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Abstract

Given that natural gas is combustible, the safety of natural gas pipelines has a considerable impact not only on
the economy but also on social security. This study proposes a method for cloud inference-based risk
assessment that considers a variety of factors, including as ageing, corrosion damage, misuse of variables,
design flaws, and third-party harm. First, an evaluation index system is created using a fault tree analysis,
which considers the risk factors that could result in an accident (FTA). The index scores and weights are the
second.

Risk analysis and risk-based approaches are frequently utilised in the oil and gas pipeline industry to find and
create solutions to pipeline collapse occurrences. Even while these strategies and practises can successfully
prevent and reduce the concrete loss, such as human loss, productivity loss, asset loss, and environmental loss,
the intangible loss, such as reputation damage, is commonly disregarded. This is refuted by numerous recent
research in the literature and actual events. To address the aforementioned constraint, this paper selected
indicators of reputation loss in pipeline failure events based on pertinent research and the Delphi approach,
and the indicators are ranked by group decision-making method and fuzzy analytic hierarchy process (FAHP).
Consequently, this paper used its chosen reputation loss indicators in the pipeline failure scenario as its
foundation.

In the case study, the investor factor was discovered to be the main element representing reputation damage in
the event of an oil and gas pipeline breakdown. Credit rating downgrades and falling stock prices have been
recognised as the two most important indications for the efficient improvement of reputation harm in a pipeline
failure occurrence.

Oil and gas leaks may occur during transportation for internal or external reasons. If there is a nearby fire
source, the concentration of the gas mixture made up of oil/gas and air may approach the limit for burning
and/or exploding, which could result in a fire and/or explosion event that results in fatalities and major property
loss. As a result, relevant research on the risk analysis and evaluation of the oil and gas pipeline has recently
focused on the field of safety engineering. It is crucial to evaluate the fire risk analysis in order to ensure the
safety of long-distance oil and gas pipelines. Before analysing the fire risk of the long-distance oil and gas
pipeline using quantitative risk analysis, this study first analysed the nature of the long-distance oil and gas
pipeline danger (QRA).

This research suggests a novel approach that combines a fuzzy TOPSIS model and an index-based risk
evaluation system to control the hazards related to ageing urban oil and gas pipelines. Ranking the risks that
have the highest potential to jeopardise pipeline safety is how the methodology is put into practise.
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l. INTRODUCTION

World is running help of oil and natural gas. It is very difficult to transport of oil and natural gases to
word wise. Pipelines are optimal infrastructure for the transportation of oil and natural gas

Oil and natural gas, on the other hand, are combustible and explosive substances that are typically
transported via pipeline networks under high-temperature, high-pressure circumstances. Most accidents,
including fires, explosions, and toxic releases, are likely to happen at oil and gas pipelines [1-3], causing
casualties, financial losses, and environmental issues. This makes pipeline transportation less sustainable. A
sequence of explosions and flames on November 22, 2013, in Qingdao, China, resulted in 8000 people being
evacuated, 62 fatalities, 136 injuries, and damage to neighbouring houses and automobiles. When a leak repair
procedure ignited evaporated crude oil from a pipeline leak, explosions resulted in a drain . Additionally, natural
disasters like earthquakes, floods, and lightning can destroy oil and gas pipelines, which could have negative
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collateral effects on the populace, the environment, or the industrial activity itself. These incidents—often
referred to as Natech events—account for about 5% of serious industrial mishaps [4-5].

The safety of NG and PG pipelines is extremely important because of the frequent leaks from NG and
PG pipelines that result in fires and explosions, which cause property losses and human injuries [2]. The NG
pipeline leakage tragedy in West Virginia and other locations highlight the risk that NG and PG pipeline
leakages could become catastrophic if the right precautions are not taken for their prevention and release
mitigation. According to [4], out of 185 mishaps involving natural gas, pipeline accidents accounted for 127 of
them, and mechanical breakdown of the pipes was the primary cause of the majority of these accidents.

