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ABSTRACT

The focus of this paper is on economic success for engineers and related experts whose primary
line of business is tied to the field of pipeline mechanisms in the oil and gas industry. General
purpose programming languages and computer aided design systems cannot express oil and
gas pipeline engineering domain concepts appropriately, which means that domain experts in
the oil and gas industry find it cumbersome to operate at optimal using conventional software
in their line of business. This paper, therefore, presented a model driven valuation technique
that enable the engineer simply input values corresponding to familiar notations such as pipe
diameter, fittings, flow metrics etc.) on an interface to get done the kind of design, simulation
artifact and other pipeline configurations without having to use any general-purpose
programming system. The policies and mechanics of the valuation coupled software system
production process incorporated inherent properties from MATLAB application programmer
interface (API) to integrate the domain characteristics and concepts. The result became a new
layer of reusable software capable of processing these domain characteristics and concepts to
produce desired artefacts. A collection that supports further layers of accessible software
connected through interfaces. This system is recommended to industries with a principal
business interest in the oil and gas industry with the hope that crafting pipeline configurations
for effective oil and gas supply within the value chain can be achieved with ease.

Keywords: pipeline project, consistent valuation data, design interests, model driven design,
domain driven design, design scenarios, economic success.
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1 Introduction

Pipeline systems are like arteries and veins; they are an essential and integral part of our modern
civilization just as arteries and veins are essential to the human body. In a modern city they
transport water from the sources of water supply to the points of distribution. Similarly,
pipelines carry crude oil or gas from wells to tank farms for storage or to refineries for
processing [18]. This simply means that pipeline systems are useful both in the upstream,
midstream and downstream operations in the oil and gas industry. In the upstream sector,
pipelines are very critical assets in production activities, which include onshore and offshore
drilling. In both onshore and offshore drilling, smart technologies are used to enhance the
drilling efficiency and well performance by providing real-time information and trends. For
example, in onshore drilling facilities, the wells are grouped together in a field, ranging from a
half-acre per well for heavy crude oil to 80 acres per well for natural gas. The group of wells
are usually connected by carbon steel tubes which sends the oil and gas to a production and
processing facility for further treatmemt. In offshore drilling, single platform that is either fixed
or floating are used abd pipelines are used to transport the oil and gas to a production and
processing facility for further treatmemt [22]. The midstream sector covers transportation,
storage, and trading of crude oil, natural gas, and refined products. oil and gas in its unrefined
state, is primarily transported by pipelines. Once the oil has been extracted and separated from
natural gas, pipelines transport the products to another carrier or directly to a refinery.
Petroleum products then travel from the refinery to market by tanker, truck, railroad car, or
more network of pipelines. The downstream sector covers refining and marketing.
Refining invoves transforming crude oil into petroleum products used for a variety of purposes
such as heating homes, fueling vehicles and making petrochemical plastics. Marketing is the
wholesale and retail distribution of refined petroleum products to business, industry,
government, and public consumers [20]. Generally, all these products flow to far markets and
other destinations through pipelnes, which means, adopting a methodology that can technically
optimize pipeline engineering operation for maximum productivity in all streams in the oil and
gas industry is now needed. The design, construction, operation, and maintenance of various
pipeline systems involve understanding of pipeline fundamentals, materials, generic and
specific design co3nsiderations, fabrication and installation, examinations, and testing and
inspection requirements, in addition to the local, state and federal regulations [16]. Pipeline
systems include pipe, flanges, fittings, bolting, gaskets, valves, and the pressure containing
portions of other piping components. It also includes pipe hangers and supports and other items
necessary to prevent over pressurization and overstressing of the pressure-containing
components [14]. Engineers responsible for the preparation of design documents must, from
time to time, review the current codes and standards in order to comply with and take advantage
of the changes in the industry which are expected to continue as computerized drafting and
preparation of text and record keeping improvement strategies. Before the detailed design is
begun, it is usually advantageous for the project to prepare a comprehensive set of documents
defining the system design criteria. This criterion may be part of overall project design criteria
or may be a separate document prepared solely for the piping design [11]. In either case, the
design criteria should reiterate the design requirements delineated in the contract specification
and should define the applicable codes and standards, environmental conditions, design
parameters, and other pertinent design bases that will govern the work. This paper is therefore
hinging on recent model driven software development valuation methodology to ensure that
pipeline engineering processes for oil and gas transportation and the associated design criteria
be updated as the design progresses to reflect any change in the design basis [21]. So that
maximum throughput that connects all the stream in the oil and gas industry productivity value
chain is accomplished.
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2. Related Work

