 2005. However demand keeps increasing. There were some energy

13
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crises i1_1, the yeafs 1973, 1979 and also price increasés in the. years 2004 to 2606.
Engineérs have been trying to come out with better and rﬁore advanced technology to
refine petroleum over decades ever since industrialisation in the ’18.th and 19"
centuries. While the level of oil Teserves are decreasing throughout the world, higher
optimisation of oilrproductivon systems and facilities is an important solution to .fhe
problem, along with sourcing renewable energy which has not yet ﬁ;'lly replaced the

conventional energy-sources.

Table 2.1 Top World Oil Producers

Top World Oil Producers, 2006 .
(thousand barrels per day) :

o Er— e |
| I C—
F Jroee o

Kuwait 2,675

N

443 '
,166 ’
122

,008
(Source: EIA, (2006)
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Table 2.2 Top World Oil Consumers
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In order to achieve the optimisation, a cost-effective way with more advanced

technology should be applied to the design and- opérations management of oil

production area. In fact these complex operations need to be carefully plaﬁnéd to

obtain the best methods to reduce the operational cost and guaranfee product quality.

There are several methods which could be used like linear-programming, inventory

‘theory, non-linear programming, staﬁstical analysis, 'mathematical solutions,

numerical modelling, critical path -analysis and computer simulation. According to

the research done by several analysts. since 1978, computer simulation is one of the

methods mostly chosen after statistical analysis as the operation research tool

( British Petroleum, 1977).
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2.5 Related Literature

"Optimisation or mathematical programming is a mathematical procedure for
determining optimal allocation of scarce resources" (Schrage, 2002). Mathematical
‘programming is widely used for modelling with the obj ective of maximising the

profitability or minimising the cost of a process.

Linear programming (LP) is one type of mathematical nrogramming and also is used
mostly as a research technique in production and operations m_anagernent. The term
linear programming was firstly introduced by George Dantzig, an American
' mathelnatician in 1940. Linear programming techniqnes were used on very large
coniputers for the operational4pha$e, supply-nhase and planning-phase in BP supply
planning (Britisii Petroleum, 1977). The linear programming models were used for
a the planning of maintenance shut-down, stock-control, etc by refiners to. improve
productivity and a series ef marginal cost-s.avings was generated in relation to all the

refined products to improize profitability.

LP was used in scheduling problems by Ballintijn (1993) in proposing continuous '
linear programming formulations of the scheduling problems. This led to solutione
characterised by an unacceptable amount of swi‘iching between different operational
-modes of unit-processors such as crude-distillers, plate-formersv, desulfurisers, etc.
Howevei, he developed a mixed-integer programming model that controls the mode
of sWitching at acceptable levels and demonstrated that attractive schedules can be

generated with these models.
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Giliberti et. al. (1995) presented the methodology to optimise the dynamic simulation
of the giant Bu Attifel oilfield (Libya) producing under-water injection for 21 years.
Oil-displacement by water and gaé flooding was studied by using a two-dimensional

numerical black oil model.

| Shah (1996)’ used mathematical programming techniques for crude oil scheduling. :
Shah shbwed that it is ﬁossible to apialy mafhematical programming approaches to
this economically-important problem. This allo§ved the speciﬁcation of a variety of -
~ optimisation criteria and a general set of conétraints that may be increased ér reduced
according to the details of individual installations. Siﬁce the refinery production
| plans are usually developéd using optimisation techniques,k there is also scope for
integrating these two facets of decision'-rnak_ing; These techniques may be used in a.
~ hybrid approach, where the user could modify interactive schedules proposed by the

optimisation.

Carvalho et. al. (1996) developed a numérica] model to simulate the operatibn ofa
sub-sea separatidn and boosting system calied Petroboost. A computér simulator was

built based on the mathematical model developed.

Mathematicél programming was used in capacity planning by Taal and Wortmann
(1997) focused on soifzing the capacity vprobléms by improving capécity planning at
the MRP level through integration of MRP and finite capacity planning. The‘
planning method was based on a new and more accurate primary-process model,

giving the planning algorithm more flexibility in solving the capacity problems.

17
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Jalali et. al. (1997) suggested that the advantages can be identified from the
- utilisation of pfocess-sirnulation during the operational phase of an oil and gas
_separation process. On-line optimisation could also contribute to troubleshooting

and surveillance, operation—training and upstream-downstream integration.

Optimal production-planning is one of the most useful tools for a company to stay
competitive in the market. A linear programming model for integrated steel
production and distribution planning was introduced By Ch‘en and Wang (1997) to |
formulate the pfoduction anct transportation planning preblem based on the
cotnpany's s_ystem-strl.lcture and production-practiee. The model was illustrated by a
smaller-sized sample and tested by a large-sized realistic problem. Critical analysis

wats conducted to obtain in-depth knowledge of the system.

Yueming and Halijum (1998) developed a grey integer program model _fot oilfield
development projects on the basis of the theory of the grey system and integer -
progfam method. The Vresult'showed that the production measures for oilfields eould
- be programmed by using the integer pregram method. Artificial Nerve Network
(ANN) was used with Monte-Carlo stochastic model to program the meaeures.
Linear programming problems needed to be solved for many times in the brand_-and-

bound-metho‘d.

' Olea et al. (1998) introduced a new methodology to determine the optimal pressure
of the stages in the separation of oil and gas. The techniques proposed in this work
allow taking better design-decisions, and increase the revenue of the process. Also

this paper includes the presentation of a computer program developed in Windows
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-environments, named OPTI_PRE, to simulate and evaluate the separation process

with the three mentioned techniques.

In the field of oil and.-gas optimisation: Fichter (2000) discussed the .application of h
Genetic Algorithms in.oil and gas portfolio opfimisé.tion. He showed that Genetic
Algorithrhs are eﬁcellent at handing accurate and complex non linear business .
models. Genetic Algorithms are capable of generating multiple. good so}utions
providing an opportunity to expiore altemaﬁve characteristics of the portfolios,
including value and risk measure. This class of algOrithms is capable of scéling

upwards of a thousand proj ects; well beyond the reach of traditional methods.

Fraedrich and Goldberg (2000)‘ introduced a methodo‘logical. ﬁamework for the
validation of sciént_iﬁc simulation. >This framework synthesise;d the_ principles from
several diversified fields and contained five functional phases for a simulation
validation and improvement project. Within this ﬁaméwork, the requirements of the
objectives of each phase were stated, and procedures from the model veriﬁcaﬁon and
validation literature were cited, where appropriate. Whére conventional techniques

were not appropriate'or 6ptimal, methodological procedures from other field were

suggested.

Hansen (2001) discussed the distribution of the multi-phase fluid-flow in a horizontal
gravity separator. Cémputational Fluid Dynamics (CFD) could provide valuable
insight, and the ﬁuid-ﬂow behaviour in thevliquid volume flow-zone inside the
separafor was analysed. A phenomenological model of drop-drop collisions and

coalescence was described and simulation was performed.
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Li et al  (2002) proposed a solution algorithm and effective mathematical
| ‘formulations for short-term scheduling of crude oil unloading; storage, processing
with many oil types, multiple berths, and multiple. processing-units. Mathematical
‘programming has been extensively studied ;ind implemented for long-term plant-
 wide refinery planning. Some commerpial software has applied a linear programming
model, ‘such as RPMS (Reﬁnery and Petrochemical M‘odelli-ng System) énd PIMS
(Process Industry 'Mo.delling System), which have been developed. for refinery

- production planning. -

Gothe-Lundgren et. al. (2002) déscribed a production planning and scheduling
problem in an oil refinery compény. The problem was in a distillation unit aﬁd two
hydro-treatment. units. The aim .of the scheduling was to decide which mode of
operation should be used in each processing-unit at each point in time. Scheduling
tools havé béeﬁ developed based on a tabu search heuristic to solve the rﬁddél, and
the scheduies obtained have been'analy_s'ed by expérienéed planners reflecting on the

actual planning situation.

Dong (2003) proposed an integrated ’modelling framework and ‘methodolo‘gy for
inventory-planning of supply-chains. The model_ling framework can be used to.
modél the‘ netwofk topology and capture the interdependencies between modél
components, A  network of inventory-queue models isv formulated for the
performance analysis of supply-chain with a production authorisation mechanism at

all stores.
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Khang et. al (2004) introducéd a synergetic statisticzil approach based on field-data
t‘o analyse the osoillations of pressure by detormining simultaneously the Hausdorff -
Dimension "D", the Hurst Index "H" and the Entropies "E" as a useful tool for -
maliaging the multiphasé pipeline transportation system. The results shoi_ved that the
dimension characteristics of fractal curves, such as the Haiisdorff Dimension "D"
and the Hurst Index "H" couid allow diagriosis of the hydraulio behayiour of oil and
gas flows. The synergetic method helped to analyse the dynamic behaviour of oil
and gas flows in pipelines ba_sed'on information collected from daily operations
without the need to conduct a costly field-test. Crude oil blending was ‘an

optimisation operation, based upon extensive process-knowledge and experience. -

Yu et. al. (2004) introduced a new approach to solvevthe pfoblem of bending

| ’optimisation based‘on historical data, and gave‘ a thorough analysis of the neural |
optimisation, and real data of oilfields was also used to show the effectiveness of the
proposed method. Several authors have pointed out the need to improve the design

procedure of conventional oil-water separation.

: Lopez-VazqueZ aild Fall (2004) ran a batch test and various continuums based on a
Plackett-Burman stati-sticalipla‘n were performed, in order to optimise small (lOL/min)
gravity oil-water separator technology intended to pre-treat waste-waters from
vehicle service facilities_. The work did not present general criteria or generic
information for design, instead, it suggestedi a procedure that could be used to
optimise the efficiency and improve the design of existing operation facilities or

sseparators at the pilot stage.

21



Chapter 1wo : Literature KEview

Pettersson and Soderman (2005) presented a model for structural and operational
optimisation of a Distributed 'Enefgy System (DES). The problem was formulated as
a mixed integer linear programfning (MILP) problem where the objective wés to
minimise the ovefali cost of DSE, for example, the silm of tﬁe running costs for the
included operations and the annually. investment costs of the included equipment.
~ The devéloped modei gave realistic _solutfons that could be used as a baéis for the
d_esigﬁ of regional distributed enefgy systems. The application fange of simulation
techniques has inéreased in recent years and, consequéntly, a great deal of high-
quality simulation sofiware has emerged in the marketplace with different

characteristics and purposes. -

Kokal and Al-Ghamdi (2005) discussed challengés related to _emulsions ‘that have
~ been encounteréd in a large Saudi Arabian field. This paper presénted the results of a
4comprehensive study that was initiated to understand the main causes of emulsion
formation in the field and investigate ways to optimise oil-water separation. A
comprehensive study was undertaken earlier to understaﬁd the main causes of
emulsion-formation in thé ﬁeid and maﬁy factors ‘were investigated, for exarﬁple
water-cut and temperahire. Tﬁe resuits shdwéd a strong correlation of aSphaltene :

© content in the crude oil with emulsion tightness.

Rincon et. al. (2005) proposéd a specific set of criteria for evaluating discrete-event
simulation software capable of simulating continuous operations. A quality
specifications model was developed. The application was demonstrated in one

organisation that provided consulting services in the logistics area of the Venezuelan |
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oil industry and it was used to examine four commercial software systems that might

fulfil the technical requirements established by the organisation.

Ghoniem et al. (2005) described the construction and use of general optimisation and
allocation models for the Khafiji .ﬁeld which simulate the combined performance of
the reservoirs, wells andsurface;gathering network. Individual well-models and
surface-gathei‘ing networks have been built from the middle of perforations te
separators at gas/oil separation platfoims (GOSP). The more accutate multiphase
flow correlation has been selected to generate performance curves. These models
were ealibrated and validated against actual field-data with -1.2% average percentage
error, 2.5% average absolute percentage error and 3.5% standard deviation, then lift

gas was automatically re-distributed between wells.

Constant-Machado et al. (2005) stuciied the flow behaviour of crilde' oil in a battery
of industrial erude oil/gas separators in oil industry. The residence time distribution
(RTD) of the crude oil has been determined by an irripulse injection of '™ IN at the
inlet of each separator and the concentration has been. continuously recorded at the
outlet. The RTD of the crude oil has'tieen simulated by a model composed of a few
mixing cells in series representing the effect of the tieﬂector located at the entrance

and a plug flow party due to the Iiigh viscosity of crude oil.

Carvalho et. al, (2006) proposed an optimisation model for the planning of
infrastructure in offshore oilfields. The model determined the existence of a given set
of platforms and their potential connection with wells, as well as the timing of

extraction and production-rates. The model that represented the infrastructtire was a
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Mixed Integer Programming (MIP) problem that maximised the net present value
which included the revenues as well as the installation, drilling and connection costs.
The solution of the MIP was computationally expensive and required different

alternative techniques.

- Tavares et Ial.v (2006) assessed different strategies for theéxp}ansion of Brazilian §i1
reﬁnery segménts, uéing criteriavthat range from energy security (rédubing imports
and ‘vulnerability for key~ products) through ’;O maximising the profitability of this
sector (boosting the output of higher value oil products) avnd‘ addiﬂg value to Brazil's
~oil production (reducinvg exports of heavy acid Oil). Four qriteria were adopted for -
~ adding neW refineries to .tlhe‘ current segment; the initial criterion (energy
A vuinerability) referred to the logic of minimising thé energy vulnerability of the oil
- chain. The second criterion (minimum-pfbcessing) was designed to boost the
profitability of ddméstic oil production. The third criterion (niaximum profitability)
' followed the strategy of maxirﬂising fhe' i)roﬁtability of a reﬁnery on a stand-alone
basis, fine-tuning its output for gasoline. Finally, the fourth criterion @etrochemical
integration) sought to integrate the refinery with the petrochemicai industrial

-complex refinery focusing on petrochemicals, particularly propane.

Simulation was firstly begun when Georges Louis ‘Leclerc used a needle in the
experiment of estimating the valﬁe of 7 (pi), and there was further developmentﬁntil
the 1950s when people started to use the FORTRAN language to write corriputer
programs (Kélton et.al, 2007). The'applicatioﬁ-range of simulation techniques has‘
increased in recent years and, consequently, a great deal of high-quality simulation

software has emerged in the marketplace, with different characteristics and specific
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purposes. Today, there are many higher-level programming languages created like |
GPSS, Simscript, SLAM, SIMAN, C/C++ Code and VBA, which provide better
functionality to create the simulators. By applying these languages in the simulation

tool, a more user-friendly interface and more advanced model can be created.

2.6 Conclusion

In this chapter the transportation of crude oil was studied by givihg an account of
- different kinds of cfudg oil traﬁsportation, and .hov.v the transportation-cost of crude
oil from .the oil-wells to the manifold coﬁld be decreased by usihg linear

| programming technique.

_ Crude oil production is discussed which includes the different kind of separators that -
are uséd in crude .oil prodﬁction. Top world oil-producers and. consumers wer¢
studied by introducing the largest producer and consumer count_ries in the world.
Also in thié chapter the previous studies which were carried out by scientists and
engineers in the field of mathematical vprogramming‘and simulation ‘were described
to prove how thése techniques were used widely -to solve many problems or to

improve productivity in different fields.

Based on the literaturé review, it is clearly‘,that there were. shortage and gabs in
researching the oil wells and the oil production areas individually and most .
importantly there was no intention in the literature to consider these two problems as
an integrated i)roblem to reflect the reality of. this environmént. Therefore, the aims
and objectives of this thesis proved to be valid and needed to help the practitioners to

make the right decision at the right time.

25



Chapter 1wo . ) i Litérature KEview

- The next chapter will describe the methodology which will be used in this project
and explain why the decision is taken to use these techniques. The framework which
is developed to‘optimise the crude oil production will be discussed in the next

chapter too.
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~ Chapter 3

Research Methodology and Proposed Framework

3.1 Introducﬁoﬁ

In the previous chapter, works carried out by previous scientists and engineers for the
opfimisation of crude oil transportation aﬁd production by differenf methods were
(cviewed. The different kinds of separators which are used in crude oil separatibn

were discussed.

In this chapter, research methodologies in general and the carefully chosen methods
used in this thesis are presented. In addition, the prdposed framework for the

opﬁmisation of the oilfield production-area is introduced. -

3.2(Mathématical Programming Historiés

‘Optimisation or constrained optimisation, or mathematical progralhming, is a
mathematica1 ‘procedure for - determining optimal 6berational policies for thé
available resources. Thé most popular special form of optimisation is Linear
Pr.ogram’ming' (LP); The petroleum industry was an early intensive user of LP for

solving fuel-blending problems (Schrage 2002).

Occasionally tens of thousands of constraints have been built. These models are used
to help make a number of decisions starting with where and how to buy crude oil,

how to ship it, and which products to produce out of it. A typical example of the kind -
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of bmodel which arise_s in the industry is.the refinery opﬁmisation. This technique is
also used in the chemical industry in different operatiohél _met'h.ods similar to those
used ‘in the petfoleum industry. In the inanufacturin’g industry Linear Programming is
frequently used for resqurce-allocation. Resources to i)e aliocated are usually
pfo'cessihg-capacity, raw mateﬁals, and man-power. A multi-period problem of this
typé, measured in relation :to the,engiheering industry, is the factory plamﬁng. Other
‘common applications of LP in manufacturing are in the steel industry (blending and
blast-furnace burdéniﬁg). Also the pfoblem of distribution can oftén be formulated as

LP models.

In ﬁnance-} due to Markowitz (1959) a very early application 6f mathematical -
programming was in ’the‘ pbrtfolio section. This was given a sum of money to invest;
the Iproblem was how to Spend it Between a portfolio of shares and stocks. The
pumdse was to keep a certain expected rate of return from the investmeﬁt but to

minimize the difference of this return.

~ Agarwala and Goodson (1970) proposed how LP can be used by governments to
design an optimum tax _packagé to achieve some essential aim (in particular a
development in the balance of i)ayments). This was an example of LP usage in

finance, but it is used for many other purposes.

In agriculture LP has been used for farm management. Such models can be used to
decide what to grow where, how to rotate crops, how to expand production, and
where to invest. In mining a number of applications of mathematical programming

take place. The simple applications are simply ones of resource allocation, i.e. how
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should manpower and machinery be deployed to best effect? In manpower planning,
by using linr:ar programming it is possible to move people between different types of "
job and to control recruitment, promotion, retrainikng, etc The food industry makes
wide use of linear prograrmming, blending (sausages, meat, pies, rrrargarines, ice
cream, etc.) is a clear applicatioﬁ regulariy giving rise to very small and easily-solved
models. In Energy, both the electricity and gas su;rply industry use mathematical
programming to deal with pro‘blems of resource-allocation. Lirreér Programming
was used in the manufacture of paper in resource-allocation. In addition, recyclingb )
waste-paper has also been exarnined by Linear Programming as described by Glassey
and Gupta (1974); Linear Programrrrrng is also used in med_ia-scheduling problems |

- e.g. television commercials, newspaper advertisements, etc (Williams 1999).

Further to this introduction aborlt Linear Programming usage, please note thrit the
main aim of the different kinds of industry is to enhance their productivity and
~ profitability by using different techniques which lead to a reduction in costs.

In the oil industry it is vital to decrease the cost of oil-production from the extraction

of crude oil from the reservoir to delivery to the customer.

In fact these complex operations need to be carefully planned to obtain the best

methods to reduce the operational cost and guarantee product quality.

3.3 ‘Transportation Model

A special case of Linear Programming is the transportation model that deals with

shipping a product from source (e.g. factories) to destination (e.g. warchouses).
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The objective of using the transportation modél is to determine the shipping schedule
that minimises the total cost of shipping (Taha 2003). ‘

In this part_of ‘my study the transportation modei will be applied to minimise the' cost
of the transportation of crude oil from different oil-wells (the source) to the manifold
(the destinatién). The decision was taken to ﬁse Mathematical Linear Programming
because mathemati.c'al programming is superlative for crude oil transportatiori, and
during the study of the problem it presented linear equations. Also the software (Ling

& Lindo) which will be used to solve the equations is available at the university.

3.3.1 The Problem with Mathematical Solutions in Crude Oil Production

Cmde oil wélls are drilled in the résefvoir in dif_ferent situations and at different

' ‘c‘listances from thé crude oil facility. Therefore, thé wells are.connected by pipes
frorﬁ the wells to the crude oil facilify. The distance and also the productivity >of
every well is different and the oil could bé of different quality. A mathematical
model will be used in this thesis to optimise the transportation-cost in terms of the
di.stance between the oil-wells and fhe manifold (crude oil facility) by using two

variables, distance and oil-well éépacity.

3.4 Methods Available for Research in General

3.4.1 Mathematical Modelling

~ According to Maki and Thorhpson (2006), mathematical models are neither physical
- nor logical, while Kelton et.al (2007) considered both logical and mathematical

models as the same concept. To be more precise, the logical models are used
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speciﬁéally ih defining the undefined terms, axioms and abstract thinking; in short,
the abst'réct' éystems. Logical models can be analysed numerically by using the
rﬁathematical models thfoﬁgh mathemaﬁcs, theories, différential equations, and
pa;tial-differentiation equationé. Mathematical models consist of system elements
such as variables, syrnbols, parameters and factors that are relevant to the modelling -
of real systems, and normally expressed in terms of equations. HoWever, it is not
necessary to use equations at all times. There ar;e scenarios where some of the systém
elements aré unquantified and can be represented By using diagrams and tables. A
mathematic_él model is also a set of processes with approximations and ‘assumptions

attempting to match observations with logical or symbolic statements. -

Mathematical modéls can be studied analytically by using calculus or numerically ‘by
using computation programming : or coding, called corﬁputational models. The - -
mﬁthematical models can be created to e);plain the observations, to i)redict diffevrent
kinds of goals, to facilitate decision;making or a combination of aﬁy of these. For -
example, the first order differential equation of speed f(x) = dx/dt, wheré dx is the

change of distance and dt is the change of time.

When applying a mathematicai model in the oil-production area, complicated
math.em‘atic.:al models are used for describing the coalescence énd settling of oil and
water-droplets in multiphasé séparatqrs. Sayda and Taylor (2007) listed a nuﬁber of
blparameters, variables and factors such as “separator dimensions, flow-rates, fluid
physical properties, fluid-quality and drop-size distribution” which will be taken into

account when developing the mathematical models.
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3.4.2 Heuristic Modelling

The word ‘heuristic’ cdmes frorﬁ a Greek word ‘heuriskein’ which means to find or

discover. Archim'edes used this word “eureka’ which means ‘I have found (it)’ long

ago. In engineering, ‘heuristic’ refers to the methods or ways that are used to seek

immediate solutions in a short time. A heuristic technique can be defined as “a

technique which seeks good (i.é. near optimal) _‘ solutions at a reasonable

compﬁtational cost without being able to guarantee either feasibility or optifnality, or

even in many cases to state how close to optimality a particular feasible solution is”

(Reeves, 1993).‘Heuristic’ means using, or obtain solutions by, informal methods or

reasoning from experience, ‘oﬁeh because no precise algorithm is known ‘or is
relevant. It involves trial and error, as in iteration. Also a huge amount of work has
been ddhe on heuristic methdds for solving combinatorial problems. It has been used

as a new method in forecasting oil-production throughout the world, aé a variable

neighbourhood search (VNS) heuristic for scheduling work "on oil-rigs, and it is. also

popular in Social Science modelling (Aloise et. al, 2006).

3.4.2.1 The Disadvantages of Mathematical Modelling and Heuristic Modelling

Fbr a real situation representation, mathematical models are mostly’sifnpliﬁcd and
idealised to identify the most important parts to be modelled,- éspecially 1n ‘the
prediction of outcomes Which is called ‘real mo»del’. The accuracy and precision of
predictions, decisions and explanations provided by using mathematical models are
expected to be high when dealing with complex systems. Nevertheless, the more
complex the " systems are, the more difficult a mathematical model must be

constructed. Here is where the simulation model could be introduced. As Kelton
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et.al, (2007) mentioned, most of these complex systems may not be worked out by

- exact mathematical models, but simulation can help.

A heuristic model could give quick solutions to the problems or be useful in the
preliminary modelling design but there is concern that it is likely to be erroneous and

unable to guarantee accurate solutions to problems.

3.4.3 What_ is Modelling?

A groué of objécté, ideas and the behaviours of different éystems and processes can |
| bé represéntéd in various ways. Modelling is one of the WaYS to represent them and it

is no longer a new terminology fo us. A model isva set of objects which represent the‘
real process or systems, which could be physical or logical. Theré are also other

deﬁnitions(of -thé word ‘model’ from different people. .Acclord.ing to'Néelamkavil

(1987: i)p. 30), “a model is a simpliﬁed representation of a system (or process or
theory) intended to enhance our ability to understand, predict, ’and possibly control,

the behaviour of the system”.

m ‘System’ ié ‘a collection of parts organised for some purpoée” (Coyle 1996). }li\/Iental,
bhysical and symbolic forms are the three main t&pes of systems described by
Neelamkavil (1987). The mental form is used more for repr.es‘enting the thinking or
behaviour of living creatﬁres in the mind of | individuals. The physical form is used
fbr represe;nting a tangible object which can be seen and touched and ‘normallyv -exists
in‘ three-dimensional medium. Thé symbolic form of modelling is more commonly -

used in the scientific or engineering field including numerous symbols, pictures,
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maps, -varia‘bles and conétants représenting‘equat.ions and formulations. Checkland
(’1981) ideﬁtiﬁed fdur main types of systems which are natural systéms (e.g. weather
systems), designed physical systems (e.g. ‘a train), designed abstract systems (e.g. -
mathematics) -and human activity systems (e.g. a community).‘Maki and Thoﬁlpéon
(2006) on the other hand differentiated the types of model in more detail by the
nature and behaviour of the systems and prvocesses.tvo be imitated. They in_ciuded
- physical models, theoretical models, logical models, computational models,

'simulation models and mathematical models.

3.4.4 Computer Simulation Modelling

Computer simulation is a process of designing é digitisedvmodel representing areal
or proposed system for thé purpose of experimentation and understanding vo.f the
system’s actual Behaviour with given factors and scenarios. Compared to other
approaches such as the mathematical model and heuristic model discussed before,
computation simulation can be used to study simple systems but it is preferable when
dealing with more qomplex systems. “Simulation involves the mod}ellihgvof a process
or systefn-in such a’ way that the model mimics the response of the a@tual system to
¢venfs that take place over fime” (Schriber; 1987). Once the system’s‘be_haviours are
studied and analysed, improvements can be carried out By.simulating the model
using different input-data, iﬁ short the pilot-testing, which is also;called the 'what-if?'

analysis tool.

The systems to be modelled and simulated could be any kind of system described in. |

section 3.4.3 Weather forecast Systems are modelled with the latest data as variables
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and simulated for precliction bf the future weather. It could be a few hours or days
~ ahead. The latestAvervsior-l of data provided will decide the accuracy of the weather
systemé model due to major uncontrollable inputs froln nature. The .simpler the
model is:, the less accurate the vend results sllown. Historiczll data vCan be added for

analysis of the predicted weather.

3.4.4.1 The Advantages of Computer Simulation

In experiments carried out on real systems and simulations, the competencies of
simulation tools versus the other approaches and the quality of decision making are

the main areas where the benefits of simulation can be explored.

1. Cost Saving

In real systenis, experlments for testing the in*lprovements designed could be costly
and -time-consulning, especially in production operations systems. If the
experiments are taken place in the real crude oil production systems, some of the.
production-lines might need to be closed down. In thé oil production plant,v the cost
er' closing down production-lines éan be sky-high, estimated at over millions of

pounds.

2. Time-saving
Apart from the cost-saving, time spent on experiments with simulation models
could be from seconds to hours or days depending on the types of software

tools and computers uised. It could even take from weeks to months or years
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for speciail systems like ecology. Some of the high-level simulators showed

‘ signiﬁéant time-saving compared to the simulation by programming languages.

3. A4 Comparison of D.iﬁ’erent Scenarios

: While siﬁulating the models, differ;:nt scenarios can be set up and tested. These
experimehts can be repetitiye and comparéd with their pérformanée énd results
throughoﬁ_t the operations. For example, two types of production plant layout cquld
be simuléted and compared sirriultaneously or by analysing the results at the end of

simulation for comparison.

4. The Impossib’ilfty of Real System Construction

There are cases where the real systein is not yet construded, therefore the
simulation is needed hereb to carry out the testing and expen'meritsl for validation 4
beforehand to avoid failures énd profit-loss. Befofe'a chemical plant is constructed,’
-all kinds of vprocesses and equipments within tile plants have to be planned,

designed and tested to ensure they are working.

5. Wide Areas of fmplementation
.Simulation is suitable for simble and complex systgnﬁs. It can be used in operating '
proéedures, decision~ruies, organisational structures, new ha?dwére designs,
physical layout, transportation systems, etc for exploring and testing without

interrupting the ongoing systems.
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6. Answering ‘What-If?’ Questions |
A simulation can be used to simulate the model and rhake changes to the model to
- run for ‘What-if?’~ questions. For example in crude oil production, for questions like
“What if one of the prod_uctibn-lines closed down, would the output be affected?’
the simﬁlation model data can be altered to predict the output fqr this question.
‘1. The Competencies and Ease of Use for Supporting Decision-making
Most of the modelling willvneed certain assumpﬁons when designing the éomplex
systems due to their inability to add in numbers of variations. Although simulation
does needvs.ome ‘e‘lssu-mptions made,l it is possible to in'skert aﬁy kind of distribution:
to model complicated systems while still giving satisfying results and predictions.
Anihlation‘ diéplays in simulation tools could enhance the application for nbﬁ-
expéi‘ts and facilitate the decision;making for the managers;'Uéers are able to stop
or run the simulatiqn step by step for more interaction and understanding of the

process and events happening in the model.

As an examplé, in food—étore operations management, the 'oberations manager has to
predict the custémer‘buying-b'ehaviours and make orders based on these, though
historical anélysis is eSsential.‘ It is impossible for the manager to control the buying
time, quantity aﬁd products which custoniers want. The only thing the manager can
do is analyse the hisforical sales data and Qimulate »the systems usingA various
variables and"distributioh. to répresent the dynamic béhaviour of customeré. The
_other areas where simulation can be applied are public systems like health—care;
“education systems, transportation systems like train-scheduling, and food-service

systems like restaurants, business process-management, etc.

37



Lhnapter 1nrec ICSCAICI] IVICLNOUOI0gY and Proposca irdilc wolk

3.5 The Computer Simulation Method

Through‘ the 'analysis of the disadvantages of. other: modeliiﬁg methods and the
‘advantage's of simulation-modelling, the simulatioh—modelling method or, to be more
precise, compﬁter—simulation was chosen for this project due to its powerful ability in
dealing with.conllplex systems. The use of computer-simulation in the oil and gas
industry allows managers or engineers to obtain a system-wide view of the effect of
local changes to the production area; and computer—sirhulaﬁon played a vital part as a
real-time controller for the design, analysis, development and implementation of the

proposed iﬁtegrated framework for this project.

' 3.5;1 The Purpose of Simulation

The bperatiion ofa sysfefn is subject to variations either predictab1¢ or unpredictable
(Robinson, 2003), which both might give changes to the system when altered. In
simulation, these variations are called 'variability'. Presence of more variability in a
system brings on.more bcomplexity to the modelling. Modelling designers normally
tend to simplify the system or study iny one particular aspect of the systembdue to .
the complexity caused if all interconnections of the Vgriability in the system are taken
into account. There are alsq some v'variablf;s' included in the simulation for
representation of time, ratio, and any kind of nufnerical data. However, if the model
of the'systevm is simplified to ease.the design, it is more likely that the study will be

inaccurate as a result.

Cdmputer-simulation is used in the oil industry by Yamamoto et al, (2000) to
optimise offshore oil production based on discrete event modelling. The authors have

developed a new simulator to make an integrated simulation of the overall system,
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which contains offshore oil production wells, a floating structure production facility,

shipment facility, sea vessel, and land equipment considering the weather conditions.

‘Computer-simulation has the ability to cope with the compléxities of complicated -
real systems. Several reasons for implementing such simulation can be concluded as

" below:

1. It is a less-expensive research and study method compafed to expérimeﬁts
carried out in real systems. |

2. Advance; in software-technology and programming-language imi)rove the
software power for rapid and vélid decision-making. |

3. Training can be carried out without affecting thé real opérations forvoperators.

4. Animation in- simulation .mddels advances the visualisation of operatiohs

systems for better understanding.

3.5.2 Types of Simulation

Time aﬁd variability are the two most important aspects when designing a simulation
» model. Kelton et.ai, (2007) has classified fhe types of simulation into three main
classes which are static vs; dynamic, discrete vs conﬁnuoué and deterministic vs.

stochastic.

L Static vs. Dynamic Simulations
Static means ‘in a fixed or stationary condition’. In the static model, "time does not

play a natural role,' but it does in a dynamic model” (Kelton et al, 2007). For

739



Chapter 1hree nesearcn viethodology and proposed irame work

example, throwing a dice need has no relation with time but number of throws. On
the other hand, the dynamic model, like the opening of a post office, has an

' openiﬁg time and closing time. Time is playing a role in this model.

‘2. Discrete vs. Continuous Simulations

Thé main difference between dfscrete and continuous models is the fype of change
in the system either over time or at speciﬁc time. Events in a discréte model will
only change af a specific defined time, for example, bread 1s cooked for 30 minutes.
There Will be a startingAtime and ending time»here. In the continuous fnodel, the
event will change over time according to the rate of change. This is normally used
in a case like weather changes. The pressures and speed of wind change
clontinuouslyb over time. Thereb are occasions where the discreté aﬁd continuous
models are cofnbined, for example "the refinery Witﬁ continuous changing pressuré

inside vessels and diScretely occurring shutdowns (Kelton et.al, 2007)."

3. Determini;stic vs. Stochastic Simulations
Most of the time before the simulation is carried out, there is a. possibility fhe results
are known. The deterministic model does ,nbt have any raﬁdém inputs and the
outputs are within the expected spectrum. Two kilograms of flour can bake four
loaves of bread weighing 750 grams each, or "a strict appointmeﬁt-book operation
with fixed sérvice times is an example (Kelton et.al, 2007)." In a stochastic modél,
random inputs will determine the outputs by ll-lsing distribution or probability. vAn

example is how random arrivals of customers'in a food-store vary all the time.
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3.5.3 Issues Related To Simulation and When Simulation Is Used

There are some issues to be considered before deciding to use cdmputer—simulation '
in the systems where operations taken place. In the pé_st, simulations were not often
vadopted in business due to expensive and specialised tool' requireménts. A hugé
~ amount bf time and investmént were needed in simulatibns-implementati.otl. But they
might be used in big organisations; heavy duty and atltomotive industries adopted

simulations to solve only the serious problems which arose in the operations.

Nevertheless, thanks to thev advancement of the software 'artd computet-technology?
the éimulation to_‘ols were designed to be more user friendly. There was greater
integration witlt other software packages ltké spreadsheéts, word-processors, and
databases over the years where simulations cotl_ld be applied 'in more detail and in
more specific markets or processes for collecting data, analysing data and stor.ing:
data. Simulation could be developed into new system-controlrlogic by the design or
redesign of complex systems for controlling real systems, as mentioned by Kelton

et.al, (2007).

Simulation can be applied in various types of systems and industries such as
manufacturing or any kihd of production operations. Simulation can also be used for
planning new equipment and buildings-layout for improving efficiencies and the
production of new.products. It can also be u_sedkfor‘ upgrading existing equipment and
operations to increase efﬁctencies. For example in our case-study the oilfield is
working perfectly, but this study aims to improve the productivity of the separators
and also modelling the system helps to improve the'.decision-making. There are many

more areas that can be simulated for more specific and detailed evaluation.

41



Chapter 1hree - researcn v1€nodology anda proposed Irame woOik

3.5.4 The Simulation Process
The simulation process consists of a number of different procedures.v The following

framework is used:

1. Problém Formulation

2. Data-gathering and Conceptual Model DeVeldpment
3. Model Construction | |
4. .Mo&el Verification and Validation.

5. Experimental Design and Results Presentation

6. Results Analysis

7. Documentation and Implementation |
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Formulate the problem

Collect data and develop a
model

A

Y.