If there is an accidental leak from a pipeline transporting NG/PG, it may lead to fires and/or explosions
impacting adversely the human habitat, property and the environment. Therefore, one has to estimate the release
rate of the gas from the pipeline due to its failure. The gas release may be from a small diameter (size) leak,
from a hole (of size, do) in the pipeline or the high volume discharge from the pipe-rupture. It has been
suggested that a very small pin

hole/crack of size (diameter) 20 mm may lead to a ‘leak’; slow release may result from pipeline holes
of size 20 mm_do _d; and a rupture may have a diameter of the hole larger than the pipeline diameter, d (EGIG,
1970e2007). Therefore, it is essential to estimate the gas release rate from the pipeline failure for the case of
continuous and constant flow rate, and the decreasing flow rate in case of emergency shutdown of the
compressor or the valve. It is

also necessary to estimate the area of hazard associated with the habitat, property and environment
which will depend on the type of the pipeline failure and associated gas release, the time period of release,
ignition time, meteorology and the topography of the area.

1. LITERATURE REVIEW

To find out the main research topics related to the safety and security of oil and gas pipelines,

To investigate the research evolutions and trends in the past decades, the keywords of publications are analyzed
by using the cooccurring module in the software of VOSviewer. First, the publications are divided into four
parts according to the publication time: (i) before 2005, (ii) 2005-2009, (iii) 2010 2014 and (iv)2015eAugust
2019.To investigate the methods used in safety and security research related to oil and gas pipelines, the
research methods used in past research are extracted from keywords. the main safety and security research
methods used in each period.

I Research methods before 2005 As shown infour main research methods are identified before 2005:
analytic hierarchy process (AHP), artificial neural networks (ANN), Fuzzy theory, and quantitative risk
assessment (QRA). AHP is a multiple attribute decision-making technique that was used to develop a decision
support system for inspecting and maintaining oil pipelines [6-7] developed an inverse approach based on ANN
for leakage monitoring of pipeline networks. ANN can be used to deal with nonlinear problems with a set of
variables by mimicking human brains. However, this method needs large sample data and the behavior of
networks is unexplained.[8] applied fuzzy logic in risk assessment to address uncertain input parameters using
fuzzy numbers. But it needs subjective evaluation and it is a difficult task to select the exact fuzzy rules and
membership functions. A QRA method is established for pipeline route selection in the design stage [9]. The
application of the QRA method can obtain a comprehensive result but the result may be not precise and event
confusing.

Il. Research methods from 2005 to 2009-the main research methods used from 2005 to 2009. QRA is the
most frequent method in this period since it is able to quantify the likelihood and consequences of accidents. For
example, [10] established a QRA method to determine an optimal inspection and replacement interval. [11] built
an individual risk assessment method for highpressure natural gas pipelines. The research results indicated that
the risk from a natural gas pipeline is lower than that at the building with a minimum distance from chemical
industries. Besides these QRA methods, an event tree approach was used to analyze possible outcomes of an
accidental fuel gas release [12]. Event tree analysis can show possible accident scenarios and event sequences
but it may be extreme in
size and complexity for an intricate problem. ANN was used for predicting wax deposition [13], ensuring
pipeline safety. Multi-attribute utility theory was used in ranking the risk of different sections of natural gas
pipelines, incorporating decision-makers’ preferences and behavior regarding risk [14]. In this period, advanced
tools such as the finite element method (FEM) was used to investigate the failure pressure of corroded pipelines
while the computational fluid dynamics (CFD) was applied to model dispersion process of accidental release
from pipelines. These advanced tools can obtain more accurate results but they are time-consuming and have
higher requirements for operators.