The many organizations engaged in pipeline system design do perform system descriptions
(SDs) based on their needs. Systems whose operation may have public safety implications (e.g.,
nuclear power plant systems and chemical plant systems) may require very detailed system
descriptions [19]. They further defined that the purpose of pipeline system description is to set
forth, specifically in writing, the functions, intent of the design, and major features of the
system [17]. Some common features include system design bases, operating modes (start-up,
normal, shutdown, emergency, or as appropriate), performance ratings of major equipment,
and control concepts. The design basis stated in the SD is used to develop the system flow
diagram (which shows the features necessary to accomplish the design basis) and the pipeline
diagram (which shows the basic controls, interlocks, pipes, valves, vessels, pumps, and
miscellaneous equipment comprising the system). Therefore, the system description is
important in the development of the documents used in procurement, manufacturing,
fabrication, and erection [20]. The importance of the adoption of isometric or orthographic
pipeline sketches methodology in pipeline systems design for maximum production in the oil
and gas industry was resounded as determined by project requirements [15]. Portions of
structural, and control information may be included in these sketches in which case they are
called composite drawings [13]. These drawings form the basis for the working physical
drawings such as the system isometrics. The sketches and composites are not used for
construction or manufacture; they represent the pre-computer version of the present database
in a computer-aided design (CAD) system, or one of its several derivative systems, which can
provide the design study more efficiently than manual methods in many instances today.
Computer-aided design and drafting (CADD) software packages are available from a number
of commercial sources [6]. With the development of three-dimensional computer-aided design
(3DCAD) software, the designer can check for interference and can generate different views.
Once the orthographic drawings are completed, they may be issued for piping fabrication and
construction. However, for complex pipeline systems, it is common practice to develop
separate piping isometric drawings for each pipe run [6]. For pipe stress analysis, fabrication,
and installation, the piping isometric drawings are easier to use than the orthographic drawings
because all the information on the isometric drawing pertains to the pipeline of interest without
cluttering with extraneous information [18].

Domain Driven Design (DDD), which is a design pattern in model driven software
development focuses software development on domains and domain logic [1]. The principle of
DDD widely acknowledges that domain specific modeling is central to software design.
Through domain modeling, the developments of projects facing complex domains are
expressed in rich functionality and translate that functionality into software implementation
that truly serves the needs of its users [3]. These principles are applied here because the
development and implementation of a pipeline project involves so much design efforts even
with the adoption of CAD systems. CAD systems are characterised with numerous compliance
issues even after design is completed and the project kicked off. With DDD, the pipeline
physical components value and attributes (i.e., the model) is the heart of the design, and the
methodology of manipulating this model to ease the project execution for users in the model
driven development paradigm [8]. Keeping these CAD drawings as the model and presenting
a domain model of them in a metamodel of relationships will result in a modeling language.
The modeling language, which is specific to the domain of pipeline engineering, will be
capable of allowing the pipeline engineer to easily get the specifications correct on time and at
very minimal costs instead of always returning to conformal forms and related issues [4].
Tool integration became a common requirement in modelling software development processes.
The idea is that performing the domain functionality to aid design decisions especially for
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pipeline systems in the oil and gas industry is a common requirement for valuation
methodology adoption [2]. The same way this paper is utilizing valuation method to enhance
oil and gas pipeline design, there has been a surge of interest in applying model driven
engineering (MDE) technologies tool integration. Instead of defining each dynamism
separately on a different framework before integrating to achieve desired model
transformations, the application of model driven engineering (MDE) technologies will further
initiate model transformations and syntactic and semantic interoperability via tool utilization

[[5]

3. Layered Approach to Model Driven Development

Conventionally [2], model driven software development involves as first steps requirements
engineering and domain analysis. Requirement’s engineering determines defining the domain,
defining and designing the language constructs that accurately captures the domain semantics,
develop the domain instances using the new language infrastructure, and building the software
tools to support the language [4]. It also involves requirements analysis and documentation,
and evaluation baselines for continuous assessment of the metrics of success and improvement
of the software. For the language formalism to capture the domain concepts clearly, the model
will be specified and incorporated in the domain specific modelling infrastructure as DSM
definition and DSM use (See fig. 1).