Computerize the model <

Validated

Design the expefiment

Y N

L

Perform simulation runs

Analyze output data

Simulation
complete ?

Document and implement runs

Figure 3.1 Framework in Simulation Sfudy (Winston 2004)

3.5.5 Simulation Tools Available
There are a few types of simulation tools available for research and implementation

in general, depending on the types and behaviours of the systems to be modelled and

simulated. According to Robinson (2004), there are three options for developing
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computer-simulation models which are spreadsheets, programming languages, and

specialist software.

The programming languages allow the programmers or modellers to create some sort
of logic and pfogrammes that make it easy for the users who have no programming
knowledge to perferm some kind of catculations, analysis, designs, for performing
repetitive jobs; ‘or they can be used vlater to do simulations using computers.
Programming languages like C, VB, C++, Java and VBA are high level languetges
- and they are widely used in recent computing technology. Historically, “FORTRAN
the general-purpose procedural lanéuage had been used to Write_ contputer—programs
for simulating complicated systems With supporting paekages written to help out in
‘routine chores, keeping track of simulated events‘ and statistical -bookkeeping”

- (Kelton et al, 2007).

Spreaeisheets can be used to display data in columns and rows. Formulas can be
inserted for calculations. For example, when there are many numbers or data to be
. added up, the formula ‘_SUM’ can be used to sum up all the data required Witheut
'calcﬁulating eaclt of tltem manually. Spreadsheets Asoftware like Microsoft Excel
applications can be used to simulate very simple static-.models supported by the
programming language used in ExeeI,’ the Visual Basic and some other add-ins for
better control. However, spreadsheets e.re limited in their ability and integrity in

modelling dynamic models.

Using the tools described above, the specialist software or simulator on the market

which is programmed with high-level pfogramming language can be used to
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implement modelling and simulation.

3.6 ARENA Simulation Tool

The ARENA software package supplied by Rockwell Software is selected as the
simulation-tool for this project. Arena was selected as the simulation-tool for this
project owing to the criteria shown in figure 3.2. The time available for obtaining
modelling-skills, building the model and model validation was restricted. The
knowledge of the modeller of continuous-simulation modelling was limited, although
previous experience in modelling discrete systems was useful as the basic of using
this software. The run-speed of the simulators was another important factor in the
effectiveness of the simulation in this project. The Arena professional version was
available in the university; therefore the price of the software packages was
negligible. Therefore the five criteria shown in figure 3.2 are extremely important to

the success ofthis simulation project.

Less Important

¢ Duration of modelling . o #/r,ce 5 L
. Time for model validation M°«ellmg Flex.b.I.ty . Range of appl.cat.ons

* Ease of use

* Time for obtaining
modelling skills

* Run speed

Figure 3.2 Important Criteria for the Proposed Model

The Arena software package was initially installed in the computer as the student
version which can support simple and small-model testing. However when it came to
the later part of the modelling with more complexities, the professional version was
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required to support the number of modules and variables designed. Arena combined
most of the advantages of high-level simulatoré, simulation-languages and general-
purpose procedural-languages like' Microsoft Visual Basic programmihg and C
language; Theréfore, it is able to prdvide ease of use, and high and low-level modules
from different templates for different functionality in one model. Due to its greater
integra_tion between spreadsheet and general-purpose procedural-léﬁguages, Arena
caﬁ imbor_t and export data to spreadsheet by using some pro graniming-_language like

VBA.

-3.6.1 Arena’s Framework

Figure 3.3 shows the pieces in the Arena window for the model of this project. This
section will introduce the framework and interface of the Arena sofdvare. Detailed
guidance on how to use the software can be found in the Arena software help-page or

from Kelton et al, (2007).

The tool bar has many differeht short-cut buttons for ease of control while building
the model. Many of the functions and tools can be found in here 0% through thé menu
bar. In the project ba£ are found the tempiates and modules used for the modelling as
mentioned in Figure 3.3. In this research, the main template-panels which were used‘
were the Blécks and Elements Paﬁel, Basic Process Panel, Flow Process Panel, and
Advanced Process Panel. The.contents and modules which Weré used will be

discussed in Chapter Four where the model description takes place.
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The _niodgl-wiﬁdow, Spreadsheet View, provides -the convenience of altéring the -
details dr éonte_nts of the modules used without going into each of them. The statu_s-v
Bar will show the data, tiﬁlé, status and number of replication for the simulation.
Therefore, users are able to understand what has been happening at the time shown in
there. While thé model-window, Flowchart View, is where thé models are Built,- and
what is shown in this model-window are the animations and model-logic for thisv

research.
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3.7 The Proposed Framework for the Optimisation of the Oilfield

Production Area

Oil field is éplace where the crude oil prqduced and treated to remove water and gas.
The oil field consists éf many facilitieé in which oil wells and oil separators (oil
production area) are considered to be the most important areas. There are also other

- facilities such as power station which provide electricity to the field, \&ater treatment -
equipment used to supply the field with the water which is used in the productioﬁ

area.

This study is focusing on two main areas of the field which are oil wells and oil

production areas.

“When the drilling process in the wells finished and the charismas tree is fixed on the
well head, the wells are contacted through pipes to the manifold. The crude oil arrive
to the manifold from the wells consists of water and gas, therefore to improve the

quality of oil, the gas and water must be removed.

When the oil reach to the manifold, then it should be distributed to different .
separators to remove the water and gas (production area), and this considered as

second main base of the field.

As can be seen there are two main stages, first stage is the transportation of oil wells
to the manifold then distributed to the separafors in the oil production area. Naturally,
these two stages are linked together and optimising any of these two stages has to be

carried out on this bases. Therefore, an integrated framework for this environment is
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' developed to reflect this reality and is shown in figure 3.4. The framework has been
developed to consider these logical steps in operating the whole site and provide the

operational policies needed to operate both areas in an integrated approach.

Figure 3.4 shows the proposed integrated 'framework for the optimisation of the

oilfield production area. The framework includes three different components.

The first component concerns the oil-wells area in which fhe aim is to minimise the
transpoftation-cost of the oil from the wells to the manifold area. As can bevseen. in
figure 3.4, the problem will be formulated mathematically in vthe form of objective
- function(s) and constraints. It will be solved using the Lingo/Lindo application. The
expected outcomvesb will be either ani optimum or near-optimum solution. This
solution will be fed intp the second component which is a represénta.ti(.)n‘ of the oil
production area in a form of a simulation model. In this compdnent different
operational f)olicies will b.e. evaluated. ’fhe third component is th¢ analysis of the
resu]:ts. and thié checks their validity in terms of the company’s strategic performénce
measures. ’I“hesevwilll give the opportuﬂit& té modify the operationai policy by either
changing the parameters/variables in the oil-wells area or in the production area until

an acceptable operational policy is agreed.
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Data input
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Figure 3.4 The Proposed Integrated Framework
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3.8 Conclusion
In this chapter the methodology which wili be used in'- this proj-ect W;S
discussed. A mathematical model will be used in the oil-wells areé and the
simulation techniqué will be uéed in the separatdrs area. Preﬁews were given
about both techniques, which include the history of mathematical modelling
and simulation techniques.' Also the r§asons for using these techniques and
advantage and disadvantage were discussed. Furthermore, this chapter briefly
“discussed Arena software, which will be used in the simulation of .the
separators area. Finally, the framework which will be used for the optimisation

of the oilfield production area was discussed.

In the next chapter, the mathematical optimisation model of the oil-wells area
will be introduced, which includes the modél-présentation and model-solving

by Lingo software. In the end the results of the model will be discussed.
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Chapter 4
Oil-well Optimisation Model

4.1 Introduction

The theories régarding the simulation-modelling and crude oil production-processes =
. explained in previous nhapters should have provided some understanding Qf how the -

crude oil is separated and what sorts of simulation-toolycan ‘ne used to model suc.h:

systéms. The framework ‘devéloped for the optimisation of the oilfield production

area was introduced and explained too.

.The mathematical model for the optimisation of the oil-wells area will be discussed
in this chapter..This cnapter consists of the oil-wells model presentation, proposed

mathematical optifnisation and also the case-study modelling which is based on the
Bu-Attifel oilfield in one of the developing countries. Using Lingo/ Lindo software

will solve the mathematical model and the results will be discussed.

4.2 Model Presentation

Mathematical programming will be used to minimise the transp()rtétion-cost of crude
oil from the oil—wélls to the manifold. The following' issues are considered in
developing the mathematical programming model for crude oil wells:

e The capacity of the crude oil wells (supply).

e The distance from the oil-wells to the manifold.

e Customer demand at the manifold (demand).
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The crude oil is produced from different oil-wells, transferred to the manifold
through pipes over different distances, and the oil-wells have different capacities.

In general, an optirhisation model will consist of the following three items:

ObjectiVe Function: The objective function is a formula that expresses exactly
what it is you want to optimisé. In this part of the study the transpor‘tation-costlof

crude oil from the oil-wells to the manifold will be optimised.

Variables: Variables are the quantities you have under your control. You must
decide what the best values of the variables are. . For this reason, variables are
sometimes also called decision variables. In this study x;; represents the amount of oil

produced from well i to manifold J.

Constraints: Almost without exception there will be s.ome limit on .the values of the
variables. In this study'there are two constraints: th¢ first supply constrainf is thaf the
amount of oil produced from wells to the manifold is >= the demand at thé marﬁfold.
The second‘constrair.lt is the capacity constraint, Wﬁich is that the amount of oil
produced fromevéry well to 'fhe manifold is <= the capacity of chry well at the

~ manifold.

4.3 Propdsed Mathematical Optimisation Model

In presénting the mathematical programming model, the following notations are,ﬁsed;
: Indiceé:

i =1,2,3 ... The number of oil-wells

J =1,2,3.... The number of manifolds
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xj = The amount of oil provided by well ( i ) to manifold ( )

fC,-= The capacity of oil-well (i)
C;= Total capacity of oil-wells.
Sjj = The distance from oil-well (i) to manifold ()

d; = The demand at manifold ()

The mathematical model will be used' to optimise the transportation-coét of crude oil
(in term of distance) from the oil-wells to the manifold; To solve this issue thé
problem must be formulated as equationé. The aim is to minimise the transportation-
cost from the wells to the manifold. That means minimise the distance which is S

- from the wells i (any number of wells) to the manifold j (any nﬁmber of manifolds)
and multiplied}byx which is the amount of oil provided frorh the wells to the

manifold. This equation is considered as an objective function.

Now the variables are the quantities you have under your control. You must decide
what the best values of the variables are, so, x;; represents the amount of oil produced

from well i to manifold J-

n

Min.

™M

~.

SyXy i = 1...m. Number of oil wells.

1 j=1

Jj = 1..n. Number of manifolds.

The constraints will be some limit on the values of the variables which is represented
by these equations below. In the first equation the amount of crude oil from the oil

wells (x) is bigger than, or equals, the demand (d}) at the manifold. In the second
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équation the amount of oil () is less than, or equal to, the capacity (C;) of the oil

wells. The last equation is representing the amount of il (x) when it equals the

demand at manifold ().
Subject to: |
i=m . j=n ] o
Xy 2 d; d;=Demand at manifold
i=l" j=1 -
i=m j=n
Xy S 6 C;= Total capacity of oil-wells

-
Il
—_
~.
]
—

d;=Demand at manifold (j )

In the case of:-

i y Xy > d, . Then, Supply > Demand
i=1 j=1

Z X <d Then, Supply < Demand

-
il
—
~.
1l
—

4.4 Modelling the Bu-Attifel Oilfield

In this study Bu-Attifel oilfield which belongs to the Eni oil Company Libyan
branch, will be used as a case-study. To facilitate the application of the mathematical

model proposed in the previous éection, it will be applied in a real case-study (Bu-

' Attifel Oilfield).
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Table 4.1 displays the collected data which consisfs of .well-numbers. présented in
column one starting from Al, to A83. It may be noticed that the numbers aré not in
series as it is real data and a.possili)le reason for this is may. be thét these missing .
~ well-numbers were dead. In the secbhd column thé' first manifold is represented and
x;; mean the amount of oil provided from well ﬁumbér 1 to manifold number 1; also
in-the same column the distance, (S71) represents the distance from the well number
1to ménifold number 1. The third column repreéents the second manifold, and x;;
. ﬁleans the amount of 6il recéived from well number one to manifold number two.

Also (S12) is the distance from well number one to manifold two.

The capacities of the oi}-wells ére represehted in column four where sub-column one
represents the capacity of gas produced from every well. Th¢ émount of oil and water
producéd from every well is presented in the second. and third sub-columns
respectively. The laét coiumn représents th¢ total production% of every well (gas, oil,

and water).
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‘Table 4.1 Bu-Attifel Qilfield Oil-wells information (cont.) - ‘

TO . :
Manifold 1 Manifold 2 .
( mtrs) - (mtrs) . _ C apa ‘C it y
Fro _ Gas(scf/stb) Oil(BOPD) Water(BWPD) Total
S11 812 : ’ ;
Al X1 1 X712 - : : 3,220 2,607 892 ‘ C1
: $31 . 532 _ | E ' '
A3 X3 1 X32 15,895 111 8,315 C3
841 | S42 :
Ad X471 X0 _ 1,780 3,270 7,496 C4
. S71 ‘ 872 ' ‘ .
"A7 " X771 _ X72 1,984 2,283 2’444 C7
. 881 $82 y ’ ‘
A8 X8 1 X82 4,204 145 6,257 C8
S11 i S112 s ' ' _
All X111 - X112 ) 0 ) 0 782 ' Cll .
SI31 5132 | —
Al3 X131 X132 2,381 ~3,221 4,294 C13
'S141 S142 . ' ,
_ Al4 X141 X142 ‘ 583 1,778 - 583 Cl4
SI51 5152 | T
Al5 X151 X152 ) 1,815 2,524 6,612 C15
S161 ; §162 : ' :
Al6 X6 1 o X162 ' 2,350 601 3,336 - Cl1e6 ‘
S171 ; S172 ‘
Al7 X171 X172 : 1,547 10,761 2,298 C17
S191 | 5192 ' :
Al9 X719 1 X192 ) ‘ '2,496 1,835 5,613 C19
- 8201 ‘ .8§202 ]
A20 xgo‘ 1 X202 2,692 505 5,214 C20
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TO _ |
Manifold 1 Manifold 2 O
( mtrs) (mtrs) CapaCIty
From | Gas(scf/stb) Oil(BOPD) water(BWPD) Total
S211 S§212 : ' . '
A21 X211 X271 2 1,710 3,598 3,338 C21
' 8221 v . - . .
- A22 X221 X222 $222 2,669 6,422 3,172 C22
7 S§241 S$242
A24 X241 X24 2 2,943 1,319 0 _C24
8251 - 85252
A25 X251 X25 2 1,549 8,578 1,348 | C25 |
: S§271 8272 | -
A27 X271 : X272 » 1,935 » 1,101 1,275 C27
5281 5282 , .
A28 X281 : X28 2 2,756 1,756 1,910 C28
S$291 85292 . -
A29 X29 1 X29 2 2,124 - 1,811 4,017 C29
S$301 S302
A30 X301 : X30 2 4,642 - 264 166 C30
| S311 S312 o i |
A3l X311 - X371 2 1,805 2,375 2,012 C31
5381 5382 | ’ e
A38 X38 1 X38 2 3,066 192 1,762 C38
_ 5391 5392 | ‘
A39 . X39 1 X39 2 1,489_ 233 490 C39
5411 $412 —
A41 X411 - X471 2 2,329 1,234 ) 3,375 C41
- . se21| 5422 - _
"A42 X421 X422 2,2_53 603 1,253 C42
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TO ,
Manifold 1 | Manifold 2 Capacity
( mtrs) - (mtrs) -
From Gas(scf/stb) Oil(BOPD) water(BWPD) Total
- | 5461 — S462 3 '
A46 X461 : X46 2 2,480 77 1,165 C46
- 5501 5502 |
CAS0 | x50 ' X502 , 2,014 678 1,682 C50
8521 §522 | . )
AS2 X521 . Xs52 2 1,787 713 723 .C52
' S531 ’ 5532
AS3 X531 X532 . 1,893. - 1,243 2,356 C53
. ssa | 5542
A54 X541 X542 2,373 254 553 C54
S551 8552 ‘ ,
ASS Xs5 1 X552 3,385 3,469 353 - C55
) 5561 ~ §562 ' '
A56 X561 Xs56 2 ' 2,000 1,500 200 C56
1 5571 5572 | A ;
AS7 X571 , Xs57 2 2,374 116 1,206 C57
5581 8582 I
, A58 X581 1 X582 2,960 - 1,268 0 .| C58
' 5601 5602 A , i
- A60 X601 . X60 2 _ 21,103 195 6 C60
S611 S617 ,
A61 X61 1 ' X61 2 ' 3,076 316 367 Ccé61
85621 S§622 ' .
A62 - X62 1 X62 2 3,101 - 316 367 | C62
A 5631 5632 | |
A63 X63 1 X63 2 5,559 83 ) 0 Cé63
. S641 S642 ‘
A64 X641 . X64 2 3,204 260 3,046 C64
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TO
" Manifold 1 | Manifold 2 Capacity
From (mtrs) , (mtrs) , e
- _ Gas(scf/stb) Oil(BOPD) water(BWPD) Total
, - S661 §662 ‘
A66 X661 _ ) X662 2,694 - 1,137 4,178 C66
| S| 8672 A A
A67 Xg7 '] ) | . X67 2 2,115 2‘,850 : A C67 .
5681 5682 . ;
A68 X68 1 X68 2 1,777 214 780 C68
‘ 5691 | 5692
A69 X69 1 i : X69 2 ‘ 1425 895 4 - C69
, | 5701 8702
A70 X701 X792 2,302 1,952 3,194 C70
. S711 S712 B
ATl | x71; X771 2 1,570 2,961 907 C71
| S| 5752 ,
AT75 X751 . X752 1731 4804 1,660 - C75
. . 8781 v S782 .
A78 X781 X78 2 1,067 1,269 ‘81 C78
S801 §802 _
A80 | xg; | xs02 2,046 4,224 2,989 C80
: S821 T 5822
A82 X382 1 Xg2 2 . © 1,827 311 414 ‘C82
S831 5832 ,
AS83 X33 1 Xs83 2 2,208 4,907 0 C83
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The linear progrémming in case of one manifold is represented as below: .

[LP] : Minimise

S11x;;+831x3;+841x4;+871x7;+881xg;+S111x;1;+S131x13;+8141x14)+8151x;5,+S1
61x;61 +81 71%171+8191x19;+8201x201+8211x211+8221%221+8241x241+825 Ixz5+8271
- X271+8281x281 +S291x291+S301x301+S311x3)1+S381x331 +85391x39; +S4J Ix4;+8421x4;
[+8461x461+S501 x50, +8521x55,+8531x53,+8541x541+S55 13551 +8561x56)+S57 Ix57+
S581x55;+8601x50;+S611x61; +S621x62 1+8631x631+85641x641+S5661x55,+S5671x671+S6
81x651+8691x69;+8701x791+8711x71+8751x75;+8781x78)+S801x50,+8821x55;+5831

X831

Subjeéted to:-
xn =Cy x101=Cr9  x321=C33 X571 =<Cs; x701 =C70
x31=C; x01=C20  x301=C30 x51=Css . x7111<Cy
x41 <Cy 11<Cy xa1=<Csy  Xe01 $C60 - x751=<C7s
xn =Cy x=Cp  xn=Cp  xn=<Csq  x181=Css
xg1=Cs 00=Cy x461=Css  x621=Cs2 xgo1 =Cso
x=Cy  x51<Css  xsmu=<Csp xn<Cs  xs21=Cs
X1 =Cis xm<Cy;  xs1=Cs;  x641<Ceqy xg31 <Css
x141 =C14 x251<Crs  x531 <Cs; X661 <Css
x151=C1s  xp91=<Cp9 X541 <Csq x671 <Cs7
el =Cis x301=C3p x551=<Css x681 <Cos
X171 =C;;  x31=C3; x561=Css X601 =Cgo

X1+ X3 1t X g X1t X g X 11X 3 Y X 1 X5 T X 161X 171 X191 ¥ X201 X201 X220 F X241 X251
TX271¥ X281 X201 ¥ X301 F X311 X381 T X301 X411 X421 F X461 F X501 X521 F X531 F X541 X551 X561
+X571+ X581t X601 +x611+x621 +X631 X641 X661 X671 X681 X691t X701 T X711t X751 X781 T X801
+xg21+x83;=349919 Bbl/D ‘

X =0

Where:
i=1,2, 3, the number of wells
J =1 the number of manifolds

S;;= the distance from the wells to the manifold.
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C;= the capacity of well i.
C, = the total capacity of wells.

In the case of two manifolds, the linear programming is represented as below:

[LP] Minimise

S12x; 2+S32x32+S42x42+S 72x72+882x52+8112x112+8132x135+8142x142+8152x 52 +S51 -
62x162+8172x175+8192x197+8202%20,+8212%31,+85222x555+S5242x 247+ 8252%55,+5272
x272+S282x282+S292x292+S302x302+S3 12x; 1 2+8382x382+85392x30; 541 2x%4; 2+S422x42 o
| 2+8462x462+8502x502+8522x522+ 853 2x532+8542% 5414855 Ix551+8561 %561 +857 X571+ |
S581x55;+S601x50;+S61 1x511+S621x621+8631x535+5642x543+S662x652+S56 72x672+S6 .
82)?632 +8692x592+8702x707+8712%713+S752%752+8782% 787 +S802%507+S822x522+5832 -

X832
~ Subjected to:-
x12=C x12<Cry  x:<Css x=<Cs;  x102=<Cy
x0SC 0n<Cy  x30=C3y x53=Css x112=C7;
x42=Cy x02=<Cy  x25Csy  x602=Cigp X752 =C7s
x72=C7 3 =<Csp  xn<C42 xen <Csi  x182=Cs
x32<Cs x002=Cy x160<Css  x6220=<Cés7 x802<Csp -
x2=Cy  x0n<Cs  x0<Csp x3:<Ces  x32=<Cs
x132=Cy3 2n=<Cy  xs2=Cs; x642=Ce4 xg32 <Cs3
x102<Crs - X32<Cs  Xsn Ls3 X662 =Cos
x152=Cys. %20<Cr9  x52=Csy  x612=Cg7
x162<Cjs x302=C30 x552=C;ss xs82 <Cs
x1712=Ci7 1312=C31 x562<Cs6 X692 =<Cég

x 12+3632+x42+x72+x82+x nztXs et s 2 H X 72 92 00 X1 2 F X220 F X4 X 52T

xa82Hx200 X302 312382 X302 FX 412 X aza FXaga FX S0 S22 X s32 X sa2FX 552562 X572 N2
+x602+x612"ﬁx622‘*‘x632+x64z+x662+x672+x682+x692+x702+x712+x752+x782+x802+x822+x832=
349919 Bbl/d |

x; =0
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Where:

i =1, 2, 3, the number of wells.

Jj =1the numbef of manifolds.
x;= the amount of oil provided by well (7) to manifold (7).
Ci= the capacity of oil-well (7). |
C, = the total capacity of oil-wells.

S; = the distance from oil well (i) to manifold (5).

4.5 Implementation of the Prbpbsed Mathematical Model Using
Lingo/ Lindo |

Solving the méthematical programme needs a large number of calculations, therefore
a computer-programme will be used. This computer-programme is called
Lingo/Lindo. "LINGO/ LINDO is a simple tool for utilising the power of linear and
nonlinear optimization to formulate large problems conciéely, -solve them, and
analyse the solution"(Lingo user’s guide 2004).

Lingo/ ‘Lindo is a c.omputer-programme that allows the user to input a model
‘formulatiOn .and. i)rovide a solution qﬁickly. It estimates the correctness of the’v
* formulation based on the solution, and can quickly make small mddiﬁcations to the
formulation, and repeat the process. Lingo/ Lindo allows the grouping of the related

objects together into sets.

Sets are the base'of thé Lingo/ Lindo modelling lahguage; this base is the building-
block of the program’s most powerful capabilities. Sets are helpful in writing a series
of similar constraints in a single statement, and express long complex formulas in
bri¢f. This allbws you to state your largest models very quickly and easily (Schrage

2002).
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‘To solve the linear programming-model, Lingo/ Lindo software was used, and the

programme was written as a set shown below, in the following sections.

4.5.1 In ihe case of supply equals the demand

Supply means the total amount of crude oil Which is prodpiced from the wells and
transmitted to the manifold via pipes. The démand is the amount of crude oil
requested by the customer. In this case supply is equal to the demand: .this means that
the amount of oil produced from the.well.s is same as the demand for it (the oil which

is requested by the customer).

The model is built as sets. It includes thé TITLE, which can be used to give a short

description of the LP model. The SETS: ENDSETS section of the model provides
buser—generated narlnyesA for the basié compdnents of the LP model; namely, constréints
‘and variables. The number of oil-wells starts from A1 to A83, and the capacity of the
wells will be written in the data-section later. The transportatidﬁ-cost has to decrease
in terms of the dis;tance_ from the oil-wells to the manifold (M1) in case of one
manifold or any number of ‘manifolds, and thé demand also will be measured at the

-manifold. The next section will address the objective whicﬁ is the minimisationvof

' the tfansportatibn—cost; and then the coﬁstréints' in case of the oil—wellé’ capacity and

demand. The last section is the data, whi‘ch inclﬁdes the wells’ capacity-values, |

_ demand-values and the distances from the wells td the manifold. The output of the

programme in all cases is reported in Appendix A.
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MODEL: Supply = Demand
" SETS:

WELLS/A1,A3,RA4,A7,A8,A11,A13,A14,A15,A16,A17,A19,A20,A21,A22,A24,A25
,A27,A28,A29,A30,A31,A38,A39,A41,A42,A46,A50,A52,A53,A54,A55,A56,A57
,A58,A60,A61,A62,A63,A64,A66,A67,A68,A69,A70,A71,A75,A78,A80,A82,A83
/ :CAPACITY; _

MANIFOLD/M1/: DEMAND; .

LINKS (WELLS, MANIFOLD) : DISTANCE, BARREL;

ENDSETS

MIN=@SUM (LINKS: DISTANCE*BARREL) ;

@FOR (MANIFOLD (J) :

@SUM (WELLS (I) : BARREL (I, J) ) >=DEMAND (J) ) ;

@FOR (WELLS (I) :

@SUM (MANIFOLD (J) :BARREL (I, J) ) <=CAPACITY (I)) ;

DATA:
CAPACITY=6719,24321,12546,6711,10606,782,9896,2944,10951,6287,14606,
9944,8411,8646,12263,4262,11475,4311,6422,7952,5072,6192,5020,2212,6
938,4109,3722,4374,3223,5492,3180,7207,3700,3696,4228,21304,3759,378
4,5642,6510,8009,4972,2771,2324,7448,5438,8195,2417,9259,2552, 7115;

DEMAND=349919;

DISTANCE=220,100,3500,55,2118,3150,6300,100,2850,2350,4100,100,4400,
60,2100,1550,1560,1300,930,1600,1000,3000,1200,1900,50,50,1300,4500,
3300,3500,1900,3700,1300,2000,5900,2000,4500,3000,4000,2200,3000,120
0,200,3700,1000,4000,900,400,3000,4000,4000;

ENDDATA
END

4.5.2 The Supply is Greatef Than the Demand

The supply is greater than the demand. In this‘case the demand is decreased from
349919 Bbl/day to 330000Bbl/day, but the supply is remaining as thé original data.
When the model is solved via Lingo/ Lindo , the optimal solution is found, and the

results will be discussed later.
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- MODEL: ' Supply > Demand
SETS: )

WELLS/A1,A3,A4,A7,A8,A11,A13,A14,A15,A16,A17,A19,A20,A21,A22,A24,A25
,A27,A28,A29,A30,A31,A38,A39,A41,RA42,R46,A50,A52,A53,A54,A55,A56,A57

,A58,A60,A61, A62, A63,A64,A66,A67,A68,A69,A70,A71,A75,A78,A80,A82,A83
/ CAPACITY;.

MANIFOLD/M1/: DEMAND;
'LINKS(WELLS,MANIFOLD)!DISTANCE,BARREL;
ENDSETS -
MIN=@SUM(LINKSiDiSTANCE*BARREL);

. @FOR (MANIFOLD (J) :

@SUM (WELLS (I) :BARREL (I, J) ) >=DEMAND(J)) ;
@FOR (WELLS (I) : |

@SUM (MANIFOLD (J) : BARREL (I, J)) <=CAPACITY (I)) ;

DATA:

CAPACITY-6719 24321,12546,6711,10606,782,9896,2944,10951,6287,14606,

9944,8411,8646,12263,4262,11475,4311,6422,7952,5072,6192,5020, 2212,6
938,4109,3722,4374,3223,5492,3180,7207,3700,3696,4228,21304,3759,378
4,5642,6510,8009,4972,2771,2324,7448,5438,8195,2417,9259,2552,7115;

DEMAND=330000;

DISTANCE=220,100,3500,55,2118,3150,6300,100,2850,2350,4100,100,4400,
~ 60,2100,1550,1560,1300,930,1600,1000,3000,1200,1900,50,50,1300,4500,

3300,3500, 1900,3700,1300,2000,5900,2000,4500,3000, 4000 2200,3000,120
0,200, 3700 1000,4000,900,400,3000,4000,4000;

ENDDATA
END

4.5.3 The Supply is Less Than the Demand

The amount of crude bil from the wells (supply) is less than the demahd. This';
“happens wheﬁ the value of the demand in the ori ginai data was increased from

349919 Bbl/day to 750000 Bbl/day to check different scenarios. The results show

that no feasible solution was found and the results will be discussed later.
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MODEL: Supply< Demand
SETS:

WELLS/Al,AB)A4,A7,A8,A11,A13,A14,A15,A16,A17,A19,A20,A21,A22,A24,A25
,A27,A28,A29,A30,A31,A38,A39,A41,A42,R46,A50,A52,A53,A54,A55,A56,A57

,A58,A60,A61,A62,A63,A64,066,A67,A68,A69,A70, A71 A75,A78,A80,A82,A83
/ CAPACITY;

MANIFOLD/M1/ : DEMAND;

LINKS (WELLS, MANIFOLD) : DISTANCE , BARREL;

ENDSETS

MIN=@SUM (LINKS : DISTANCE*BARREL) ;

@FOR (MANIFOLD (J) :

@SUM (WELLS (I) :BARREL (I, J) ) >=DEMAND (J) ) ;

@FOR (WELLS (I) :

@SUM (MANIFOLD (J) : BARREL (I, J) ) <=CAPACITY (I)) ;

'DATA:
CAPACITY=6719,24321,12546,6711,10606,782,9896,2944,10951,6287,14606,
9944,8411,8646,12263,4262,11475,4311,6422,7952,5072,6192,5020,2212,6
938,4109,3722,4374,3223,5492,3180,7207,3700,3696,4228,21304,3759,378
4,5642,6510,8009,4972,2771,2324,7448,5438,8195,2417, 9259,2552,7115;
DEMAND=750000;
DISTANCE=220,100,3500,55,2118,3150,6300,100,2850,2350,4100,100,4400,
60,2100,1550,1560,1300,930,1600,1000,3000,1200,1900,50,50,1300,4500,
3300,3500,1900,3700,1300,2000,5900,2000,4500,3000,4000,2200,3000,120

0,200,3700, 1000 4000,900,400,3000,4000,4000;

ENDDATA

. END

4.5.4 Deménd is Greater than the Supply (Dummy Solution)

The transportation-model must be balanced, that means that the supply equals the
demand. But in the case where the inodel is unbalanced, it is always increased with a
dummy source or dummy destination to make a balance between the supply and the

demand (Taha 2003).

In this case, demand is greater than the supply, because the demand is 360000

Bbl/day and the supply is 3491999 Bbl/day. One more well is introduced (A84); it
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is called a dummy well with a capacity of 10081 Bbl/day'fo make a balance between
the supply and the demand. When the model was solved via Lingo/ Lindo, the

optimal solution was found.

MODEL: Demand > Supply
SETS: o

WELLS/A1,A3,A4,A7,A8,A11,A13,A14,A15,A16,A17,A19,A20,A21,A22,A24,A25
,A27,A28,A29,A30,A31,A38,A39,A41,A42,A46,A50,A52,A53,A54,A55,A56,A57
,A58,A60,A61,A62,A63,A64,A66,A67,A68,A69,A70,A71,A75,A78,A80,A82,A83
,AB84/:CAPACITY;

MANIFOLD/M1/ :DEMAND;

LINKS (WELLS, MANIFOLD) : DISTANCE, BARREL;

ENDSETS

MIN=@SUM (LINKS : DISTANCE*BARREL) ;

@FOR (MANIFOLD (J) :.

@SUM (WELLS (I) : BARREL (I, J) ) >=DEMAND (J) ) ;

@FOR (WELLS (I) :

@SUM (MANIFOLD (J) : BARREL (I, J) ) <=CAPACITY (I)) ;

DATA :
CAPACITY=6719,24321,12546,6711,10606,782,9896,2944,10951,6287,14606,
9944,8411,8646,12263,4262,11475,4311,6422,7952,5072,6192,5020,2212,6
938,4109,3722,4374,3223,5492,3180,7207,3700,3696,4228,21304,3759,378

"4,5642,6510,8009,4972,2771,2324,7448,5438,8195,2417, 9259, 2552,
7115,10081; ’ o :

" DEMAND=360000;
DISTANCE=220,100,3500,55,2118,3150,6300,100,2850,2350,4100,100,4400,
60,2100,1550,1560,1300,930,1600,1000,3000,1200,1900,50,50,1300,4500,
3300,3500,1900,3700,1300,2000,5900,2000,4500,3000,4000,2200,3000,120
0,200,3700,1000,4000,900,400,3000,4000,4000,0;

ENDDATA
END

4.5.5 The Supply is Greater than the Demand (Dummy Solution)
In this case the supply is greater than demand, because the supply is 3491999
Bbl/day and the'd_emand is 340000 Bbl/day. Dummy demand is added, which will be

the difference between the supply and demand. This is 9919 Bbl/day used to achieve
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the balance between the supply and demand. The model solved by Lingo/ Lindo and

optimal solution was found.

MODEL: Supply > Demand
SETS :

WELLS/Al1,A3,A4,A7,RA8,A11,A13,A14,A15,A16,A17,A19,A20,A21,A22,A24,A25
‘,A27,A28,A29,A30,A31,A38,A39,A41,A42,A46,A50,A52!A53,A54,A55,A56,A57
,A58,A60,A61,A62,A63,A64,066,A67,A68,RA69,A70,A71,A75,A78,A80,A82,A83
/ :CAPACITY;
MANIFOLD/MI,MZ/:DEMAND;

LINKS(WELLS,MANIFOLD):DISTANCE,BARREL;

 ENDSETS
MIN:@SUM(LINKS:DISTANCE*BARREL);
@FOR (MANIFOLD (J) :
@SUM(WELLS(I):BARREL(I,J))>=DEMAND(J));
@FOR (WELLS (I) :
@SUM (MANIFOLD (J) : BARREL (I, J) ) <=CAPACITY (I));
DATA: )
CAPACITY=6719,24321,12546,6711,10606,782,9896,2944,10951,6287,14606,
9944,8411,8646,12263,4262,11475,4311,6422,7952,5072,6192,5020,2212,6
938,4109,3722,4374,3223,5492,3180,7207,3700,3696,4228,21304,3759,378
' 4,5642,6510,8009,4972,2771,2324,7448,5438,8195,2417,9259,2552,7115;
DEMAND=340000,9919;
DISTANCE=220,0,100,0,3500,0,55,0,2118,0,3150,0,6300,0,100,0,2850,0,2
350,0,4100,0,100,0,4400,0,60,0,2100,0,1550,0,1560,0,1300,0,930,0,160
0,0,1000,0,3000,0,1200,0,1900,0,50,0,50,0,1300,0,4500,0,3300,0,3500,
0,1900,0,3700,0,1300,0,2000,0,5900,0,2000,0,4500,0,3000,0,4000,0,220
0,0,3000,0,1200,0,200,0,3700,0,1000,0,4000,0,900,0,400,0,3000,0,4000
,0,4000,0; ' -

ENDDATA
END

4.6 Results Analysis and Discussion

In this study mathematical programming was applied to reduce the transportation-
cost of crude oil from the wells to the manifold in terms of the distance between the

wells and the manifolds.
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The results- Which are obtained by using linear programming are very practical in the
improvement of decision-making, because bit provides the freedom of selection
between a massive number of wells with 'differerﬁ ,éapacities and at different
distances, and this helps in the decisioh-making pfocess and leads to a decrease in the -
missing time and an increasé‘ in the productivity of the field. Different scenarios were
applied to examine the programme in diffefent cases. Some of these cases give thé
optimum solution and some .of them do not;‘this depends on the amount of oil which
is supplied to the manifold and also on the customer demand. When the results didn't
give the optimuﬁ solution, a dummy soluﬁon was applied to make a balance

between the supply and the demand. These different cases are presented below:-

Casel

‘The éapacity of wells (supply) is equal to the deménd, and the bonstraint on the
demand is that the amount of oil produced from wells to the maﬁifold is >= the
demand at the manifold.' The capacity constraint is that the amount of oil producéd 7
from every well to the manifold is <= the capacity of every well at the manifold.