1. Research methods from 2010 to 2014 The main research methods related to the safety and security of
oil and gas pipelines in the period 20052009, the most frequent methods used in this period are fuzzy theory
and QRA. Fuzzy theory combining with other risk assessment tools are usually used to deal with the
uncertaintyof input data.[15] combines fuzzy logic theory and expert judgment to address the uncertainty in
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corrosion risk assessment of natural gas pipelines. [16] used fuzzy logic in a bow-tie model to derive fuzzy
probabilities of basic events and to estimate fuzzy probabilities of the consequences of output events. [17]
integrated relative risk score (RRS) with fuzzy logic in pipeline risk assessment.[18] demonstrated that the
selection of qualitative or quantitative risk assessment methods depends on the available data of the gas
pipelines and the precision requirements. [19] used GIS in a QRA to aid pipeline management staff in
demarcating high-risk areas. Besides, fuzzy theory, Monte Carlo simulation (MCS) also plays an important role
in tackling uncertainty and also in simplifying the computation of analytical methods but it is time-consuming.
[20] used MCS to address the uncertainty in damage probability estimation of pipelines subject to earthquakes
while [21] applied MCS to simplify the lifetime prediction of corroded pipelines.

V. Research methods from 2015 to 2019 In the period 2014e2019, the Bayesian network played a
dominant role in the research methods related to the safety and security of oil and gas pipelines. Compared with
traditional risk assessment tools such as the fault tree, the Bayesian network has obvious advantages in explicitly
representing the dependencies of events, updating probabilities, and coping with uncertainties [22-24] used a
Bayesian network to assess the internal corrosion hazard of oil & gas pipelines. [25] conducted an accident
analysis of natural gas pipeline networks using the Bayesian network. The Bayesian network can also be used to
model dynamic risks such as the time-dependent accident risk of subsea pipelines [26]. Besides, fuzzy
theory[27], quantitative risk assessment [28] and bow tie [29] are also widely used for assessing the risks of oil
and gas pipelines. With the development of computational resources, applying CFD and FEM methods in
pipeline safety may become easier and wider in the future. Game theory and attack tree specially used in
security risk research.Game theory is a decision-making tool to handle problems that contain intelligent players
while it may be inaccurate due to subjective assumptions for attackers. Moreover,
machine learning was also applied in this domain to assist in detecting and sizing of metal-loss defects in oil and
gas pipelines. With the rapid development of machine learning techniques, their applications in pipeline safety
and security may increase in the future.

Risk-based techniques in pipeline failure event-

Due to many components were subjected to degrading mechanisms such as corrosion, erosion and
external interference, the pipelines may lose their structural integrity leading to leakages, bursts and ruptures.
These failures can not only cause economic losses to operators in terms of reduced production, clean-up
operations, etc., but more importantly pose significant health, environment and safety (HSE) hazards [30]. In
order to mitigate the problems associated with failures, many risk-based techniques were widely used in the oil
and gas pipeline industry, such as risk-based inspection, risk-based maintenance and risk-based asset integrity
[31-34]. Risk-based inspection is a practical technique to assess the likely application of the inspection process
and the impact that can appear on pipeline failure, assess the grade of risk and recommend the type of action
taken for the development of preventive measures and risk management [31]. Risk-based maintenance is a cost-
effective approach to reduce the probability of pipeline failure and associated consequence, which can assist in
reducing the cost of maintenance although it does not completely eliminate subjectivity [32-33]. Risk-based
asset integrity is a management strategy for maintain the integrity of process facilities, so as to decrease major
incident risks. These technologies are based on risk assessment approaches that comprise: an assessment of
likelihood of failure, consequence of failure and their combination [34]. For practical applications, Singh and
Pokhrel [30] developed a risk-based inspection programs for oil and gas pipelines subjected to microbiologically
influenced corrosion. Singh and asserted that the proposed technique is simple to use, flexible enough to be
modified according to the requirements of different sections of the plant, and able to incorporate field data. [35]
proposed a risk-based maintenance planning of subsea pipelines subjected to fatigue crack growth monitoring.
The methodology is able to determine whether the maintenance should be performed or not. [34] presented a
hierarchical framework for asset integrity monitoring and assessment, the hierarchical structure is used to
characterize the asset and relate it to an organization's strategic goal. The proposed approach uses a risk metric
to classify asset integrity through the integration of leading and lagging indicators' outcome. However, although
these risk-based techniques take fully account of all kinds of the tangible loss, i.e., human loss, production loss,
asset loss and environmental loss, the intangible loss such as reputation loss is often neglected.
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Figurel. Illustration of threats, values and ‘loss categories’ in risk and vulnerability management.