DSM definition DSM use
Domain-Specific | |
Modeling Language Models
i
h 4 v
Domain-Spedific | ...-w-d Generated code
Generator

h 4 ‘
Domain framework

Target

Figure 1: DSM Definition and DSM Use (source: Domain Driven Design Martin Fowler,
2020)

The processes result into several benefits such as improved user satisfaction, quality in concrete
syntax, and complexity hiding [23]. To get these benefits, there has to be some specifications
on how the computational mechanism from the domain models will work in running the
systems. In the related tasks of DSM definition and use; the domain-specific language provides
the abstraction mechanism to deal with complexity in the given domain. Generally, at this stage
the major domain concepts map to modeling language objects, thus, the language defined as a
metamodel with related notation and tool support; allows developers to perceive themselves as
working directly with domain concepts [23]. The code generator specifies how information is
extracted from the models and transformed into code. In the simplest cases, each modeling
symbol produces certain fixed code, including the values entered into the symbol as arguments.
This code will be linked with the domain framework and compiled to a finished executable
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system. While creating a working solution the objective is that after code generation through
the valuation additions, additional manual effort to modify or extend the generated code is not
needed. The generated code is thus simply an artefact to the finished product [2]. A domain
framework provides the interface between the generated code and the underlying platform. It
can directly call the platform components, whose existing services are enough to make the
generated code simpler. This domain framework can range in size from components down to
libraries, which provide predefined building blocks [3]. The DSM architecture also allows
progression. Any of the elements can be changed if needed. This flexibility makes the DSM
approach different from Computer Aided Software Engineering (CASE) and fourth generation
languages (4GLs), which fix at least one of the architectural elements [7]. One notable way is
making sure the domain framework is not visible to the users, in a similar manner as BIOS
code or primitives called by the running application are not visible to programmers in a general-
purpose programming language (GPL). Another progression is in the aspect of the software
that specifically solve problems from the domain, which see the elements of the domain model
as a system. These aspects of progression are possible because the generated code is not
executed alone but rather together with additional code in some target environment. This target
(e.g., .NET, MATLAB), comes with platform code i.e., code that is formalized into a
metamodel, where all the models’ describing applications or features are instantiated from this
metamodel. Thus, these models can’t express anything else other than what the language
allows. This language instantiation ensures that application developers follow the concepts and
rules of the domain models [4].

3.1 The Design Considerations

The focus in this section is mainly on the architectural formality as shown in figure 2 that
encompases flexibility in at least one of the domain specific elements [4]. The flexibility
feature clearly is an embodiment of a collection of modelling primitives and the rules
connecting them and in addition, the domain descriptions recursively defined for pre-
processing through the system functions.

DSM Definition DSM Use
Domain-Specific
Modeling Language Models
1
: Feature Meodeling
i Model Primitives
Domain-Specific
Generator |~ Generated Code | Composition Rules |
—
-
- Feature
- ]
e Constraints
Domain Framework | Formal Definitions i
Target Modeling Environment

Figure 2: Model Driven Valuation Methodology Components

The aspect of the system that is responsible for processing involves the Decision Repository
model containing the data model, the pipeline system metadata and the Translation Engine.
The decision repository is the store house of the specifications of the semantic domain and its
operations; in which case, the pipeline is the root concept, meaning that it is the target result of
all the underlying interdependencies of the components interactions [5]. The data model
therefore, describes the pipeline instances and objects manipulated by the in-memory object
model with the state of events incorporated for actual evolution of virtual pipeline routes. The
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data model design as shown in figure 3 precedes the creation of the relevant tables to match
the domain model metrics. The user queries are responded to by the system through the domain
model actions in the syntax-oriented translation function related to the user interface (Ul.).
Accessibility is one to many relations where pipeline component (PC) types can have as many
fittings types parameter values a potential user can input. Then the data binding actions from
the executable platform correctly integrates the subsystems to open up control points for
integrating into the translator [7].

Modeling
System Store

Function
v

Pipeline Layout
. User id
. Component id

Modeling System Syntax Component Vocabulary
. User id [~ . Component id < User
*  Componentid *  Svntaxid Interface
. Relational id *
C# Code to
Component Type access
. Component id component
e  Typeid vocabulary

Figure 3 The System Data Model

The language domain model contains logical underlying engineering principles, that leads to
identifying the classes and attributes in the data model. The identified elements illustrate how
they are linked to produce a total life cycle approach to pipelines system design and operation.
The metamodel aspect of the underlying engineering principles in the domain model logic are
as shown in figure 4 [4]. This is the metadata of the relationships of the instances and their
interdependencies to producing a total pipeline system design life cycle.