In this case tﬁe optimal solution was foﬁnd, and the slack or surplus values were non
| zero because the constraints are non-binding constraints. There are no changes in the |
capacity of the wells because the supply is equal to the demand, and the ;esults are

shown in figurel in Appendix A. .

In this Appendix there are five sections: section (1) represents the capacity of the oil-
wells, section (2) shows the demand, section (3) displays the distance between wells
and the manifolds, the amount of crude oil from wells to the manifold is shown in

-‘ section (4), and section (5) demonstrates the slack or surplus.

71



chnapter rour - ' . U1l WCLIS UPUIISAU o1l IViI0QCL
Case 2

When the supply is greater than demand, an optimai solution is also found. But in.
 this case wé note that some of oii—wells are closed; we can see that in wells number
Al13, AS0, aﬁd AS. These weilé are the farthest from the manifold, and bthe
' prodhction of some Wellls is decreased which are a long distance from the manifold,
We can see this in well number A61 where the prodﬁctidn decfeased from 3759
Bbl/d to 2338 Bbl/d to fulﬁl the demand at the mahifold. The results are shown in
figure 2, Appeﬁdix A. In this caée the cost of transportation‘ is decreased (in terms Qf
distance). Wé can note this in the objective value when the Supply is equal the
demand. The objective value was O.764267_7E+O9, and when the supply is greater
than the demand, the objective value is-0.6509002E+09; that meéns that the distanbe

is optimum and the distance is represented in the cost of transportation.- -

4.6.1 Introduction of Dummy Supply and Demand
When -the demand is greater than the supply, no feasible solution is found. The
result is shown in figure 3, Appendix A, and in this case a dummy should be used as

shown below:

. ‘Ca'se 3 Dummy Supply

~In this case where demand is greater than the sqpply, a dummy supply with capacit'y
of 10081 BbI/D is added fo balance the transportation model. In this éase the
transportationfcost from the dummy well to the manifold is .Zero because the wéll
does not exist. The Lingo output of the dummy éolution is shown in figure 4

Appendix A.
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Casé 4 Dummy Demand

However, in the case where the supply is gréater than the demand, a dummy 1
manifold with éapa@ity 0f 9919 Bbl/D is added to balance the transportation model.
In this case the transportation-cost from the welié to the dummy ‘manifold is ierb
because the manifold does not exist (Taha, 2003). The Lingo output 'of dummy

solution is shown in figure 5 Appendix A.

4.7 Conclusion |

In this chapter the mathematical technique was proposéd and .applied using a real
“case, the oil-wells’ problems were m@delled by using linear programming to sblve
the problem of crude oil transportation and the model was solved by Lindd/ LingoA

software.

The problem was studied considering different scenarios and deciding on the most

suitable operational policy.

The model which was developed by Lindo/ Lingo software gives ﬂexibiklity to select
the most suitable operational policy for the oil wells. This depends on the oil-wells’
capacity, distance from the oil-wells to the manifold and the demand requested from

the customers.

In the case of the demand being greater than supply, or when the supply is greater
than demand, the dummy solution was applied in both casés to make the balance

between the supply and the demand.
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As can be seen from the results, the cost (in terms of distance) has béen minimised.
This was clear when the supply was greater thaﬁ-the demand: in this case the models
minvimise the travelling-distance by avoiding the farthest wells from the manifold.

(See Case 2).

It is anticipated that the proposed ,matheﬁlatical model will provide a systematic tool
for the practitioners in the company to decide on the most appropriate policy in order

~ to minimise the oil transportation-cost for the wells to the manifold.

The next chapter will be about the modelling and analysis of the oil separation area.
It will give full information about the simulation of the separation area, data and

different layout-diagrams which represent the separation area and the model.
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Chapter 5

Modelling and Analysis of the Oil Separation Area

5.1 Introduction
The optirhisation of the crude oil transportation-cost from the oil-wells to the

manifold was discussed in the preVious chapter.

This chapter will bring out how to model the systems, what is to be considered in the
simulation model as the input, experimental factors and outputs, how to gather and
analyse the data, comments on the models built, and the verification and validation of '

the proposed models.

5.2 Conceptual Model

The Way that an .operations-manager looks at the systems and processes is a lot
different from a simulétion-modeiler. If the operations are to be ﬁodelled and
simulated, the manager wants the whole operation including all the details to be
mpdelled and shoWn. Noinethele‘ss, it is not always possible to model and simulate |
every detail exactly the same as in real syStem.v The difficulties 1n obtaining the data
required for the real system’s design are the main reason for this problem. Besides,
the modeller might not havé enough knowledge and ex_périence in the systems to‘be
modelled. When dealing with a simple system, it is easy for the modellér to
understand and drafted out some kind of drawings to represent the real system, but
When it comes to a large and cofnplex system, the modeller might bé in perplexity

staﬁhg at the whole system. This, however, could be sorted out by spending some

75



Lhapter rive vioacling and Analysis ol Ull 5€paration Arca

time considering what needs to be modelled and what data should be included in the
model. Therefore, it is important to have a coﬁceptual model set up to combine all
the objéctives of simulation, inputs, outputs and assumptions made to simplify the
model for better understanding of the types of system to be modelled and the level of
modelling (how detailed the model should be). Robinson (2004) exblained that “thé
conceptual model is é non-software specific description of the simulation model that
is to be developed, describing the objectives, inputs,} outputs, cohtcnt, assumptions

and simplifications of the model.”

5.2.1 Objeétives of the Simulation Modelling

"As méntioned in section 1.2, the airﬁs and objectives of this project were to carry out |
the design and énalysis of the oil production systems through simulation-modelling.
The number of production lines, the capacity of separator (SP), oil quality and |
arrival-rate of the crude oil were to be taken as the experimental factors in the

simulation.

Crude oil sepafation processes have a lot of interactions with the characteristics and
some other explicit factors which affect the process-effectiveness. ‘A process-flow
diagram will be drawn to show the process-flow of the crude oil separatioh-processes

for conceptual rﬁodel-building.

5.2.2 Process Flowcharts

Figure 5.1 shows the flowchart from the very beginning of the separation-processes -

wheré the crude oil flows from manifold to the stage one (S1) horizontal SP which
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was converted from the layout-diagram in figure 5.2 collected from Eni (Libya). This
process flow-chart is one of the ways for representing the conceptual model and is

very important to the development of a computer-sifnulation‘ model.

Prior to the flow from the manifold to Sl-SP; the data of oil-dlemand af the end of the
production-line determines the ﬂow-raté for crude oil arrival to S1-SP. When the
crude oil arrives at the S1-SP, it is.ﬂushed at 700 psi high pressure into the SP. In
here the érude éil will be separated into gas and liquid which consists Qf water and
other liquid compqunds. The gas will flow to the gas-plant and the liquid separated
will be transferred to S2 horizontal SP. The flow-pressure changes from 700 i)si to
350 psi for this stage. The crude oil is no.wv separated_intb gas, oil aﬁd water. Agéin,
the gas.ﬂows to the gas plant, and water flows to the water-tr¢atrhent reservoir since
it still cpntains oil. The oil is not fully sep'arated from the othér’gzliseous and liquid
compoundé ‘at this stage. Therefore, the oil will be transferred from S2 to S3
horizontal SP for further processing. The oil is flushed at lower pressure,'30 psi, and
separated into gas, oil and water. In the feal system, there might be a little water left
in the oil at this stage depending on-the quality of the crude oil. However, it is
assumed in this model that the water is fully sépafated at S3. Later, the oil‘ﬂo‘ws' to
S4-SP which is called a vertical separator (VSP) or gas boot. Thié VSP is uséd to

separate the minor gas left in the oil at normal atmospheric pressure, one étmosphere.

After this stage, the gas is fully‘separated and the oil is now ready to be transferred to
the delivery-tank or storage-tank. There are two delivery storage-tanks at capacity of
30,660 barrels and two other storage tanks at capacity of 183,500 barrels. If anything

happens with the production-lines or delivery of the final product in this separation
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site, the oil will be transferred t§ t‘he.storage-tank's if delivery storage-tanks are full.
However, the final oil-output heré is not the final prpduct which can be used in
vehicles and needs further reﬁniné—brocesses which are not covered in this thesis.
The oil is later transferred to the Oil Centre Z.0.C INTISAR for storage and is ready

for the next processes or delivery to port for export.
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5.3 Data Collection and Assumptions -

‘Data are most important in model-building which normally consists of numeric
values. However, accor&ing to Robinson (2004), the vdata can bé split into three types:
which are “preliminary or contextual dafa, data fof model-realisation, and data for
model-validation”. Preliminary data is the data used for undérstanding and building
| th¢ conceptual model, for example the layout-diagram of fhe oil-pfoduction facility,
and the diagram Qf the sepafation-—process and equipment. Thé data for the model-
réalisation are those which are used for developing the computer-model, for example
the arrival-rate of crude Aoil, the daily demand for oil, the processinngules for
separation, and desériptibns of the separated product-types. The data fequired for
model-validation are those data used for comparison with >the fesults from models.
This sectipn will discuss the data provided and how they were used in the model-

building.

5.3.1 Input and Experimental Factors

In any system, there will always be inputs as the object being processed. Things fh‘at
are related to the object, .showir_lg the characteristics of the object and confrolling the
object are called expefimental factors. In this research, the crude oil ‘is the objeét
being proéessed. The expérimeﬂtal 'factors are the crude oil arrival-rate which
determines and controls the quantity of crude oil .that flows into the separation
‘ systemv. The amount of water in the crude oil determines the quality of the crude oil,
the less water contents means the more oil and gas output as a result. The number of
production-lines is a factor which affects the amount of érﬁde oil to be processed and

the amount of oil produced. The data for the arrival-rate of crude oil, the amount of
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water-content in the crude bil, the capacity of SP and number of production lines are

listed in table 5.1 and table 5.2.

5.3.2 Outputs

The outputs from the separation-process are gas, oil, and water. The output-rate of
gas and water from each stage can be found. in table 5.1. The output-rate of the oil
from each stage will be calculated in section 5.3.3. However, the final output-rate of

oil is provided in the table 5.3.

5.3.3 Assumptions and Model Simplification

Assumptions are made due to the scarcity of the data required and understanding of
the detailed design Qf the internet-design of the equipinent used. The factors that
affect the separation-process are the density of flow, {/iscosity, amount of existing "
- impurities, amount bf Water, pressure, temperature, diameter of pipes, etc. Different
pipes with different types of materials are able to‘ support different levels of flow-

pressure, temperature and amount of flow per unit-time.

Due to the complexities and lack bf dat_a related.t‘o these factors, only thé flow-rate,
quality of crude oil and number of prdduction-lines were taken into acéount as ini)ut
and experimental factors in this model desigﬁ. In this project, thé maximum flow-rate
“that the pipes are able to support was assumed to be 21734.47 ‘bbl/min. This
assumption.was decided base on the total amount of water, gas and oil in the final
.output from the separator. Even this figure has been assumed but in fact is quite

-related to some real data collected from the filed understudy asi shown in table 5.1.
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The manifold which consists of various pipes from the oil wells to the production
‘area considered as one big tank or one big reservoir in the simulation-model, because

the modeller have difficulty to represent this very complex area in the modei.

The _initiél .level of the SP was set to 25,000 barrels for the separators in Stage 1 and
Stage 4 because the separators capacity is 5'0,0-00 barrels and the oil in .the.:s’e two
stagés will étart to be sépérated when the level of the oil arrive to 25,000 barrels. The
separators capélcity for Stage 2 and Stage 3 is 100,000 barrels', S0 SQ,OOO bar_réls wére v
set as initial level for these two stages 2 and 3‘ for same reason as the separatiovn'
process will Stﬁrt when the oil level arrive to ‘50.,000 barrels. Since the current
opérating-system» was established and operéting with oil inside. Altﬁough the initial
level had been set to 50 percent of their capacity, the ex’perinﬁent for the émpty initial
levei could be simulated since the model had a Hold module used to wait for the SP

to exceed 50 percent of SP capacity.

“It is almost impossible to understand and isolate all the interrelationships in a real-
, wofld éystem, and one is forced to trade off reality, generality, and accuraéy for
simplicity. Therefore -tﬁe models we buiid usually inc;lude only a subset of the
Vv‘ariables and interrelationships of the original system” (Neelamkavil, 1987). The
process-time and settling-pfo_cess inside the‘Si’ were ignored and considered to be
included in the term ‘flow-rate’. The term ‘flow-rate’ means the amount of liquid, or
‘gas, per minute, per hou.r or per day. However, the minimum level for the Weir in the
'SP was considered in the model so that the oil had to fill up to a certain level to allow
it to overflow into the weir and be transfened to the next stage. The ratio for gas, oil

and water to be separated from the crude oil at each stage differed; it was calculated
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by assumption and added onto the data collected. The calculation for these ratios will

be shown in table 5.4 by using the Excel file application.

Table 5.1 Data Prpvidéd _

Equipment : Capacity (barrels)
4 x S1-SP ’ ' 50,000
4xS2-SP . - 100,000
4xS3-SP . 100,000
2 x S4-SP _ 50,000
2 x Delivery Tank , 30,660
2 x Storage Tank o 183,500
Inputs/Outputs Amount / Day
Input to S1-SP 31,297,639 bbl
Gas Output from S1-SP | 108 MMscf
Gas Output from S2-SP 53 MMscf
Gas Output from S3-SP . - |- 11.5 MMscf
Gas Output from S4-SP 1.5 MMscf
Water Output from S1-SP: e : -
Water Output from S2-SP - : 20,000 bbl
Water Output from S3-SP ‘ 8,900 bbl
Water Output from S4-SP -
Qil Output from S4-SP 100,000 bbl
, Production Layout Value
| Number of Production Lines ‘ 4

84



napier rive WV104ClINg and AIdlysls 01 Ull 5Cpdidlion AlTa

Table 5.2 Component list for the model

Components ' ' Details

Inputs and Crude oil arrival rate
Experimental Number of production line

Factors Quality of crude oil (water contents)
Capacity of SP

Outputs Flow rates of oil, water and gas from dlfferent SP

Oil ratio

Gas ratio

Water ratio

Max flow rate that the plpes can support
Height and level of oil weir

0il existed in the separators

Assumptions

ol EAN G il ol ol Palbodl > e

Flow pressure, viscosity, material and diameter of pipes,
internal separation process time and settling process
excluded,

Manifold were simplified as one big pipe

. Piping from the vertical SP to delivery and storage tanks
were simplified to reduce the complexity of model

Simplifications

W N
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Table 5.3 Calculation of the oil output-rate at each stage

Crude Oil Arrival-

= 31,297,639 (bbl/day)

Rate _ _
Water Output-rate 2 | = 20,000 (bbl/day)
from S2 ,
‘Water Output-rate 3 | = 8,900 (bbl/day)
from S3
Gas Output-rate 1 | =108 (MMscf/day)
| from S1 =108 * 1,000,000 * 1/5.6146 (bbl/day) -
= 19,235,564.42 (bbl/day)

1 Barrel (U.S Petrol) = 1/5.6146 cubic feet (Coulson and
Richardson, 1999) |

Gas Output-rate

2 | =53 (MMscf/day)

from 52 =53 %1,000,000 * 1/5.6146 (bbl/day)
=9,439,675.13 (bbl/day)

Gas Output-rate = 3 | =12 (MMscf/day)

from S3 =12 * 1,000,000 * 1 / 5.6146 (bbl/day)
=2,137,284.9357 (bbl/day) |

Gas Output-rate 4 | =2 (MMscf/day)

from S4 =2 * 1,000,000 * 1/5.6146 (bbl/day)
=356,215.155951 (bbl/day)

. Oil Output-rate 1 | = Crude Oil Arrival Rate — Gas Output Rate Stage 1

from 51 = 31,207,639 — 19,235,564.42
~ 12,062,074.578670 (bbl/day)

- Oil Output-rate 2

. from‘SZ

= Qil Output Rate 1 — Gas Output Rate 2 — Water Output
Rate 2 4 . : '

= 12,062,074.578670 — 9,439,675.132690 — 20,000

~ 2,602,399.445980 (bbl/day) |

. Oil Output-rate

3 | = Oil Output Rate 2 — Gas QOutput Rate 3 — Water Output
from S3 Rate 3 -
=2,602,399.445980 — 2,137,284.935703 — 8,900
~ 456,214.510277 (bbl/day)
- Oil Output-rate 4'| = Oil Output Rate 3 — Gas Output Rate 4 — Water Output

from S4

Rate 4
=456,214.510277 - 359,214.155951 - 0
~ 100,000.35 (bbl/day)
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By referring to the table 5.1, the crude ol an‘ival-rate, gas and water output-rate frofn
each stage were given. HoWever, the oil output-rate for each stage remained
unknown and fherefbre the g:alculation iq table 5.3 helped to assume the estimated oil
output-rate depending on the gas and water output-rates giye_n. In an ideal case, the -
input fo the SP should be equal to the total output‘from the SP. Therefore, the oil
output-rate could be calculated by deduéting the gas and water output-rate from the

total input. The érude oil arrival-rate was equivalent to the input of stage-one S1-SP,
- whilst ihe oil outpﬁt—rate 1 from S1-SP was conéidéred as the input of the following

. stage.

In table 5.4, the ratios were calculated by dividing each of the gas, oil and.wat'er
outputs by their total input at that particular stage. The oil‘ output of the current stage
" would be the input of foliowing stage as explainéd before. All the .dat_a and results
from the calculations in the table above would be used in the model-building. '
Besides, one thing shoﬁld be noted in the amendment of these ratios throughout the
| experiménts: the water-content would be changed and th¢se units which were
reduced or increased would be replaced by gas .and oil resulting iﬁ the increase of gas

and oil while the water reduced.
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Table 5.4 Calculation of the Gés, Oil and Water Ratio

Formula Value
Qil Ratio 1 = Qil Output-rate 1 / Crude QOil Arrival-rate 0.38540
Qil Ratio 2 = Qil Output-rate 2 / Oil Qutput-rate 1 0.21575
Oil Ratio 3 = Qil Output-rate 3 / Oil Output-rate 2 0.17531
Qil Ratio 4 = Qil Output-rate 4 / Oil Output-rate 3 - 0.21920
Gas Ratio 1 = Gas Output-rate 1 / Crude Oil Arrival-rate 0.61460
Gas Ratio 2 = Gas Output-rate 2 / Oil Output-rate 1 0.78259
GasRatio3 | = Gas Output-rate 3 / Oil Output-rate 2 0.82127
Gas Ratio 4 = Gas Qutput-rate 4 / Oil Output-rate 3 . 0.78080
Water Ratio 2 | = Water QOutput-rate 2 / Qil Output-rate 1 0.00166
Water Ratio 3 | = Water Output-rate 3 / Oil Output-rate 2 0.00342

5.4 Model-building and Descriptions

Bef(:;re starting the modelébuilding, there was a need to identify what types of model
was suitable to the crude oil separation-process. The crude oil separation-process Was
' méinly éoﬁsidered as a ‘continuous system although little disérete events occurred.
The continuous flow of liquid and gas changed according to time and was recognised
as a continuous event as well as a dynamic system, while the process of waiting fora
signal was considered as a discrete event. Sincé the input determined the outpuf

produced at the end of the productioh line, it could be seen as a deterministic system.

- Arena Templates" Panels Used

‘Arena has two types of tempiates which are the old and new femplates. The Wdrk_
carried out in this research was using the new templates with more advanced and
integrated modules. The templates’ pane]s and modules uséd in the models are

shown below:
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Table 5.5 Flow Process modules used
n ) o
Tank 1 1 I
i Rel

Tank Resilllzaetor Regulate Flow Reelflzstf)r Sensor
Module & Module Module & Module

Module Module

Create 1 V

J

Create
Module

Table 5.6 Basic Process modules used

if... \
J Assign 1 W Process 1 * 1

Decide
Module

Dispose
Module

Separate
Module

Process
Module

Assign
Module

Table 5.7 Advanced Process module used

Delay 1

Delay Module

Table 5.8 Block used

®  Duplicate P

Duplicate Block

Modelling and Analysis of Oil Separation Area

jRegulator Set]

Regulator
Set
Spreadsheet
Module

St
Variable
Variable
Spreadsheet
Module

The whole model for the crude oil separation was firstly drawn by using the flow-

chart which was elaborated from figure 5.1 and split into different sectional models

as shown in figure 5.3 to figure 5.10. This step was important to sketch out details to

be included in the model-building when using Arena. The more detailed the process

flow-charts were, the easier it was when coming to the model-building and the less
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‘the rework _ﬁeeded. Therefofe, efforts and timeAsperit at this stage to pilan out the
- whole model.were worthwhile compared to the time spent to redesign the process.
However, the mod.él-description in this chai)ter focused 6n explaining first
production-lines since most of them were doing the same thing; the only difference
was the name used for different SP. For details regarding the model logic drawn in

* Arena, please refer to Appendix B.

Sensor detect
Manifold Tank <
0% of Capaci

| Send ;ignal |

4
Refill Manifold

]

Dispose Entity

Figure 5.3 ARENA Flow-chart of Manifold Refill

5.4.1 Tank Modules

The models started by initiating the number of tanks fo represeﬁt the SP, manifolds
and storage-tanks which are‘the 21 tank modul¢s as shown in the 'ﬁgure 8 of
: Appendix B. One of them represented the manifold; nine others represented the
horizontal SP in S1 to S3; four of them represented the four VSP in S4; two
represented the deiivery-tanks and the last. two represented-the two storage-tanks.
The reason to sfart from the tank modules was because anything showing the liquid
or gaseous flow was contfolled by the regulator which could only be set in the tank

modules.
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In tﬁe manifold tank module, one input-regulator and four outpﬁtfregu.lators were
initialised with zero regulator rates,b since the rates were decided aﬁd set along the
.model at each stage. "All the SI-SP were initialised with one input-regulator and two .
output-}egulators for gas and oil flow-out. These proceéses were carried out similarly
for S2-SP, S3-SP and S4-SP which had an extra ovutput-r’egl.llator for water ﬂbw-out
addéd to them. For the delivery-tanks and storage-tanks, four input-regulators and |
three output-regulators were initialised to allow the flow-in from four different

production-lines and output for oil, gas and 'wéter.

5.4.2 Separation-process from Manifold to Stage 1 (S1) Separators (SP)

In the separation-process from the manifold to. Sl-SP,. the first step was to create four |
different types of entity at time zero, named ‘Crude Qil 1, Crude Oil 2, Crude Oil 3
| and Crude Oil 4. These entities were used to trigger the crude oil separation-pfocess
or to activate the production-line, not as objects to be i)rocessed, and later assigned
with a differenf tank index ét the next step. Crude Oil‘ 1 entity was assigned with
attribute StagelTankindex and ManifoldTankIndex equal to ‘1°, the other three

entities were assigned with attributes according to their name with 2,3 and 4.

The ‘seize ﬁlanifold and _Sl‘ input regulators’ module seized the manifold output-

regulators and the input-regulators of S1-SP. If th¢ séparator ﬁad only one entity, it
might not be necessary to use this module,v but four entities were used in this Stagev
and it was necessary for the system to understand which entity was occupying which
regulator. This decision could be made by choosing the regulétor according to the

tank index priory set. Before the entities moved into the Regulate module, a variable
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named T1Regs was assigned to the entity which passed through with value equal to

‘T1Regs + 1°. It was used to increase the number of regulatdrs in use.

The ﬂo@-rate of the transfer between the manifold and S1-SP was adjusted by the
‘bregulateS‘l input regulafors’ module. There was one variable set with four different
values in the ‘variable spreadsheet” mo'dulé. This was known as the input-rate which
could be changed in the Utiiisation_interface for'm. when fhe simulation was run. Four
- values of 1nput-rate were used as four dlfferent levels of input-rate expenmental
factor, 21734 .47 bbl/min, 10867.24 bbl/min, 7244.82 bbl/mln and 5433.62 bbl/mm
Each of these 1nput-rates contributed a dlfferent utilisation to SP which was 72
percent, 61 percent, 57 percent and 55 percent. In the Regulate module, thé |
Vexpressio‘n ‘Stage1RegRate(Max(1, TlRegs))’ was.set to all of the output- and input-
- regulators Vat this stage. Tﬁis expression allowed the system to choose the rates
aécording to the number of production-lines activated. If there was only oné line
activated, the flow-rate would be adjusted to 21734.47 bbl/min, 10867.24 bbl/min for
ﬁVo lines, 7244.82 bbl/min for three lines or 5433;62 'bbi/min for four lines. This
function was used for the production qf 100,000 bbl/day of oil. The fouf values could |
be identical in other céses for expeﬁments on how fhe input-rate affected the output,
which will be discussed later in Chapter 6. The input regulator-rates for S1-SP were
set equal to.the output regulator-rate of the rhanifold divided by ‘varS1DivRatio’
with an initial value of ‘1’. ‘varSlDivRatib" is a variable ﬁsed to. control the

regulator-rate; a new value could be assigned to change the variable.

S1 Input Rate = Manifold Output Rate / varS1DivRatio
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The next process was assigning the attribute for séparator-leyel condition-checking
in the next Decide module. The required SP level had to be between 25,000 barrels
“and 75 percent of the SP capacity to get through to the next step; If the level was less
than 25,000 barrels, or more than the SP capacity, the entity would be directed to the |
Disposé module for elimiﬁatién. If the levél was between 75 percent and maximum
capacity, t>hve entity .would be directed to a Deiay module waiting' for the level to be

reduced to the required level at point ‘A’ in figure 5.4.

Startiné from point vA; the entity would go through a series of processes to check if
the level of SP exceeded the required level or was less _than. the required level in
order to éhange the crude oil in?ut-rate’ és a solution. If the current SP level exceéded
the re(juired level, the- ehtity would be entered on the line which was used for
reducing the input regulator-rate by inc;easing the variable ‘varS1DivRatio’ value.
This line also reduced that variable if the SP level was less than the fequired level.
The entity moved out of the system if neither of thé cases mentioned above happened.
- Before the ‘v‘arSlDivRatio’ was changed, leaving the system mean’_[Athe number of
regulators in use was reduced, therefore thg regulator-rates had to be ﬁpdated
according to the number of entities left, and higherv input-rates were assigned to the
’ regulétors in use to maintain the production throughput. The entity was then releésed
'so it could be seized again when it looped back to the Seize fﬁodule for thebnext

process cycle.

Back to the first Decide module: ‘If SP Level < Initial Level or in Utilisation Level’.

The entity sent out by the initial level met was assigned with another attribute for the
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. Decide module to check if the current regulator—'rafe provided the input that fitted

into the allowable level. The equation for calculating the utilisation is:

Utilisation = [(Time * Input Rate + SP Initial Level) / SP Capacity * 100]

Where:.

. Time: time used in simulation, when creating the entity (in the creatingA_module).
Input rate: experimerital design vélue. :
SP initial level: 25000 bbl.

SP capacity: the experimental design value.

If the condition was met, the flow from manifold to SP would be started until a signal
Wés sent from the sensor, after which the ﬂow-prpcess Was terminated. The humber
of regulators used was ﬁpdated and the entity entered the ‘Che;:k Manifold and SP
Index’ in order to loop back the entity according to its index-numbcr. If an error
occurred with the index-number, the entity was displo'sed of. The two sensors acted as
the level-controller, detecting if the level dropped below the minimum fequired level
or exceeded the maximum required level. A signal was sent to ail the Flow Modules
in Sl since they were all ha.ving the same procedures and ‘proéesses, unless stated:
differently. The entity created would loop back and forward until the run-time ended

or disposed of if errors occurred.
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Create Crude Oil 1 * (Create Crude Qil reate Crude Oil Create Crude Oil .
Entity . Entity ’ Entity Entity

A4 . y A A
Assign Manifold & Assign Manifold & Assign Manifold & Assign Manifold &
SP1 Index S11 Separator Index $12 Separator Index S13 Separator Index
i I : ] k J
, h 4

Seize Manifold & S1 Input
Regulators

v

Increase No. of S1
Regulators in Use

|
h 4

Regulate S1 Input Regulators

|
h 4

Assign S1 Level Condition
Attribute

If not go to

P Level < Initial Le
r in Utilisation Leve

- " Initial Level Met . :
(ves) v SP Initial Level
Assign S1 Input Rate not met (Yes),
Condition Attribute

T
|

If not go to

B <«

f SP Input Rate <=
Manifold Output Rate

A 4

Transfer Flow from Manifold
to S1 Separator

|
h 4

Decrease no. of S1 Regulator
in Use

|
h 4

Release Manifold and
Separator Regulator

If Separator Index
=1,2,30r4(Yes)

Check Manifold &
Separator Index

Error Separator
Index

h 4
@ispose Crude Oil Entit3D< ~~~~~~~~~ :

Figuré 5.4 Flow-chart of Crude Oil Separation from Manifold to Stage 1 Separators

(count.) |
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A

v ‘
: I Wait till Sp level reduced l
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5.4.3 The Separation-process from Stage 1 Separators to Stage 2 Separators

In the process-flow from S1 to S2 in figure 5.5, similar processes and modules were
used but obviously the processes here were a. lot simpler than in the previous stage.
‘The entity typé Oil 2 was created and waited until the level of S1-SP exceeded the
'initiél level to allow'thé oil—ﬂowvover'intd_ the oil-weir to flow out. The atfﬁbute ténk
index name for each of the SP at their particular production-line Was set according to
the name of the SP such as SP1Index and SPZIndex. These tank indexes were used to |
differentiate the ent'ity by its attributes when choosing the regulator. The entity was
. then separated into two entities carrying the same data by uéing the Separate' Module

and entered the two separate lines for oil and gas flow.

The input regulator rate of S2-SP was set as equal to the output regulatof rate of S1-
SP and divided by ‘varS2DivRatio = 1°. Oil and gas were the two outi)uts sepafated
at this stage while the water was not yet separated. Oil Ratio 1 and Gas Ratio 1'were
- applied in the Regulaté module to pfedeﬁné the ratio of oil and gas from one bafrel

of crude oil.

- Oil 1 output-rate = §1 SP input-regulator rate * Qil Ratio 1.

Gas 1 butput—rate= S1 SP input-regulator rate * Gas Ratio 1

. The oil  was then transferred from S1-SP to S2-SP and the gas was remog/ed to the
- gas-plant which was not studied in this project. Two sensors were applied heré for
detecting the level changes and sending a signél to the flow module. The sensor,
detecting a dropping level, would assign a new value to the ‘vafSZDivRatio’ and

raise it to a higher value to reduce the flow rate.
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(Create Qil 1 Entity)
v i
| Wait for S1 Sp Signal |
[
v
| Assign S1 & S2 Sp Index|
’ J
v _
| Separate the Oil 1 Entity |
1 .
i

v _ v

Regulate S1 & S2 Oil .| Regulate S1 Gas Output
Input and Output Rate Rate
v . v
Seize 81 & S2 Ol Seize S1 Gas Output
Regulator : : Regulator
o . |
v C \ 4
Oil T fer f S1t '
i rans ng rom 0 . S1 Gas Removal
1 : ' ]
A 4 A 4 i
Release S1 & S2 Oil Release S1 Gas Output
" Regulator ‘ B E Regulator
Sensor detect S2 Sensor detect S2
Sp < 55% Sp > 75%
N i v
Send Signal Send Signal

. R 4
Change varS2DivRatio to Stop Oil Transfer from S1
higher value to S2

Figure 5.5 Flow-chart for Séparatiori from Stage 1 to Stage 2
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5.4.4 Separation Processes through Stage 2, 3 and 4

Due to _the similarities with the procesSes from SZ to S3 and S3> to S4, the flowcharts
" in figure 5.6'and 5.7 were explained together. The SP used from Sl to S3 were in
“horizontal shape ’whil.e the SP used in S4 were in vertical shape, called gas-boot,
special‘ly'designed for separéting redundant gas froxﬁ oil. In ﬁgure 5.6, entity type Oil
2 was created and assigned with attribute SP2Index and SP3Index with vélue ‘".In |
figure 5.7, entity type Oil 3 was created and assigned with SP3In_dex‘and SP4Index at
the same value. 'fhe water was separated at this stage and three entities were needed
to activate the flow in three separate lines within the individual production-line. The
Separate ﬁodule was replaced by Duplicate bfock to create extra two copies of entity
containing the same characteristics and data. Oil ratio 2, Gas Ratio 2 and Water Ratio
2 were inserted into the Regulate module as explained in the previous stage for figure

5.6. Oil ratio 3, Gas Ratio 3 and Water Ratio 3 were used in figure 5.7.

S2 to S3 process:
Oil 2 output-rate = S2 SP input-regulator rate * Oil Ratio 2
Gas 2 output-rate = S2 SP inpui-_regulator rate * Gas Ratio 2

Water 2 output-rate = S2 SP input-regulator rate *Water Ratio 2

S3 to S4 process:

Oil 3 0#tput-rate =83 SP inpu_t-regulator rate * Oil Ratio 3
Gas 3 output-rate = S3 SP inpui-regulator rate * Gas Ratio 3

Water 3 output-faté = $3 SP input-regulator rate * Water Ratio 3

99



Chapter rive » v cruae V1l separation Units

The water effluent from S2 and S3 SP flowed into the API oil-water séparator to
separate the exceséive oil leﬁ in it. The oil was transferred from S2 to S3 SP in figure
5.6 and from S3 to S4 in ﬁguré 5.7 by the Flow module. Gas. was removed and
di;ected to tvhev gas-plant. Two sensors for each of the S3 and-S4 were included for

detecting the errors caused by the level of SP.

Create Oil 2 Entity

A 4
| Wait for 52 Sp Signal |

i

¥
|Assign 52 & $3 Sp Index|

v
| Duplicate Oil 2 Entity |

|
I— A —— IR T

¥ v . v
Regulate S2 & S3 Oil Regulate S2 Gas Output Regulate S2 Water
Input and Output Rate Rate Output Rate
v v . v
Seize S2 & S3 Ol Seize S2 Gas Output Seize S2 Water Output
Regulator . Regulator Regulator
v v v
Qil Transfer from S2 to
S3 ~ §2.Gas Removal . $2 Water Removal
| [ !
h 4 i . ¥ v
Release $2 & §3 Oil Release S2 Gas Output Release S2 Water
Regutator Regulator Output Regulator
| —— ‘ L
ensor detect S3 Sensor detect S3
Sp < 55% .- Sp>75%
: :
Send Signal : Send Signal
T -
L — | d
Change varS3DivRatio to ;| Stop Oil Transfer from S2
higher value > to S3

Figure 5.6 Flow-chart of Separation from Stage 2 to Stage 3
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. ¥ .
| Assign 3 & S4 Sp Index |

)
v

| Duplicate Oil 3 Entity |

i

Lrude Ul separation Units

. 4 y \
Regulate S3 & $4 Oil Regulate S3 Gas Output Regulate S3 Water
Input and Output Rate Rate Output Rate

I~ f !
. Y . ' v
Seize §3 & 54 Qil Seize S3 Gas Output Seize S3 Water Output
Regulator Regulator Regulator
I T i
v v v
Qil Transfer from S3 to
S4 S3 Gas Removal S3 Water Removal
l 1
y . v S J
Release S3 & S4 Oil Release $3 Gas Output Release $3 Water
Regulator . Regulator Output Regulator

Sensor detect S4
Sp < 55%

Y
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Figure 5.7 Flow-chart of Separation from Stage 3 to Stage 4
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5.4.5 Separation Process from Stage 4 Separators to Stage 5 Storage-tanks

It was assumed that all the'vs}ater‘ had been separated in S3 and left over the little gas
to be separated at S4 whiéh was the final stage for the separation process. Thére were
Afour operation-lines and four output-regulators on the lines. These output-regulators
were connected to a large pipe, sorflething similar to the manifold in the real system.
The flow could be controlled by shutting down or opening. the valve in order to allQW
the oil to flow to the designated tank. However, due to the complexity of modelling
the piping in sirﬁulation, it was simplified by assuming the oil-output fromv line one
and two flowed to sforage-tank ST1 or ST3 when ST1 was full which normally
happened only when there was an emérgency for delivery. The output nqrmally
ﬂov;/ed straight out to thé délivery-poi't or the Oil Centre at othef plant. The same

' SyStem assigned oil-output from line three and four to ST2 or ST4.