[35] proposed a risk-based maintenance planning of subsea pipelines subjected to fatigue crack growth
monitoring. The methodology is able to determine whether the maintenance should be performed or not. Hassan
and Khan [34] presented a hierarchicalframework for asset integrity monitoring and assessment, the hierarchical
structure is used to characterize the asset and relate it to an organization's strategic goal. The proposed approach
uses a risk metric to classify asset integrity through the integration of leading and lagging indicators' outcome.
However, although these risk-based techniques take fully account of all kinds of the tangible loss, i.e., human
loss, production loss, asset loss and environmental loss, the intangible loss such as reputation loss is often
neglected.
Reputation loss indicators in pipeline failure event According [38], reputation can be expressed by a level of
one's belief toward another person or an organization. Thereputation of a company mainly involves the beliefs
of the stakeholders toward a corporate and its attributes. There are at least four types of stakeholders in each
company, namely investors, customers, employees, and the public. Pipeline failure event impact their
stakeholders directly and indirectly. As Oonagh Mary Harpur pointed out [38], if it is failure to meet their
stakeholders' expectations and needs without enough reasons, the company will have a bad reputation, in other
words, their expectations are greater than their experience [39]. Harpur's definition of reputation can be
expressed in the following Eq. (1):

Reputation = Experience — Expectation (1)
Delphi method (Fig. 2), the structure of the reputation loss factors and indicators in pipeline failure event is
proposed. This structure contains 4 factors and 25 indicators. Fig. 5 illustrates the structure of reputation loss
factors and indicators in oil and gas pipeline failure event. The structure is neither final nor comprehensive, and
new factors and indicators can be added or deleted according to the peculiarities of the oil and gas industry in
each country's economic system.
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Fig. 2. The flow chart of Delphi method.

1. PROBLEM IDENTIFICATION
I researcher seen the main regionare pipe failure scale formation inside of pipe. This is one type of
corrosion and its very difficult task to remove it.
Il. During visual observation of the pipeline at rupture location, it was observed that the failure had
initiated from HAZ (Heat Affected Zone) near the weld seam and extended parallel to the seam and finally took
a fish-mouth opening shape. The pattern of present failure is same to the earlier three failures. It indicates that
the reason of failure may be similar.

i B Sl rADSIE SR T

Figure 3. Pipe condition immediately after incident. aExposed condition of NPS 8 pipe, b close-up view
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I"i. Repetitive failure of the pipe of similar nature at weld seam establishes that there might be some
inherent problem of the pipe related to welding quality at the manufacturing stage and might have been grown
during subsequent operations mainly due to cyclic loading in stressed condition.

V. he failure analysis of the failed pipe collected from the previous failure was carried out by WRI, BHEL
Trichy. In the it has been concluded that failure of the pipe took place due to weld failure and there are a few
abnormal observations at the weldment like flat weld profile, improperly repair weld, undercut, unfused spots,
significant misalignment beyond permissible limit, higher hardness than acceptable limit etc. This indicates that
the overall quality of long seam welding joint of the pipes seems to be not satisfactory at the manufacturing
stage.

V. Change of service from product transportation to crude oil transportation (high sulphur e.g. MAYA,
QTR LS CON + etc.) may also have aggravated the material degradation resulting into failure.

