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ABSTRACT

Mechanical method, Radioactive sources, magnetic transmission, and acoustics
system have been used to detect the movement of pigs through pipelines over the
years while, multiple proprietary and commercial software has been used to analyze
various data format to assess the pipeline conditions. With varying degree of success
these systems can be made to do the job for which they were created, however in
terms of data collection and input the tracking of pigs still involved loads of manual
data collection. This often led to inaccurate analysis. Considering the large amount of
data and the critical timescales of pigging operations, it is suggested that data input
take place automatically and integrated with the software analysis tool. Thus, tracking
and monitoring model for pipeline pigging has been proposed to be implemented in
petroleum and oil gas pipeline to enable the operator to track and monitor pigging
operation and perform analysis on specific location based on the spatial information in
the GIS database with minimum human intervention. Adapting a hybrid of vehicles
and animal tracking system model, this thesis presents the Tracking and Monitoring
Model for Pipeline Pigging to meet the requirements and constraints posed within the
oil and gas pipeline environmental settings. This thesis also conduct feasibility study
to address the constraint and requirements in developing this system through
experimentations at Petronas Carigali Sdn Bhd Miri and propose and validates the
data transmission design through simulation and analysis via Satellite Tool Kit (STK)
and finally demonstrates how tracking will be visualized at the presentation layer by
developing a system prototype using ArcGIS Tracking Analyst. This thesis also
presents a sample analysis for pipeline model by using multiple data using a single
application. Recommendation and findings from the experiments, STK simulation
analysis and software development are intended to provide guidance in developing
and implementing the system in real environment.
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CHAPTER ONE

INTRODUCTION

1.1 INTRODUCTION
Pig tracking and monitoring is important to detect and locate a stuck pig and it is also
an essential tool for gathering data to update the status of the pipeline internal
condition. In each of pigging operation, data will be recorded and analyzed and these
tasks involve taking various data, review and combine them and require accurate
analysis to ensure a correct decision is made for mitigation and contingency purposes.
Currently a mechanical, acoustics, radioactive sources and magnetic
transmission methods have been used as means for pig detection and gathering the
data while various data sources and application have been used throughout the
pipeline organization to manage the integrity, maintenance and safety of their
pipelines. With varying degrees of success, these systems can be made to do the job
for which they were created. However in terms of data collection and input the
tracking of pigs still involve loads of manual data collection making analysis of
pipeline conditions subject to manual inspections. Manual data input necessitates the
training of on-site workers as to how to interpret data, allow time for its input, and
include error assumptions in final reports. This often leads to inaccurate analysis.
Considering the large amount of data and the critical timescales of the pigging
operations, it is ideal that data input take place electronically. An integrated pig
tracking and monitoring system will ensure data availability, accuracy and quality

which are needed for correct analysis.



Besides it will enable the pipeline operator to track the movement of pig at
close intervals, obtained the data directly from the site so that the data can be analyzed
consistently and at the same time the operation can be monitors and analyze without

having to rely on multiple data sources and format.

1.2 RESEARCH PROBLEM STATEMENT
To address the issues of manual data input and interpretation, it is proposed that an
integrated system that takes data and turns it into information in the context of
managing a pipeline asset is developed by the pipeline operator. However, the
challenge to build this system is that
i.  No current tools or means that can directly send data to and from field to
feed the data.
ii.  There is no method for communicating when data is updated.
iii. The integrity and facility critical data exist in various forms throughout the
organization which means these multi-format data whether in the form of
paper records, digital (spreadsheets) or databases makes it difficult to

perform analysis using a single application.

1.3 OBJECTIVES

The objectives of this research is to develop an integrated pig tracking and monitoring
model that addresses these challenges and examine the technical feasibility of this
model by taking Malaysia’s pipeline setting into consideration. Implementation of this
system requires cost and careful planning thus the development is divided into two

phases. This research is dealing with the first phase of development which is:



Designing pig tracking and monitoring model that enable the field data to
be sent from the pipeline to the end system which will also facilitate
analysis using a single application.