0il 4 Entity was assigned' with two attribute tank-indices as ‘VSP1TankIndex’ for
VSP and ‘ST_Inl_Index’ for ST. There were four sets of regulator specified in the
Régulatof Set Spreadsheet module. ST_Inl_Reguiafor Set consisted of
STl;Inl_Regulator, and ST3_Inl_Regulator since the logic had been coded to flow
| into either ST1 or ST3. When the entity entered the 6il-ﬂow opération-line, it was
important to pre—select which delivery—tahk or stérage-tank should be transferred to

that to avoid any congestion or brimming incidents.

During the ST selection, the value of attribute ‘ST_Inl_Index’ decided the ST to be
used. Initially, the value of this attribute was assigned as ‘1°. When the entity entered
this Assign module, the Boolean condition below took place, and if both the

conditions (((TankLevel(ST1) + 1E-8) > TankCapacity(ST1)) and ((TankLevel(ST3)
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+ IE-8) < TénkCapacity(STS)))+(((TathLe'vel(ST 1) + ]E-8)'> TankCapacity(ST. 1))’
: &&- ((TankLevel(ST3) + 1E-8) < TankCapacity(ST3))) were correct, it Qould givea
~ value “1°, which mcant if STl was full, the attn'bute-value was set to ‘2’ after the
summaﬁon. In here, it was automatically recognised that the value ‘2’ was pointed to
the second regulator set ST3_In'1_Regulator. Therefore, when the ‘ST_Iril_Index’
was equal tor‘l’, it selected STI. But when ‘ST Inl _Index’ was equal to ‘2% it

selected ST3.

Equations:
1+ (((TankLeve.l(STI)v+ 1E-8) > TankCapacity(ST1)) && ((TankLevel(ST3) + 1E-8)

<'TankCapacity(ST3)))+(((TankLevel(ST1) + I1E-§) > TankCap‘a-city’(ST 1) &&

((TankLevel(ST3) + 1E-8) < TankCapacity(ST3)))

For the third and fourth production-line, the attribute ‘ST_In3_Index’ and
- ‘ST_In4_Index’ were initially set to ‘1°, when ST3 was selected. When the"
conditions were both fulﬁlled; the attribute ‘ST _In3 Index’ and ‘ST In4 Index’ -

- would be changed to ‘2’ and this selected ST4.
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Figure 5.8 ARENA Flow-chart of Separation from Stage 4 to Stage 5
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- Equations:
1 + (((TankLevel(ST2) + 1E-8) >'TankCapaCity(ST 2)) && (T a_nkLei)el(ST 4) + 1E-8)
< T ankCapdéity(ST 4)))+(((TankLevel(ST2) + 1E-8) > TankCapacity(ST12)) &&

((TankLevel(ST4) + 1E-8) < TankCapacity(ST4)))

At the end of oil-transfér, the entity was released to a Decide module to check if the
ST3 was full. If ST3 was full, the attribute ‘ST Inl_Index’ was assigned béck to ‘1’

~ for selection of ST1.

The process-flow for the gas and water-output was exactly the same as previous

stages with a different name and amended ratio.

. Oil 4 output-rate = S4-SP i’nput-regulator rate * Oil Ratio 4
Gas 4 output-rate = S4-SP input-regulator rate * Gas Ratio 4

Water 4 output-rate = S4-SP input-regulator rate * Water Ratio 4

Since there was zero water-content at this stage, the ratio was equivalent to zero and

gave zero output.

5.4.6 Separation Process from Stage 5 Separators to the setting up the Delivery

The last stage in this crude oil separation-process was the oil-traﬁsfer from the
delivery-tank or storage-tanks to the Oil Centre Z.0.C 103A. The dynamic demand
from the market co‘uldA be simulated in this stage where an inﬁnite number of entities
could be‘created with distributed time between infervals. However, it was here set at

constantly one minute with only one entity created. The entity created waited at the
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Delay module until the level of the tank increased over 20 percent of its capacity to
make sure there was oil to be transferred. Similar processes were carried out for
assigning the attribute—index, regﬁlating the flow-rate, sgttiné up thev.séizé-regulétofs,
and removing gas and oil. At thé end of the flow, if the c.urren_tA tank was empty, the
entity moved into the ST3 and withdrew oil from there. The sensor sensed tﬁe empty

tank and a stop signal would be sent out to stop the flow.

Create Ordei' for
Pure Oitl Entity

|
A 4

Wait till ST1 go over 20%

|

h 4
»| Assign ST1 Index b
v
Regulate ST1 Output
Regulator
............................................... I v .
v . . - Assign ST3 Index
Seize ST1 Oil Output T -
Regulator A 4
T ‘| Regulate ST3 Output
. 4 —— : Regulator
Oil Removal from ST1 ] 'I,
] Seize ST3 Oil Output
Y Regulator
Release ST1 Oil Output T
Regulator A4
v » Oil Removal from ST3
Assign Pure Oil Order ) -
Attribute v
] Release ST3 Qil Output
- Regulator
|
--------- Check ST1 Level ‘ ¥
: Assign Pure Oil Order
If ST1 > 0 (Yes) ) Attribute
o |- ST A5 O (N QY |
If ST3 > 0 (Yes)

1

oD L
Empty Empty IfST3 >0 (No)
- ! ] .

h 4

Send Signal

l

h 4
Stop Oil Removal from
ST

Figure 5.9 Flow-chart of Oil -transfer from Storage-tank (Lines 1&2)
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7 Create Order for
Pure Oil Entity
|
h 4

