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Abstract

We present analysis patterns to describe the structure of oil refineries. The Refinery
Production Unit Pattern describes the structure of units and unit groups. The Oil
Storage Pattern describes the structure of tanks and tank groups. The Oil Delivery
Pattern describes the structure of stations for import and export of oil. The Production
Process Pattern describes the production process. The audience for this paper includes
analysts, designers, and programmers who are involved in developing Refinery
Information Systems.

1. Introduction

1.1  Objectives

We have developed information systems for refineries. These systems cover almost
every business level of arefinery, from Unit Operation Systens to Decision Assistant
Systenrs. There have been some obstacles for us to finish these projects. One of themis
that we lack knowledge about petroleum engineering. Another one is that we are often
confused by the same terms having different meanings for different users. We need to
study the domain knowledge. But the problem is how much we should know for
developing a Refinery Information System?

It is well known that if the developing team members are familiar with the domain
knowledge the developing process becomes easier. But petroleum engineering is far
from real life. It is hard to explain some terms to our software engineers. It is costly to
let software engineers to learn more about refinery process and petroleum engineering.
So we decided to develop a series of analysis patterns as a guide for developing
Refinery Information Systems. The audience of this work includes analysts, designers,
and programmers. The patterns will help them understand the basic knowledge that
they must know to perform aproject of this type, and give them a generic analysis
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model that can be a prototype for their concrete andyss.

The patterns of this paper basically describe the structure of refinery. The structure of
refinery here means not only its physical structure, but also its logical structures in a
business context.

1.2  Overview of the ail refinery patterns

1.2.1 A typical refinery structure

Figure 1 showsthe logica gsructure of atypicd refinery. Every type of refinery has
three sysems. ddivery system, storage system and production system. The entitiesin
these three systems and the links (pipes and valves) between them participate in the
process of il production.
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The delivery system deals with the crude oil import and production export. It conssts
of thevehiclesthat carry the crude oil or production and the stationswhere the crude oil
isimported into the refinery and the production is exported.

The storage system deal swith the storage of crude oil, production and semi- production
of the production process. It congsts of thetanksin arefinery. A tank isaphysicd
entity in the real world. In some business contexts several tanks are treated as a group.

The production system deds with transforming crude ail into production. The
production system contains severd kinds of units. One unit contains one or severd
imports and severa exports. It conssts of severd types of equipment. A unitisa
physica object in the red world. In some business contexts severd units are treated a

group.

1.2.2 Oil Refinery Patterns

Four patterns describe the refinery structure (Figure 2). The Refinery Production Unit
Pattern describes the structure of production units and unit groups. The Oil Storage
Pattern describes the structure of tanks and tank groups. The Oil Dedlivery Pettern
describes the structure of stations for import and export of oil. The Production Process
Pattern describes the process of production.

Refinery Production Oil Storage Pattern Oil Ddivery
Unit Pattern Pattern

Production Process Pattern

Fig 2: Dependencies between patterns

1.3  Why only static aspects?

There are many analyss patternsin various business domains, eg. [Fer99]. These

patterns treat business processes, however, the patterns presented in this paper only
describe gatic Sructure of entitiesin arefinery. The reason for thisis that we have

found that most mistakes in analysis relate to misunderstanding of the refinery structure.
On one the hand, amogt al business processesin arefinery depend on the production
process. The production process conssts of the entitiesin arefinery e.g. production

units, tanks and so on. On the other hand, each business process dedls with the

production process withits own business rules. The views of the production process are
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different in different processes.

We think then that it isimportant to develop analyss paiterns for the structure of

entities in arefinery. Structure here means the physica sructure in the real world and

the logical structure in business contexts. We have | eft out dynamic aspectsthat we will
congder in another paper.

1.4  Description methods of this paper

We use UML to describe the patterns of this paper [Pag2000] [Lar98]. Although the
patterns of this paper areanalysis patterns, we have used some design patterns [ Gam95]
for description methods. To illugrate the structures clearly, we aso use some process

flow drawingsthat are used in chemica engineering.

2. Refinery Production Unit Pattern

2.1 I ntent

This pattern expresses the structure of unit and unit group. It also expresses the types of
unit groups.

2.2 Context

Production units are basic production models of arefinery. They consst of equipment

such astowers, stoves, pumps, and so on. Each unit can finish acomplete physica

and/or chemical process, for example, didillation, cataytic cracking, catalytic

reforming, and so on. However, unit groups exist in the businessworld. They consist of
one or more units with some kind of business rules. For example, in aworkshop

enginesr’ s eyes, the Crude Unit has two imports (the physica structurein rea world).