During investigation of the present failure incident, Operator informed that IPS with crack detection tool of the
pipeline has already been carried out by an expert agency and the preliminary report provided by the party,
which does not reveal any defect between this section of the pipeline. This may be looked into.

REASONS OF FAILURE/ ROOT CAUSE - Based on the above analysis, the following may be the probable
causes of this incident: (1) Some inherent problem of the pipe related to weld seam at the manufacturing stage
and might have been grown during subsequent operations mainly due to cyclic loading.

(2) Corrosion or other failure mechanism of the pipe due to change of service from product to crude oil.

V. OBJECTIVES OF THE RESEARCH
I Safety and security research related to oil and natural gas pipelines to find out the most productive
institutions and authors, cooperation networks between countries, institutions and authors, citation and co-
citation networks, and research trends in different periods. This section aims to discuss possible research needs
for developing a sustainable pipeline transportation system.
. Safety and security Safety-related incidents are unintentional whereas securityrelated incidents are
intentional (the direct objective is to induce undesired incidents) [40]. In terms of oil and gas

I1. pipelines, two main categories of security threats exist, i.e., theft and sabotage. Theft has been a long-
standing security concern for oil and gas pipelines while the threat of terrorist attacks has become a more
pressing priority in some regions [41]. Both theft and sabotage can lead to severe consequences, including
public casualties, physical damage to the pipelines, interruption of energy supply, loss of oil and gas,
environmental pollution, and the influence on socioeconomic and political stability, etc. [42]. Nonetheless, less
than 5% of the 589 publications focused on security issues involving oil and gas pipelines. Given the severe
consequences caused by intentional incidents on oil and gas pipelines, safety and security are both important for
protecting oil and natural gas pipelines. Therefore, more work on security or integrated safety and security
should be carried out in the future, addressing the intelligent and strategic characteristics of attackers and
considering the impacts of social, political and economic factors.

v. Pipeline system resilience-The resilience of oil and gas pipeline systems may be defined as the ability
to absorb losses and maintain or improve energy supply despite pipeline damages. In light of the accidental
hazards, natural hazards and intentional threats to oil and gas pipelines, enhancing the resilience of oil and gas
pipeline systems is an important method to ensure the sustainability of the energy supply chain. Once a damage
to an oil and gas pipeline is inevitable, a resilient pipeline system can effectively mitigate the consequences of
the damage and rapidly recover from the supply interrupt. However, limited research has been done on the
resilience of oil and gas pipeline systems. As a result, more attention should be paid to enhance the resiliency of
an oil and gas pipeline system, such as formulating a resilient emergency response strategy and developing a
robust pipeline system.

For the purpose of determining the significance of reputation loss indicators, and to rank them, it is necessary to
take scientific and reasonable weight calculation method. In current literature, AHP is the most popular method
used in the determining the indicator weight. This method, developed by Saaty (1980), decomposes a decision
problem into a hierarchical elements system.

Compare the importance of each element with a nominal scale. Then, a comparison matrix is established by
means of quantitative comparison, and then the eigenvector of the matrix is acquired to represent the
comparison weight among the elements of a certain gradation. Finally, the consistency strength of the
comparison matrix is evaluated by the eigenvalue and decides whether to accept the information [36-37,43].
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Reputation loss indicators system in oil and gas failure event

Investor factor Customer factor Employee factor The public factor
(A) (B} (C) (D)
Share price dopped s Mepalive responss . -
i Tld - k—FF Loss of customers e ) P Bepetition of similar
. |ﬂ'|. If.llu' = i_'-{_mﬁd__"ni_‘: .'I'lll-fl :’?fﬂlll.'l' aocident
capitalization shmank (B.) MANAEETS (D)
(&) i (C:) ’
Ranking
£ T Fair o inle Butality g
downgrm in the Repeated purchase Un fair compensation MLI.llI'|1-| ..._.1.!..1||L:. and
AT - Lo vic tims F— injuries
same industry (B2)
(Az) : (C2) (D)
Hidden the truth of
sz oF . - .
Loss of Sales reduction the accident for Accident severity
reinvestment (Bs) personal interest (D)
(Aa) (C3)
- - Reduced job Megative reports by
Credit mting Customers ) L = _F i
S o — applications media
reduction mecognition
k= (Ca) (D)
(A4) (Ba)
Safety fund L ubli
. . oss of public trust
Loss of sponsorship Bad word-ofmouth allocations FD -
opportunity among customer mismanagead (Ds)
(As) (Bs) (C)