Wait till ST2 go over 20%

|
v
»|  Assign ST2 Index |«

4

Regulate ST2 Output
Regulator
[ : r—— e
4 v
. = Assign ST4 Index
Seize ST2 Oil Output . ¢
Regulator
7 - ) Regulate ST4 Output
A 4 Regulator
Oil Removal from ST2 ,!'
T ' Seize ST4 Oil Output
Y ___ . Regulator
Release ST2 Qil Output T
‘Regulator h 4
y!» v Oil Removal from ST4
Assign Pure Qil Order I
Attribute v
i Release ST4 Oil Output
Regulator
3
~~~~~~ Check ST2 Level — -
. ve Assign Pure Oil Order
" If ST2 > 0 (Yes) Attribute
|

t .

Check ST4 Level

IfST4 > 0 (Yes)

ensor detect ST ensor detect ST4
A4
Send Signal

l
v

Stop Qil Removal from
ST |

Figure 5.10 Flow-chart of Oil-tfansfer from Storage-tank (Lines 3&4)
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5.5 Verification and Validation

Once the models had been constructed, they had to be‘tested, verified andbvalidated. :
It was improper to assume that the modéls'would behave as expécted or imitate the'
real syStem without testing, verification and validation béiﬁg cam'ed oﬁt on them.
What do veriﬁcatidn and validation mean? “Verification is a process Qf ensuﬁng that
~ the model-design (cohceptual model) has bé;en transformed into a computer-model
with suf'ﬁcient.‘ accuracy” (Davis, 1992, cited by Robinson, 2004). V‘alidation is, on
ihe other hand, vensuring that the model 1s éccufatély representing the system in the;
real world with sufficient data. The verification could be carried out not only when
the whole model was completed but, for best results, at every stage of the changes

made.

5.5.1 Methods for Verification

There are variousb ways of verifyingk the models;.hoWever the kmethods used in this
project were checking on the model-code, visual-checking and in_spécting output-
reports. The code or model-logics were »documented in a log-book and meeting
minutes for reference by the modeller. The discussions of any éhang’esto be made
Were all recorded and refefred back by the modeller. Besides, the logic-modules WCI;e
given meaningful.names so they were easily recognised and it was eaéily understoodv
what process the modules were performing. The veriﬁcéﬁon process is not restrioté;d
‘only to the modeller who has an idea how the model should perfonﬁ, but is shared
also By the person who is expert in this system on how the real system sﬁould behave.
The two-way communications and discussions between the modeller and the person

in charge of the real system are significant in coming to a satisfactory approach that

108



- Chapter rive . Cruae Ul ocparation Uniis

“ both parties agreed. This documentation would also help to make it easier for the
- user and the person who has direct interaction with the system being modelled to
understand the sysfem at the time it was implemented. Therefore, the model-logics
were prdperly checked to ensure that it was following the process flow-chart that had

been agreed by both ISarties prior to the model—buildihg._

A visual-checking method Qas cam'ed out ever since the sirﬁple model was bﬁilt. A
féw scenarios were set up with expected results and tested. At this stage the model
had to be corﬁpare'd to fﬁe concept that was constructed, ensuring that events
happened and the entity moved along the right path. Thve Steb-button was used in
checking the events which happened at every step. A slow speed was set for the

entity movement to allow more time for checking where the entity moved.

Animation was ﬁsefulv in the visual-checks as well as stepping thvrough. the logic-
modules. Both visual-checking by analysing the animation and tracing the entity or
events téking placé over time had to be applied together for the best model-
veriﬁcation results. OQutput-reports were inspected for vgriﬁcatior.l-accurac&. If the
output-results were not as expected, 'tAhe modeller would have to go back to the
beginning of the process where the entity was created and step through the 'model- |
logic. again and again, and the variable or attribute-changes of the entity were
inspected until the problem was found. This veriﬁCétion—process continued until a

model that agreed as closely as possible with the real-erld observations of the

phenomena that had been set out had been obtained.
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5.5.2 Verification and Validation Carried Out in the Model v

How were the verification-processes carried out in this projent? White-box
validations were carried out in nonjunction with the verification-processes. Robinson
“(2004) stated that thé white-box validation is the process for “determining that the -
constituent parts of the Sifnulation—modél represent the real-world elements vof parts

with sufficient accuracy”.

At the very beginning of the mndel-building, one produétion-line with two tanks was
modelled with Amanifold'and storage-tank (shown in figure 5.11) as‘»a stai‘ting point.
This model was built to understand how fhevcontinuous systém worked and what the
role Waé which the entity played 'in the continuous system. It fac.ilitated an
' understanding of how the seize-regulator, flow- and release-regulator module WOrked
- with the entity and how the sensor representing the conceptual-model was used. By
trial and error, different numbers of entities were created, results were checked and
the run-time element bar -and reports were inspected. Error-messages popped ‘up'
before the simulation-run ended, mentioning that the entities created exceeded the
limit set for the student-version. An investigation was carried out Wifh the entityf
queue and it was realised that the seize-regulator allnwed only one entify to go
through into the flow-module. If the activate-entity was not released, all the other
entities created would queue up before the seize-regulntor module. From here, it was
understood that only one entity was needed and crea‘ted‘to activate the flow-module
without stopping. This verified that the flow was continuously activated as in the real
separation-system, ‘but of 'qourse thié was based nn the simulation run-length setvin

ARENA.
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With only the mddel-logic at the left-hand side, the manifold became empty when

the liquidi was all transferred to the storage-tank. Therefore another logic called

manifold logic was built to refill the manifold at all times. An entity was created by

‘the sensor zind triggered the flow-module. It only left the module when another

sensor sensed maximum tank-level. This verified that the manifold was filled up with

crude oil at all times as in the real systein unless the wells were dried up. When thé
manifold was filled up as soon as the level dropped and crude oil ﬂowedv‘from the
manifold to the storage-tank éontinuously, the storagé-tank would brirh over and
kc{_aused leaking or malfunction in the system. Thié inqident would never be allowed to

happen in the real system. Storage-tank model-logic was added by using a sensor to

sense the entity and this triggered the crude oil removal-process until the storage-

tank was empty. .

Manifold Logic

0 — —

“Wanifold Seize ’ Release

Less Thanp—| Manifold $— Refil L1 Wanifold 1 Dymes

L M| 25 » 20% Regulator Wanitold Regulator L
Hanifold [ e . '
» ‘ ‘:Av?:l;%l; anifold Fu
Demand and Transfer Logic hy
' StorageTankI.oglc

i A"’"” ,,,,,,,,,,
TSeize Reledse i
(h?u;?a {! Mafd ag Manlfold E:::T,:ﬁ":o Manifold _,_f Dye$ [ /;
0l sagzzTak nd SIageZ ismez nd Stage 2 Q\,\ ’ Sensor 14 emove Oif \ Dise?
L... Beaulalord X !

STank.less STank ove
than 25 0%

ESTank Full

Figure 5.11 Basic Model-building and Testing
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An extra tank-module was added later as S1 séparator in between the nﬁanifo.ld and
storage-tank. The same testing and verification pfocedures were taken to ensure that the
flow ﬁom the manifold to SP1 and from SP1 to the storage-tank gave the results expected.
When the concept worked, -the input-rates and capacity wéte bhénged,’ as has beeﬁ
- discuséed in section 5.3, to different figures for testing.‘ If the model worked as
expected, this model Was verified. The procedures were repeéted and checked back
and forward until the whole production-line with four separators Was badded.' When
the ﬁrgt'produ‘ction-line was verified, the second, third and fourth could be addedv and

modelled.

VBA codés were used for user;iriterface building to allow non-expert users to choose_
the different scenarios for experimen;;-s' wifh the factors described. The codes wvereb
chécked step by sfep ensuring the data or values stored as ihput wére éorrect and the
interface-form popped 6ut at the right time before the run-replication‘was called in
ARENA. The user did not need té understand the code written by VBA since the
interface-form which popped up described how to ‘choose input.. Fourv different
interface—,foﬁns were created, each of them tested and verified seﬁarately before they
were all combined as one file. These veriﬁcation4processes wéré carried out and
agreed together By the author‘ and the experté of this system through the verification-

processes carried out above.

Through this example, it should be noted that the testing, verification and validation
should be carried out as much as possible while building the model to avoid any

confusion in searching for errors when the model grew more complex. That would
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cost more time and effort in error-identification or sometimes the modeller would

give up and have to start the modelling again.

5.6 Conclusion

How to rﬁbdel '.the systems; whaf shouid be considered _in‘the simulatioﬁ-m_odel as the
input, experimental factors and outputs; how to gather and analyse the data;
| commeﬂts oh the modéls built; and the veriﬁcaﬁon and validation of models were all
introduced in this chapter. The next chapter wiﬂ describé experiments designed for
this project which aimed to reéearch how carefully-selected levels of the input-

factors affected the output.
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Chapter 6

‘Experiments and Results

6.1 Introductidn

m the previous chap;ter th¢ concept of the model was discussed which included the

objectives of the simulation-mbdel, ﬂow-charté of the processes, data-collection,

assumptions and Vexperimental-factvors. 'The model-building and description was
explained and when the models .had been constructed, they were tested, verified and

validated too.

The experiments designed for this part of the thesis will be introduced in ’;his chapter.
Théy aimed to research how carefully-selected leveis of the inpﬁt-factors contributed
fo the output, so that the user will have just to kéy in the value for each bf th;;: factors
to get the estimated output. Table 6.1 shows the factors to be investigated and their
values. The ﬁrét factor is the input-rate, which is the amount of oil iﬁput info the -
separators-area, and in these experiments four differént input-ratés will be used. .The‘
input-rate is. indicated with a symbol (U1, U2,»U3, and U4) and the amount of crude
-0il is measured by barrel-per-minute. The number of production-lines is foﬁr and
| they aré indicated by Al, A2, A3 and A4. Also this table includes the quality of
crude oil in terms of water-content and fhis is indicated with W1, W2, W3, W4, W5,
W6 and W7 which give different values. The capacities of the crude oil separators

are indicated with C1, C2 and C3 and they give three different values.
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Table 6.1 Symbols and Values

Description | Value
Input-rate 5433.62 bbl/min
Input-rate 7244.82 bbl/min
Input-rate : 10867.24 bbl/min
Input-rate ’ : 21734.47 bbl/min
No. of Production-line 1
No. of Production-line : ' 2
No. of Production-line : , 3
Ad No. of Production-line 4
W1 Quality of Crude Oil -75%
w2 - Quality of Crude Qil -50% |-
W3 | Quality of Crude Oil -25%
W4 Quality of Crude Oil ~ Original
W5 Quality of Crude Qil +25%
W6 Quality of Crude Oil - +50%
W7 Quality of Crude Oil +75%
Cl SP Capacity 32,500 (-35%) |
C2 SP Capacity 50,000 (Original)
C3 SP Capacity 67,500 (+35%)

6.2 Experiments and Results

~ Factorial designs are the common experimental designs that most people would use

- such as 2% or 3%, However, the experiments to be carried out in this simulation-model
contained more than three levels. Therefore, thenﬁxed faetorial designe Were applied.
When dealing with multiple-factors’ with a mixture more than four-level, it might not
be possibie to carry oﬁt all the experiments wﬁere sometimes the total number of
experiments is 4% x 11% but this is very rare to come across. Gieebrecht and
Gumpertz (2004) had suggested the pseudofactor methods for dealing with this type
of exp‘eriment where the number of experiinents could be reduced yet still offer a

close estimation compared to values from all experiments.

115



Chapter siX . : pxperimentations and KCsuits
As has been mentioned with the éims and objectives of this simulation-modelling, it

" was necessary to bring out the results for all interactions between factors. Two types

~ of experiment were carried out. The ﬁrst_ type of experiment was based on the
interaction of crude oil arrival input-rates, the number of production-lines and water-
content. Here, the capacity remained as the original value. The experiment design

‘wasbased on4x 4x 7 or2*x 7 which was 112 runs fer first type of experiﬁwnt.

-In the first set of type-one experiment, ‘Ul was set unchanged but fhe number of lines
and water-content changed gradually, as shown in table 6.2. The same expefiments N
were carried out for table 6.3 to table 6.5, apart from :the ehanges'made from Ul to

' U4. The results were recorded in tables and will be discussed in Chapter 7.

Table 6.2 Set 1: Different Production-lines and Water-content with Ul Input-rate

= Input Rate | i No. of Lines: = | ‘Quality of Crude Oil - ' """ '|" " Total Output '
w4 " (bbl/30 days)

U2 (U3 | U4 [ A1 | A2 [ A3 | A4 [ W1 | W2|W3]|W4|W5]|W6 1W>7:}'
: ) 912,520

858,340
-804,150
749,970
695,780
641,600
587,410
1,825,000
1,716,700
1,608,300
1,499,900
1,391,600
1,283,200
1,174,800
2,737,520
2,575,040
2,412,450
2,249,870
2,087,380
1,924,800
1,762,210
3,650,000
3,433,400
3,216,600
2,999,800
2,783,200
2,566,400
2,349,600

:ﬁ!g? P

25

1,;?3;;

1

1
1

1

1

1

1
1

1

1

1

1
1

1

1

1

1

1

1

1

1

1

|

|
1

1

1

1
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Table 6.3 Set 2: Different Production-lines and Water-content with U2 Input-rate

_ | No.ofLines | Qualityof CrudeOil

. , _ Total Output -
TATTA2[A3 [ A4 [ W1 ] W2] W3] W4[W5]W6

‘(bbl/30 days)
1,216,700

1,144,400

1,072,200

. 999,960

l

927,710

855,460
783,220

& - : 2,433,400
‘ 2,288,900

2,144,400

1,999,900

1,855,400
1,710,900

1,566,400

3,650,100

3,433,300

3,216,600

2,999,860

2,783,110

2,566,360

2,349,620

4,866,800

4,577,800

4,288,800

3,999,800

3,710,800

3,421,800

3,132,800
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Table 6.4 Set 3: Different~Pr6du¢tion-1ines and Water;content with U3 Input-rate

‘Quality «"’f;(‘:’i“d? Oil | Total Output
4 | Wi ] W2 | W3] Wa]| W5 ]| We | w7 | bbl/30 days)

1,825,000

1,716,700

s

1,608,300

1,499,900

1,391,600

1,283,200

1,174,800

i
isd
&

3,650,100

3,433,400

3,216,600

2,999,900

2,783,100

2,566,400

2,349,700

5,475,100

5,150,100

4,824,900

Sk ekt et bk kb bk |k ek kb
4 5 B it o i B

4,499,800

4,174,700

3,849,600

3,524,500

7,300,200

6,866,800

6,433,200

5,999,800

~ 5,566,200

5,132,800

4,699,400
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Table 6.5 Set 4: Different Prbduction-lines and Water-content with U4 Input-rate

 Input’Rate . | .. No.ofLines = | Quahty of Crude Oil. | ‘Total Output

w2 u3ualAr] A2 ]| A3 ] A4 w1 W2 ‘W3 w4 ws]we W7? (bbl/30days)
' 3,650,100

3,433,400

3,216,600

2,999,900

2,783,100

. 2,566,400

2,349,700

3 : 7,300,200

6,866,700

6,433,200

5,999,700

5,566,300

5,132,800

4,699,300

i | . 10,950,300

10,300,100

9,649,800

8,999,600

8,349,400

7,699,200

7,049,000

14,600,400

B R A Pl i
kB 7 i oy ¥

13,733,400

12,866,400

11,999,400

11,132,600

i . - 10,265,600

ee 9,398,600

Another extra experiment was carried out in more detail, to test only the crude oil
input rate and SP capacity for one production-line. The SP capacity was fixed and the
crude oil arrival-rate was altered by multiplying the percentage shown in the table

6.6 (a) and (b) by the original value.

119



071

%G "0S %62 "0S %S¢ "0§ %¢¢C 08, %61 "0S %91 "0S %E1 "0G %01 "0S %E0 05 uonesiNA 1dSA

%1818 %€9 15 %Sy 19 %L2°1S %80 "1S %06 "0S %cL "0S %¥S "0 %81 0§ uonesiii €4S

%8¢ 8§ %¥G°LS %0 "9G %98 "GS- %0 "§S %61 P8 %G€ €S %1628 %8 05 uonesin( 7dS

%ELTL %9S "69 %6E L9 %12°69 %¥0 €9 %L8°09 %69 "85 %cS "9 %L1°2G - uonesiyN 1dS

008 ‘666 ‘¢ | 006 ‘669 ‘C | 000 ‘00% ‘C 006 ‘660 ‘C 000 ‘008 ‘1 006 ‘66¥ ‘T 000 ‘002 ‘1 016 ‘668 0€6 ‘662 nding IBJ0L

‘ 104100 TVNIL

. e - (uuy/iqq)

L1g. 68¢ €5¢ (444 061 861 L21 G6 (43 anduy 1dSA

[ .h ¢ ¢ ‘ . " : AﬂmE\.—Qe

L08°1 929 '1 9y 1 G921 vwo..ﬁ ¥06 €L [47%°; 181 wduj g4s

€ ’ € € .. ¢ ‘ ] &r : A:mE\—De

9.€'8 6€S°L 10,79 €986 920 'S mwﬁ. 4 16¢ m. €167 L€8 - andup zgs

o) ¢ ¢ ¢ . ‘ ‘ ¢ ¢ ¢ , ‘ : AE_E\.—Qe

vEL 12 196 °61 88€ °L1 ¥1c 'St 170 €1 L9801 769 '8 0259 €L1C * ndug ds

_ 0 (e

0000S 00008 00005 00008 00008 0000S 0000§ 00008 . oooo,m fmede) 1S
| %op | %06~

o T T o R T Jojeaedag

(ot 00zep o s v oj um) e dnduy popusicy 10 oure

Koede)) 1oreredog paxig i djer-nduj SuiSuey) 10y Juowradxy (B) 9°9 9[qe ],

S)Insaoy pue suonejudwLIadxg

x1s 103dey)




14!

~ (unw gozgw 10 sdeq 0g 10j uny) ynduj papudwry

%1208 %2908 %09 ‘05 %95 08 %8¥ 08 %1% 08 %8¢ 08 %6E 05 uonEsIIN 1dSA
%20 b5 %08 €S %€ €S %0 €S %1228 %SE 28 %L1°28 %66 1S uopesiIN €4S
%38 89 %65 "9 %1699 %92 b9 %95 29 %68 "0 %0 °09 %12 65 uoyEsIIN 74S
%06 86 %79 36 %0¢ 16 %698 %09 28 %62 8L %80 9. %16 €L ~ uopesin 1S
008°6V.°9 . | 00.°662°9 | 00.°669°S | 008°660°C | 008°66%‘F | 006'668°C | 008°665‘C | 006 ‘662 ‘c mdyno fer0g,
-  10dINOTYNM e

g1L 599 209 655 aup rat 08¢ 8vg (/1)
_ : . Induj [4SA

. ‘ ‘ ] . . . ‘ Lo (unwyqq)
990 961 ‘€ TR 2L0's 1L 6vE 691 886 ‘1 & Vindu eas
. (- (or A . ‘ ‘ . (unui/1qq)
1%8 81 065 ‘LT 516 ‘S 0v2 b1 995 ‘71 688 01 150 ‘01 P12 6 nduy ga8
£06 ‘¥ 259 ‘Sh 6621y 6V6 ‘9 209 ‘2€ 657 ‘82 180 92 806 ‘€2 (unnqq)
v : ndug 148

00008 00005 00005 00005 00008 00005 00005 00005 __.b_g%u:_%
%621 | %ot %06 %L %5 %0¢ %01 ~ 1ojeedas
o s J0 aweN

Kyoede)) 1o0jeredag paxij Yim djer-nduy Suiuey)) 10y Eo&tomxm (@) 9°9 91qe L

S)[NS9Y pue suoneyudWLIadxF

x1s 10)dey)




Lhapier o1x ) ‘ EXpeorimentations ana Kesuits
In the second type of e‘xperimént, the sande methods used in type-one experiménts were
appiied, exéept that the Wate;r;content columns were replaced by éolumns for the capacitieé
of separator as in table 6.7 to 6;10,- and the utilisation of evefy separator was calculated by

the deveioped equation below which was discussed before in Chapter 5.

 Utilisation = [(time*input rate) + initial level]/capacity*] 00%

Amount of crude oil flowing in = time*input rate

Table 6.7 Set 5: Different Production-lines and SP capacity with U1 Input-rate

| us | us ~wvsei | sei | sp2 | sp3 | vse
0 85.28% | 76.92% | 76.92% | 76.92%
749,970 55.43% | 51.05% | 50.23% | 50.08%
749,970 41.06% | 37.81% | 37.20% | 37.10%
0 85.28% | 76.92% | 76.92% | 76.92%
1,499,900 55.43% | 51.05% | 50.23% | 50.08%
1,499,900 41.06% | 37.81% | 37.20% | 37.10%
0 85.28% | 76.92% | 76.92% | 76.92%
2,249,870 55.43% | 51.05% | 50.23% | 50.08% |
2,249,870 41.06% | 37.81% | 37.20% | 37.10%
0 85.28% | 76.92% | 76.92% | 76.92%
2,999,800 55.43% | 51.05% | 50.23% | 50.08%
2,999,800 41.06% | 37.81% | 37.20% | 37.10%
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Table 6.8 Set 6: Different Production-lines and SP capacity with U2 Input-rate

Input Rate  Udlistion%)
SPt | spz | sP3 | VSPI
88.07% | 76.92% | 76.92% | 76.92%
999,960 57.24% | 51.40% | 50.30% | 50.11%
999,960 42.40% | 38.07% | 37.26% | 37.12%
0 88.07% | 76.92% | 76.92% | 76.92%
1,999,900 57.24% | 51.40% | 5030% | 50.11%
1,999,900 42.40% | 38.07% | 37.26% | 37.12%
0 88.07% | 76.92% | 76.92% | 76.92%
2,999,860 57.24% | 51.40% | 5030% | 50.11%
2,999,860 4240% | 38.07% | 37.26% | 37.12%
0 88.07% | 76.92% | 76.92% | 76.92%
3,999,800 57.24% | 51.40% | 50.30% | 50.11%
3,999,800 42.40% | 38.07% | 37.26% | 37.12%
Table 6.9 Set 7: Different Production-lines and SP capacity with U3 Input-rate

Input Rate No. of Linés Capapity Tot?]lsg)li/lm(?:)tput - Utilisation (%)‘ ; ;
U1 | U2 (U3 A2 [A3]|Ad4| c1|c2]|cC3 VSP1 SP1 | SP2- | SP3 | VSP1
/ o 0| 93.64% | 76.92% | 76.92% | 76.92%
© 1,499,900 | 60.87% | 52.09% | 50.45% | 50.16%
1,499,900 | 45.09% | 38.59% | 37.37% | 37.15%
0| 93.64% | 76.92% | 76.92% | 76.92%
2,999,900 | 60.87% | 52.09% | 50.45% | 50.16%
2,999,900 | 45.09% | 38.59% | 37.37% | 37.15%
0| 93.64% | 76.92% | 76.92% | 76.92%
14,499,800 | 60.87% | 52.09% | 50.45% | 50.16%
4,499,800 |- 45.09% | 38.59% [ 37.37% | 37.15%
0| 93.64% | 7853% | 76.92% | 76.92%
5,999,800 | 60.87% | 51.05% | 50.45% { 50.16%
5,999,800 | 45.09% | 37.04% | 37.37% | 37.15%
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‘Table 6.10 Set 8: Different Production-lines and SP capacity with U4 Input-rate

37.71%

IﬁputRatg “No. of Lines : éiCapaéity, TOt?]l;gll/l'ﬁ:)tpm 'UﬁliS?‘lﬁOﬂ (%)
vl |v2|us|us A2|as|as|ci|cz|c3 VSP1 sP1 | sp2 | sp3 | vsP1
0 | 110.36% | 76.92% | 76.92% | 76.92%
2,999,900 | 71.73% | 54.19% | 50.90% | 50.32%
2,999,900 | 53.14% | 40.14% | 37.71% | 37.27%
) 0 | 110.36% | 76.92% | 76.92% [ 76.92%
5,999,700 | 71.73% | 54.19% | 50.90% | 50.32%
5,999,700 | 53.14% | 40.14% | 37.71% | 37.27%
0 110.36% | 76.92% | 76.92% | 76.92%
8,999,600 | 71.73% | 54.19% | 50.90% | 50.32%
8,999,600 | 53.14% | 40.14% | 37.71% | 37.27%
0| 110.36% | 76.92% | 76.92% | 76.92%
11,999,400 | 71.73% | 54.19% | 50.90% | 50.32%
11,999,400 | 53.14% | 40.14% 37.27%

6.3 Conclusion

-In this chapter, the experimental designs for this part of the thesis were discussed, which

aimed to investigate the effect of selected levels of the input-factors on the output. In the

first type of experiment, the interaction of the input-rate, number of lines and water content

with crude oil output were examined. Another extra experiment was run to test the crude oil

input-rate and SP capacity for one production-line where the SP capacity was fixed.

utilisation of every separator was calculated. The results of the experiments were recorded

and will be discussed and analysed using SPSS software in the néxt chapter.
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Chapter 7

‘Results Ahalysis and Discussions

7.1 Introduction
In the preceding chapter, experimental designs for the simulation-model were -
discussed, and different expeﬁments were run to study the effect of many factors on

oil-output..

This chapter discusses and aﬁalyses the simulation-results obtained from a total of
177 runs through which different vériables at different levels were exafnined. Of the
177 runs, 112 runs focusséd on the effect of the vcrude oil input-rate, number of
production-lines and the quality of crude oil. The other 48 runs focussed on the crude
oil input-rate, number of production-lines and the capacity of the sepératofs. The
“extra 17 runs focussed only .on the crude oil input-rate and the capacity of the_i
separators. The results were automatically reported in a Notepad file by ARENA
software énd the output-results for the oil produce(i were‘ transferred to an Excel file

for graphical répresentation. SPSS was used to analyse the obtained results.
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7.2 Input-rate and Nuniber of Production-lines Versus the Quality of

Cfude oil

It was _obt/ious that all the figures 71 to 7.5 were linearly-reduced. Starting from

figure 7.1, only one input-rate was assigned to four different production-lines A1, A2,
A3, and A4. By focnssing on the W4, the original amount of water-content in the

crude oil, the number of production-lines remained the same ‘in this set of

experiments, but the crude oil input-rates increased outputs from 749,970 bbl/30days |
to 2,999,800 bbl/3(ldays. The data for producing 100,000 bbl/day of oil was
calculated to be 21,734.47 bbl/min or 31,297,636 bbl/day which assumed that the

" pipe was able to handle such amount of input. Although there were 200 barrels of
difference between the actual data and the results collected,v this was considered very

close to actual data with 0.007 percent ef difference for 30 days. From here, it'could

be said that the major driver to this phenomenon was the crude oil arrival-rate to the

separators. )Th‘e difference in the output for an ideal system versus the model showed

the system was affected by the time. The queuing-tirne waiting for the signal or

‘ waiting for the level to rise over the initial level or drop to an allowable level was the

reason for the time spent on nothing. The less tin‘le the entity had for the ﬂoW- _
transfer, the less output it would provide. Besides, the icalculation and the.difference

with the decimal places in the calculation by the ARENA software might be another

reason which caused the difference.
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| Taking the quality Qf crude oil into the experiment, the linear-lines were gradually
reduced. The éxper'imenf was started with W1, 75 % less than the originai water-
content in the crude oil, rising to W7, with a 75 % increase on the»original water-
content value. For example, if the wéter—cbnteﬁt wasn8,000 barrels, W1 rwould be
2,000 barrels. On the ot'her‘han'd it Was 14,000 barrel for W7. At line U1A4, the -
| maximum output shown was 3,650,000 barrels of oil per 30 days, nearly 22 %
greater than the original oil-output whilst it was reduced at the same percentage for
output at W7. Why was the oil-output not reduced or increased by 75%? This was
- because the gaé was also increased and reduced while the percentage of the water-
' 6ontént in the érude oil changed, as mentio'nedv in.the assumptions in Chapter 5. The
results and graphs showed thé existence of \.Jvater pléyed a role in the quality of the

crude oil. The more water in the crude oil, the less oil could be extracted.

Figu’fes 7.2 to 7.4 show the same phenomenon despite the changes made to the crude
| oil arrival-rates which increased the oil-output. This can be better observed in figure

7.5 where all the results for four sets of experiments were plotted together in one

graph.

'There were two sets with two lines lapped 6ver each-other and another set with four
lines. Line Ul&A2 was overlapped with line U3&Al. Lines Ul&A4, U2&A3,
- U3&A2 and U4&A1 overlapped each-other, whilst line U4&A2 overlapped line

U3&A4. The overlapping phenomenon showed that these lines were having the same
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’ output-resultsj The decision-maker would be able to adjust and decide how many
production-lines were needed if 10,000 bbl/day of oil were o be produced depending
on the crude oil ,input—raté. If the nﬁmber of production-lines was set to one, the
input-rate should be A4, the maximum assumed in this project. If all the production-
lines were actiVated; lower input-rates were neéded unless mbre output Was needed
or the higher’ utilisation was _required. However, the utilisation would change

depending on the input-rate and capacity (which will be discussed later).
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3,500,000 —
. 3,216,600
‘ : 2,999,800
- 3,000,000 1= eon - 2,783,200 o
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g 250,000 . 3295570 \*.600-— ——U1and At
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Figure 7.1 Oil Output against Water-content with Four Production-lines with Input-

rate Ul
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-~ 7.3 Input-rate and Number rof Production-lines Versus SP Capacity

A selected range of experiments were carried out for.testing the effects of the input-
rates on the cabacity.of the separator and the number of production-lines. The oil
input-rate .and the capacity of separator play an impbrtant role in the separator

utilisation.

The input-rates were altered from its oﬁginal value as Iﬁentioned in Chapter 6. It is
obvious from figure 7.6 that thé less thé crude oil wﬁich entered the SP, the less
output was produced. ‘In this experiment, the injtial level of all the separators was
pre-filled to half of their original capacity, which ‘résults in a minimum of 50 percent
utilisation. A smaller separator is unable to ’haﬁdle the amount of érude 6i1 that
flowed in at a higher rate than allowed, which willk be discussed in later ﬁgures. The
SP utilisations for the experiments caﬁ also be found in ﬁgure‘;7.7. In order to achieve

the maxifnum utilisatibn, the oil 'input-rate has to bé increased to 48,903 barrel /

minute with 50,000 barrel of capacity.
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Another scehaﬁo used only three different capacity-levels,r reduced b.y 35% from the
original capacity, oﬁgiﬁal capacity and increaéed by 35% from the original capacity. -
Iﬁ this experiment, the output at point -35% was zero, and both the outputs at the
original capacity and at +35% had the same value as shown in figure 7.‘8 to 7.12. The
vaiues of utilisaﬁon were calculated based on the input-rate for each of the differenf
'separaAtors. Every separator had a different u‘til.isation-value. The simulation- model,
was designed to dispose of the entity which wés used to trigger the separation—
process when the oil input-rate exceeded the maximum level th#t thé sepérator could
handle. At point -35%, the inserted oil amount exceeded the separator-capacity.
Therefore, the created entity was disposed Qf and nb process was activated. If the SP
capacity‘was enlarged while the oil input-rate remained the same, output woﬁld not
be increased. In fact the utilisation of the separator would be reduced. The utilisation
below 50 percent is considered as underutiliséd, which means more resources would

be invested for nothing, while the utilisation over 80 percent is considered high.

From the analysis aboye, the crude oil input-rate is acting as the main factor in
éltering the oil-butputs. Besides, the number of production;lines also cdntributes to
"~ the increment and decrement of the oil-output but not the‘ separator utilisation. More
production-lines activated at a higher input rate tend to give more output. The quality
| of crude oil is important to determihe if more oil or water will be produced at the end.
The capacity of the SP has to be at balance-point in order to achieve the required

amount of oil at reasonable utilisation without wasting resources. The common
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utilisation in the oil-production industry is averagely around 60 percent in order to

allow more oil to be produced when necessary.
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Figure 7.8 Output against SP Capacity with Four Production-lines with Input-rate Ul
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Figure 7.9 Output against SP Capacity with Four Production-lines with Input-rate U2
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7.4 Results Analysis

7.4.1 Choosing a Statisticél Test

" The selectioﬁ of statistical test depends on several considerations, including:
1. Your research question. |

~ 2. The plan, or design, of your research.

3. The nature of the data that you wish to analyse.

In Vgene‘ral, a significant factor in deciding upon a statistical analysié is whether the
research is experimental or a consideration of exfsting dat‘a. The -experimenter is'
usually interested in making comp»arisons between the average performance-levels of
i)articipants tested unaer different conditions. Analysi’s of variance (ANOVA) and t; :
test are statistical methods which were: designed for the purpose of making

comparisons (Kinnear and Gray 2008).

7.4.2 ANOVA (analysis of variance)
This method was developéd by Sir Ronald Fisher in the 1930s as.a way to interpret

the results from agricultural experiments.

ANOVA is a statistically-based, objective decision-making tool. for detecting any
difference in average performance of groups of items tested (Bagci 2006).

The purpose of the experifnents was to determine the relationships between different
fact.ors and the performance-measure af;d to analyse how these factors affect the

- performance.
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~ The experiments were anélysed by using SPSS soﬁwafe (mﬁlti-Way ANOVA).

Th¢ purpose of using ANOVA is to study which fdctqrs are important and how much
these factors affect the performance-measure (oil-output), because some factors can
have a large effect oﬁ production and this affects the performance-méasure‘ of the

production; and other factors have a medium or small effect.

Therefore ANOVA was used to study the effect of the four factors under
investigation on the oil-output. The factors are the input-rate, the number of lines, the

oil-quality and the capacity of the separators.

The input-rate: the rate at which the crude oil enters the separators area.
The number of lines: the production area contains four separator-trains (lines), which

start from the first stége to the end, which is the fifth stage.

The oil-quality: the quality of crude oil is determined by many factors, but in this

study we consider the percentage of water in the oil.

- The capacify: the available éapacity of the crude oil separators.

The first expeﬁment was studying the effect of three factors, which are the input-rate,
the number of lines and the oil—quality, on the performance-measure, which is oii-
~output. The data Weré transferred into the SPSS as shown in figure 7.13 and 7.14 and
analysed by using- Univaﬁate Analysis of Variance. The results aré shown in table

- 7.1 and plots of the statistical results are shown iﬁ figures 7.15-7.21.
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Figure 7.14 Snap-shot of the SPSS Variable-view Sheet

 The statistical analysis shown in table 7.1 demonstrated that the P-value for all the

factors under investigation is zero. This means that the performance-measure

considered (the oil-output) is influenced by all of them but to a different degree. For
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example, it was strongly influenced by the input-rate and number of lines and

moderatelyinﬂuenced by the water-content and the interaction between the input-

rate & number of lines, and input-rate & water-content. Oil-output was slightly

‘influenced by the interaction between number of lines & water-content. This can be |

clearly understood by the value of F.

Table 7.1 .Output of Univariate Analysis of Variance

Dependent Variable: Total Oil-output

Source Type Il Sum of df " Mean Square F- value Sig.*
Squares (P-value)
Corrected Model | (1)83?576566302456' 57 | 18138185373727310 | 253.823 000
Intercept (1)388836253209632‘ 1 | 1708836253209632.000 | 23913.210 | - .000
Input rate | 5321610258396860 13 | 177720341946562000 | 2486993 [ 000
Number of lines | oal76TI2ATITA | 3 | 113922375215791.100 [ 1594213 | 000
Water contents | 344240833013438 |6 | s737347250223.840 | 0.28
Input rate *no.of tines | 096317019927
Tnput rate * water_ 10415875128914.20
|osnlz
7476785985128.580 153; |
3858836115086.129 | 54 | 71459928057.151
ot 2746571655621200. | |1,
000
Corrected Total (1)837735402417543' 111

* Confidence level at 95%

«=0.05