But the leader of the Statistics department isjust concerned about the amount of crude

oil that the Crude Unit processes, S0 in his eyesthereis only one import to the Crude

Unit.

The businessrules of a unit group are often implicative. In many business cases, it is
easy to mix unit and unit group, and then some important information islost. So a
conceptua modd is needed to describe the structure of units and unit groups and the
types of unit groups. The model should aso cover various business levels.

2.3 Problem

How to develop a conceptud modd of Production Units to describe the units and their
relationships at various business levels?
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2.4 Forces

® Thisconceptua modd should reflect the structure of production unitsin various
business contexts.

® Thetype of unit group dways includes some businessrules.

25 Solution

2.5.1 The gructure of unit and unit group

Units and unit groups have some common properties and behaviors; for example,

material balance. A unit group contains one or more units and may consist of other unit
groups. The import or export of a unit group contains one or more imports or exports of
units.

We define Unit and Unit Group class as to describe units and unit groups. The Unit

Group contains Units or other Unit Groups. We define an abstract class called Abstract
Unit that has common properties and behaviors of both Unit and Unit Group. Both Unit
and Unit Group are subclasses of it. Define an abstract class called Abstract Unit Import
that has common properties and behaviors of the import of both Unit and Unit Group.
Define an abstract class called Abstract Unit Export that has common properties and
behaviors of the exports of both Unit and Unit Group.
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Fig 3 Classdiagram of the Refinery Production Unit pattern

Figure 3 shows the class diagram of the Refinery Production Unit Pattern. Both Unit
Group and Unit are subclasses of the Abstract Unit. A Unit Group or a Unit has several
imports from which the crude materia's come in and severd exports from which the

productions come out.

The relationship between animport (or an export) of a Unit Group and the imports (or
exports) of the Units that condtitute the Unit Group is more complex. In normal cases,

animport or an export of a Unit Group is the composite of imports or exports of Units
that congtitute the Unit Group. In some specia cases as shown in 2.5.2 (2), one import
or export of a Unit may relate to more imports or exports of a Unit Group.

A Unit conssts of equipment. The structure of equipment is as complex as the unit

described here. The details of equipment are left for complementary patterns.

2.5.2 Threekindsof unit g

roups

Although different business processes consist of unitsthat can be treated as one unit
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group with different businessrules, theresulting unit group is always one of threetypes:
Smple Unit Group, Statigtica Unit Group, and Statistical Unit Group by time.

(1) Smple Unit Group

Unit Group 1

Unit A

UnitC

UnitB

Fig 4 Connection diagram of Smple Unit Group

The Simple Unit Group is easy to understand. It can smplify the production process.
The imports and exports of aUnit Group correspond to the imports and exports of the
unitsinvolved init.

(2) Statigtica Unit Group
Unit Group 2
/”1—
Unit D i
\ \)I\I
UntE |/

@
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In the case of Statigtical Unit Groups, one import (export) of the unit group condsts of

one or more imports (exports) of the unitsinvolved, as shown in Figure 5. The

combined imports can be treated as one. The amount of materia of the unit group

import is the summation of the amount of materia of the imports involved. Y ou should
notice the case shown in Figure 5(b). It can become atrap if you are not careful. In this
case, the unit group usudly has the same name of the unit, and most imports (exports)

of it correspond to those of the unit exactly. Y ou should diginguishthis kind of unit

group.

(3) Statitical Unit Group by time
Production 1
Unit G| T
Crudematerid typel _____ | fromdateA |  TTzeeo
\‘"‘t‘ddateB\\_\ Production 2 Unit Group G ==
.| from date A
-{todaeC L
_Production3-— i
Unit-—6 [
Crude material type2  _--=="[ from date B e

to date C Proc{qc,tionfz”’

—

Fig 6 Diagram of Smple Unit Group by time

Congder this case: Unit G can treat two kinds crude materid, type 1 and type2. From

date A to date B, it treats crude materia type 1 and produces productiors 1 and 2. From
date B to date C, it treats crude materia 2 and produces productions 2 and 3. Now the
report of the production of Unit G from date A to date C isas shown inthe Table 1.
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Production Report of Unit G FromA ToC

Imports Amount (t)
Crude materid 1 25
Crude materid 2 30
Exports
Production 1 10
Production 2 30
Production 3 15

Table 1 Example of Statigtical Unit Group by time

Inthiskind of case, you should treat the unit G as a unit group. The unit group G has
two imports and three exports.

