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ABSTRACT

This project highlights the methods to analyze and determine Fire Hazards & Risk
Assessment in Offshore Petroleum Facilities. A comprehensive risk assessment study
Is conducted to find the best and effective method or techniques for determining the
fire risk in offshore petroleum facilities. The project is based on Quantitative risk
assessment and Qualitative Risk Assessment Techniques. A comparison between
qualitative and quantitative risk assessment techniques is done for specifying the best
methodology to effectuate the objects of the project. An offshore structure is a
mammoth platform with facilities to drill wells, to extract and process oil and natural
gas or to temporarily store products until they can be brought on the shore for refining
and marketing. As the natures of the operations are hostile it may encounter extreme
pressure and dangerous environments. Risks, accidents and tragedies can occur
spontaneously. Process operations are the most hazardous activity. A small miss-
happening in the Oil & Gas offshore platform process operations can escalate to
catastrophe. By engaging Quantitative techniqgues Monte Carlo Simulation,
Probabilistic Fault Trees and Probabilistic Bow Tie diagrams are made to calculate
and evaluate the Fire Risk present in an offshore petroleum facility. Implementation
of Quantitative techniques derived the fire risk by incorporating HAZOP work sheet
and time based risk matrix. After conducting the whole project the preeminent risk

assessment method and techniques are Quantitative Risk Assessment Techniques.

Keywords: Offshore Petroleum Facilities; Risk Assessment; Fire Hazards;
Qualitative & Quantitative techniques; FTA; HAZOP; Monte Carlo Simulations.
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CHAPTER ONE

INTRODUCTION

1.0 INTRODUCTION

1.1  Background of Study

An offshore structure is a huge structure with facilities to drill wells, to extract and
process oil and natural gas or to temporarily store products until they can be brought on the shore
for refining and marketing. Depending on the circumstances the platform can be fixed or
floating. As the nature of the operations is hostile it may encounter extreme pressure and
dangerous environments. Risks, accidents and tragedies can occur spontaneously. Process
operations are the most hazardous activity. A small miss-happening in the Oil & Gas offshore
platform process operations can escalate to catastrophe. Due to limited space and compact
geometry on the process area, less ventilation and difficult escape routes the chances of fire

accidents and hazards are very high.

Fire is the rapid oxidation of a material in the exothermic chemical process of
combustion, releasing heat, light, and various reaction products. Fire is the most frequent
phenomenon among the offshore accidents. The burning of hydrocarbons possesses a high level
threat to the personnel, equipment and environment. Products of hydrocarbon fire accidents have
both chronic and acute health effects. Fire can wreak on an offshore rig and serve as a constant
reminder of the importance of having fully trained staff and maintaining fully functioning fire
safety systems to detect and stop fires. Fire occurs when sufficient heat is produced to cause

combustion. Factors influencing resultant combustion from a given ignition source are
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temperature, exposure time and energy. Ignition sources which are present in offshore platforms
are chemical reactions, fuel operations, electric sparks, hot surfaces and hydrocarbon flaring.
Eventualities in Oil & Gas platforms and process operations can be avoided through
incorporating appropriate control measures. Early detection of fire hazards is essential if fire

damage to be minimized.

Hazard identification is equally important as consequences analysis in order to estimate the risk
of the system. In offshore industry “Hazard” is defined as potential threat to assets and property.
Hazard is also explained as potential source of harm, while harm is further defined as “physical
injury or damage to the health of people, or damage to the property or environment. Since
millions of revenues and resources accompanying precious human lives are being involved in
an offshore facility ‘Hazard Identification’ is one of the core component of risk assessment.

Offshore platforms and facilities possess a great amount of various kinds of risks.

Risk is defined as a “combination of the probability of an event and its consequences”. Risk is
the expression of probability for and consequences of one and several accidental events relative
to the occurrence of harm and severity of harm.

Risk management in an offshore industry is comprised of ‘Risk Assessment’ and ‘Hazard
Identification’. Risk management plays a key role in the safety of human beings, assets and
equipment in offshore platforms. Usually risk assessment and hazard identification are employed
in the early stage of platform designing. There are several methods for risk assessment on
offshore facilities such as ‘Qualitative’, ‘Quantitative’ and ‘Hybrid’ risk analysis. Although risk

assessment can be based on both qualitative and quantitative analysis.
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Qualitative analysis refers to a non-numerical representation and explanation based on attributes
of graphics, flow diagrams, graphs and sources of data. The most significant qualitative methods
and models are HAZOP, HAZID and Major Hazard Analysis (MHZ). The well-established and
widely used qualitative hazard identification method is the Hazard and Operability Analysis
(HAZOP). The HAZOP is well-established and accepted method which is used to identify and

evaluate process hazards as well as to identify operability problems.