Perform feasibility studies for this model to obtain the details of the
system design procedures and methodology so as to minimize risk of
failure and provides suggestion for successful implementation of the

system in real environment.

1.4 SCOPE

The scopes of this research:

Focus in solving the problem in Malaysia and local pipeline environmental
setting specifically in Petronas Carigali Miri. Thus the assumption,
suggestion and implementation are based only on local pipeline
environment.

This research dealing with the first stage of the development, which is the
feasibility study thus; system implementation in real pipeline environment

is beyond the scope of this research.

1.5 RESEARCH METHODOLGY

In order to achieve the objective of this research, the following procedures are

considered:

This research starts with the understanding of the problems and
requirement analysis from Petronas Carigali Miri- Sarawak Operations.

Development of an integrated pig tracking and monitoring model.



iii. Conduct experimentation for Magnetic module position determination to
validate the data acquisition design.

iv. Conduct simulation analysis for Orbcomm satellite communication to
validate the arrangement of transmission layer.

v. Development of interface and sample analysis to demonstrate the

presentation layer.

1.6 THESIS OUTLINE

Chapter two discusses the current method for pig tracking, reviews current practice
employed by pipeline operator and review different type of model for tracking and
monitoring and concluded with the list of requirement in developing an integrated
model for pig tracking and monitoring. Chapter three presents the proposed pig
tracking and monitoring model which also describes the components, functionality
and specification of each layer from data acquisition to the presentation layer. The
feasibility study for data acquisition layer, transmission layer and presentation layer
are presented in chapter four by experimentation, simulation and demonstration while
the analysis of the results is discuss in chapter five. Finally the research findings, the

outcomes, limitation and the future works are concluded in chapter six.



CHAPTER TWO

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter is divided into three main sections. The initial part defined pig tracking
system and reviews existing pig tracking method, the second part reviews existing
tracking communication technology while the third section reviews available tracking
application software. Comparison and preferred features of each tracking method,
communication and application software are summarized in a comparison table and

the design requirement are listed in the concluding section.

2.2 PIPELINE PIGGING

Pipelines, being the cheapest method of transporting fluids or gases, are specifically
designed for continuous operation and optimum efficiency. Pigging operations are the
solution in both obtaining and maintaining these two fundamentals (Tiratsoo, 1999).
Pig or sometimes known as an acronym for Pipeline Internal Gauging (PIG) refers to
special devices sent into a pipeline for cleaning the pipe interior or to inspect pipeline
internal conditions. The use of pigs for pipeline operation is commonly referred to as

pigging (Liu, 2003).

2.2.1 Purpose of Pigging
Pigging is needed in every stage of pipeline life. Cordell et al (2003) and Hiltscher et

al (2003) listed 26 various reasons to pig a pipeline which mainly occurs during three



main instances; during pipeline construction, pipeline operation and pipeline
decommissioning.

Pigging is conducted prior to the construction to remove the debris inside a
pipeline. Once the pipeline is laid pig is inserted to verify whether the pipeline has
been constructed as specified. After hydro testing and during pre-commissioning pig
once again is run to remove the test water or mills scale, and once the pipeline is ready
for operation, special pig is launched to coat pipeline interior with corrosion inhibitors
(Cordell et al, 2003). During operations, pig is used in multi-product pipeline to
separate different products. For crude oil and gas line which are prone to get layer of
wax and liquid condensate on pipe wall, pigging operation needs to be performed
regularly to improve pipeline flow. Meanwhile inspection pigging has to be conducted
from time to time to monitor the pipeline condition, to examine the pipeline geometry
and to detect corrosion, or leakage in the pipeline. Pigging operation is also carried out
in repair work to coat the inside pipeline surface with inhibitors to avoid or reduce
further corrosion (Tiratsoo, 1999).

Finally, even during pipeline decommissioning pig is launched to clear the
product from line and to clean and dry the pipeline to avoid any hazard. Thus, a
sequence of processes conducted during construction is carried out before putting the

pipeline out of operation (Hiltscher et al, 2003).