2.5.3 How to distinguish the type of the unit group and the businessrules
To diginguisha unit group and its type is important for finding businessrules. The
generic way to do thisis shown below.

(1) Lig dl units Thisis easy because the unitsexist in the red world.

(2) Find dl possible unit groups in the business scope being andyzed. 1t must be
noticed that the “units’ in these business scopes should be treated as unit groups, a
least at the beginning of andyss.

(3) Reate the importsg/exports of unit and unit group.
(4) Diginguish the type of unit group.
(5) Lig dl possble businessrules.

(6) Let end usersreview these businessrules.

There is one thing you should know: the terms, “Unit” and “Unit Group”, defined here
are not from end users. In many cases, they only say the same term “unit”. They can
distinguish the different meanings by context. So you have to ask them to use the terms

defined here when they communicate with you.

2.6  Consequences
This pattern presents the following advantages:

® |t defines the generic structure of Production Units of arefinery. It can be used in

many applications.

® |t can help to distinguish the unit group and its type. That may lead to make some

10
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implied businessrules clear.

A disadvantage is that though it can help to make implied business rules clear, it does
not make these rules explicit as classes in the structure. They have to be developed for
concrete gpplications.

2.7 Known Uses

This pattern is used in many management systems of oil refineries, e.g. production
management systems [ZHA1999].

2.8 Reated Patterns
The Unit and Equipment in this pattern are instances of the Composite pattern
[GamO5].

A Unit hasa Collection [SAN2001] of Imports and a Collection of Exports.

3. Oil Storage Pattern

31 I ntent

This pattern expresses the structure of tanks or tank groups for reflecting the structure
of ail gorage system in different business contexts.

3.2 Context

The main equipmentsfor oil storage aretanks. In different business contexts, the scopes
of oil storage systerrs are different. For example, the leader of the statistics department
isjust concerned about the amount of crude oil, so he takes all tanks of crude oil as one
logica tank caled crude ail tank group. But a storage engineer should treat each

physica tank independently. Y ou want to develop a conceptual model to describe the
oil gorage system to satisfy dl kinds of users.

3.3 Problem

How to describe the structure of oil storage to fit the requirements of different business
contexts?

34 Forces

® The conceptual modd should reflect the structure of oil storage in different
business contexts.

® |In some business cases, some tanks may be treated as one tank group.

11
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35 Solution

We define a Tank class describing tanks in the red world and Tank Group for agroup
of tanks. We aso define an Abgtract Tank class that contains their common properties
as parent class of both Tank and Tank Group.

The Tank Group contains one or more tanks or other tank Groups. A Tank Group
means that there is a common property of al tanksin the group. To disinguish Tank
Groups isagood way to make some implied business rules clear. There are two kinds
of Tank Group:

® By maerid typein thetanks. Thisisthe generd kind of tank group; for example,
the crude ail tank group, and the gas tank group.

® By unit. Mot units get materia oil from and put production oil to tanks. So one
unit may have amaterid oil tank group and a production oil tank group.

3.6  Sructure
AbstractTank
1n E¥Capacity
~—— E¥Unbalancetime
®getUnbalancetime()
1

Q

TankGroup Tank

Fig 7: The class diagram of oil Storage system

Figure 7 shows the class diagram of the Oil Storage Pattern. The properties and
operationsin the Abstract Tank class are only used to illustrate that Tank and Tank
Group have some common properties and operations. Capacity here means the Storage
capacity of atank or atank group. Unbaance time denotes a phase during which the

12
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tank or tank group will not be empty or full.

3.7  Consequences

This pattern presents the following advantages.
® |t definesthe typical structure of oil storage system of arefinery. It can be used in
goplications that include oil sorage system.

® |t can help to distinguish the Tank Group that means to distinguish the same
property of the tanks in that group. It may lead to make some implicative business
rules clear.

® The definition of Tank Group can simplify the description of the production
process. Thiswill help you describe the production process more clearly.

3.8 Known Uses

This pattern isused in oil storage management system of oil refineries[TIA1995] AND
[ZHA1999].

3.9 Related Pattern
This pattern isagpecidization of the Composite pattern [Gamo5].

4. Oil Déelivery Pattern

4.1 I ntent
This pattern describes the oil delivery system of arefinery.

4.2 Context

The oil delivery sysem of arefinery includes the crude oil import system and the
production export system. The crude oil and production oil may be delivered by railway,
highway, ship as well as by pipes. This pattern covers all these kinds of transportation

4.3 Problem

How to describe the structure of stations for the materia imports and production
exports of arefinery?