. Fire extinguished in
Employess | Tu"I i
P - onger duration
motivation decline T

(Ce) (D)

Drestroyed private

Resigned skilled properties
worker (Dy)
(Cs)

Damaged of vast
enviromment aren

(Dy)

Figured4. The structure of reputation loss factors and indicators in pipeline failure event.

V. METHODOLOGY

Risk assessment methods-
The main objectives of risk assessment study is to identify the potential hazards, assess the risk from the
individual scenarios and evaluate the risk control measures to reduce the risk to people, plant and environment.
Risk are commonly sustained in every industrial activity and accepted to certain level when we do the
operations. Risk is descripting in two parameters. For any hazardous event the risk is calculated based on the
consequence and product of the frequency of this event. Risk assessment is defined as a mathematical function
of the probability and consequence of an incident.
Mathematically,
Risk = F (Frequency of event) * C (Consequence of an event)
Typical quantitative risk assessment flow diagram is followed in this study has shown below ( Fig.6.)
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Figure 6 . Typical risk assessment flow diagram.

The methodology for this study involves the following steps -

l. Site visits & collection of data

Il. Monitoring the existing natural gas gathering station operation & handling system.
. Hazard identification through HAZID and HAZOP study

(AVA Consequence analysis for hazardous accident scenarios and modelling
V. Review the controls of fire and safety management system
VI. Feedback and recommendations

The following Table-1, shows the key components and equipment’s available in the natural gas gathering station
and associated pipeline network. This list is used to identify the various potential hazardous event and associated
failures.

Hazard identification-

Hazard means anything which has the potential that could cause harm or ill health or injury to people
or damage to assets or impacts environment. Hazard identification is the fundamental step in risk assessment.
Hazard identification and evaluation of major hazards are vital in any safety management system. New oil and
gas projects and in some cases modifications of existing oil and gas plants, calls for some element of change and
the degree of change is often considerable. The procedure has to identify the hazards systematically arising from
normal and abnormal operation of the plant.

Many techniques are available such as experience, engineering codes and standards, checklists,
Preliminary Hazard Analysis (PHA), Hazard identification (HAZID), Hazard and operability (HAZOP) study,
Job Safety Analysis (JSA), Hazard and effects management process (HEMP) Hazard index, What-if analysis,
Failure modes and effect analysis (FMEA), Fire and Explosion Index (F&EI), Mond Index (MI), Construction
hazard identification (HAZCON), Electrical hazard and Operability(SAFOP), Layer of protection analysis
(LOPA), Fault tree, Event tree etc are implemented by various oil and gas industries now a days. If the hazard is
not identified then risk assessment is not cover all the hazards. The unidentified hazard may strike any time

WWW.ijres.org 172 | Page



Risk Analysis of Qil and Natural Gas Pipelines Due to Hazards

which results in accidents and loss. So it is very important that the hazard identification to be carried out in
comprehensive manner. Unidentified hazard negate the risk assessment process; risk cannot be assessed for
those hazards and control measures cannot be developed

and implemented. The operators those who involved in the operation are not aware of the hazard in first place.
Hazard identification was conducted through employee interview and pipeline hazard identification studies.
Interviews are either one to one basis or in groups.