2.2.2 Importance of Pig Tracking and Monitoring

In each stage of pipeline operations where pigs are utilized, there is always an
uncertainty as to whether the pig will reach its receiving facility. Pig may get stuck or
lost in the pipeline if it loses its seal, or if it encountered obstructions that it cannot

negotiate (O’Donoghue, 2005). If this happen, stuck pig need to be located or else it



will block the pipeline. In some cases the pipeline need to be cut just to recover the
stuck pig. This necessitates the operator to track the operation at close intervals
because an obstruction can cause loss of man-hours and production down-time (PPSA,

1995).

2.3 PIG TRACKING

Pig tracking is used as a generic term to cover any requirement to monitor the
movement or locate the position of pigs during the pigging operation, meanwhile pig
tracking and monitoring system is a transmitter/receiver system installed on the pig or
on the pipeline to enable the pipeline operator to track the pig’s location either
continuously or at a series of predetermined points (McAra, 2002).

The input or the transmitter of the system varies. It can be in the form of
mechanical movements, magnetic flux, acoustic, and even radioactive sources.
Meanwhile the output of the system is the pig location whether in the form of XY
coordinate, or a code of a predetermine location. Some system also giving out the
speed of the pig and the time it passes the predetermined location. This output is
usually received by a detector which is in a form of hand-held gadget or receiver

which has to be carried in a vehicle along the pipeline.

Input »  Transmitter Receiver/ Detector Output

»

Figure 2.1: Block Diagram of a Pig Tracking System




2.4 EXISTING METHODS IN PIG TRACKING AND MONITORING

The four basic methods which have been used in tracking a pipeline pig are
mechanical, radioactive sources, magnetism, and acoustics (Farqué, 1996). Each
method involves specialized equipment which must be incorporated into the pig or
piping system before the pig is launched, except for an acoustic method which relies
on a traditional ways of placing an ear against the pipeline to listen for the pig to strike
the weld joints. Sometimes lengths of chain were attached to the pigs to enhance the
operator’s ability to hear a pig pass. However, this method can only work if the
listener has direct contact with the pipeline and it usually results in the chain got lost
in the pipelines which added to be an item that pig is supposed to remove from the
line. Simple electronic amplification devices that aid the listener by amplifying the
sounds of a pipeline also have been developed. Although these were efficient in
tracking a moving pig, major problems arise when a pig gets stuck as it produces very
little sound (Tiratsoo, 1999). Realising that acoustic listening device does not allow
for locating stationary pigs, variety of systems that transmit a signal from a device
attached to a pig is developed by commercial pigging companies (Farqué, 1996).
These systems allow greater flexibility, and produce better precision for location.
These systems can be divided into passive and active tracking system. Mechanical and
radioactive tracking are categorize into passive tracking while ultrasonic and magnetic

transmission system are classified under active tracking system.

2.4.1 Passive Tracking Methods
In mechanical pig tracking, devices are normally welded to the pipeline with levers
protruding into the pipeline to get struck by the passing pig. Thus, it signals the

passage by a visual representation. Sophisticated mechanical transmitters with



capability to output passage indication electronically also have been developed in
which the mechanical devices flip up a flag when the pig actuates a pressure or

mechanical sensors.

Pig | Pig Signaller
movement " Sensors

Pig Sig ig Location

\?ass Time

—>

\13ig Speed

Figure 2.2: Block Diagram of a Mechanical Pig Tracking System

However, this method requires semi or permanent installation and intrusion into the
pipeline. This is not ideal since intrusion creates potential corrosion and increase the
possibility for the leakage trouble spots (McAra, 2002). Another drawback is that,
when a pig gets stuck inside the pipeline, there are no means to assist the operator to
find the exact location. In addition, as mechanical indicators are one-shot signallers,
with the operator responsible for manually resetting the device after every passage, the
risk of having inaccurate data increases if the operator arrives at the unit after the pig
has passed or totally forgets to reset the signallers.

The second passive tracking method involves fitting selected radioactive
source (alpha, beta or gamma) to the pig, and to relocate it by means of a Geiger

counter. The detectors are places along the pipe prior to launching the pig.