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This set of figures clearly indicated that the performance-measure (oil-output) was
affected by the input-rate, number of lines and water-content. As can been seen, the
output increases with the input-rate increase. Undoubtedly, the number of lines has a
big impact on the output which is expected. The only difference between this set of

figures (7.15-7.21) was the water-content which moderately affected the output.

Estimated Marginal Means of Total Oil Output

at Water Content = - 0.75

No. of lines

14000000 -

Ig W — 1
ik s' 12000000 -

oJQ -2
(OO 10000000 - 3
3o 8000000 - —
mw 6000000 ~

1. (=0 4000000 - <Iye

Q
]%5 2000000 - Q«

0 -

Input Rate (bbl/min)

Figure 7.15 Estimated Marginal Means of Total Oil out-put at Water-content -0.75
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Estimated Marginal Means of Total Oil Output

at Water Content = - 0.50
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Figure 7.16 Estimated Marginal Means of Total Oil out-put at Water-content -0.50
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Figure 7.17 Estimated Marginal Means of Total Oil out-put at Water-content - 0.25
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Figure 7.18 Estimated Marginal Means of Total Oil out-put at Water-content 0.0

Estimated Marginal Means of Total Oil Output

at Water Content = 0.25

12000000 - No. of lines
CD% 10000000 — 1
-2
(0(?0 8000000 a3
<2 6000000
g <2 4000000
2o - -

0-
5433.6 7244.8 10867.2  21734.5
Input Rate (bbl/min)

Figure 7.19 Estimated Marginal Means of Total Oil out-put at Water-content 0.25
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Estimated Marginal Means of Total Oil Output
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Figure 7.20 Estimated Marginal Means of Total Oil out-put at Water-content 0.50
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Figure 7.21 Estimated Marginal Means of Total Oil out-put at Water-content 0.75

In the second experiment, the effect ofthe input-rate, number of lines and capacity of

the separators was studied. The data were transported to SPSS as shown in figures
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7.22 and 7.23 and were analysed by Univariate Analysis of Variance. The results are

shown in table 7.2.
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Figure 7.23 Snap-shot of the SPSS Variable-view Sheet
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The results of the performance—rheasure which were obtained from the analysis are
displayed in table 7.2. The P-value for all factors is less than 0.05 which means that
the performance-measure is signiﬁéantly influenced by the factors under

investigation and their interactions.

The interaction Between_ the input-rate and thé separator-capacity was found with the
highest F- value (21.785), followed by the input-rate (14.621), the interaction
between the number of .linc}s and capacity (13.965), thé interaction between the input-
rate and number of lines(11.618), the number éf lines (10.395) and ﬁnaily the -

Qapacity with the lowest F- value (7.585).
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- Table 7.2 Output of Univariate Analysis of Variance

‘Dependent Variable: Oil Outlput

' Type IIf Sum ‘ Sig.*
Source of Squares df Mean Square F valuev (p value)
Corrected Model 371514968504 o | 51919161417401.900 35.420 000
411.500(a)
Intercept igiﬁﬁf3623‘1 1| 10834536231143.640 6.198 017

716720241599

Error

55.100 41 | 1748120101462.320
Total 768678101718 48

000.000
Corrected Total 443187892664 47

366.600

* Confidence level at 95%

«=0.05

Gfaphidal presentations of the obtained results are shown in ﬁgﬁfe 7.24. As can be
seen, the input-r;te has si gnificant impact on the output as a measufe of perfofmange:_
when the input-fate increases, the output inf:reases accordingly. The same applies
with the number of 1ines. The capacity of the separafors also affecfs the output but
the capacity should be decided carefully to gain more prqduétion at a logical
utilisation without‘wasting the production-resources. Also, from the ﬁgﬁre 7.24, it
can be noticed thaf there. will be no benefit from inqreasing the capacity beyond

50,000 Bbl/day.
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Figure 7.24 Estimated Means of Oil out-put at Different Capacities, Input-rates and

Number of lines

7.5 Conclusion

The analysis of the simulation-results obtained from a total of 177 runs through, with

different variables at different levels, has been discussed. In these experiments the
different factors and levels were studied to explore how these factors affect the

performance-measure (oil-output).The results were automatically' reported, the
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output-results for the oil produced were transferred to an Excel file for graphical

representation, and SPSS was used to analyse the obtained results.

The next chapter will address the conclusion of the thesis, Contribution to knowledge,

Limitation ahd Further Works
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Chapter 8

Conclusions, Contribution to knoWledge, Limitation and
Further Works

8.1 Conclusion

The developrﬁent of the developing céuntﬁes has driv_en the demand fbr more energy
supplies in production aﬁd living. Therefore, the traditional production-management
of gas and oil has to be improved in border to cope with the dynamic market-demand.
In this study, an integrated framework was developed to optimise vcrude, oil
production area which includes oil Wells area and production area. The framework
maiﬁly integrates two main stages the oil wells area and the oil production area and

formed two main parts, which covered briefly as follows:

In the first part of Vthis study mathematical-programming was used to optimise‘ Athe
fransportaﬁic;n-cost of the cfude oil from the oil wélls to fhe manifold. The‘problem
was ‘modelled by using linear—progfamming and solved by Lingo/Liﬁdo soﬁWLare.
Different scenarios were studied to decide on the most suitable operational-policy to
the oil-wells and this depended on supply, demand, quality and 'the distance between

wells and the manifold.

‘The transportation-cost from the oil-wells to the manifold has been minimised in
terms of distance. In the case where supply is greater than the demand, the travelling

distance is minimised by avoiding the farthest oil-wells from the manifold.
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A dummy-solution was applied in the case where demand is greater than the supply,
or when the supply is greater than the demand. The dummy was applied to make a_

“balance between the supply and the demand. -

Cost-reduction is a major benefit for using simulation, instead of having real
implementation, for testing out the plans or design in the crude oil separation-system

without building up or taking out any facilities.

In the second part of fhe research, simulation-modelling was. used to investigafe how
_ produbfivity and profitability can be improved as well as the decision-making in oil-
| production. A certain numbers of factors were chosen as parameters. in the
experimental testing using the simulation-model which was developed to study the

effect of these parametets on the system's performance.

Simplification would not be something uncommon in any'k‘ind of modelling. Some
of the factoré and processes have been simpliﬁéd in the proposed model because of '

the scarcity of the data required.

Data weré collected and logical éssumptions were made in ordér to carry on with the
simulation-model d¢sign. Assumptions were madé at a certain level that mét the need
for’reliability asa r¢presenfation of the 4reall system. The proposed simulation-model
drawn in the process flow-chart was construéted by using the ARENA simulation;
tool. VBA language Was used to enhance the user-interface for ease of use By users.
The logic equétion sets in the modules enabled the selectionv _of different storage-

tanks and the selection of different routes for the entities created. Verification of the
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" model was carried .01:1t usi.ng a walk-through approach which proved that the model
- was functioning as expected. The only difﬁcdlty was the validation of the model due
to lack of data and unavailability. of _similar,rnodels in the literature because the
model is consider as continuous simulaﬁon. There are not many researchers working '
rn this field and most of them are working in. discrete-simdlation. However, the
- »results shownvwe»re very close to the assumed data; and simulation-experts examined
the model and from their point of view the model would perfomr quite closely to the
real system. Therefore, and based on these two stages of the veriﬁcation and

validation, the researcher was confident with the performance of model built.

The model was tested through 177 experivmental runs to find ’out the impact from- the
interection_s between each factor .on the outpdt—results. The results shown proved that
the crude oil input-rate, number of productior'l-lines,d separator-capecity and crude oil
‘quality would have obvious impacts on the output. However, the crude oil input-rate
has a very close_ relationship with SP capacity, and both of them should metch each
other for balance-point, since if the input is more than‘the system could afford to
procees, it would end up‘ in failure. Besides; the imbalance between the inpﬁt—ra’te and
separator-capacity indicated the utilieation of separator, either toc much or too little
not giving best results. Since under—utrlisation would means lower proﬁtability while

over-utilisation would cause system-failure.
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8.2 Contribution to knowledge
> The integrated framework developed in this thesis is a major contribution to
knowledge due the nature of handling the two main stages of oil filed namely; oil

wells area and oil production area for optifnisation purposes.

> The mathematical model can be considered as a systematic tool for the company
to improve the speed of decision-making and also give them a chance to make an
‘important selection between the wells in the case of a huge oil-field which

contains a large number of oil-wells, as in the case-study used in this thesis. This

gives real significance to this study.

» Simulation-modelling was used to investigate how productivity and profitability
can be improved as Well as the decision-making in oil-production. A certain
numbers of factors were chosen as paraméters in the experimental tdsting using
the simulation—model which was developed to study the effect of these parameters

.on the system's performance.

> Production'-planning is important for understanding what the average productidn
demanded over years will bé, and checkjng if the supply of crude oil would be
enough for these demands. However, this might be difficult to jnstify especially in

the 21* century dynamic market, where demand can fluctuate wildly.

> Practitioners able to make alterations to the simulation-design to check the

estimated output and enhance the decision-making process quicker so as
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understanding how the problems might arise wifhin the system and what could be

~ done to solve those problems. .

> The animation designed based on the modelled system provides the users with a
- clear overview on what is happening throughout the process for better.
understanding and confident in planning and decision making without taking risk

of unwbrkable solutions.

8.3 Limitation and Further Works
> This study is applied in an onshore oilﬁeld; there is a need to investigate what is
- the possibility of using this study in offshore oilfields where the cost of

transportation is more costly than in an onshore oilfield.

» The crude oil transportation-model can be improved by including more factors

- such as the quality of crude oil, especially when more than one resewoif is used.

» Lingo/ Lindo were used‘to implement the transportation-model. However, _VBA
| can be used to provide a user-friendly interface to allow non-expert users to
choose the different scenarios for‘fhe oil-wells’ selection which dépends on the
capacity of the oil-wells and the demand which is made By the customer; and also

this would improve, and increase the speed of, the decision-making. |

> There is a need to investigate the crude oil quality for its water-content before
production, since the less water there is mixed with it, the more oil-output will

be gained.
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> The capacity of the separator should be matched with its utilisation. The normal
utilisation is around 60 percent to allow reduction and increase of productivity
when néeded. The capacity should be designed to match up the input from the

. manifold.

~» A simulation-model could be designed with Som_é differentiation equations for
better estimation of the output within a ranger of input-rates instead of spec;iﬁc
values set in advance. At the time when the crude oil input-rate is more or less
tﬁan the utilisation of the separator, the model should bé able to handle the entity
until the. inpuf rate is reduced or increased to re-enterv the systf;in wifhout
disposing of the entity. This‘ could bé achieved by writing the VBA code invthe

~ model or by using VBA block in ARENA.

> A frameWork and model-integration with other application-software like |
Microsoft Excel could be explored more in order to provide more functioﬁs and

ease of use to the user through programming.

> Other factors related to the crude oil separation could be included one by one to
build up a more advanced modelling to handle various situations only if there are

extra resources available.
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Appendix A ‘ : ‘ 0il Wells Optimisation Model :

'Figure 1 Lingo Out-put when Supply Equal the Demand

Global optimal solution found.

Objective value: . 0.7642677E+09
Total solver iterations: 0
Section 1:- ' ' . :
variable value Reduced Cost
CAPACITY{ Al) : 6719.000 0.000000
CAPACITY( A3) 24321.00 0.000000
CAPACITY ( A4) 12546.00 - 0.000000
CAPACITY (. A7) 6711.000 0.000000
CAPACITY( A8) . 10606.00 - 0.000000
CAPACITY( All) 782.0000 '0.000000
CAPACITY( Al13) 9896.000 0.000000
CAPACITY( Al4) 2944.000 0.000000
CAPACITY( AlS) 10951.00 0.000000
CAPACITY( Al6) . 6287.000 0.000000
CAPACITY( Al7) ‘ 14606.00 0.000000
CAPACITY( Al9) 9944.000 0.000000
CAPACITY( A20) 8411.000 ~0.000000
CAPACITY( A21) 8646.000 0.000000
‘CAPACITY( A22) 12263.00 0.000000 -
CAPACITY ( A24) 4262.000- 0.000000
CAPACITY( A25) 11475.00 0.000000
CAPACITY (. A27) 4311.000 0.000000
CAPACITY ( A28) 6422.000 0.000000
CAPACITY( A29)" 7952.000 0.000000
CAPACITY ( A31) 6192.000 0.000000
CAPACITY( A38) 5020.000 0.000000
CAPACITY( A39) 2212.000 0.000000
CAPACITY( A41) 6938.000 0.000000
CAPACITY( A42) 4109.000 0.000000
CAPACITY( A46) 3722.000 0.000000
CAPACITY ( A50) 4374.000 0.000000
CAPACITY( A52) . 3223.000 0.000000 .
CAPACITY( A53) 5492.000 0.000000
CAPACITY( A54) . 3180.000 0.000000
CAPACITY( A55) 7207.000 0.000000
CAPACITY( A56) 3700.000 0.000000
CAPACITY( A57) 3696.000 0.000000
CAPACITY ( A58) 4228.000 0.000000
‘CAPACITY ( A60) 21304.00 0.000000
CAPACITY( A61) 3759.000 0.000000
CAPACITY( A62) 3784.000 - 0.000000
CAPACITY( A63) 5642.000 0.000000.
CAPACITY ( A64) 6510.000 0.000000
CAPACITY( A66) 8009.000 0.000000
CAPACITY( RA67) 4972.000 © 0.000000
CAPACITY ( -A68) 2771.000 0.000000
CAPACITY ( A69) 2324.000 0.000000
CAPACITY( A70) 7448.000 0.000000
CAPACITY( A71) 5438.000 0.000000
CAPACITY( A75) 8195.000 0.000000
CAPACITY( A78) 2417.000 0.000000
CAPACITY( A80) 9259.000 0.000000
CAPACITY( A82) ‘ 2552.000 0.000000
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Section 2:-

CAPACITY( A83)

Section 3:-

DISTANCE (
DISTANCE (
DISTANCE (

" DISTANCE (

DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (

DISTANCE (

DISTANCE(
DISTANCE (

"DISTANCE (

DISTANCE (

'DISTANCE (

DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (

"'DISTANCE(

DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (
DISTANCE (

DISTANCE (

DISTANCE (
DISTANCE (
DISTANCE (

DISTANCE (
DISTANCE (
DISTANCE (

Sectiond: -

BARREL (
BARREL (
BARREL (
BARREL (

Al,
A3,
Ad,
A7,
A8,
All,
Al3,
Al4,
AlS,

‘al6,

Al7,
Al19,
220,
aA21,
A22,
a24,
A25,
A27,
A28,
A29,
A30,
A31,
A38,

A39,:

Adl,
Ad2,
Ad6,

A50,

A52,
a53,
A54,
A55,
A56,
A57,
A58,
A60,
A61,
A62,
A63,
A64,
A66,
A67,
68,
A69,
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A71,
A75,
a78,

A80,
A82,
A83,

Al,
A3,
Ad,
A7,

DEMAND( M1)

M1)
M1)
M1)

M1)-

M1)
‘M1)
M1)
M1)
M1)
M1)
M1)
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M1)
M1)
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M1)
M1)
M1)
M1)
M1)

M1l)

M1)
M1)
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M1)
M1)
M1)
M1)
M1)

M1) .

M1)
M1)
M1)
M1)
M1)
M1)
M1)
M1)
M1)
M1)

M1)

ML)

M1)

M1)
M1)
M1)
M1)

7115.000

349919.0
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220.0000
100.0000
3500.000
55.00000
2118.000
3150.000
6300.000
100.0000
2850.000
2350.000
4100.000
100.0000
4400.000
60.00000
2100.000
1550.000
1560.000
1300.000
930.0000
1600.000
1000.000
3000.000
1200.000
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50.00000
50.00000
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2200.000 -

3000.000
1200.000
200.0000
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BARREL( A8, Ml) 10606.00 0.000000
BARREL( All, M1) 782.0000 0.000000
BARREL({ Al3, M1) 9896.000 0.000000
BARREL ( Al4, M1) . 2944.000 0.000000
BARREL( Al5, M1) 10951.00 0.000000
BARREL( Al6, Ml) 6287.000 0.000000
BARREL( Al7, M1) 14606.00 0.000000
BARREL({ Al19, M1l) 9944.000 . 0.000000
BARREL (. A20, M1) 8411.000 0.000000
BARREL( A21, M1) . 8646.000 0.000000
BARREL({ A22, Ml) 12263.00 0.000000
BARREL({ A24, M1) 4262.000 0.000000
BARREL( A25, Ml1) : 11475.00 0.000000
BARREL( A27, M1) 4311.000 0.000000
BARREL( A28, M1) -~ ~ 6422.000 0.000000
BARREL( A29, M1) 7952.000 0.000000
BARREL( A30, Ml) - 5072.000 0.000000
BARREL({ A31, Ml) 6192.000 0.000000
BARREL ( A38, M1) 5020.000 . 0.000000
BARREL( A39, M1l) ‘ 2212.000 0.000000
BARREL( A41, M1} 6938.000 0.000000
BARREL({ 2442, M1) 4109.000 0.000000
BARREL( A46, M1) , 3722.000 0.000000
BARREL( A50, M1) ©4374.000 0.000000
BARREL ( A52, M1) ©3223.000 0.000000
BARREL( A53, ML1) 5492.000 0.000000
BARREL( A54, M1) 3180.000 0.000000
BARREL( A55, M1) 7207..000 ©0.000000
BARREL( A56, ML) ~3700.000 0.000000
BARREL{ A57, M1) 3696.000 0.000000
BARREL ( A58, M1) 4228.000 - 0.000000
BARREL( A60, M1) 21304.00 0.000000
BARREL( A61, Ml) 3759.000 0.000000
BARREL( A62, M1) 3784.000 0.000000
BARREL( A63, M1) 5642.000 0.000000
BARREL( A64, M1) 6510.000 0.000000
BARREL ( A66, M1) 8009.000 0.000000
BARREL( A67, M1) 4972.000 0.000000
BARREL( A68, M1) 2771.000 0.000000
BARREL( A69, Ml) 2324.000 0.000000
BARREL{ A70, M1) 7448.000" 0.000000
BARREL( A71, M1) | 5438.000 - 0.000000
BARREL( A75, M1) 8195.000 -0.000000
BARREL({ A78, Ml) 2417.000 0.000000
BARREL( A80; Ml) 9259.000 0.000000
BARREL( A82, M1l) 2552.000 0.000000
BARREL ( A83, Ml) 7115.000 0.000000

Section 5:- : ' : ,
‘ Row Slack or Surplus Dual Price
1 0.7642677E+09 -1.000000
2 0.000000 -6300.000
3 0.000000 6080.000
4 0.000000 6200.000
5 0.000000 2800.000
6 0.000000 - 6245.000
7 0.000000 4182.000
8 0.000000 v 3150.000
9 0.000000 : 0.000000
10 0

.000000 .~ 6200.000

172




Appendix A , . Qil Wells Optimisation Model

11 0.000000 3450.000
12 0.000000 3950.000
13 0.000000 . 2200.000
14 0.000000 6200.000
15 0.000000 1900.000
16 0.000000 6240.000
17 0.000000 4200.000
18 0.000000 ' 4750.000
19 0.000000 4740.000
20 0.000000 5000.000
21 0.000000 5370.000
22 -0.000000 4700.000
23 0.000000 , . 5300.000
24 0.000000 Co 3300.000
25 0.000000 5100.000
26 0.000000 4400.000
27 0.000000 6250.000
28 0.000000 6250.000
29 . 0.000000 5000.000
30 0.000000 1800.000
31 0.000000 3000.000
32 0.000000 2800.000
33 0.000000 4400.000
34 0.000000 2600.000
35 ©0.000000 ' 5000.000
36 0.000000 4300.000
37 0.000000 400.0000
38 0.000000 4300.000
39 0.000000 . 1800.000
40 0.000000 3300.000
41 0.000000 ' 2300.000
42 0.000000 4100.000
" 43 0.000000 3300.000
44 "0.000000 5100.000
45 0.000000 . 6100.000
46 0.000000 " 2600.000
47 0.000000 -~ 5300.000
48 0.000000 2300.000
49 0.000000 5400.000
50 0.000000 . 5900.000
51 0.000000 3300.000
52 0.000000 2300.000
53 0.000000 ~2300.000

173




Appendix A

Qil Wells Optimisation Model

Figure 2 Lindo Out-put when Supply Greater than the Demand

Global optimal solution found.
Objective value:
Total solver iterations:

Variable .-

CAPACITY (
CAPACITY (
CAPACITY (
‘CAPACITY(
CAPACITY (

Al)
A3)
A4)
AT)
A8B)

CAPACITY( All)
CAPACITY( Al3)

CAPACITY ( Al4)

CAPACITY( Al5) .

CAPACITY( Al6)
CAPACITY( Al17)
CAPACITY( A19)
CAPACITY ( A20)
CAPACITY( A21)
CAPACITY( A22)
CAPACITY ( A24)
CAPACITY( A25)
CAPACITY( A27)
CAPACITY( A28)
CAPACITY( A29)
CAPACITY ( A30)

CAPACITY (

A31)

CAPACITY ( A38)
CAPACITY ( A39)

CAPACITY( A4l)

CAPACITY ( A42)
CAPACITY( A46)
CAPACITY( A50)
CAPACITY( A52)
CAPACITY( A53)
CAPACITY( A54)
CAPACITY( A55)
CAPACITY( A56)

"CAPACITY( A57)

CAPACITY( A58)
CAPACITY( A60)
CAPACITY( A61)
CAPACITY( A62)
CAPACITY( A63)
CAPACITY( A64)
CAPACITY( A66)
CAPACITY( A67)
CAPACITY( A68)
CAPACITY( A69)
CAPACITY( A70)
CAPACITY( A71)
CAPACITY( A75)
CAPACITY( A78)
CAPACITY( A80)
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© 5020.

5492

4228.

Value
6719.000
24321.00
12546.00
6711.000
10606.00
782.0000
9896.000

2944.000
10951.00
6287.000
14606.00

9944.000

8411.000
8646.000
12263.00
4262.000
11475.00
4311.000
6422.000
7952.000
5072.000
6192.000
000
2212.000
6938.000
4109.000
3722.000
4374.000
3223.000
.000
3180.000
7207.000
3700.000
3696.000
000
21304.00
3759.000
3784.000
5642.000
6510.000
8009.000
4972.000
2771.000
2324.000
7448.000
5438.000
8195.000
2417.000
9259.000

0.6509002E+09

3

" Reduced Cost

O OO0 OO0 O0o

[eNeoNeoNoNoNoNoNoloRoNoNoNololoNoNeReoReReNoNoNoNoNoNoNoNeNoNoNeRoNoNeoNeNoNoNoNo No ol o)

.000000
.000000
.000000
.000000
.000000
.000000
.000000

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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.000000
.000000
.000000
,000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
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CAPACITY( A82) 2552.000 0.000000
CAPACITY ( A83) 7115.000 0.000000
DEMAND ( M1) ©+330000.0 0.000000
DISTANCE( Al, M1) : 220.0000 0.000000
DISTANCE( A3, M1) - 100.0000 0.000000
DISTANCE( A4, ML) 3500.000 0.000000
DISTANCE( A7, M1) © 55.00000 0.000000
DISTANCE( A8, M1) 2118.000 0.000000
DISTANCE ( All, M1) . . 3150.000 0.000000
DISTANCE( Al3, M1) 6300.000 0.000000
DISTANCE( Al4, M1) . 100.0000 ~0.000000
DISTANCE( Al5, M1) . 2850.000 0.000000
DISTANCE( Al6, M1) 2350.000 © 0.000000
DISTANCE( Al7, M1) ©4100.000 0.000000
DISTANCE( A19, M1) 100.0000 - 0.000000
DISTANCE( A20, M1) . 4400.000 0.000000
DISTANCE( A21, M1) 60.00000 0.000000
DISTANCE( A22, M1) 2100.000 0.000000
DISTANCE( A24, M1) 1550.000 0.000000
DISTANCE( .A25, M1) 1560.000 0.000000
DISTANCE( A27, M1) 1300.000 0.000000
DISTANCE( A28, ML) 930.0000 0.000000
DISTANCE( A29, Ml) 1600.000 0.000000
DISTANCE( A30, Ml) 1000.000 0.:000000
DISTANCE( A31, M1) ‘ 3000.000 0.000000
DISTANCE( A38, Ml) ~1200.000 0.000000
DISTANCE( A39, M1) 1900.000 0.000000
DISTANCE( A41, M1) 50.00000 0.000000
DISTANCE( A42, Ml) 50.00000 0.000000 .
DISTANCE( Ad6, Ml) 1300.000 ' - 0.000000
DISTANCE( A50, Ml) 4500.000 0.000000
DISTANCE( A52, M1) 3300.000 0.000000
DISTANCE( A53, M1) 3500.000 .0.000000
DISTANCE( A54, Mil) 1900.000 0.000000
DISTANCE( A55, M1) .~ 3700.000 0.000000
DISTANCE( A56, M1) 1300.000 0.000000
DISTANCE( A57, M1) . 2000.000 0.000000
DISTANCE( A58, ML) - 5900.000 0.000000
DISTANCE( A60, M1) 2000.000 0.000000
* DISTANCE( A61, M1) 4500.000 0.000000
DISTANCE( A62, Ml) 3000.000 "~ 0.000000
-DISTANCE( A63, Mi1) 4000.000 0.000000
DISTANCE( A64, MI1) 2200.000 0.000000
DISTANCE( A66, M1) 3000.000 0.000000 -
'DISTANCE( A67, M1) 1200.000 0.000000
DISTANCE( A68, M1) 200.0000 0.000000
DISTANCE( A69, M1) 3700.000 0.000000
DISTANCE( A70, MIl) 1000.000 0.000000
DISTANCE( A71, M1) 4000.000 0.000000
DISTANCE( A75, Ml) .900.0000 0.000000
DISTANCE( A78, M1) 400.0000 0.000000
DISTANCE( A80, M1) 3000.000 0.000000
DISTANCE( A82, M1) . 4000.000 0.000000
DISTANCE( A83, Ml) 4000.000 0.000000
BARREL ( Al, M1) 6719.000 0.000000
BARREL (A3, M1) ©24321.00 '0.000000
BARREL ( A4, M1) 12546.00 0.000000
BARREL ( A7, M1) 6711.000 0.000000
BARREL ( A8, M1) 10606.00 0.000000
BARREL( All, M1) 782.0000 0.000000
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BARREL{ 213, M1) 0.000000 1800.000
BARREL( Al4, Ml) 2944.000 0.000000
BARREL( Al15, M1) 10951.00 0.000000
BARREL ( Al6, M1) 6287..000 0.000000
BARREL ( Al7, Ml1) 14606.00 0.000000
BARREL ( Al9, M1) 9944.000 0.000000
BARREL( A20, Ml1) 8411.000 0.000000 -
BARREL ( A21, Ml) : 8646.000 0.000000
BARREL( A22, M1l) 12263.00 0.000000
BARREL( A24, M1) 4262.000 0.000000
'BARREL( A25, M1) : 11475.00 0.000000
BARREL ( A27, Ml1) 4311.000 - 0.000000
BARREL ( A28, M1) 6422.000 0.000000
BARREL ( A29, M1) ~7952.000 0.000000
BARREL( A30, M1l) - 5072.000 0.000000
BARREL( A31, M1) 6192.000 0.000000
BARREL( A38, M1) . 5020.000 0.000000
BARREL( A39, Ml) ©2212.000 7 0.000000
BARREL ( A41, M1) 6938.000 0.000000
BARREL ( A42, M1) 4109.000 - 0.000000
BARREL ( A46, Ml1) : 3722.000 0.000000
BARREL ( A50, Ml) - 0.000000 0.000000
BARREL ( A52, M1) 3223.000 0.000000
BARREL ( A53, Ml) . 5492.000 0.000000
BARREL( A54, Ml) 3180.000 0.000000
BARREL ( A55, ML) 7207.000 0.000000
BARREL( A56, Ml) ©3700.000 0.000000
BARREL( A57, Ml) 3696.000 0.000000
BARREL ( A58, Ml) © 0.000000 1400.000
BARREL( A60, Mi) 21304.00 0.000000
BARREL ( -A61, M1) 2338.000 0.000000
BARREL( A62, M1) 3784.000 0.000000
BARREL( A63, M1) 5642.000 0.000000
BARREL ( A64, Ml) 6510.000 0.000000
BARREL( A66, M1) 8009.000 0.000000
" BARREL( A67, M1) 4972.000 0.000000
BARREL( A68, Ml) 2771.000 0.000000
BARREL( A69, M1) 12324.000 0.000000
BARREL ( A70, Mi1) 7448.000 0.000000
BARREL ( A71, M1) 5438.000 0.000000
BARREL( A75, M1) 8195.,000 0.000000
‘BARREL( A78, M1) ©2417.000 0.000000
BARREL ( A80, M1) _ 9259.000 0.000000
BARREL( A82, M1) 2552.000 0.000000
BARREL( A83, Ml) 7115.000 0.000000
Row . Slack or Surplus | Dual Price
1 0.6509002E+09 -1.000000
2 0.000000 _ -4500.000
3 0..000000 ' 4280.000
4 0.000000 4400.000
5 0.000000 1000.000.
-6 0.000000 4445.000
7. 0.000000 . 2382.000
8 0.000000 1350.000
9 9896.000 0.000000
10 0.000000 4400.000
11 0.000000 1650.000
12 0.000000 2150.000
13 0.000000 400..0000
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14 0.000000 4400.000
15 0.000000 100.0000 -
16 0.000000 4440.000
17 "0.000000 2400.000
18 '0.000000 2950.000
19 0.000000 2940.000
20 0.000000 3200.000
21 0.000000 3570.000
22 0.000000 2900.000
23 0.000000 . 3500.000
24 0.000000 © 1500.000
25 0.000000 3300.000
26 0.000000 2600.000
27 0.000000 4450.000
28 0..000000 4450.000
29 0.000000 , 3200.000
30 4374.000 0.000000
31 0.000000 1200.000
32 0.000000 1000.000
33 0.000000 2600.000
34 0.000000 800.0000
35 0.000000 3200.000
36 . 0.000000 2500.000
"37 4228.000° 0.000000
38 0.000000 2500.000
39 '1421.000 0.000000
40 0.000000 1500.000
41 0.000000 500.0000
42 '0.000000 2300.000 °
43 0.000000 1500. 000
44 0.000000 ‘ 3300.000
45 0.000000 4300.000
46 0.000000 ' 800.0000
47 "0.000000 ‘ 3500.000
48 0.000000 500.0000
49 0.000000 . 3600.000
50 0.000000 : -41.00.000
51 0.000000 1500.000
52 0.000000 500.0000
53 0.000000 500.0000
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Figure 3 Lingo Out-put when Supply < Demand

No feasible solution found. -

Total solver iterations: 1
Variable Value Reduced Cost
CAPACITY( Al) © 6719.000 0.000000
CAPACITY( A3) 24321.00 0.000000
CAPACITY( A4d) 12546.00 0.000000
CAPACITY( A7) . ©6711.000 0.000000
CAPACITY( A8) " 10606.00 0.000000
CAPACITY( All) 782.0000 0.000000
CAPACITY{ Al3) 9896.000 - 0.000000
CAPACITY( Al4) _2944.000 0.000000
CAPACITY( AlS) ~10951.00 0.000000
CAPACITY( Al6) 6287.000 . 0.000000
CAPACITY( Al17) " 14606.00 0.000000
CAPACITY( Al19) . 9944.000 -0.000000
CAPACITY{ A20) 8411.000 0.000000
CAPACITY( A21) 8646.000 0.000000
CAPACITY( A22) . - 12263.00 0.000000
CAPACITY( A24) 4262.000 0.000000
CAPACITY( A25) 11475.00 0.000000
CAPACITY( A27) 4311.000 0.000000
CAPACITY( A28) _ 6422.000 0.000000
CAPACITY ( A29) 7952.000 0.000000
- CAPACITY( A30) 5072.000 0.000000
CAPACITY ( A31) 6192.000 0.000000
CAPACITY( A38) . 5020.000 0.000000
CAPACITY( A39) - 2212.000 0.000000
CAPACITY( A41) 6938.000 0.000000
CAPACITY( A42) ©4109.000 0.000000
CAPACITY ( A46) 3722.000 0.000000
CAPACITY( AS50) 4374.000 0.000000
CAPACITY( A52) 3223.000 0.000000
CAPACITY( A53) . . 5492.000 0.000000
CAPACITY( A54). ' 3180.000 © 0.000000
CAPACITY( A55) 7207.000 0.000000
CAPACITY( AS56) 3700.000 0.000000
CAPACITY( A57) ' 3696.000 0.000000
CAPACITY( A58) 4228.000 0.000000
CAPACITY( A60) 21304.00 0.000000
CAPACITY( A61) 3759.000 0.000000
CAPACITY( A62) 3784.000 0.000000
CAPACITY( A63) 5642.000 0.000000
CAPACITY( A64) 1 6510.000 0.000000
CAPACITY ( A66) 8009.000 0.000000
CAPACITY( A67) 4972.000 0.000000
CAPACITY( A68) 2771.000 0.000000
CAPACITY ( A69) 2324.000 0.000000
CAPACITY ( A70) 7448.000 0.000000
CAPACITY( A71) 5438.000 0.000000
CAPACITY( A7S) 8195.000 0.000000
CAPACITY( A78) 2417.000 0.000000
CAPACITY ( A80) 9259.000 0.000000
CAPACITY( A82) 2552.000 0.000000
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Figure 3 Lingo Out-put when Supply < Demand

No feasible solution found.

Total solver iterations: . 1
Variable Value Reduced Cost
CAPACITY( Al) 6719.000 © 0.000000
CAPACITY( A3) 24321.00 0.000000
CAPACITY( A4) 12546.00 0.000000
CAPACITY( A7) 6711.000 0.000000
" CAPACITY( AS8) 10606.00 0.000000
CAPACITY( All) 782.0000 0.000000
CAPACITY( Al3) .~ 9896.000 0.000000
CAPACITY ( Al4) - 2944.000 0.000000
CAPACITY ( Al5) 10951.00 0.000000
CAPACITY( Al6) 6287.000 0.000000
CAPACITY( Al17) 14606.00 0.000000
CAPACITY( Al9) 9944.000 0.000000
CAPACITY( A20) " 8411.000 0.000000
. CAPACITY( A21) .. 8646.000 .0.000000
CAPACITY ( A22) 12263.00 0.000000
CAPACITY ( A24) 4262.000 0.000000
CAPACITY( A25) 11475.00 0.000000
CAPACITY( A27) 4311.000 0.000000
CAPACITY( A28) 6422 .000 0.000000
CAPACITY( A29) ©7952.000 0.000000
CAPACITY( A30) 5072.000 0.000000
CAPACITY( A31) 6192.000 0.000000
CAPACITY( A38) 5020.000 0.000000
CAPACITY( A39) , 2212.000 0.000000
CAPACITY( A41) 6938.000 0.000000
CAPACITY( A42) 4109.000 0.000000
CAPACITY( A46) 3722.000 0.000000
CAPACITY( A50) 4374.000 0.000000
CAPACITY( A52) 3223.000 0.000000
CAPACITY( A53) 5492.000 0.000000
CAPACITY( AS54) - 3180.000 0.000000
CAPACITY( A55) '7207.000 0.000000
CAPACITY ( A56) 3700.000 0.000000
CAPACITY( A57) 3696.000 0.000000
CAPACITY( A58) 4228.000 0.000000
CAPACITY( A60) 21304.00 0.000000
CAPACITY( A61) 3759.000 0.000000
CAPACITY( A62) ©3784.000 0.000000
CAPACITY( A63) 5642.000 0.000000
CAPACITY( A64) 6510.000 0.000000
CAPACITY( A66) ~8009.000 0.000000
CAPACITY( A67) 4972.000 0.000000
CAPACITY( A68) - ©2771.000 0.000000
CAPACITY ( A69) 2324.000 0.000000
CAPACITY( A70) 7448.000 0.000000
CAPACITY( A71) 5438.000 0.000000
CAPACITY( A75) 8195.000 0.000000
CAPACITY( A78) 2417.000 0.000000
CAPACITY( AS80) 9259.000 0.000000
CAPACITY( A82) 2552.000 0.000000
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CAPACITY ( A83) 7115.000 0.000000
DEMAND ( M1) 750000.0 0.000000
DISTANCE ( .Al, M1) 220.0000 0.000000
DISTANCE( A3, M1) 100.0000 0.000000
DISTANCE( A4, M1) 3500.000 0.000000
DISTANCE( A7, M1) 55.00000 0.000000
DISTANCE( A8, M1) 2118.000 0.000000
DISTANCE( All, M1) 3150.000 0.000000
DISTANCE( Al13, M1) ~ 6300.000 0.000000
DISTANCE( Al4, M1) " 100.0000 0.000000
DISTANCE( A15, M1) - 2850.000 . 0.000000
DISTANCE( Al6, M1) - 2350.000 0.000000
DISTANCE( Al7, M1) ~4100.000 0.000000
DISTANCE( Al19, M1) 100.0000 0.000000
DISTANCE( A20, M1) 4400.000 0.000000
DISTANCE( A21, M1) 60.00000 ~0.000000
DISTANCE( A22, M1) 2100.000 0.000000
DISTANCE( A24, M1) 1550.000 0.000000
'DISTANCE( A25, M1) 1560.000 0.000000
DISTANCE( A27, M1) 1300.000 0.000000
DISTANCE( A28, M1) 930.0000 0.000000
DISTANCE( A29, M1) 1600.000 0.000000
DISTANCE( A30, M1) 1000.000 0.000000
DISTANCE( A31, M1) 3000.000 0.000000
" DISTANCE( A38, M1) 1200.000 0.000000
DISTANCE( A39, M1) ©1900.000 0.000000
DISTANCE( A41, M1) 50.00000 0.000000
DISTANCE( A42, M1) ~50.00000 0.000000
DISTANCE( A46, M1) 1300.000 0.000000
DISTANCE( A50, M1) 4500.000 0.000000
DISTANCE( A52, M1) 3300.000 0.000000
DISTANCE( AS53, M1) 3500.000 0.000000
DISTANCE( A54, M1) 1900.000 0.000000
DISTANCE( A55, M1) 3700.000 0.000000 -
DISTANCE( A56, M1) 1300.000 /0.000000
DISTANCE( A57, M1) 2000.000 0.000000-
DISTANCE( A58, M1) 5900.000 0.000000
DISTANCE( A60, M1) 2000.000 0.000000
-DISTANCE( A61, M1) © 4500.000 0.000000
DISTANCE( A62, M1) 3000.000 0.000000
DISTANCE( A63, M1) 4000.000 0.000000 -
DISTANCE( A64, M1) - 2200.000 0.000000
DISTANCE( A66, M1) 3000.000 0.000000
DISTANCE( A67, M1) 1200.000 0.000000
. DISTANCE( A68, M1) : 200.0000 0.000000
DISTANCE( A69, ‘M1) 3700.000 0.000000
DISTANCE( A70, M1) 1000.000 0.000000
DISTANCE( A71, M1l) 14000.000 0.000000
DISTANCE( A75, M1) 900.0000 0.000000
DISTANCE( A78, M1) ‘ 400.0000 0.000000
DISTANCE( A80, M1l) 3000.000 0.000000
'DISTANCE( A82, M1) 4000.000 0.000000
DISTANCE( A83, Ml) 4000.000 '0.000000
BARREL( Al, M1) 6719.000 0.000000
BARREL( A3, M1) 24321.00 0.000000
BARREL( A4, M1) 12546.00 0.000000
BARREL( A7, M1) 6711.000 - 0.000000
BARREL( A8, M1) '10606.00 . 0.000000
BARREL( All, M1) '~ 782.0000 0.000000
BARREL( Al3, M1) 409977.0 0.000000
BARREL( Al4, M1) 2944.000 0.000000
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, BARREL ( Al5, M1) 10951.00 . 0.000000
BARREL( Al6, M1) 6287.000 0.000000
BARREL( A17, M1). 14606.00 0.000000
BARREL ( A19, M1) 9944.000 0.000000
BARREL ( A20, M1) 8411.000 0.000000
BARREL( A21, Ml) -8646.000 0.000000
BARREL ( A22, M1) 12263.00 0.000000
BARREL ( A24, M1) 4262.000 0.000000
BARREL( A25, Ml) 11475.00 0.000000
BARREL( A27, M1) 4311.000 0.000000
BARREL ( A28, M1) 6422.000 0.000000
BARREL( A29, M1l) 7952.000 0.000000
BARREL( A30, M1) 5072.000 0.000000
BARREL( A31, M1) 6192.000 0.000000
BARREL ( A38, Ml) 5020.000 0.000000
BARREL( A39, M1) 2212.000 0.000000
BARREL( A4l1, Ml) 6938.000 0.000000
BARREL( A42, M1) 4109.000 0.000000
BARREL ( A46, Ml) 3722.000 0.000000
BARREL ( A50, M1) 4374.000 0.000000
BARREL ( A52, M1) 3223.000 0.000000
BARREL( A53, M1) 5492.000 0.000000
BARREL ( A54, Ml) 3180.000 0.000000
BARREL( A55, M1) 7207.000 .~ 0.000000
BARREL( A56, Ml) 3700.000 0.000000
BARREL ( A57, Ml) 3696.000 0.000000
BARREL( A58, Ml) 4228.000 0.000000
BARREL ( A60, Ml) 21304.00 . -0.000000
BARREL( A61, Ml) 3759.000 © 0.000000
BARREL ( A62, M1) 3784.000 0.000000
BARREL ( A63, M1) 5642.000 0.000000
BARREL ( A64, M1) 6510.000 0.000000
BARREL( A66, Ml) - 8009.000 0.000000
BARREL( A67, M1) 4972.000 0.000000
BARREL( A68, M1) 2771.000 0.000000
BARREL( A69, M1) 2324.000 0.000000
BARREL( A70, M1) 7448.000 0.000000
BARREL( A71, M1) 5438.000 0.000000
BARREL( A75, M1) 8195.000 0.000000
BARREL( 'A78, M1) 2417.000 0.000000
BARREL( A80, M1) 9259.000 0.000000
BARREL( A82, M1) 2552.000 0.000000
BARREL( A83, M1) 7115.000 0.000000
Row Slack or Surplus Dual Price
1 400081.0 -1.000000
2 0.000000 -6300.000
3 0.000000 6080.000
4 0.000000 '6200.000
5" 0.000000 2800.000
6 0.000000 6245.000
7 0.000000 14182.000
8 0.000000 3150.000
9 -400081.0 0.000000
10 0.000000 6200.000
11 0.000000 3450.000
12 0.000000 3950.000
13 0.000000 2200.000
14 -0.000000 6200.000