Techniques such as Job Safety Analysis (JSA), Logic diagrams, What-if checklist techniques can be used as
qualitative risk assessment techniques for assessment. JSA is method to analyse a job by, step by step process.
Nuclear power plants, aerospace industries are using fault tree and event tree as a powerful tools to predict the
failure rates. The quantitative tool such fault tree and event tree is used to quantify the risk. Identification and
evaluation of major hazards are vital in any safety management system. Checklist approach is used in chemical
and process industries to identify the hazards in the process. But checklists are considered as a more generic
approach. Layer of protection analysis (LOPA), Failure mode effect analysis (FMEA) are called semi
quantitative analysis tools. LOPA is lies in between HAZOP and Quantitative Risk Assessment (QRA) in terms
of rigorousness.

HAZID Check list and HAZOP study are used in this study to identify the various hazards and associated
potential different hazardous scenarios.

The Table.2, shows the comprehensive checklist used for hazard identification.

. HAZOP study-

HAZOP study is a standardized approach to analysis the process hazards associated with basic
operations of the plant which was developed by ICI in UK which is explains “The application of a formal
systematic critical examination to the process and engineering intentions of new or modified facilities to assess
the hazard potential or mal-operation or malfunction of individual items of equipment and the consequential
effects on the facility as a whole”. HAZOP study is one of the hazard identification technique can be applied
various phases of project development includes in front end engineering and design phase, as a part of detailed
design phase and plant operation phase or any modification or alteration of the plant. HAZOP study as a semi
quantitative analysis which is applied to upstream oil and gas operations such as offshore drilling operations.
HAZOP studies include from original ICI method with required action and now a day’s computerized method of
HAZOP study wok sheets are employed for analysis.

It is used to identify deviations from the design intent that could lead to hazards or operability
problems, and to define any actions necessary to eliminate or mitigate these. Hazard and Operability Study
(HAZOP) method is immensely popular for identification of hazards qualitative . HAZOP study requires
information such as process data, technical information, process and instrumentation diagram, material balance
sheets, process parameters, instrumentation diagram, site plans, line arrangement, list of safety valves etc.
HAZOP study has numerous inherent weaknesses in the system. But understanding and having knowledge
about the weakness enable the study team to compensate to the extent possible.

For this HAZOP study, a combination of guidewords and process parameters has been used to review
the process and instrumentation diagram of the natural gas gathering station. The selected gathering station and
associated pipeline network is divided into nodes as per the process flow diagram. Each node the intended
function is defined and with the set of guidewords and process parameters are to be applied and deviation and
consequences is assessed. If the existing protection system have taken care of the consequences or any
additional measures to be provided is established.

From the above HAZID & HAZOP study the following are the four major hazardous event scenarios are
identified to do further quantitative risk assessment process.

Scenario 1 - Loss of containment of hydrocarbon from Gas compression in Gathering station.

Scenario 2 — Loss of containment of H2S from Gas Compression in Gathering station.

Scenario 3 - Loss of containment of hydrocarbon from Pipeline.

Scenario 4 — Loss of containment of H2 S from Pipeline.

\VA RESULTS AND DISCUSSION

As part of this study consequence modelling has been carried out for the hazard sources identified and
the results are presented. Radiant heat from fire in Kw/m2 and radiant heat dose from vapour cloud explosion in
KJ/m2 and Over pressure from explosions in bar and toxic exposure in ppm levels are evaluated to how the level
of injury to the humans.

The findings from the consequence results for the worst case scenarios it should be noted that whilst the
consequences can be significant for the large leaks, the likelihood of these events is very low. Statistically, small
leaks are more likely to occur. This is also in agreement with the leak frequency analysis carried out for the
facilities, which shows that 80% of the leaks are from small hole sizes. Over pressure had created more damage
to people, equipment, assets from the past vapour cloud accidents. The risk to the individual are represented as
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risk contour and called as individual risk. Individual risk contours connects the same risk level in a geographical
map. The (Fig-7) shows the location specific individual risk and are mapped with the location drawing.