44  Forces
® There are many kinds of transportation ways for crude oil import and production

13
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export.
® A dation for import or export may have severa import or export pipes.

45 Solution

We define an Abstract Station class that contains the most common properties and
operations of every type of sations. We define Refinery Import class and Refinery

Export class for crude oil import and production export. A station may be composed of
one or severa Refinery Imports and Refinery Exports.

The sationstypicaly are Rallway Station, Highway Station, Dock Station, and Pipe

Station. We define a Concrete Station class that describes specific types of gations.

46  Sructure
Figure 8 shows the class diagram of the Oil Delivery Pettern.

AbstractStation

AbstractRefineryExport

AbstractRefinerylmport

ConcreteStation

Fig 8 Class diagram for the Oil Delivery pattern

47  Consequences

This pattern presents the following advantages:
® |t definesthetypical structure of oil delivery system for arefinery. It can beused in
goplications that include oil ddivery systens.

® |t coversal types of trangportation for oil ddivery.

14
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4.8 Known Uses

This pattern is used in oil delivery and storage management systems for oil refineries
[TIA1995] AND [ZHA1999].

49 Related Pattern

A Station has a Collection [SAN2001] of Refinery Imports and a Collection of
Refinery Exports.

5. Production Process Pattern

5.1 I ntent
This pattern describes the generic production process of arefinery.

52 Context

The production processes of arefinery are changed frequently to satisfy the market
requirements. For example, when the price of gasoline becomes higher, the production
process will be changed to produce more gasoline and less diesdl oil. On the contrary,

when the price of diesd oil becomes higher, the production process will be changed to
produce more diesel oil and less gasoline. A production process consists of units, tanks,
refinery imports/exports and links between them. This pattern deal s with the production
process.

53  Problem
How to describe the generic production process of arefinery?

54 Forces

® A production process congsts of units, tanks, refinery imports/exports and links
between them.

@ Thispattern is concerned about the logic links in the production process, not
concerned about the concrete pipes that compose the link.

55 Solution

A production process consists of connection nodes and the linksjoining these nodes. In
the red world, the links conssts of pipes and vaves. However, in most busness

contexts, users are only concerned about which two nodes are linked, not about

concrete pipes and valves. This means we can use links instead of physica pipes and
valvesto represent the rel ationship between two linked nodes. Connection nodes can be
an import or export of aunit, atank, and an import or export of the refinery.

15
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We define a Connection Node class to represent nodes involved in the production
process. One Connection Node can connect with severd other Connection Nodes
through links.

We define an Abstract Link classthat represents alogic link between two connection

nodes in the process. The Abstract Link has a Begin Node property and an Endpoint
property. They represent the two connection nodes involved in the link. If there is more
than one connection node involved in one end of alink, we can use atemp node to split
it into two links.

A complete process may consist of several subprocesses.

5.6 Sructure

ConnectionNode

AbstractUnitimport AbstractUnitExport AbstractTank AbstractRefineryimport AbstractRefineryExport TempNode

Fig8: Class diagram of a Connection Node

16
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Fig9: The class diagram of Production Process

Figure 8 shows the class diagram of Connection Node pattern Figure 9 shows the class
diagram of the Production process pattern.

5.7  Consequences

This pattern presents the following advantages.
® |t definesthe generic structure of production processes for arefinery. It can be used
in goplications that include production processes.

® The definition of subprocess can simplify the description of a production process.
Thiswill help you to describe the production process more clearly.

A disadvantage is that the business rules of how to build a production process are not
included in this pattern. However, they could be added conveniently.

5.8 Known Uses
These patterns are used in many management systems of oil refineries, e.g. production

17
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management system, delivery management system, and storage management system
[TIA1995] AND [ZHA1999].

59 Related Pattern
The Processis an example of the Composite pattern [Gam95].

A Process has a Collection [SAN2001] of Connection Nodes and a Collection
[SAN2001] of Links.

6. Futurework

The patternsin this paper only describe the static structure of arefinery. Based on these
patterns, there are many other patterns to deal with concrete applications. We are
developing those patterns to build a complete analysis pattern language for a refinery
information system. These patterns include:

[ Petterns for oil refineries (this paper)

Petterns for Materids and Productions of Refineries
Patterns for Refinery Dynamic Production Process
Petterns for Refinery Production Quality Control
Petterns for Refinery Equipment Management
Patterns for Refinery Storage Management

Petterns for Refinery Delivery Management
) Patterns for Refinery Measurement Management

There are many other businesses involved in a Refinery Information System (such as
Manpower Management), but they are not part of the refinery itsdf.
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