15 0.000000 1900.000
16 0.000000 6240.000
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17 0.000000 4200.000
18 0.000000 4750.000
19 0.000000 ' 4740.000 -
20 0.000000 5000.000
21 0.000000 .0 5370.000
22 0.000000 4700.000
23 0.000000 . 5300.000
.24 0.000000 3300.000
25 0.000000 T 5100.000
26 0.000000 , 4400.000
27 0.000000 6250.000
28 0.000000 - . 6250.000
29 0.000000 5000.000
30 0.000000 1800.000
31 0.000000 3000.000
32 0.000000 2800.000
33 0.000000 4400.000
© 34 0.000000 2600.000
35 0.000000 ' 5000.000
36 - 0.000000 4300.000
37 0.000000 400.0000 -
38 0.000000 ’ 4300.000
39 0.000000° 1800.000
40 0.000000 3300.000
41 0.000000 2300.000
42 0.000000 - 4100.000
43 0.000000 3300.000
44 0.000000 5100.000
45 0.000000 . 6100.000
46 0.000000 2600.000
47 0.000000 ' 5300.000
48 0.000000 2300.000
49 0.000000 ~ 5400.000
50 0.000000 5900.000
51 0.000000 3300.000
52 0.000000 2300.000
53 0.000000 2300.000
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Figure 4 Lingo Out-put when Demand > Supply (Dummy Solution)

'Globél optimal solution found.
Objective value: C 0.7642677E+09

Total solver iterations: ' 0
Variable Value Reduced Cost
CAPACITY( Al) 6719.000 0.000000
CAPACITY( A3) 24321.00 0.000000
CAPACITY ( A4d)" 12546.00 0.000000
CAPACITY( A7) : 6711.000 0.000000
: CAPACITY( AS8) 10606.00 0.000000
" CAPACITY( All) 782.0000 0.000000 -
CAPACITY( "Al3) : 9896.000 0.000000
CAPACITY( Al4) .2944.000 0.000000
CAPACITY( Al5) . 10951.00 0.000000
CAPACITY( Al6) . 6287.000 0.000000
CAPACITY( Al7) - 14606.00 0.000000
CAPACITY( Al9) - 9944.000 0.000000
CAPACITY ( A20) 8411.000 ©0.000000
CAPACITY( A21) ~ 8646.000 0.000000
CAPACITY( A22) 12263.00 0.000000
" CAPACITY( A24) ~4262.000 0.000000
CAPACITY ( A25) 11475.00 0.000000
- CAPACITY( A27) 4311.000 0.000000
CAPACITY( A28) 6422.000 0.000000
CAPACITY( A29) _ 7952.000 0.000000
CAPACITY( A30) 5072.000 0.000000
CAPACITY ( -A31) 6192.000 0.000000
CAPACITY( A38) 5020.000 0.000000
CAPACITY( A39) 2212.000 0.000000
CAPACITY ( A4l) 6938.000 0.000000
CAPACITY ( A42) 4109.000 0.000000
'CAPACITY( A46) - 3722.000 0.000000
CAPACITY( A50) 4374.000 0.000000
CAPACITY (" A52) 3223.000 - 0.000000
CAPACITY ( AB3) 5492.000 0.000000
CAPACITY ( Ab4) 3180.000 0.000000
CAPACITY( AS55) 7207.000 0.000000
CAPACITY ( A56) "~ 3700.000 0.000000
CAPACITY( A57) 3696.000 0.000000
CAPACITY( A58)° 4228.000 0.000000
CAPACITY( A60) ‘ 21304.00. 0.000000
CAPACITY ( A61) ) 3759.000. 0.000000
CAPACITY( A62) 3784.000 0.000000
CAPACITY( A63) 5642 .000 0.000000
CAPACITY( A64) 6510.000 0.000000
CAPACITY( A66) 8009.000 0.000000
CAPACITY ( .A67) 4972.000 0.000000
CAPACITY( A68) 2771.000 0.000000
"CAPACITY( A69) - 2324.000 0.000000
CAPACITY( A70) 7448.000 0.000000
CAPACITY( A71) 5438.000 .0.000000
CAPACITY( AT75) 8195.000 0.000000
CAPACITY( A78) 2417.000 0.000000
CAPACITY( A80) 9259.000 0.000000
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CAPACITY( A82) . 2552.000 0.000000
_ CAPACITY( A83) 7115.000 0.000000
CAPACITY ( A84) 10081.00° 0.000000
DEMAND( M1) 360000.0 0.000000
DISTANCE( Al, M1) 220.0000 0.000000
~ DISTANCE({ A3, M1) 100.0000 0.000000
DISTANCE( A4, M1) . 3500.000 0.000000
DISTANCE( ‘A7, M1) 55.00000 0.000000
- DISTANCE( A8, M1) ~2118.000 0.000000
DISTANCE( All, M1) 3150.000 - 0.000000 .
DISTANCE( Al3, M1) 6300.000 0.000000
DISTANCE( Al4, M1) 100,0000 0.000000
DISTANCE( Al5, M1) 2850.000 0.000000
DISTANCE( Al6, M1) ' 2350.000 0.000000
DISTANCE( Al7, M1) - 4100.000 0.000000
DISTANCE ( -Al9, M1) 100.0000 0.000000
DISTANCE( A20, M1) 4400.000 0.000000
DISTANCE( A21, M1) 60.00000 0.000000
DISTANCE( A22, M1) 2100.000 0.000000
DISTANCE( A24, M1) 1550.000 0.000000
DISTANCE( A25, Ml) "~ 1560.000 0.000000
DISTANCE (. A27, Ml) 1300.000 0.000000
DISTANCE (. A28, M1) 930.0000 0.000000
DISTANCE( A29, M1) 1600.000 0.000000
DISTANCE( A30, M1) 1000.000 0.000000
DISTANCE( A31, M1) 3000.000 0.000000
DISTANCE( A38, M1) 1200.000 0.000000
DISTANCE( A39, M1) ©1900.000 0.000000
DISTANCE ( A4l, M1) 50.00000 0.000000
DISTANCE( A42, M1) 50.00000 0.000000
DISTANCE( A46, M1) 1300.000 .0.000000
DISTANCE( A50, M1) .4500.000 0.000000
DISTANCE( A52, M1) - 3300.000 0.000000
DISTANCE( A53, Mi1) 3500.000 0.000000
DISTANCE( A54, M1) 1900.000 0.000000
DISTANCE( A55, M1) 3700.000 0.000000
DISTANCE( A56, M1) , 1300.000 0.000000
DISTANCE( A57, Ml) 2000.000 0.000000
DISTANCE( A58, M1) 5900.000 0.000000
DISTANCE( A60, M1) 2000.000 © 0.000000
DISTANCE( A61, Ml) 4500.000 0.000000
DISTANCE( A62, M1) 3000.000 0.000000
DISTANCE( 463, Ml) 4000.000 0.000000
DISTANCE( A64, M1l) - 2200.000 0.000000
DISTANCE( A66, Ml) 3000.000 0.000000
DISTANCE( A67, M1) 1200.000 0.000000
DISTANCE( A68, M1) 200.0000 0.000000
DISTANCE( A69, Ml) ' 3700.000 0.000000
DISTANCE( A70, M1) 1000.000 0.000000
DISTANCE( A71, M1) 4000.000 0.000000
DISTANCE( A75, M1l) 900.0000 0.000000
DISTANCE( A78, Ml) 400.0000 0.000000
DISTANCE( A80, M1) 3000.000 0.000000
DISTANCE( A82, M1) 4000.000 0.000000
DISTANCE( A83, M1) 4000.000 0.000000
DISTANCE( A84, M1) 0.000000 0.000000
BARREL( Al, M1) 6719.000 0.000000
BARREL( A3, Ml1) 24321.00 0.000000
BARREL( A4, M1) 12546.00 0.000000
BARREL{ A7, M1) 6711.000 0.000000
BARREL( A8, M1) 10606.00 0.000000
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BARREL({ All, Ml) 782.0000 0.000000
BARREL{ Al3, M1) 9896.000 . 0.000000
BARREL( Al4, M1) 2944.000 0.000000
BARREL({ Al5, Ml) 10951.00 0.000000
BARREL( Al6, M1) 6287.000 0.000000
BARREL( Al7, M1) 14606.00 0.000000
BARREL( Al9, M1) 9944.000 0.000000
BARREL( A20, M1) 8411.000 0.000000
BARREL({ A21, Ml) 8646.000 0.000000
BARREL({ A22, M1) 12263.00 0.000000
BARREL( A24, M1) - 4262.000 0.000000
BARREL ( A25, Ml1) ~11475.00 0.000000
BARREL({ a27, M1) '4311.000 0.000000
BARREL( A28, M1) . 6422.000 0.000000
BARREL( 429, M1) 7952.000 0.000000
BARREL (| A30, M1) 5072.000 0.000000
BARREL( A31, M1) 6192.000 0.000000
BARREL( A38, M1) 5020.000. 0.000000
BARREL( A39, M1) 2212.000 0.000000
" BARREL( A41, M1) © 6938.000 0.000000 .
BARREL( A42, Ml) 4109.000 0.000000
BARREL( A46, M1) 3722.000 0.000000
BARREL (" A50, M1) . 4374.000 0.000000
BARREL( A52, M1)  ~  3223.000 0.000000
BARREL({ A53, M1) 5492.000 0.000000
BARREL( A5G4, M1) - 3180.000 0.000000
BARREL( A55, M1) 7207.000 0.000000
BARREL ( A56, Ml) 3700.000 0.000000
BARREL( A57, M1) 3696.000 0.000000
BARREL ( A58, MI1) 4228.000 0.000000
BARREL ( A60, M1) ©21304.00 0.000000
BARREL( A61, M1) 3759.000 0.000000
BARREL ( A62; M1) 3784.000 0.000000
BARREL ( A63, M1) 5642.000 .0.000000"
BARREL ( -A64, M1) 6510.000 0.000000
BARREL ( A66, M1) 8009.000 0.000000.
BARREL ( A67, M1) 4972.000 0.000000 .
BARREL ( A68, M1) ©2771.000 0.000000
BARREL( A69, M1) 2324.000 ©0.000000
BARREL ( A70, M1) 7448.000 0.000000
BARREL( A71; M1) 5438.000 0.000000
. BARREL( A75, M1) 8195.000 . 0.000000
BARREL( A78, Ml) 2417.000 0.000000
- BARREL( A80,  M1) 9259.000 0.000000
BARREL( A82, M1) 2552.000 0.000000
BARREL ( A83, M1) 7115.000 0.000000
BARREL( A84, Ml) 10081.00 - ©0.000000
Row = Slack or Surplus A Dual Price
1 0.7642677E+09 -1.000000
2 0.000000 -6300.000
3 0.000000 6080.000
4 0.000000 6200.000
8 5 0.000000 2800.000
6 0.000000 ) 6245.000
7 0.000000 4182.000
8 0.000000 3150.000
9 0.000000 0.000000
10 0.000000 6200.000
11 0.000000 3450.000
12 0

.000000 3950.000
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13 0.000000 2200.000
14 0.000000 6200.000
15 - 0.000000 1900.000
16 0.000000 6240.000
17 0.000000 . 4200.000
18 0.000000 » 4750.000
19 0.000000 4740.000
20 0.000000 5000.000
21 0.000000 . o 5370.000
22 " 0.000000 ~4700.000
23 0.000000 ' 5300.000
24 0.000000 3300.000
25 0.000000 5100.000
26 "~ 0.000000 4400.000
27 0.000000 6250.000
28 0.000000 6250.000
29 . 0.000000 . - 5000.000
30 0.000000 ‘ .1800.000
31 0.000000 3000.000
32 " 0.000000 2800.000
33 0.000000 4400.000
34 0.000000 : 2600.000
35. 0.000000 : 5000.000
36 0.000000 " 4300.000
37 0.000000 _ -400.0000
38 0.000000 _ 4300.000
39 0.000000 ' 1800.000
40 0.000000 3300.000
41 0.000000 2300.000
42 0.000000 ~4100.000
43 0.000000 . 3300.000
44, 0.000000 5100.000
45 0.000000 6100.000
46 0.000000 : 2600.000
47 .0.000000 5300.000
48 0.000000 2300.000
49 0.000000 o 5400.000
50 0.000000 5900.000
51 0.000000 3300.000
52 0.000000 2300.000
53 0.000000 ' 2300.000 .
54 0

.000000 ’ 6300.000
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Figutfe 5 Lingo Out-put when Supply > Demand (Dummy Solution)

Global optimal solution found.

Objective value: _ © 0.7017872E+09
Total solver iterations: 61

Variable Value Reduced Cost
CAPACITY( Al) 6719.000. 0.000000
CAPACITY( A3) 24321.00 0.000000
CAPACITY( A4) . 12546.00 0.000000
CAPACITY( A7) 6711.000 0.000000
CAPACITY( AB8) 10606.00 0.000000
CAPACITY( All) 782.0000 0.000000
CAPACITY( Al3) 9896.000 0.000000
CAPACITY( Al4) " 2944.000 0.000000
CAPACITY( Al5) 10951.00 0.000000
CAPACITY( Al6) 6287.000 0.000000
CAPACITY( Al7) 14606.00 0.000000
CAPACITY( Al19) 9944.000 0.000000
CAPACITY( A20) © 8411.000 0.000000
"CAPACITY( A21) 8646.000 0.000000
CAPACITY( A22) 12263.00 0.000000
CAPACITY( A24) 4262.000 0.000000
CAPACITY( A25) , 11475.00 0.000000.
CAPACITY( A27) 4311.000 0.000000
CAPACITY( A28) - 6422.000 0.000000
CAPACITY( A29) ©7952.000 0.000000
CAPACITY{ A30) . 5072.000 0.000000
CAPACITY( A31) 6192.000 - 0.000000
CAPACITY( A38) 5020.000 0.000000
CAPACITY (- A39) . 2212.000 0.000000
CAPACITY( A41) 6938.000 0.000000
_CAPACITY( A42) 4109.000 0.000000
CAPACITY( A46) 3722.000 0.000000
CAPACITY ( A50) 4374.000 0.000000
CAPACITY( A52) 3223.000 - 0.000000
CAPACITY( AS53) 5492.000 "0.000000
CAPACITY( A54) 3180.000 0.000000
CAPACITY( A55) . 7207.000 0.000000
CAPACITY{ A56) 3700.000 0.000000
CAPACITY( AS57) 3696.000 0.000000
CAPACITY( A58) - 4228.000 0.000000
CAPACITY( A60) 21304.00 0.000000
CAPACITY( A61) 3759.000 0.000000
CAPACITY( A62) 3784.000 0.000000
CAPACITY( A63) 5642.000 0.000000
CAPACITY ( A64) 6510.000 0.000000
CAPACITY( A66) 8009.000 0.000000
CAPACITY( A67) 4972.000 0.000000
CAPACITY( A68) 2771.000 0.000000
CAPACITY( A69) 2324.000 0.000000
CAPACITY( A70) 7448.000 0.000000
CAPACITY( A71) 5438.000 0.000000
CAPACITY( A75) ' 8195.000 0.000000
CAPACITY( A78) - 2417.000 0.000000
CAPACITY( A80) 9259.000 0.000000 "
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CAPACITY ( A82) ~2552.000 : 0.000000

CAPACITY( A83) 7115.000 0.000000 -

" DEMAND( M1) 340000.0 0.000000 -
DEMAND{ M2) ©9919.000 0.000000
DISTANCE( Al, M1) 220.0000 0.000000
DISTANCE( Al, M2) 0.000000 0.000000
DISTANCE( A3, M1) 100.0000 -0.000000
DISTANCE( A3, M2) 0.000000 0.000000
DISTANCE( A4, M1) . 3500.000 0.000000
DISTANCE( A4, M2) . 0.000000 0.000000
DISTANCE({ A7, Ml) 55.00000 0.000000
DISTANCE( A7, M2) 0.000000 0.000000
DISTANCE( A8, M1) '2118.000 0.000000
DISTANCE( A8, M2) .0.000000 0.000000
DISTANCE( All, M1) 3150.000 0.000000
DISTANCE( All, M2) 0.000000 0.000000
DISTANCE( Al3, M1) . 6300.000 0.000000
DISTANCE( Al3, M2) 0.000000 0.000000
DISTANCE( Al4, Ml) 100.0000 0.000000
- DISTANCE( Al4, M2) 0.000000 0.000000
DISTANCE( Al5, M1) 2850.000 0.000000
DISTANCE( Al15, M2) 0.000000 0.000000
DISTANCE( Al6, M1) 2350.000 0.000000
DISTANCE( Al6, M2) 0.000000 0.000000
- DISTANCE( Al7, M1) 4100.000 0.000000
DISTANCE( Al7, M2) 0.000000 0.000000
DISTANCE( Al1l9, M1) 100.0000 0.000000
DISTANCE( Al9, M2) 0.000000 0.000000
DISTANCE( A20, M1) 4400.000 0.000000
. DISTANCE( A20, M2) 0.000000 0.000000
DISTANCE( a21, M1) 60.00000 0.000000
DISTANCE( A21, M2) 0.000000 0.000000
DISTANCE( A22, M1) 2100.000 0.000000
DISTANCE( A22, M2) 0.000000 0.000000
DISTANCE( A24, Ml1) 1550.000 0.000000
DISTANCE( A24, M2) 0.000000. 0.000000
DISTANCE( A25, M1) 1560.000 0.000000
DISTANCE( A25, M2) 0.000000 0.000000
. DISTANCE({ A27, M1) 1300.000 0.000000
DISTANCE( A27, M2) 0.000000 0.000000
DISTANCE( A28, M1) 930.0000 0.000000
DISTANCE( A28, M2) . 0.000000 0.000000
DISTANCE( A29, M1) 1600.000 ©0.000000
DISTANCE( A29, M2) .0.000000 0.000000
DISTANCE( A30, M1) 1000.000 0.000000
DISTANCE( A30, M2) 0.000000 0.000000
' DISTANCE( A31, M1) ‘ 3000.000 0.000000
DISTANCE( A31, M2) .0.000000 0.000000
DISTANCE( A38, Ml) 1200.000 0.000000
DISTANCE( A38, M2) _0.000000 0.000000
DISTANCE( A39, Ml) 1900.000 0.000000
‘DISTANCE ( A39, M2) 0.000000 0.000000
DISTANCE ( A4l, M1) 50.00000 0.000000
DISTANCE( A4l, M2) 0.000000 0.000000
DISTANCE(. A42, M1) 50.00000 0.000000
DISTANCE( A42, M2) . 0.000000 0.000000
DISTANCE( A46, M1) 1300.000 0.000000
DISTANCE( A46, M2) 0.000000 0.000000
DISTANCE( A50, M1) 4500.000 0.000000
DISTANCE( A50, M2) 0.000000 ~0.000000
DISTANCE( A52, M1) 3300.000 0.000000
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BARREL{ Al5, M1) _ 10951.00 0.000000
BARREL({ Al5, M2) 0.000000 3050.000
BARREL( Al6, M1) : 6287.000 ° 0.000000
BARREL ( Al6, M2) : 0.000000 3550.000
BARREL( Al7, M1) - 14606.00 : 0.000000
BARREL( Al7, M2) " °0.000000 1800.000
BARREL( A19, M1) 9944.000 0.000000
BARREL ( A19, M2) : 0.000000 5800.000
BARREL( A20, M1). '8411.000 - 0.000000
BARREL{ A20, M2) 0.000000 1500.000
BARREL (  A21, M1) : 8646.000 0.000000
BARREL( A21, M2) 0.000000 5840.000
BARREL{ A22, M1) 12263.00 0.000000
BARREL( A22, M2) 0.000000 : 3800.000
BARREL ( A24, M1) 4262.000 . 0.000000
BARREL ( A24, M2) 0.000000 4350.000
BARREL( A25, M1) _ 11475.00 0.000000
BARREL( A25, M2) 0.000000 : 4340.000
BARREL( A27, Ml1) 4311.000 0.000000
BARREL( A27, M2) ~0.000000 : 4600.000
BARREL( A28, M1) 1 6422.000 ©°0.000000
BARREL{ A28, M2) . 0.000000 ' 4970.000
BARREL({ A29, M1) 7952.000 0.000000
BARREL( A29, M2) .- 0.000000 . , 4300.000
BARREL ( A30, M1) . 5072.000 0.000000
BARREL( A30, M2) - 0.000000 S 4900.000
BARREL( A31, M1) 6192.000 0.000000
BARREL( A31, M2) 0.000000 2900.000
BARREL (- A38, M1) : 5020.000 0.000000
BARREL( A38, M2) 0.000000 : 4700.000
BARREL( A39, M1) 2212.000 0.000000
BARREL( A39, M2) 0.000000 4000.000
BARREL( A41l, M1) 6938.000 0.000000"
BARREL ( Ad4l, M2) 0.000000 - 5850.000
BARREL ( A42, M1) . 4109.000 0.000000
BARREL ( A42, M2) . 0.000000 ' 5850.000
BARREL ( A46, M1) 3722.000. 0.000000
BARREL({ A46, M2) 0.000000 , 4600.000

. BARREL( A50, M1) 4374.000 “0.000000
" BARREL( A50, M2) 0.000000 1400.000
BARREL( A52, M1) 3223.000 .. 0.000000
"BARREL( A52, M2) . 0.000000 2600.000
BARREL( A53, M1) 5492.000 0.000000
BARREL( A53, M2) .0.000000 2400.000
BARREL({ A54, M1) 3180.000 : 0.000000
BARREL( A54, M2) "~ 0.000000 , 4000.000
BARREL( A55, M1) 7207.000 "~ 0.000000
BARREL ( A55, M2) 0.000000 2200.000
BARREL ( A56, M1) 3700.000 0.000000
BARREL( A56, M2) 0.000000 4600.000
BARREL( A57, Ml) 3696.000 - 0.000000
BARREL( A57, M2) 0.000000 3900.000
BARREL ( A58, Ml) 4205.000 0.000000
BARREL ( A58, M2) 23.00000 . 0.000000
BARREL{ A60, M1) 21304.00 _ 0.000000
'BARREL ( A60, M2) 0.000000 3900.000
BARREL ( A61, M1) 3759.000 0.000000
BARREL{ A61, M2) 0.000000 1400..000
"BARREL( A62, M1) 3784.000 ‘ 0.000000
BARREL({ A62, M2) 0.000000 1 2900.000
BARREL( A63, M1) © 5642.000 0.000000
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BARREL( A63, M2) 0.000000 1900.000
BARREL( A64, Ml) 6510.000 0.000000
BARREL( A64, M2) 0.000000 3700.000
BARREL( A66, Ml) : 8009.000 0.000000
BARREL ( A66, M2) 0.000000 2900.000
BARREL( A67, M1) 4972.000 ~0.000000
BARREL( A67, M2) 0.000000 4700.000
BARREL( A68, M1) 2771.000 0.000000
BARREL( A68, M2) 0.000000 5700.000
BARREL( A69, M1) ' 2324.000 : 0.000000
BARREL( A69, M2) : 0.000000 .2200.000
BARREL( A70, Ml) 7448.000 "~ 0.000000
‘BARREL( A70, M2) 0.000000 ) 4900.000
BARREL( A71, M1) 5438.000 0.000000
BARREL( A71, M2) - 0.000000 1900.000
BARREL{ A75, Ml) 8195.000 - 0.000000
BARREL({ A75, M2) 0.000000 '5000.000
BARREL( A78, M1l) 2417.000 0.000000
BARREL( A78, M2) 0.000000 5500.000
BARREL( A80, Ml) 9259.000 - - 0.000000
BARREL( A80, M2) 0.000000 2900.000
BARREL (' A82, M1) . 2552.000 B 0.000000
BARREL( A82, M2) 0.000000 ©1900.000
BARREL ( -A83, Ml) 7115.000 A ~.0.000000
BARREL( A83, M2) : . 0.000000 ) 1900.000

Row | Slack or Surplus Dual Price
1 0.7017872E+09 ' -1.000000

2 0.000000 . -5900.000
3 0.000000 : 0.000000
4 0.000000 5680.000
5 0.000000 ' 5800.000

6 0.000000 2400.000
7 0.000000 v 5845.000
8 0.000000 . 3782.000°

9 0.000000 2750.000
10 0.000000 o 0.000000
11 0.000000 5800.000
12 0.000000 3050.000
13 0.000000 3550.000
14 . 0.000000 1800.000
15 0.000000 - 5800.000
16 0.000000 1500.000
17 0.000000 5840.000
18 0.000000 3800.000
19 0.000000 : 4350.000
20 0.000000 : 4340.000
. 21 0.000000 4600.000
22 0.000000 -~ 4970.000
23 0.000000 4300.000
24 0.000000 4900.000
25 0.000000 '2900.000
26 0.000000 4700.000
27 0.000000 - 4000.000
28 0.000000 5850.000
29 - 0.000000 5850.000
30 0.000000 4600.000
31 0.000000 1400.000
32 0.000000 2600.000
33 0.000000 2400.000
34 0.000000 4000.000
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35 0.000000 : 2200.000
36 0.000000 ‘ _ 4600.000
37 0.000000 ' . 3900.000
38 0.000000" 0.000000
39 0.000000 - 3900.000
40 0.000000 1400.000
41 0.000000 2900.000
42 0.000000 - 1900.000
43 0.000000 3700.000
44 0.000000 2900.000
45 0.000000 4700.000
46 .0.000000 - : . 5700.000
47 0.000000 2200.000
48 0.000000 © 4900.000
49 0.000000 1900.000
50 0.000000 . 5000.000
51 0.000000 5500.000
52 0.000000 ~2900.000
53 0.000000 v 1900.000
54 0.000000 1900.000 "
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Figure 6 Supply > Demand (Dummy Solution)

Global optimal solution found.

Objective value: . 0.7017872E+09
Total solver iterations: . " 61
Variable - Value - Reduced Cost
CAPACITY ( Al) 6719.000. 0.000000
CAPACITY( A3) 24321.00 0.000000
CAPACITY( Ad4) 112546.00 0.000000
CAPACITY( A7) - 6711.000 0.000000
CAPACITY ( AS8) i 10606.00 - 0.000000
CAPACITY( All) 782.0000 0.000000
CAPACITY( Al3) 9896.000 0.000000
CAPACITY( Al4) _ 2944.000 ~0.000000
CAPACITY( Al5) ©10951.00 0.000000
CAPACITY( Al6) "'6287.000 0.000000
CAPACITY( Al7) 14606.00 0.000000
CAPACITY( A19) 9944.000 0.000000
CAPACITY( A20) : 8411.000 0.000000
CAPACITY( A21) 8646.000 0.000000 -
CAPACITY( A22) 12263.00 0.000000
CAPACITY( A24) . 4262.000 0.000000
CAPACITY ( A25) . 11475.00 0.000000
CAPACITY( A27) 4311.000 0..000000
CAPACITY( A28) 6422.000 0.000000
CAPACITY( A29) 7952.000 ©0.000000
CAPACITY( A30) 5072.000 0.000000
CAPACITY( A31) 6192.000 0.000000
CAPACITY ( A38) 5020.000 0.000000
CAPACITY ( A39) 2212.000 0.000000
CAPACITY ( 2A41) 6938.000 0.000000
CAPACITY( A42) 4109.000 0.000000
CAPACITY ( A46) 3722.000 0.000000
CAPACITY( A50) 4374.000 0.000000
CAPACITY( A52) . 3223.000 ©0.000000
CAPACITY( A53) 5492.000 0.000000
CAPACITY( A54) . 3180.000 0.000000
CAPACITY( AS55) : 7207.000 0.000000
CAPACITY( A56) 3700.000 0.000000
CAPACITY ( A57) 3696.000 0.000000
CAPACITY ( A58) 4228.000 0.000000
CAPACITY( A60) 21304.00 0.000000
CAPACITY( A61) 3759.000 0.000000
CAPACITY ( A62) -3784.000 0.000000
CAPACITY( A63) 5642.000 0.000000
CAPACITY( A64) '~ 6510.000 0.000000
CAPACITY( A66) . 8009.000 0.000000
CAPACITY( A67) 4972.000 0.000000
CAPACITY ( A68) 2771.000 0.000000
CAPACITY( A69) '2324.000 0.000000
CAPACITY ( A70) 7448.000 0.000000
- CAPACITY( A71) 5438.000 0.000000
CAPACITY( A75) 8195.000 - 0.000000
CAPACITY( A78) : 2417.000 0.000000
CAPACITY( AS80) 9259.000 0.000000
CAPACITY( A82) 2552.000 . 0.000000
0.000000

CAPACITY ( A83) 7115.000
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DEMAND ( M1) '340000.0 0.000000
DEMAND( M2) . 9919.000 0.000000
DISTANCE( Al, M1) 220.0000 0.000000
DISTANCE( Al, M2) 0.000000 0.000000
DISTANCE( A3, M1) 100.0000 0.000000
DISTANCE( A3, M2) 0.000000 0.000000
"DISTANCE( A4, M1) 3500.000 ‘0.000000
DISTANCE( A4, M2) - 0.000000 0.000000
DISTANCE( A7, M1) 55.00000 0.000000
DISTANCE( A7, M2) 0.000000 0.000000
DISTANCE( A8, M1) 2118.000 0.000000
DISTANCE( A8, M2) 0.000000 0.000000
DISTANCE( All, M1) 3150.000 0.000000.
DISTANCE( All, M2) 0.000000 © 0.000000
DISTANCE( A13, M1) 6300.000 0.000000
DISTANCE( Al3, M2) 0.000000 - 0.000000
DISTANCE( Ald, M1) "~ 100.0000 0.000000
DISTANCE( Al4, M2) 0.000000 0.000000
DISTANCE( Al5, M1) ' '2850.000 0.000000
DISTANCE ( Al5, M2) ©0.000000 0.000000
DISTANCE( Al6, M1) 2350.000 0.000000
DISTANCE( Al6, M2) 0.000000 0.000000
DISTANCE( Al7, M1) 4100.000 0.000000
"DISTANCE( Al7, M2) - 0.000000 -0.000000
DISTANCE{ Al9, Ml) 100.0000 0.000000
DISTANCE( Al9, M2) 0.000000 0.000000
DISTANCE( A20, M1) 4400.000 ° 0.000000
DISTANCE( A20, M2) . 0.000000 0.000000
DISTANCE( A21, M1) 60.00000 0.000000
DISTANCE( A21, M2) 0.000000 0.000000
DISTANCE( A22, M1) 2100.000 0.000000
DISTANCE( A22, M2) 0.000000 0.000000
 DISTANCE( A24, M1) '1550.000 0.000000
DISTANCE( A24, M2) 0.000000 0.000000
. DISTANCE( A25, M1) 1560.000 0.000000
DISTANCE( A25, M2) 0.000000 0.000000
DISTANCE( A27, M1) 1300.000 0.000000
DISTANCE( A27, M2) 0.000000 0.000000
DISTANCE( A28, M1) 930.0000 0.000000
DISTANCE( A28, M2) . 0.000000 0.000000
DISTANCE( A29, M1) 1600.000 0.000000
DISTANCE( A29, M2) .0.000000 0.000000
DISTANCE( A30, M1) 1000.000 .0.000000
DISTANCE( A30, M2) 0.000000 0.000000
DISTANCE({ A31, M1) 3000.000 0.000000
DISTANCE( A31, M2) .. 0.000000 0.000000
DISTANCE( A38, M1) 1200.000 © 0.000000
DISTANCE( A38, M2) ~ 0.000000 0.000000
DISTANCE (- A39, M1) 1900.000 0.000000
DISTANCE( A39, M2) 0.000000 0.000000
DISTANCE( A41, M1) 50.00000 0.000000
DISTANCE( A41, M2) 0.000000 0.000000°
.DISTANCE( A42, M1) 50.00000 0.000000
DISTANCE( Ad2, M2) 0.000000 0.000000
DISTANCE( A46, M1) 1300.000 0.000000
DISTANCE( A46, M2) 0.000000 0.000000
DISTANCE( A50, M1) ~ 4500.000 0.000000
DISTANCE( A50, M2) 0.000000 0.000000
-DISTANCE( 252, M1) 3300.000 0.000000
DISTANCE( A52, M2) 0.000000 0.000000
DISTANCE( A53, M1) 3500.000 0.000000
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400.0000
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Appendix A Qil Wells Optimisation Model

BARREL( Al6, M1) 6287.000 0.000000
BARREL( Al6, M2) 0.000000 3550.000
" BARREL ( Al7, M1) - " 14606.00. ' 0.000000
BARREL ( Al7, M2) 0.000000 1800.000°
" BARREL ( A19, M1) . 9944.000 0.000000
BARREL ( Al9, M2) 0.000000 - 5800.000°
BARREL( A20, M1) © 8411.000° 0.000000
BARREL( A20, M2)- 0.000000 1500.000
BARREL ( A21, M) . 8646.000 - 0.000000
BARREL( A21, M2) . 0.000000 5840.000
BARREL ( A22, M1) 12263.00 0.000000"
BARREL ( A22, M2) 0.000000 ' 3800.000
BARREL ( A24, M1) 4262.000 0.000000
BARREL ( A24, M2) 0.000000 ‘ 4350.000
BARREL ( A25, M1) 11475.00 0.000000
BARREL ( A25, M2) 0.000000 ° 4340.000
‘BARREL ( A27, M1) 4311.000 0.000000
BARREL( A27, M2) . 0.000000 4600.000
BARREL( A28, M1) 6422.000 0.000000
BARREL ( A28, M2) ©0.000000 4970.000
BARREL ( A29, M1) ~7952.000 0.000000
BARREL ( A29, M2) 0.000000 4300.000
BARREL( A30, M1) 5072.000 , 0.000000
BARREL (. A30, M2) 0.000000 4900000
BARREL( A31, M1) © 6192.000 0.000000
BARREL( A31, M2) 0.000000 : 2900.000
BARREL ( A38, M1) 5020.000 0.000000
BARREL( A38, M2) 0.000000 4700.000
BARREL ( A39, ‘M1) v 2212.000 : 0.000000
BARREL ( A39, M2) © 0.000000 .- 4000.000
BARREL( A41, M1) ~6938.000 -~ 0.000000
BARREL( A41, M2) : 0.000000 5850.000
BARREL( A42, M1) 4109.000 0.000000
BARREL ( A42, M2) 0.000000 5850.000
BARREL ( A46, M1) 3722.000 - 0.000000
BARREL( 246, M2) 0.000000. 4600.000
BARREL( A50, M1) 4374.000 0.000000
BARREL( AS50, M2) 0.000000 1400.000
BARREL ( A52, M1) ©3223.000 0.000000
BARREL( A52, M2) . 0.000000 . 2600.000
BARREL( AS53, M1) © 5492.000 0.000000
BARREL( AS53, M2) 0.000000 - '2400.000
BARREL ( AS54, M1) . 3180.000 , 0.000000
BARREL ( A54, M2) 0.000000 4000.000
BARREL ( A55, M1) 7207.000 0.000000
BARREL( A55, M2) 0.000000 2200.000
BARREL( A56, M1) 3700.000 4 0.000000
BARREL( A56, M2) 0.000000 . 4600.000
BARREL ( A57, M1) . 3696.000 0.000000
BARREL( A57, M2) 0.000000 3900.000
BARREL ( A58, M1) 4205.000 - 0.000000
"BARREL ( A58, M2) 23.00000 0.000000
 BARREL ( A60, M1) 21304.00 0.000000
BARREL ( A60, M2) - 0.000000 ~3900.000
BARREL( A61, M1) 3759.000 0.000000
BARREL ( A61, M2) 0.000000 1400.000
BARREL ( A62, M1) 3784.000 0.000000
BARREL( A62, M2) 0.000000 2900.000
BARREL( A63, ML) . 5642.000 : 0.000000
BARREL ( A63, M2) 0.000000 1900.000
BARREL ( A64, Ml1) © 6510.000 0.000000
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Appendix A Oil Wells Optimisation Model

37 0.000000 3900.000
38 0..000000 ‘ 0.000000
39 0.000000 3900.000
40 0.000000 ~1400.000
41 0.000000 ©2900.000
42 -~ 0.000000 1900.000
43 '0.000000 3700.000
44 0.000000 ©2900.000
45 0.000000 ' 4700.000
46 0.000000 ' 5700.000
47 0.000000 2200.000
48 0.000000 4900.000
49 - 0.000000 1900.000 -
50 0.000000 5000.000
51 0.000000 © 5500.000
52 0.000000 : 2900.000
- 53 0.000000 ©1900.000
.54 0.000000 ° , 1900.000
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Apbendix. B

ARENA Model Logic Diagrams
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- Figure 2 Model Logic of Crude Oil Separation from Stage 1to Stage 2

Separators
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Figure 8 Tank Modules for Separators, Manifold and Storage Tanks
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Appendix B B ____ARENA Model Logic Diagrams

Please select the Utilisation of Separator throughout the production line from the
drag box below A . . :

— Framel - e
Sekparator Utilisation 61% Utilisation j

. Crude Oil Arrival Rate {Barrel/min) before Stage 1 Separators. The arrival rate
varied depending on the number of production line selected.

One Production Line

Two Production Lines

. Three Production Lines

Four Production Lines

Please select the capacity(barrel) of separator according to percentage value by clicking the drag box below, The
capatity ranged from 75% decrement to 75% increment of original capacity

S21 Capacity

7~ Framel P T
Separator Capacity Selection - Original Capacity| :_j
Stage Stage 2
: .
i SP1Capacity SP2 Capacity -
i
A

S11 Capacity

{" S12 Capacity S22 Capacity

i

{~ 513 Capacity 523 Capacity

i

I R : .

s Stage 3 : Stage 4 !

‘ . : ; ?
SP3 Capacity VYSP1 Capacity :

531 Capacity VSP41 Capacity

532 Capacity VSP42 Capacity

VSP43 Capacity

Cancel l

Figure l 1 Interface for Changing the Capacity of the Separators

533 Capacity
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Select Productio

Please specify the production line to be activated.
Enter 1 to-activate production line or O'to stop
production line. , :
A : Lline 1 1
f  le2 !
Lne3 0
Line 4 ol
Next 1 " Cancel

Figure 12 Interface for Selecﬁng'the Production Line

- Configure Water Contents

Please select the percentage of Water Content in Arriving Crude Oil

i
i
|
¥
i
|
i
i

Water Concentration Percéntage

Simulate 1 ) Cancel -

Figure 13Interface for Choosing the Water Contents in Crude Oil -
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Appendix C - ‘ VBA CODE

Coding for Arena Objects
'Declaration ,

Dim m As Arena.Model

Dim s As Arena.SIMAN

Private Sub ModelLogic RunBegin()

'Show Production Line Selection Form
frmConfigSPUtilisation.Show vbModal

End Sub

Private Sub ModelLogic RunBeginSimulation()
Set m = ThisDocument.Model
Set s = m.SIMAN

'Set the PrOJect File Current Dlrectory
ProjectFileDir = Mid(m.FullName, 1, Len(m. FullName) Len(m. Name))

'Show Production Line Selection Form
frimWaterConfiguration.Show vbModal

'Stop Simulation _
If Simulate = False Then
m.End .
Exit Sub
End If

'Open Excel File (XLInput) -

Set XLBook = GetObJ ect(XLInput) ‘
Set XLSheet = XLBook. Worksheets(”Arena Input Data")

'Read the Oil Content Variable from Excel -
varOil1Ratio = s.SymbolNumber("varOil1Ratio")
s.VariableArrayValue(varOillRatio) = XLSheet.Range("B31")

.varOil2Ratio = s,SymbolNumber("varOilZRétio")
s.VariableArrayValue(varOil2Ratio) = XLSheet.Range("B32")
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varOil3Ratio = s.SymbolNumber("varOil3Ratio")
s.VariableArrayValue(varOil3Ratio) = XLSheet.Range("B33")

. varQil4Ratio = s.SymbolNumber("varQil4Ratio")
s.VariableArrayValue(varOil4Ratio) = XLSheet.Range("B34")

'Read the Gas Content Variable from Excel
varGas1Ratio = s.SymbolNumber("varGas1Ratio")
s.VariableArrayValue(varGas1Ratio) = XLSheet. Range("B35")

varGas2Ratio = s.SymbolNumber("varGas2Ratio") ,
s.VariableArrayValue(varGasZRatio) = XLSheet.Range("B36") _

varGas3Ratio =s. SymbolNumber("varGas3Ratlo")
s.VariableArrayValue(varGas3Ratio) = XLSheet. Range("B37")_

varGas4Ratio = s. SymbolNumber("VarGas4Rat10")
. Var1ableArrayValue(varGas4Rat10) XLSheet. Range("B38")

'"Read the Water Content Variable from Excel (No water for Stage 1)
varWater2Ratio = s.SymbolNumber("varWater2Ratio") - :
S. VarlableArrayValue(varWaterZRatlo) XLSheet.Range("B3 9")
varWater3Rat1o =8, SymbolNumber("varWater3Ratlo")
s.VariableArrayValue(varWater3Ratio) = XLSheet.Range("B40")
End Sub
' Private Sub ModelLogic RunEnd()

End Sub
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Coding for Configuring Separator Capacity Interface Form
Private Sub cboAllCapacity;Change() |

Select Case cboAllCapacity.Text -
Case "Original Capacity”
txbSP1.Text = "50000"
txbS11.Text = "50000"
'txbS12.Text = "50000"
txbS13.Text = "50000"

txbSP2.Text = "100000"
txbS21.Text = "100000"
txbS22.Text = "100000"
txbS23.Text = "100000"

txbSP3.Text = "100000"
“txbS31.Text = "100000"
txbS32.Text = "100000"
txbS33.Text = "100000"

txbVSP1.Text = "50000"
txbVSP41.Text = "50000"
txbVSP42.Text = "50000" .
txbVSP43.Text = "50000"

'5% Capacity Increment
Case "Increase 5% Capacity
txbSP1.Text = "52500"
txbS11.Text = "52500"
txbS12.Text = "52500"
txbS13.Text = "52500"

txbSP2.Text = "105000"
txbS21.Text = "105000" -
txbS22.Text = "105000"
txbS23.Text = "105000"

txbSP3.Text = "105000"

txbS31.Text = "105000"
~ txbS32.Text = "105000"

txbS33.Text = "105000"

txbVSP1.Text = "52500"

txbVSP41.Text = "52500"
txbVSP42.Text = "52500"
txbVSP43.Text = "52500"
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- '10% Capacity Increment
Case "Increase 10% Capacity”
txbSP1.Text ="55000"
txbS11.Text = "55000"
txbS12.Text = "55000"
txbS13.Text = "55000"

txbSP2.Text ="110000"
txbS21.Text = "110000"
- txbS22.Text = "110000"
txbS23.Text = "110000"

txbSP3.Text = "110000"
txbS31.Text = "110000"
txbS32.Text = "110000"
txbS33.Text = "110000"

txbVSP1.Text = "55000"

txbVSP41.Text = "55000"
txbVSP42.Text = "55000"
txbVSP43.Text = "55000"

'20% Capacity Increment

Case "Increase 20% Capacity"
txbSP1.Text = "60000"
txbS11.Text = "60000"
txbS12.Text = "60000"
txbS13.Text = "60000"

txbSP2.Text = "125000"
txbS21.Text = "125000"
txbS22.Text = "125000"
txbS23.Text = "125000"

txbSP3.Text = "125000"
txbS31.Text = "125000"
txbS32.Text = "125000"
txbS33.Text = "125000"

txbVSP1.Text = "60000"

txbVSP41.Text = "60000"
txbVSP42.Text = "60000"
txbVSP43.Text = "60000"
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'35% Capacity Increment
Case "Increase 35% Capacity"
txbSP1.Text = "67500"
txbS11.Text = "67500"
txbS12.Text = "67500"
txbS13.Text = "67500"

txbSP2.Text ="135000"
txbS21.Text = "135000"
txbS22.Text = "135000"
txbS23.Text = "135000"

txbSP3.Text = "135000"
txbS31.Text = "135000"
txbS32.Text = "135000"
txbS33.Text ="135000"

txbVSP1.Text = "67500"
txbVSP41.Text ="67500" -
txbVSP42.Text = "67500"
txbVSP43.Text ="67500"

'50% Capacity Increment
Case "Increase 50% Capacity
txbSP1.Text = "75000"
- txbS11.Text ="75000"
txbS12.Text = "75000"
txbS13.Text = "75000"

"

txbSP2.Text = "150000"
txbS21.Text ="150000"
txbS22.Text = "150000"
txbS23.Text = "150000"

txbSP3.Text = "150000"

txbS31.Text = "150000" .
" txbS32.Text = "150000"

txbS33.Text = "150000"

txbVSP1.Text = "75000"
txbVSP41.Text = "75000"
- txbVSP42.Text = "75000"
txbVSP43.Text = "75000"
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'75% Capacity Increment
Case "Increase 75% Capacity"
txbSP1.Text = "87500"
txbS11.Text = "87500"
txbS12.Text = "87500"
txbS13.Text = "87500"

txbSP2.Text ="175000"
txbS21.Text = "175000"
txbS22.Text = "175000"
txbS23.Text ="175000"

txbSP3.Text = "175000"
txbS31.Text = "175000"
txbS32.Text = "175000"
txbS33.Text = "175000"

txbVSP1.Text = "87500"

txbVSP41.Text ="87500"
txbVSP42.Text = "87500"
txbVSP43.Text = "87500"

'Capacity Reduction
'5% Capacity Reduction
Case "Reduce 5% Capacity"
txbSP1.Text = "47500"
txbS11.Text = "47500"
txbS12.Text = "47500"
txbS13.Text = "47500"

txbSP2.Text = "95000"
txbS21.Text = "95000"
txbS22.Text = "95000"
txbS23.Text = "95000"

txbSP3.Text = "95000"
“txbS31.Text = "95000"
txbS32.Text = "95000"
txbS33.Text = "95000"

txbVSP1.Text = "47500"
txbVSP41.Text = "47500"
txbVSP42.Text = "47500"
txbVSP43.Text = "47500"
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'10% Capacity Reduction
Case "Reduce 10% Capacity"
txbSP1.Text = "45000"
txbS11.Text ="45000"
txbS12.Text = "45000"
txbS13.Text = "45000"

txbSP2.Text = "90000"
txbS21.Text = "90000"
txbS22.Text = "90000"
txbS23.Text = "90000"

txbSP3.Text = "90000"
txbS31.Text = "90000"
txbS32.Text = "90000"
- txbS33.Text = "90000"

txbVSP1.Text = "45000"

txbVSP41.Text = "45000"
txbVSP42.Text = "45000"
txbVSP43.Text = "45000"

'20% Capacity Reduction
Case "Reduce 20% Capacity"
txbSP1.Text = "40000"
- txbS11.Text = "40000"
txbS12.Text = "40000"
txbS13.Text = "40000"

txbSP2.Text = "80000"
txbS21.Text = "80000"
txbS22.Text = "80000"
~ txbS23.Text = "80000"

txbSP3.Text = "80000"
txbS31.Text = "80000"
txbS32.Text = "80000"
txbS33.Text = "80000"

txbVSP1.Text = "40000"
txbVSP41.Text = "40000"
txbVSP42.Text = "40000"
txbVSP43.Text = "40000"
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'35% Capacity Reduction
Case "Reduce 35% Capacity" -
- txbSP1.Text = "32500"
txbS11.Text = "32500"
txbS12.Text = "32500"
txbS13.Text = "32500"

txbSP2.Text = "65000"
txbS21.Text = "65000"
txbS22.Text = "65000"

. txbS23.Text = "65000" -

txbSP3.Text = "65000"

~ txbS31.Text ="65000"
“txbS32.Text = "65000"
txbS33.Text = "65000"

- txbVSP1.Text = "32500"
txbVSP41.Text = "32500"
txbVSP42.Text = "32500"

- txbVSP43.Text = "32500"

~'50% Capacity Reduction
. Case "Reduce 50% Capacity"

' txbSP1.Text = "25000"
txbS11.Text = "25000"
txbS12.Text = "25000"
txbS13.Text = "25000"
txbSP2.Text = "50000"
txbS21.Text = "50000"
txbS22.Text = "50000"
txbS23.Text = "50000"

~ txbSP3.Text = "50000"
txbS31.Text = "50000"
txbS32.Text = "50000"
txbS33.Text = "50000"

txbVSP1.Text = "25000"

txbVSP41.Text = "25000"
txbVSP42.Text = "25000"
txbVSP43.Text = "25000"
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'75% Capacity Reduction
Case "Reduce 75% Capacity"
txbSP1.Text = "12500"
txbS11.Text = "12500" .
txbS12.Text = "12500"
txbS13.Text ="12500"

txbSP2.Text = "25000"
txbS21.Text = "25000"
txbS22.Text = "25000"
txbS23.Text = "25000"

txbSP3.Text = "25000"
txbS31.Text = "25000"
txbS32.Text = "25000"
- txbS33.Text = "25000"

txbVSP1.Text = "12500"
txbVSP41.Text ="12500"
txbVSP42.Text ="12500"
- txbVSP43.Text = "12500"
End Select
End Sub
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Private Sub cdeancélZ;Click()

Simulate = False
Unload frmConfigSPCap

Set m = ThisDocument.Model
Set s = m.SIMAN '

'End the model run.
m.End

© End Sub

Private Sub cmdNext_Click()

'Apply Capacity Data or Set Method for Property Construction

Dim mdl As Arena.module
Dim mdls As Arena.modules

~ Set mdls = ActiveModel.modules

'SP1

Set mdl = mdls(mdls.Find(smFindTag, "SP1"))  'find SP1 Tank Module

Select Case cboAllCapacity. Text
Case "Orignal Capacity"
mdl.Data("Capacity") = 1
Case "Increase 5% Capacity"
mdl.Data("Capacity") = 2
Case "Increase 10% Capacity
mdl.Data("Capacity") = 3
Case "Increase 20% Capacity"
. mdl.Data("Capacity") = 4
Case "Increase 35% Capacity"
mdl.Data("Capacity") = 5
Case "Increase 50% Capacity"
mdl.Data("Capacity") = 6
Case "Increase 75% Capacity"
- mdl.Data("Capacity") =7
End Select

n

Set mdl = mdls(mdls.Find(smFindTag, "SP1")) -
mdl.Data("Capacity") = txbSP1.Text
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'S11 - : ’ .
* Set mdl = mdls(mdls.Find(smFindTag, "S11"))  'find module
Select Case cboAllCapacity. Text .
~ Case "Orignal Capacity"
mdl.Data("Capacity") = 1
Case "Increase 5% Capacity”
mdl.Data("Capacity") = 2
Case "Increase 10% Capacity"
mdl.Data("Capacity") =3 .