The Location Specific Individual Risk (LSIR) at gas gathering station associated with the gas
compression and evacuation facility has been determined. The highest LSIR has been calculated at the gas
recovery compression and compression Area with a value around 1.69E-04/yr. The risk is mainly driven by the
fire events (around 80% of total LSIR), however, there are no significant impacts on the existing facilities.

According to the failure statistics of pipelines ( Fig.7 ) and the geographical features along the natural
gas pipeline, it is considered that the main causes of pipeline failure in this project include third-party impact,
external corrosion and girth weld failure. According to the load analysis of the pipeline, the main load of the
pipe includes internal pres- sure load, welding residual stress, third-party external force and geological hazard
force. Major hazards to pipelines include inherent factors (pipeline girth weld defects), time-dependent external
corrosion, time- independent internal pressure fractures, and third-party impact. Based on the above analysis, it
is determined that the limit state equations involved in the failure probability calculation mainly include external
corrosion leakage and fracture, third-party mechanical failure leakage and fracture, fault-free fracture and girth
weld fracture ( Tablel ). As it is still difficult to quantify the failure probability of geo-hazard, the risk analysis
of geo-hazard will be carried out separately. The failure probability calculation is carried out according to the
actual parameters of pipeline materials, construction and operation in China, and adopting the mature reliability
calculation software at home and abroad ( Fig. 5 ). The calculation of girth weld failure probability is based on
the stress analysis results of all weld joints and the defect size data from internal and non-destructive testing.

68%

70%
60%
50%

40%

23%

30%

20%
A% 2% 1% 2%

Third-Party Corrosion ~ Manufacturing Geo-Hazard ~ Misoperation Others
Impact Defect

10%

0%

Table-1Failure statistics of pipelines

® SmallLeak & Large Leak + Rupture B Rew data B current ft W Previous fit
Failure Rate - Raw Data, 100000000 Simulations Failure Rate - 500000000 Simulations

Annual Rate (/km)

? ; » P / . 7 : 1.00e-011+

O 1.00e-012 : : ;i e ;

100e-0137 i ] i i i | i i 5
03 B 9 12 15 1B AN w4 A N 1006012

Time (years) . Leak i
Figure 6. Failure probability calculation results of external corrosion and third-party impact

In addition, welding joint risk assessment and integrity assessment were carried out for the full girth
weld of the. The result of welding joint risk assessment shows that the total number of welding joints with high
risk is about 6,500. 688 welds failed the integrity evaluation ( Fig. 8 ). Appropriate pipe modification or man-
agement measures shall be taken for pipe sections containing welds that fail the integrity evaluation.
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Fig. 8. Integrity evaluation results of the natural gas pipeline

V.  CONCLUSION

A fire will occur when leaking oil, gas, and air are combined with an igniting source and transmitted
through a long-distance oil and gas pipeline. A jet fire, which happens when handling pressurised or pressure-
liquefied combustible materials, is the most challenging of the three fire accidents. For the protection of persons
and property, the long-distance oil and gas pipeline fire risk assessment has substantial theoretical and practical
ramifications.

Pipeline failure occurrences have resulted in a variety of losses, risk-based methods, and signs of
reputation damage. The study showed that intangible loss, such as reputation loss, is commonly ignhored even
though risk assessment and risk-based approaches are valuable tools for limiting and preventing the tangible
loss. However, numerous recent studies contend that when determining the effects of an oil and gas pipeline
disaster, reputational harm should be considered. Based on relevant research and the Delphi technique, this work
offered a structure for reputation loss factors and indicators in an oil and gas pipeline failure incident,
comprising 4 factors and 25 indications. These traits and indicators can help pipeline firms maintain their
reputation in the case of a pipeline collapse.

The findings of the present study indicated that risk decision-making and the implementation of
preventive measures might be significantly aided by an efficient tool for risk analysis on leakage failure in the
oil and gas pipeline business. The study might also be a beneficial educational tool for assessing the risk
associated with other ocean oil and gas equipment.
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