pipeline_tbl

7 id
JjointDetails
fittingDetails
instrumentDetails
pipeDetails
pipelineBedDetails %_—m pipe_tbl
standardDetails ? sn
BoltsMutsDetails @_L pipettribute
pipelineBed_tbl | pipeValue
% sn é é g T id
pipelineBedBuried
pipelineBedSurfaced Standards_tbl T
id F 5n . vy
ASMEB31_1 jgli:_tbl fg.tlsnng_tbl
ASMEB31_3 flangedJoint flangedFitting
boltsNuts_tbl Instrument_tbl AISIGI0_XX groovedloint gasketFitting
? sn % sn AISIG13_XX it
boltsMutsAttributes instrumentAttrib... SAF_S3[); WK compressionjoint :lb;.\:::lttmg
boltsMutsValues instrumentValue SAESO3_;0( ?NeldedJoint idee =
id id Identified_Element E
id
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Figure 4. Metamodel of Pipeline Data

The model driven procedures applied in this context in order to achieve maximum throughput
in the oil and gas pipeline engineering operations are simply data binding actions from the
executable platform that correctly integrates the subsystems [5]. These integration-oriented
actions are valuation functions, which are specified as a set of corresponding BNF rules for the
domain. The essence and the software development value addition are that the data binding
actions, which correctly integrates the subsystems will open up control points for integrating
into the translation engine as shown in figure 5.

Let Component Functionality be (fc)
For a given design operation (C.):

C=fR) ...
where
fC! C1d1t1 X Czdztz X C3d3t3 N, X Ce — R
fC:Cp1f1d1t1XCp1Cj1d1t1 ........................ X Ce_>R
fC: szfzdztz X szjzdztz N oveuroosnetrennecssnnnos X Ce — R
fC: Cp3f3d3t3 X Cp3j3d3t3 N oseuroosnetsennscsnnnnos X Ce — R
fC! R151i1 X R3S1ip X R3Sqiz Xeeereeeerereeeeenneeenn XRe — R
fC! R1S201 X R3S3ip X R3Spiz Xeeereeeerereaeeenneennn XRe — R
fC! R1S3i1 X R3S3ip X R3Sgiz Xeeereeeerereereenneennn XRe — R
Given points of Intersection := function(fn)
fn, := Option - p1f1j1d1t1| Option - 51i1| """"" | Option(fn)
fn, := Option - pzfzjzdztzl Option - 52i2| """"" | Option(fn)
fns := Option - p3f3j3d3t3| Option - S3i3| """"" | Option(fn)

Figure 5. Pipeline Engineering Operations Translation Engine

Following the necessary structural framework that must be put in place for the language to
implement its core operations, fragments of the syntactic elements representing the pipeline-
built units are specified in BNF notation. The inclusion of this aspect is to ensure that the
various pipeline build metrics are defined in the language [9]. The entire structure is a collection
of pipeline components valuation functions represented as objects in the physical transmission
mappings. The program therefore, is directly mapped into these pipeline attributes as the pre-
processor. This is the point of harmonization between the translator in the translation scheme
and the valuation functions of the semantic domain [24]. The semantic representations are such
that for example, component functionality means that for every design operation: C = f(R), each
pipeline component C will be oriented through the valuation function f to correspond to the
value of the design operation. R represents the root (i.e., A Complete Pipeline) with the
associated components, attributes and values. With a particular functionality, which describes
a characteristic scenario of the pipeline build operation is such that fc: C,dt; X Cadat; X Cadsts X
------------------------ x Ce — R. Components Ci............C3 and their types ti.......ts each with
dimensionsds ...... ds, are functionally aligned together through the invocation of the valuation
parameter from the concrete syntax. The process will continue to include the pipe component
p, which is usually the major pipeline physical component involved in any oil ang gas pipeline
engineering project. The pipeline network will now incorporate fittings, fitting types fti......ftn
and fiting dimensions fds......fd,. It will simialarly include loints, joint types jti......jta and joint
dimensions jds......jdn. The pipeline with all the component types and dimensions will then be
reinforced with supports sz ......sy and instrumentation i...... in. The system can now allow for
stakeholder variabilities inclusion with  fn, := Option = pifijidit, | Option = syiq| wweeeeeee
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| option(fn) such that each design scenario from any stakeholder view point can be captured in
the design sequence. This process continues un till the entire pipeline R for that particular
pipeline project build operation is completed.