Case "Increase 20% Capacity" -
mdl.Data("Capacity") = 4
Case "Increase 35% Capacity"
mdl.Data("Capacity") = 5
Case "Increase 50% Capacity"
mdl.Data("Capacity") =6
Case "Increase 75% Capacity"
~ mdl.Data("Capacity") =7
End Select o

* Set mdl = mdls(mdls.Find(smFindTag, "S11 ")
mdl.Data("Capacity") = txbS11.Text .

'S12 ' ' '
~ Set mdl = mdls(mdls.Find(smFindTag, "S12"))  'find module
Select Case cboAllCapacity. Text '
Case "Orignal Capacity"
~mdl.Data("Capacity") =1
Case "Increase 5% Capacity"
mdl.Data("Capacity") =2
Case "Increase 10% Capacity"
mdl.Data("Capacity") = 3
Case "Increase 20% Capacity"
mdl.Data("Capacity") = 4
Case "Increase 35% Capacity
mdl.Data("Capacity") = 5
Case "Increase 50% Capacity
mdl.Data("Capacity") = 6
- Case "Increase 75% Capacity"
mdl.Data("Capacity") =7
End Select

Set mdl = mdls(mdls.Find(smFindTag, "S12"))
mdl.Data("Capacity") = txbS12.Text
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'S13 ‘ -
Set-mdl = mdls(mdls.Find(smFindTag, "S13")) " 'find module
Select Case cboAllCapacity. Text '
Case "Orignal Capacity"
‘mdl.Data("Capacity") =1
- Case "Increase 5% Capacity"
mdl.Data("Capacity") = 2
Case "Increase 10% Capacity"
mdl.Data("Capacity") = 3
Case "Increase 20% Capacity
- mdl.Data("Capacity") = 4
Case "Increase 35% Capacity"
mdl.Data("Capacity") = 5
Case "Increase 50% Capacity"
mdl.Data("Capacity") = 6
Case "Increase 75% Capacity"
mdl.Data("Capacity") =7
End Select

- Set mdl = mdls(mdls.Find(smFindTag, "S13"))
mdl.Data("Capacity") = txbS13.Text

'SP2 :
Set mdl = mdls(mdls.Find(smFindTag, "SP2")) 'find module
Select Case cboAllCapacity. Text
Case "Orignal Capacity"
mdl.Data("Capacity") = 1
Case "Increase 5% Capacity"
mdl.Data("Capacity") =2
Case "Increase 10% Capacity
mdl.Data("Capacity") = 3
Case "Increase 20% Capacity"
mdl.Data("Capacity") =4 .
Case "Increase 35% Capacity
mdl.Data("Capacity") = 5
Case "Increase 50% Capacity
mdl.Data("Capacity") = 6
Case "Increase 75% Capacity"
mdl.Data("Capacity") = 7
- End Select

"

Set mdl = mdls(mdls.Find(smFindTag, "SP2"))
-mdl.Data("Capacity") = txbSP2.Text
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'S21 :
Set mdl = mdls(mdls.Find(smFindTag, "S21")) 'find module
Select Case cboAllCapacity. Text ' :
Case "Orignal Capacity".
mdl.Data("Capacity") = 1
‘Case "Increase 5% Capacity"
mdl.Data("Capacity") = 2
Case "Increase 10% Capacity
mdl.Data("Capacity") = 3
Case "Increase 20% Capacity
mdl.Data("Capacity") = 4
Case "Increase 35% Capacity
mdl.Data("Capacity") = 5
Case "Increase 50% Capacity"
mdl.Data("Capacity") = 6
Case "Increase 75% Capacity"
mdl.Data("Capacity") = 7
End Select ’

n
"

"

Set mdl = mdls(mdls.Find(smFindTag, "S21"))
mdl.Data("Capacity") = txbS21.Text

'S22
Set mdl = mdls(mdls.Find(smFindTag, "S22")) 'find module
Select Case cboAllCapacity. Text
Case "Orignal Capacity"
mdl.Data("Capacity") = 1
Case "Increase 5% Capacity"
mdl.Data("Capacity") = 2
Case "Increase 10% Capacity
- .mdl.Data("Capacity") = 3
Case "Increase 20% Capacity"
mdl.Data("Capacity") = 4
Case "Increase 35% Capacity"
mdl.Data("Capacity") = 5
Case "Increase 50% Capacity"
mdl.Data("Capacity") = 6
Case "Increase 75% Capacity”
- mdl.Data("Capacity") = 7
End Select

"

Set mdl = mdls(mdls.Find(smFindTag, "S22"))
mdl.Data("Capacity") = txbS22.Text

222




VBA CODE

Appendix C
'S23

Select Case cboAllCapacity. Text
Case "Orignal Capacity"
mdl.Data("Capacity") = 1
Case "Increase 5% Capacity"
mdl.Data("Capacity") =2 -
* Case "Increase 10% Capacity"
- mdlData("Capacity") = 3
.Case "Increase 20% Capacity"
mdl.Data("Capacity") = 4
Case "Increase 35% Capacity"
- mdl.Data("Capacity") = 5
‘Case "Increase 50% Capacity"
mdl.Data("Capacity") =6
Case "Increase 75% Capacity"
mdl].Data("Capacity") = 7
End Select

Set mdl = mdls(mdls.Find(smFindTag, "S23"))

mdl.Data("Capacity") = txbS23.Text

'SP3

Set mdl = mdls(mdls.Find(smFindTag, "SP3"))

Select Case cboAllCapacity.Text
Case "Orignal Capacity"
mdl.Data("Capacity") = 1
- Case "Increase 5% Capacity"
mdl.Data("Capacity") = 2
Case "Increase 10% Capacity
-mdl.Data("Capacity") = 3
- Case "Increase 20% Capacity"
mdl.Data("Capacity”) = 4
Case "Increase 35% Capacity"
mdl.Data("Capacity") = 5
Case "Increase 50% Capacity"
mdl.Data("Capacity") = 6
Case "Increase 75% Capacity"
mdl.Data("Capacity") =7
End Select

"

 Set mdl = mdls(mdls.Find(smFindTag, "SP3"))

md].Data("Capacity") = txbSP3.Text
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1931 o .
Set mdl = mdls(mdls.Find(smFindTag, "S31")) 'find module
Select Case cboAllCapacity. Text '
- Case "Orignal Capacity"
mdl.Data("Capacity") = 1
~ Case "Increase 5% Capacity"
mdl.Data("Capacity") = 2
“Case "Increase 10% Capacity
mdl.Data("Capacity") = 3
Case "Increase 20% Capacity"
mdl.Data("Capacity") = 4
Case "Increase 35% Capacity"
mdl.Data("Capacity") =5
Case "Increase 50% Capacity"
mdl.Data("Capacity") =6 -
Case "Increase 75% Capacity"
mdl.Data("Capacity") =7
End Select

Set mdl = mdls(mdls.Find(smFindTag, "S31"))
mdl.Data("Capacity") = txbS31.Text

'S32 '
Set mdl = mdls(mdls.Find(smFindTag, "S32")) 'find module
Select Case cboAllCapacity. Text .
Case "Orignal Capacity"
mdl.Data("Capacity") =1
Case "Increase 5% Capacity"
mdl.Data("Capacity") = 2
Case "Increase 10% Capacity
- mdl.Data("Capacity") = 3
Case "Increase 20% Capacity
mdl.Data("Capacity") = 4
Case "Increase 35% Capacity
mdl.Data("Capacity") = 5
Case "Increase 50% Capacity
~mdl.Data("Capacity") = 6
Case "Increase 75% Capacity"
mdl.Data("Capacity") =7
End Select

"
"
1"

- Set mdl = mdls(mdls.Find(smFindTag, "S32"))
mdl.Data("Capacity") = txbS32.Text
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'S33
Set mdl = mdls(mdls.Find(smFindTag, "S33"))
Select Case cboAllCapacity.Text
Case "Orignal Capacity"
mdl.Data("Capacity") = 1
Case "Increase 5% Capacity"
mdl.Data("Capacity") = 2
Case "Increase 10% Capacity
mdl.Data("Capacity") =3
Case "Increase 20% Capacity"
~mdl.Data("Capacity") = 4
- Case "Increase 35% Capacity"
mdl.Data("Capacity") = 5
Case "Increase 50% Capacity"
mdl.Data("Capacity") = 6
Case "Increase 75% Capacity"
mdl.Data("Capacity") =7 -
End Select ‘

Set mdl = mdls(mdls.Find(smFindTag, "S33"))
mdl.Data("Capacity") = txbS33.Text

'"VSP1 _
Set mdl = mdls(mdls.Find(smFindTag, "VSP1"))
. Select Case cboAllCapacity.Text
Case "Orignal Capacity"
mdl.Data("Capacity") = 1
Case "Increase 5% Capacity"
mdl.Data("Capacity") = 2
Case "Increase 10% Capacity"
mdl.Data("Capacity") = 3
Case "Increase 20% Capacity"
mdl.Data("Capacity") = 4
Case "Increase 35% Capacity"
.mdl.Data("Capacity") = 5
Case "Increase 50% Capacity
mdl.Data("Capacity") = 6
Case "Increase 75% Capacity”
mdl.Data("Capacity") =7
End Select

i

Set mdl = mdls(mdls.Find(smFindTag, "VSP1"))
mdl.Data("Capacity") = txbVSP1.Text -
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'VSP41 o : :
Set mdl = mdls(mdls.Find(smFindTag, "VSP41"))
Select Case cboAllCapacity. Text

Case "Orignal Capacity"
mdl.Data("Capacity") = 1
Case "Increase 5% Capacity"
mdl.Data("Capacity") = 2
Case "Increase 10% Capacity
mdl.Data("Capacity") = 3
Case "Increase 20% Capacity"
- mdl.Data("Capacity") =4
Case "Increase 35% Capacity"
mdl.Data("Capacity") = 5
Case "Increase 50% Capacity"
mdl.Data("Capacity") = 6
Case "Increase 75% Capacity"
~ mdl.Data("Capacity") = 7
End Select

Set mdl = mdls(mdls.Find(smFindTag, "VSP41"))
mdl.Data("Capacity") = txbVSP41.Text

'VSP42 , ¥ o
Set mdl = mdls(mdls.Find(smFindTag, "VSP42"))
Select Case cboAllCapacity. Text
Case "Orignal Capacity"
mdl.Data("Capacity") = 1
Case "Increase 5% Capacity"
mdl.Data("Capacity") =2
Case "Increase 10% Capacity
mdl.Data("Capacity") =3
Case "Increase 20% Capacity"
mdl.Data("Capacity") = 4
Case "Increase 35% Capacity"
mdl.Data("Capacity") =5
Case "Increase 50% Capacity"
~ mdl.Data("Capacity") =6
Case "Increase 75% Capacity"
mdl.Data("Capacity") =7
End Select

Set mdl = mdls(mdls.Find(smFindTag, "VSP42"))
mdl.Data("Capacity") = txbVSP42.Text
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'VSP43 : : ‘

Set mdl = mdls(mdls.Find(smFindTag, "VSP43"))  ‘find module
Select Case cboAllCapacity. Text '
Case "Orignal Capacity"

mdl.Data("Capacity") =1
Case "Increase 5% Capacity"
mdl.Data("Capacity") = 2
Case "Increase 10% Capacity
- mdl.Data("Capacity") =3
Case "Increase 20% Capacity"
mdl.Data("Capacity") = 4
Case "Increase 35% Capacity
mdl.Data("Capacity") =5
- Case "Increase 50% Capacity
mdl.Data("Capacity") = 6
Case "Increase 75% Capacity"
mdl.Data("Capacity") =7
End Select '

"

"

- Set mdl = mdls(mdls.Find(smFindTag, "VSP43"))
mdl.Data("Capacity") = txbVSP43.Text
Simulate = False

'Unload the form
Unload frmConfigSPCap

"Load Production Line Form
frmProdLine.Show vbModal

End Sub

Private Sub UserForm_Initialize()
On Error GoTo ErrorOccurred
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'‘Setup Combo-box Lists
cboAllCapacity.AddItem "Original Capa(:lty”
cboAllCapacity.AddItem "Increase 5% Capacity"

~ cboAllCapacity.AddItem "Increase 10% Capacity"

cboAllCapacity.AddItem "Increase 20% Capacity"
~ cboAllCapacity.AddItem "Increase 35% Capacity”
cboAllCapacity. AddItem "Increase 50% Capacity"
cboAllCapacity.AddItem "Increase 75% Capacity"
cboAllCapacity.AddItem "Reduce 5% Capacity"
cboAllCapacity.AddItem "Reduce 10% Capacity"
cboAllCapacity.AddItem "Reduce 20% Capacity"
cboAllCapacity. AddItem "Reduce 35% Capacity"
cboAllCapacity.AddItem "Reduce 50% Capacity"
cboAllCapacity.AddItem "Reduce 75% Capacity"

'Apply Capacity Data

Dim mdl As Arena.module

Dim mdls As Arena.modules

Set mdls = ActiveModel.modules

'SP1

Set mdl = mdls(mdls.Find(smFindTag, "SP1"))

Select Case mdl.Data("Capacity")
Case 1 '
cboAllCapacity.Text = "Original Capacity"
Case 2

cboAllCapacity.Text = "Increase 5% Capacity"

Case 3

cboAllCapacity. Text = "Increase 10% Capacity"

Case 4

'find module

cboAllCapacity. Text = "Increase 20% Capacity"

Case 5

cboA]lCapacxty Text = "Increase 35% Capacity'

_ Case 6

cboAllCapacity.Text = "Increase 50% Capacity"

Case 7

1

cboAllCapacity. Text = "Increase 75% Capacny »

End Select

Set mdl = mdls(mdls.Find(smFindTag, "SP1"))
mdl.Data("Capacity") = txbSP1.Text
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S11
Set mdl = mdls(mdls Flnd(smFdeag, "S11 ")) 'find module
Select Case mdl.Data("Capacity")

Case 1
cboAllCapacity. Text = "Original Capacity"
Case 2
cboAllCapacity. Text = "Increase 5% Capac1ty
Case 3 7
cboAllCapacity.Text = "Increase 10% Capacity"
Case 4
cboAllCapacity. Text = "Increase 20% Capa01ty
Case 5
cboAllCapa01ty Text = "Increase 35% Capacity"
Case 6
cboAllCapacity. Text = "Increase 50% Capacity"
-Case7
~ cboAllCapacity.Text = "Increase 75% Capamty
End Select A

Set mdl = mdls(fndls.Find(smF_indTag, "S11M)
mdl.Data("Capacity") = txbS11.Text

'S12 o : _
Set mdl = mdls(mdls.Find(smFindTag, "S12")) 'find module
Select Case mdl.Data("Capacity") '

Case 1
cboAllCapa01ty Text = "Original Capa01ty
Case 2
cboAllCapacity.Text = "Increase 5% Capacity"

" Case 3 ,
cboAllCapa01ty Text = "Increase 10% Capacity"

- Case 4
cboAllCapacity.Text = "Increase 20% Capacity"
Case5 -
cboAllCapacity.Text = "Increase 35% Capacuy"
Case 6
cboAllCapacity.Text = "Increase 50% Capacity"
Case 7
cboAllCapacuy.Text = "Increase 75% Capacity"

End Select

Set mdl = mdls(mdls.Find(smFindTag, "S12"))
mdl.Data("Capacity") = txbS12.Text
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'S13 :
Set mdl = mdls(mdls.Find(smFindTag, "SlS")) 'find module
Select Case mdl.Data("Capacity")
Case 1 '
-~ cboAllCapacity.Text = "Original Capac1ty"
- Case 2
cboAllCapacity. Text = "Increase 5% Capamty
Case 3
-cboAllCapacity. Text = "Increase 10% Capac1ty
Case 4 .
cboAllCapacity.Text = "Increase 20% Capacity"
Case 5
cboAllCapacity.Text = "Increase 35% Capacity
Case 6
. cboAllCapacity.Text = "Increase 50% Capacity"
Case 7
cboAllCapacity. Text = "Increase 75% Capacity" -
End Select

1

1" .

Set mdl = mdls(mdls.Find(smFindTag, "S13"))
mdl.Data("Capacity") = txbS13.Text

'SP2
Set mdl = mdls(mdls.Find(smFindTag, "SP2"))  'find module
Select Case mdl.Data("Capacity")
Case 1
cboAllCapacity. Text = "Original Capacity"
Case 2
. cboAllCapacity.Text = "Increase 5% Capacity"
" Case 3
cboAllCapacity. Text = "Increase 10% Capacity"
Case 4 .
cboAl]Capacxty Text = "Increase 20% Capacity
Case 5
cboAllCapacity. Text = "Increase 35% Capa01ty
Case 6
cboAllCapacity.Text = "Increase 50% Capa01ty
Case 7
cboAllCapacity.Text = "Increase 75% Capamty
End Select

"

Set mdl = mdls(mdls.Find(smFindTag, "SP2"))
mdl.Data("Capacity") = txbSP2.Text
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'S21 ’ ' '
Set mdl = mdls(mdls.Find(smFindTag, "S21"))  'find module
Select Case mdl.Data("Capacity") '

Case 1 _

cboAllCapacity.Text = "Original Capacity"

Case 2 _ '

cboAllCapacity.Text = "Increase 5% Capacity"

Case3

cboAllCapacity.Text = "Increase 10% Capacity"

Case 4

cboAllCapacity.Text = "Increase 20% Capacity"

Case 5 -

cboAllCapacity.Text = "Increase 35% Capacity”

Case6

cboAllCapacity.Text = "Increase 50% Capacity"

Case 7 '

cboAllCapacity. Text = "Increase 75% Capacity"
. End Select - o

Set mdl = mdls(mdls.Find(smFindTag, "S21"))
mdl.Data("Capacity") = txbS21.Text
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'S22 o
Set mdl = mdls(mdls.Find(smFindTag, "S22")) 'find module
Select Case mdl. Data("Capacrty") ‘

Case 1

cboAllCapacity. Text = "Orlglnal Capacity"

Case 2

cboAllCapacity.Text = "Increase 5% Capacity"

Case 3

“cboAllCapacity.Text = "Increase 10% Capacity"

Case 4 '

cboAllCapacity.Text = "Increase 20% Capa01ty

Case 5

cboAllCapacity. Text = "Increase 35% Capacity"

Case 6

cboAllCapacity.Text = "Increase 50% Capacity"

Case 7 ’

cboAllCapacity.Text = "Increase 75% Capacity"”
End Select

"o

Set mdl = mdls(mdls.Find(smFindTag, "S22"))
mdl.Data("Capacity") = txbS22.Text

'S23 ,
Set mdl = mdls(mdls.Find(smFindTag, "S23")) 'find module
Select Case mdl.Data("Capacity") '
Case 1
- cboAllCapacity.Text = "Original Capacity"
Case 2
cboAllCapacity. Text = "Increase 5% Capacrty
Case3
- cboAllCapacity. Text = - "Increase 10% Capa01ty
Case 4
cboAllCapacity.Text = "Increase 20% Capacity"
Case 5
cboAllCapacity.Text = "Increase 35% Capacrty
Case 6
' cboAllCapac1ty Text = "Increase 50% Capamty
Case 7 :
cboAllCapac1ty.Text = "Increase 75% Capacity"
End Select :

"

"

1

Set mdl = mdls(mdls Fmd(smFdeag, "823"))
mdl. Data("Capacrty") = txbS23.Text «
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'SP3 . ’ :
.Set mdl = mdls(mdls Fmd(smFlndTag, "SP3 M) 'find module
Select Case mdl.Data("Capacity")
Case 1
cboAllCapacity.Text = "Original Capacity"
Case2 .
cboAllCapacity.Text = "Increase 5% Capacity"
Case3 -
cboAllCapa01ty Text = "Increase 10% Capa01ty
Case 4
cboAllCapacity.Text = "Increase 20% Capacity
Case S '
cboAllCapacity.Text = "Increase 35% Capacity"
Case 6
cboAllCapacity. Text = "Increase 50% Capa01ty"
Case 7
cboAllCapacity.Text = "Increase 75% Capacity"
End Select

1

Set mdl = mdls(mdls.Find(smFindTag, "SP3"))
mdl:Data("Capacity") = txbSP3.Text

'S31
‘Set mdl = mdls(mdls.Find(smFindTag, "S31"))  'find module
Select Case mdl.Data("Capacity") '
Case 1 .
cboAllCapacity.Text = "Original Capacity"
Case 2 '
cboAllCapacity.Text = "Increase 5% Capacity"
Case 3 ‘ '
cboAllCapacity.Text = "Increase 10% Capacnty
Case 4
cboAllCapa01ty Text = "Increase 20% Capac1ty
Case 5
cboAllCapacity. Text = "Increase 35% Capacity"
Case 6
cboAllCapacity.Text = "Increase 50% Capacity”
Case 7
cboAllCapacity. Text = "Increase 75% Capac1ty
End Select:

"

Set mdl = mdls(mdls.Find(smFindTag, "S31"))
mdl.Data("Capacity") = txbS31.Text
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'S32 . o
Set mdl = mdls(mdls.Find(smFindTag, "S32")) 'find module
Select Case mdl.Data("Capacity") ' '
Case 1
cboAllCapacity.Text = "Original Capacity"
Case 2 ’
cboAllCapacity.Text = "Increase 5% Capacity"
Case 3
cboAllCapacity.Text = "Increase 10% Capacity"
- Case 4

cboAllCapacity.Text = "Increase 20% Capacity"
Case 5 :
cboAllCapacity. Text = "Increase 35% Capacrty"
Case 6.
cboAllCapacity.Text = "Increase 50% Capacity"
Case 7
cboAllCapacity. Text = "Increase 75% Capacity"

~ End Select .

Set mdl = mdls(mdls.Find(smFindTag, "S32"))
mdl.Data("Capacity") = txbS32.Text

'S33

Set mdl = mdls(mdls.Find(smFindTag, "S33"))  'find module

Select Case mdl. Data("Capac1ty")
Case 1
cboAllCapacity. Text = "Original Capacity"
Case 2
cboAllCapacity.Text = "Increase 5% Capacity"
Case 3
cboAllCapacity. Text "Increase 10% Capacity"
Case 4 '
cboAllCapacity. Text = "Increase 20% Capacity"
Case 5 :
cboAllCapacity. Text = "Increase 35% Capamty"
Case 6
cboAllCapacity.Text = "Increase 50% Capacity"
Case 7
.cboAllCapacity.Text = "Increase 75% Capacity"
End Select ‘ .

 Set mdl = mdls(mdls.Find(smFindTag, "S33"))
mdl.Data("Capacity") = txbS33.Text.

234




Appendix C

VBA CODE

'VSP1

Set mdl = mdls(mdls.F 1nd(smF1ndTag, "VSP1 "))

Select Case mdl.Data("Capacity")
Case 1

- cboAllCapacity.Text = "Original Capacity"

Case 2 ’
cboAllCapacity.Text = "Increase 5% Capamty"
Case 3
cboAllCapacity.Text = "Increase 10% Capa01ty
Case 4
cboAllCapacity. Text = "Increase 20% Capacity"
Case 5

'find module

cboAllCapacity.Text = "Increase 35% Capacity"

Case 6

cboAllCapacity.Text = "Increase 50% Capacity"

Case 7

cboAllCapacity.Text = "Increase 75% Capacity"
End Select '

Set mdl = mdls(mdls.Find(smFindTag, "VSP1"))
- mdl.Data("Capacity") = txbVSP1.Text

'VSP41 v ' :
Set mdl = mdls(mdls.Find(smFindTag, "VSP41"))
Select Case mdl.Data("Capacity")

Case 1

cboAllCapacity.Text = "Orlgmal Capacity"

Case 2

cboAllCapacity. Text = "Increase 5% Capacity"

Case 3

cboAllCapacity. Text = "Increase 10% Capacity"

Case 4

cboA]lCapacuy Text = "Inerease 20% Capacity"

Case 5

cboAllCapacity.Text = "Increase 35% Capacity

Case 6 '

cboAllCapacity.Text = "Increase 50% Capacity

Case 7

cboAllCapacity.Text = "Increase 75% Capa01ty
End Select

"

1"

~ Setmdl= mdls(mdls Fmd(smFdeag, "VSP41"))
- mdl.Data("Capacity") = txbVSP41.Text
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'VSP42 . _ ' _
Set mdl = mdls(mdls.Find(smFindTag, "VSP42")) 'find module
Select Case mdl. Data("Capa01ty")

Case 1
cboAllCapacity.Text = "Original Capacity"
- Case 2.
cboAllCapacity.Text = "Increase 5% Capa01ty
Case 3
: cboAIlCapa(:lty.Text = "Increase 10% Capamty"
Case 4
cboAllCapacity. Text "Increase 20% Capacity"
Case 5 ' ,
cboAllCapacity. Text = "Increase 35% Capacity"
Case 6
cboAllCapacity.Text = "Increase 50% Capacity'.’
Case 7
cboAllCapacity. Text = "Increase 75% Capa01ty
End Select

Set mdl = mdls(mdls.Find(smFindTag, "VSP42"))
mdl.Data("Capacity") = txbVSP42.Text

'VSP43 o :
Set mdl = mdls(mdls.Find(smFindTag, "VSP43")) 'find module -
Select Case mdl. Data("Capa01ty")

Case 1 '

cboAllCapacity. Text = "Orlglnal Capacity"

Case 2

cboAllCapacity.Text = "Increase 5% Capacity"

Case 3

cboAllCapacity.Text = "Increase 10% Capacity"

Case 4 ,

cboAllCapamty.Text = "Increase 20% Capacity"

Case 5 '

cboAllCapacity. Text = "Increase 35% Capacity"

Case 6 ,

cboAllCapacity. Text = "Increase 50% Capacity"

Case 7

cboAllCapacity. Text = "Increase 75% Capacity"
End Select A

" Set mdl = mdls(mdls.Find(smFindTag, "VSP43"))
mdl.Data("Capacity") = txbVSP43.Text
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ErrorOccurred:
- 'Initialise to defaults
cboAllCapacity.Text = "Original Capacity"
txbSP1.Text = "50000"
txbS11.Text = "50000"
txbS12.Text = "50000"
txbS13.Text = "50000"

txbSP2.Text = "100000"
txbS21.Text = "100000"
txbS22.Text = "100000"
txbS23.Text = "100000"

txbSP3.Text = "100000"
txbS31.Text = "100000"
txbS32.Text ="100000"
txbS33.Text = "100000"

txbVSP1.Text ="50000"
txbVSP41.Text = "50000"
txbVSP42.Text = "50000"
txbVSP43.Text = "50000" -

Err.Clear
End Sub
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Coding for Configuring Separator Utilisation Interface Form

Private Sub cboSPUtilisation Change()

Select Case cboSPUtilisation. Text
'55% SP Utilisation
Case "55% Utilisation" _
txbOneLine.Text = "5433.62"
txbTwoLines. Text = "5433.62"
txbThreeLines. Text = "5433.62"
txbFourLines. Text = "5433.62"

- '57% SP Utilisation
Case "57% Utilisation" :
txbOneLine. Text = "7244.82"
txbTwoLines. Text = "7244.82"
txbThreeLines. Text = "7244.82"
txbFourLines.Text = "7244.82"

'61% SP Utilisation

Case "61% Utilisation"
txbOneLine. Text = "10867.24"
txbTwoLines.Text = "10867.24"
txbThreeLines.Text = "10867.24"
‘txbFourLines.Text = "10867.24"

"72% SP Utilisation

Case "72% Utilisation"
txbOneLine. Text = "21734.47"
txbTwoLines.Text = "21734.47"
txbThreeLines. Text = "21734.47"
txbFourLines. Text ="21734.47"

End Sélect
End Sub

Privaté Sub cmdCancel3_Click()
Simulate = False
Unload frmConfigSPUtilisation

Set m = ThisDocument.Model
Sets= m.SIMAN

'End the modél run.

m.End
End Sub
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Private Sub cmdNext_Click()

'Apply Capacity Data or Set Method for Property Construction
Dim mdl As Arena.module '

Dim mdls As Arena.modules

Set mdls = ActiveModel.modules

'Stage1RegRate }

Set mdl = mdls(mdls.Find(smFindTag, "StagelRegRate")) 'find Stage 1 Input
Rate Module v e

Select Case cboSPUtilisation. Text .

Case "55% Utilisation"
mdl.Data("Initial Value(1)") =1
mdl.Data("Initial Value(2)") =2
mdl.Data("Initial Value(3)") =3
‘mdl.Data("Initial Value(4)") =4

Case "57% Utilisation" '
mdl.Data("Initial Value(1)")=15
mdl.Data("Initial Value(2)") = 6
mdl.Data("Initial Value(3)")=7 -
mdl.Data("Initial Value(4)") = 8

Case "61% Utilisation"
mdl.Data("Initial Value(1)")=9
mdl.Data("Initial Value(2)") =10
mdl.Data("Initial Value(3)") =11
mdl.Data("Initial Value(4)") =12

Case "72% Utilisation"
mdl.Data("Initial Value(1)") =13
mdl.Data("Initial Value(2)") = 14
mdl.Data("Initial Value(3)") =15
mdl.Data("Initial Value(4)") = 16

End Select '

Set mdl = mdls(mdls.Find(smFindTag, "Stagel RegRate"))
mdl.Data("Initial Value(1)") = txbOneLine. Text
mdl.Data("Initial Value(2)") = txbTwoLines.Text
mdl.Data("Initial Value(3)") = txbThreeLines.Text

- mdl.Data("Initial Value(4)") = txbFourLines.Text

.Simulate’= False

'Unload the form

Unload frmConfigSPUtilisation

'Show Production Line Sele‘ctio_ri Form

frmConfigSPCap.Show vbModal
End Sub
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Private Sub UserForm_Initialize()
'On Error GoTo ErrorOccurred

'Setup Combo-box Lists

cboSPUtilisation.AddItem "55% Utilisation"
cboSPUtilisation. AddItem "57% Utilisation”
cboSPUtilisation. AddItem "61% Utilisation"
cboSPUtilisation.AddItem "72% Utilisation"

'Apply Capacity Data
Dim mdl As Arena.module
Dim mdls As Arena.modules
Set mdls = ActiveModel.modules

'Initial Value (1)
Set mdl = mdls(mdls.Find(smFindTag, "StagelRegRate"))
Regulator Rate variable

Select Case mdl.Data("Initial Value(1)")
Case 1 ‘
cboSPUtilisation.Text = "55% Utilisation"
Case 5
cboSPUtilisation. Text = "57% Utlhsatlon
Case 9
cboSPUtilisation.Text = "61% Utilisation"
Case 13

- cboSPUltilisation. Text = "72% Utilisation"

End Select

Set mdl = mdls(mdls.Find(smFindTag, "Stagel RegRate"))

mdl.Data("Initial Value(1)") = txbOneLine.Text

'Initial Value (2) _
Set mdl = mdls(mdls.Find(smFindTag, "Stagel RegRate"))
Regulator Rate variable

Select Case mdl.Data("Initial Value(2)")
Case 2
cboSPUtilisation.Text = "55% Utilisation"
Case 6 _
cboSPUtilisation. Text = "57% Utilisation"
Case 10
cboSPUltilisation. Text = "61 % Utilisation"
Case 14 ‘
cboSPUtilisation.Text = "72% Utilisation"

End Select

Set mdl = mdls(mdls.Find(smFindTag, "Stage1RegRate"))
mdl.Data("Initial Value(2)") = txbTwoLines.Text

'Tnitial Value (3)
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Set mdl = mdls(mdls.Find(smFindTag, "StagelRegRate")) 'find Stagel
Regulator Rate variable :
Select Case mdl. Data("Inltlal Va]ue(3)")
Case3
cboSPUtilisation. Text = "55% Ut111sat10n"
Case 7
cboSPUtilisation. Text = "57% Utilisation"
Case 11
cboSPUtilisation. Text = "61% Utlhsatlon"
Case 15
cboSPUtilisation. Text ="72% Utlllsatlon"
End Select

Set mdl = mdls(ﬁidls.Find(smF indTag, "StagelRegRate"))
mdl.Data("Initial Value(3)") = txbThreeLines.Text

"Initial Value (4) ~
Set mdl = mdls(mdls.Find(smFindTag, "StagelRegRate")) 'find Stagel
Regulator Rate variable
Select Case mdl. Data("In1t1a1 Value(4)")
- Case 4
cboSPUtilisation. Text = "55% Utlhsatlon" ‘
Case 8
cboSPUtilisation.Text = "57% Utilisation"
~ Case 12
cboSPUtilisation. Text ="61% Utlhsatlon"
Case 16 '
cboSPUtilisation. Text = "72% Utilisation"
End Select

Set mdl = mdls(mdls.Find(smFindTag, "StagelRegRate")) -
mdl.Data("Initial Value(4)") = tbeourLines.Text o

ErrorOccurred:
"nitialise to defaults
cboSPUtilisation. Text = "61% Utilisation"

'61% SP Utilisation ,
txbOneLine.Text = "10867.24" -
txbTwoLines.Text ="10867.24"
txbThreeLines. Text = "10867.24"
txbFourLines.Text = "10867.24"

Err.Clear
End Sub
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Coding for Configuring Water Contents Interface Form
Private Sub cboWaterAmount_Enter()

~ 'Call Search for Directory
SearchDir = ProjectFileDir + "*.XLS"
XLSFile = Dir(SearchDir) '
cboWaterAmount.Clear .
cboWaterAmount.value =""
cboWaterAmount.Text=""

'Configure XLSFile
If XLSFile ="" Then
X = MsgBox("Cannot Find Input File. Simulation End") '
~ Simulate = False : ,
Else '
cboWaterAmount.AddItem XLSFile
Do While XLSFile <> ""
XLSFile = Dir()
If XLSFile <> "" Then
cboWaterAmount. AddItem XLSFile
End If
Loop
End If
End Sub

Private Sub cmdSimulate_Click()
Set m = ThisDocument. Mode]
Set s = m.SIMAN - :

UL L L A L L A L LR R R A A A A A A A S R AR LA LT A 1

'Configuration for Water Amount
InputFile = cboWaterAmount.value
If InputFile <> "" Then

XLInput = ProjectFileDir + InputFile
End If

L S T R L A AR L A AR R LML MERR LA AR LA

'Run Model / Start Simulation
Simulate = True

'Close down Configuration Form
Unload frmWaterConfiguration

LM MMM LR AL AA AR EA AR LA LR AR AR AAARARAAAR A AL A L LA LA M

End. Sub
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Private Sub cmdCancel Click()

'Do not start Simulation
Simulate = False

'Close down Configuration Form
Unload frmWaterConfiguration

Set m = ThisDocument.Model
Set s =m.SIMAN

'Eﬁd the model ruri.
m.End

'"The m.QuiteMode is used to turn off all messages (i.e. Summary Report)
m.QuietMode = True

End Sub
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Coding for Configuring Water Contents Interface Form

* Private Sub cmdCancel Click()
'Do not start Simulation
Simulate = False

'Close down Configuration Form
Unload frmProdLine '

~Setm = ThisDocument.ModeI
"~ Set s=m.SIMAN

'End the model run.
m.End

End Sub

Private Sub cmdNext_Click()

Dim m As Arena.Model

Dim s As Arena.SIMAN

Set m = ThisDocument.Model

Set s = m.SIMAN

_"llllllconﬁgllre the Production Line Selection""""""""l""""""HH""Il" )
Dim Activatel, Activate2, Activate3, Activate4 As module
Dim mdlLinel As Integer

Dim mdlLine2 As Integer

Dim mdlLine3 As Integer

Dim mdlLine4 As Integer

'set module Linel equal to Create module Crude Oil 1

mdlLinel = m.modules.Find(smFindTag, "CrudeQOil1")
mdlLine2 = m.modules.Find(smFindTag, "CrudeOil2")
mdlLine3 = m.modules.Find(smFindTag, "CrudeQil3")
mdlLine4 = m.modules.Find(smFindTag, "CrudeOil4")

'set Activatel as item of Create module Crude Oil 1
Set Activatel = m.modules.Item(mdlLinel)
Set Activate2 = m.modules.Item(mdlLine2)
Set Activate3 = m.modules.Item(mdlLine3)
Set Activate4 = m.modules.Item(mdILine4)

'"Replace the value from textbox to Item Max Batches

Activatel.Data("Max Batches") = frmProdLine.txbLinel.value
Activate2.Data("Max Batches") = frmProdLine.txbLine2.value
Activate3.Data("Max Batches") = frmProdLine.txbLine3.value
Activate4.Data("Max Batches") = frmProdLine.txbLine4.value
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'Replace the value from textbox to Item Max Batches
If frmProdLine.txbLinel.value = "" Then
Activatel.Data("Max Batches") =0
End If

If frmProdLine.txbLine2.value = "" Then
Activate2.Data("Max Batches") =0
End If :

If frmProdLine.txbLine3.value = "" Then -
Activate3.Data("Max Batches") =0
End If .

If fimProdLine.txbLine4.value = " Then
Activate4.Data("Max Batches") =
End If '

'Update the data
Activatel.UpdateShapes -
Activate2.UpdateShapes
Activate3.UpdateShapes
Activate4.UpdateShapes

Simulate = False .

'Hide frmProductionLine
Unload frmProdLine

'Show Production Line Selection Form
'frmConfigSPCap.Show vbModal

- End Sub
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Coding for Arena Modules

'Select Input File A
Public XLInput As String

"Project File Current Directory(Path)
Public ProjectFileDir As String

'Set to start or stop simulation
Public Simulate As Boolean

Option Explicit
Option Compare Binary
'Declare windows API funct1on for checking whether a character is alphanumenc (A-
Z,0-9)
Private Declare Function IsCharAlphaNumerch Lib "user32" (ByVal byChar As
Byte) As Long
'Declare windows API function for checking whether a character is alphabetic (A-Z)
Private Declare Function IsCharAlphaA Lib "user32" (ByVal bthhar As Byte) As
Long
Private Function thsCharAlpha(strText As String) As Boolean
~ 'Is the first character of strText an alphabetic character (A-Z)?
dhIsCharAlpha = CBo01(IsCharAlphaA(Asc(strText)))
End Function
Private Function thsCharAlphaNumenc(strText As String) As Boolean '
" 'Is the first character of strText an alphanumeric character (A-Z,0-9)7
dhlsCharAlphaNumeric = CBool(IsCharAlphaNumencA(Asc(strText)))
End Function
Private Function CheckSymbolName(ByVal str As String) As Boolean
'Checks whether stris a vahd syrnbol name

'Declarations

Dim intI As Integer

Dim strChar As String * 1.

Dim blnAlphaNumeric As Boolean
Dim blnAlphabetic As Boolean

'Guilty until proven innocent :(
CheckSymbolName = False

If Len(str) > 0 Then

'Get first character in string

strChar = Mid$(str, 1, 1)

If (StrComp(strChar, "e") = 0) Then

'"If the first character is the letter "e" then

'we have a valid symbol name
CheckSymbolName = True
Exit Function

End If
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' For intl =1 To Len(str)
'Get next character in str
strChar = Mid$(str, intl, 1)
'Is the character alphanumeric (A-Z,0-9)?
binAlphaNumeric = thsCharAlphaNumerlc(strChar)
If (strChar Like "[@_%?#. ]") Or (blnAlphaNumeric) Then
'The character is valid special character or alphanumeric so still OK
'Is the character alphabetic (A-Z)?
blnAlphabetic = dhIsCharAlpha(strChar)
- If (strChar Like "[@_%7#]") Or (blnAlphabetic And StrComp(strChar "e")
<> 0) Then
"We will have a valid symbol name assumlng no invalid characters ex1st
CheckSymbolName = True
-End If
Else
'The character is an invalid character so return false
CheckSymbolName = False.
Exit Function
End If
Next
Else

© "If stris NULL then return true

CheckSymbolName = True
End If

End Function

Private Function CheckInteger(ByVal str As String, Optlonal vntmin As Variant) As.
Boolean _

'Validates whether str is an integer greater than or equal to vatmin -

'Declarations

Dim intl As Integer

Dim Ingl As Long

Dim strChar As String * 1
Dim blnNumeric As Boolean
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'Innocent until proven guilty :)
ChecklInteger = True

If Len(str) > 0 Then .
For intl = 1 To Len(str)
- 'Get next character in string
strChar = Mid$(str, intl, 1) -
'Is the character numeric?
blnNumeric = (strChar Like "[0-9]")
If Not binNumeric Then
“'str can't be an integer so return false
CheckInteger = False
Exit Function
End If
Next

If Not IsMissing(vntmin) Then _
'If vntmin is defined then also check minimum condition
Ingl = CLng(str) '
If Ingl < vntmin Then CheckInteger = False
End If -
End If

End Function

Private Function CheckReal(ByVal str As String, Optional vntmin As Variant) As
Boolean _ ' ' ' . :
'"Validates whether str is a real greater than or equal to vntmin

'Declarations
Dim dblval As Double

On Error GoTo NotReal
'Innocent until proven guilty :)
CheckReal = True ‘

- If Len(str) > 0 Then -
"Try to store str in a double. If an error occurs then we will go to NotReal label and
return ‘ ‘
'false

dblval = CDbl(str)

If Not IsMissing(vntmin) Then
" 'If vntmin is defined then also check minimum condition
If dblval < vntmin Then CheckReal = False
End If
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'Also, make sure a comma character wasn't in the string (which wouldn't error when
storing ‘
'in a double. : ' '
If (InStr(1, str, ",", vbBinaryCompare) <> 0) Then
CheckReal = False
. End If :

End If
Exit Function

NotReal:
CheckReal = False
End Function .
Private Function CheckExpressmn(ByVal str As String) As Boolean
'Validates whether str is a valid expression :

'Declarations
Dim intI As Integer
Dim strChar As String * 1
Dim intOpen As Integer
Dim intClose As Integer
Dim blnAlphaNumeric As Boolean

For intI = 1 To Len(str)
'Get next character in str
strChar = Mid$(str, intl, 1)
'Is the character alphanumeric (A- 7.,0-9)?
blnAlphaNumeric = dhIlsCharAlphaNumeric(strChar)
If Not ((strChar Like "[@_%?#. ,()*+=/<>]") Or (blnAlphaNumenc) Or (strChar =
"-")) Then
'The character is an invalid character so return false
CheckExpression = False
- Exit Function
. EndIf
Next
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'Now check parentheses
For intl = 1 To Len(str)

'Get next character in string -

strChar = Mid$(str, intl, 1)

'Count number of open paren

If strChar = "(". Then intOpen = intOpen+ 1

'Count number of close paren

If strChar=")" Then intClose = intClose + 1
Next -
"Number of open paren must equa] number of close paren to be valid expression
CheckExpressmn (intOpen = intClose)

End Function

* Public Function CheckDataType(ByVal strValue As String, ByVal strDataType As
String, Optional vntmin As Variant) As Boolean
'Checks whether strValue is a valid strDataType.

'Check the data type
strDataType = StrConv(strDataType, vaowerCase)
Select Case strDataType
Case "symbol name"
CheckDataType = CheckSymbolName(strValue)
Case "integer" '
, CheckDataType = CheckInteger(strValue vntmln)
Case "real'
CheckDataType = CheckReal(strValue vntmin)
Case "expression”
CheckDataType = CheckExpressmn(strValue)
End Select

End Function

250




Appendix D ' Picture of Manifold, Separators and Tanks

Appendix D

" Picture of Manifqld; Separators and Tanks
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Appendix D Picture of Manifold, Separators and Tanks

Figure 1 Manifold (Source:BASF Group; (2008), [onllne] Last accessed on 13 Apnl
' 2007 at http://www.corporate.basf.com/basfcorp/img/presse/foto-
dvd/fotos/gross/03 Kundenbranchen/OS Energie/15 Verteilerkreuz einer Oelleitun

gipg)

Figure 2 API Oil - Water Separator (Source: PAN America Environmental, (2004),
"API Series Steel API Separators 1-600 GPM", [online], last accessed on 13 April
2007 at http://www.oil-water-separator.net/oil-water-separator.html
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Appendix D ' - Picture of Manifold, Separators and Tanks

Figure 3 Horizontal Sepérator. (Source: NATCO, (2008), "Horizontal Dual Flow
A Separator", [online], last accessed on 13 April 2007 at
http://www.natcogroup.com/ViewFullPicture.asp?ImagelD=214 )

Figure 4 Vertical Sepafétor (Source: NATCO, (2008), "Vertical Upflow Separator",
~ [online], last accessed on 13 April 2007 at
http://www.natcogroup.com/ViewFullPicture.asp?ImagelD=216)

253


http://www.natcogroup.com/ViewFullPicture.asp?ImageID=214
http://www.natcogroup.com/ViewFullPicture.asp7ImageID-216

AppendixD . Picture of Manifold, Separators and Tanks

Figure 5 Oil Storage Tank (Source: Chart Industries, (2007), "UNITED STATES
SECURITIES AND EXCHANGE COMMISSION", Chart Industries, Inc, 30 March
2007, [online]. Last accessed on 20 April 2007 at http://google.brand.edgar-
online.com/EFX_dII/EDGARpro.dl1?FetchFilingHTML1?SessionID=uTNOCgomA
hBBei2&ID=5071623
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