4. The Valuation Implications

This section presents examples that makes use of the valuation commands in the system [12].
The size and complexity are scripted and the code snipets illustrated as an industry piece that
can be extended for the design of large complex pipeline systems. For example, as shown in
the snipet: clc Ce=input ('Please select the design operation. Enter 1 for Pump selection, 2 to
calculate the system total loss, and 0 to exit:"); %% At this point, we called the design operation,
Ce. When the user enters the values 1, 2, 0 as necessary from the multiple document interfaces
(MDI), a modeling action is initiated as seen in this code section: switch Ce case 1 %%This
executes on pump selection request selection=input (‘'Let us start building the different Routes.
Enter 1 to continue or press 2 to exit"); %% The different possible Routes are taken into account
here switch selection case 1 %%The user is given the option of selecting a component or a
%%joint p=input ('Please enter 1 for components, 2 for joints and 0 to complete/exit’); Once
done, the call sequence corresponding to the selected value from the domain experts view point
is validated and input parameters captured [25]. After the system script is run, a route selection
prompt will enable the user to follow a guided sequence in order to display a design intent as
shown:

Please enter the elbow length (mm):15

Please enter the elbow minor loss coefficient. Please note that the minor loss for elbows
Plea=se enter the internal diameter of the Pipe (inches):24

Plea=se enter the Pipe length (mm) :12

Please enter the Tee length (mm) :14

Please enter the Tee minor loss coefficient. Be aware of the Tee types:0.3
The Total length of the system is (mm): 53

Flease enter desired wvelocity (mm/=s):23

Flease enter the fluid density (kg/mm™~3)0.8

Plea=se enter the fluid specific gravity0.008

Please enter the relative roughness of the pipe (mm) :0.5

Please enter the static head of the fluid (mm) :12

The system will then load from the data model into the view logic for the necessary modelling
actions to be taken [12]. Depending on the model selection and view points broadcasting, a
system curve will be displayed to showcase exact and intended designs as shown in figure 6.

System Cune (Design Scenario 2
110

T T T T T T
108,998, \ -

109996 \ -
109 54 ]
109 582} \ ]
1938 \ 4

109 988 — o -

Required Head

108.986 — . 4

109.984 -

109982~ "=

1195 | 1 I 1 I 1 | 1
10 2 E] ] 5 E] ] E] ES 100
Anticipated Fiow Rate

Figure 6 System Curve for a Particular Design Scenario
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Quite a lot of decisions as clearly illustrated can be deduced from each activity depicting a
typical pipeline construction activity where stakeholders need to have some prior knowledge
before embarking on the project. The illustrations are as follows:

This pipeline aystem reguires a Pump head of at least (in mm) 25.295

Please enter 1 Lo develop a system curve for the pipeline or 2 to exitl
Please enter all the anticipated flow rates over the system design life: [60 50 40 30 20]

Fleaze enter 1 to develop a system curve for the pipeline or 2 to exitl
Please enter all the anticipated flow rates over the system design life:[100 90 80 70 60 50 40 30 20 10]
Pleaze enter 1 to produce a Best Efficiency Point (BEP) or 2 to exitl

Dljring these operations the pipeline engineer often referred to as the stakeholder can now run
the system by obeying simple prompts to come up with more system curves that pertain to
different design scenario for best efficiency point as shown in figure 7 through the editor
interface.

A supssmpened graph of Pemp curve and Syaten Curve showing Best Elcency PentBEF)

I | = Manciactues Pump 1 Cure
—_— Our posling sysiem cuny
= #| T 5208
£ —
3 T
: —
&£ 0 — v
3 . L J5 2582
i 25 E] 15 ] 45 5
Atwspaled Flow Rate
_11IJ" A supsamposed graph of Pemp cune and System Curve showing Best Elicency PontEEF) R~
— s T 525
— Manckacharsr Pump 2 Cona
85 T . I Dur poine system curve s aeee
. e
.':T - .HH'&\ 2
= -
E1s 52583
&
2 52383
5 ' - 5 2583
2 25 3 5 4 45 5
Asteipated Pl Fate

Figure 7 Design Scenario for Best Efficiency Point

Each design scenario adopted by the engineer is to solve a particular pipeline modelling intent
that usually involve adequate and correct pipeline physical asset model selection, controls
bothering on over sizing and under sizing of pumps, valves and other components and
instrument, cost effectiveness, enhancement in operational productivity, and project quality
control issues [26].

5. Conclusion

Issues of modeling engineering designs as practiced in the oil and gas industry, and particularly
in oil and gas pipelines that convey gas or oil from sources to destinations are considered in
this paper. It is practical that conventional computer aided design (CAD) software are
indispensable tools in the pipeline engineering work environment. But most pipeline engineers
find it worrisome to learn, understand and utilize conventional software in their line of
business. This paper therefore, presented a model driven valuation technigque that enable the
engineer simply input values corresponding to familiar notations such as pipe diameter, fittings,
flow metrics etc.) on an interface to get the kind of design, simulation artifact and other pipeline
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configurations without having to use any CAD or related system. These very vital aspects of
the design analysis reflecting the domain characteristics were integrated as concepts to the
policies and mechanics of the software production.
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