Quantitate analysis employs numerical approach. Quantitative analysis provides a realistic
numerical estimate for better understanding and informed decision making. A quantitative risk
assessment is a key tool applied in safety management and risk control throughout the design,
construction, and operation and decommissioning of any industrial activity in order to achieve
safe operation and major hazard control. The famous quantitative methods are Optimal Risk
Analysis (ORA) and Quantitative Risk Analysis (QRA). The QRA methodology involves four
major steps: (1) hazard identification, (2) hazard assessment, (3) consequences analysis, and (4)

risk estimation.

By comparing both techniques ‘Quantitative Analysis’ and ‘Qualitative Analysis’ a
comprehensive study can be done which can be useful in reducing fire related and other accidents

at offshore petroleum platforms and facilities.
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1.2 Problem Statement

A Comparison between Qualitative Risk Assessment & Quantitative Risk
Assessment Techniques.

Risk assessment is the process of gathering data and synthesizing information to develop an
understanding of the risk of a particular enterprise. Offshore production of oil and gas involves
different threats and dangers which need to be identified and analyzed. The identification of
hazards and risk assessment provides a way to deal with these potential threats and to minimize
them. Using risk assessment techniques the risk can be mitigated thus providing a safe working
environment. With the development of advanced risk assessments techniques fire hazards and
risk can be minimized to possible low thresholds. Qualitative Risk Assessment & Quantitative
Risk Assessment Techniques provides a systematic explanation of hazards and their
identification. It also acts as a guide in minimizing the dangers and improves occupation safety to

the highest possible levels. It enables implementation of inherent safety principles.

Use of process safety concepts in industrial practice started with the occurrence of major
accidents between 1960 and 1990. Qualitative analysis involves process hazards and risk
assessments methods such as HAZOP, FEMA, FTA and ETA. Where Quantitative analysis
method involve the use of simulation for modeling fire, explosion and release. One of the major
emerging techniques is to do the comparison between both methods and then implement inherent

safety design and strategies for better occupational safety and working environment.
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1.3  Objectives

To conduct an effective study for identifying major “Fire Hazards & Risk™ in

offshore petroleum facilities.

To evaluate the importance of risk management and risk assessment.

To compare the results obtained from qualitative and quantitative risk
analysis.

To simulate and evaluate the applicability of Quantitate analysis in

offshore risk assessment

1.4 Scope of Study

Determining the method to assess the maximum levels of safety at offshore
platforms or structures. Identifying the major risks and hazards at offshore
petroleum facilities. The approach will be developed by conducting
qualitative or quantitative risk assessments. The method is determined form
selected existing literatures, which in turn can be used for risk based analysis
if successful.

Comparison between qualitative and quantitative risk analysis and choosing
the most appropriate method which will provide effective and efficient risk
analysis and hazard identification..

14



CHAPTER TWO

LITERATURE REVIEW

20 LITERATURE REVIEW

2.1 Literature Review

Risk assessment describes systematic procedures or guidelines for accomplishing or
approaching a development related to process safety and risk management. Models cover
mathematical, analytical, empirical, probabilistic, and computational methods. These are
classified into four different types: (1) qualitative, (2) semi-quantitative, (3) quantitative, and (4)
hybrid.

Khan and Abbasi (1999a) conducted a comprehensive study on major process
accidents that occurred during 1926-1977 and recommended the need for accident forecasting,
consequence assessment, and development of emergency management plans. The report of
Marsh Energy Practices listed 100 largest property damage losses that have occurred in
hydrocarbon processing industries from 1970 to2011 (Marsh, 2012). Accident occurrences and
their consequences show a non-uniform fluctuation. The non-uniform trend confirms the
uncertain and unpredictable behavior of accidents and their consequence and reinforces the need
of efficient and effective process safety and risk management to implement preventive and
mitigating safety measures to reduce both the likelihood and severity of industrial accidents
(Tauseef et al., 2011).

Ramzanet al. (2007) developed the Extended HAZOP which was supported by
dynamic simulation. Extended HAZOP adopted the concept of risk and included the following
additional features which standard HAZOP cannot produce. These were: dynamic simulation,
consequences classification, frequency classification, risk-based result documentation, and risk-

based hazard ranking. For highly complex dynamic systems, the methodology by integration of
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the mathematical model and HAZOP was presented by Labovsk’y et al. (2007). This method-
ology helps to decrease the possibility of overlooking hazards and to increase the efficiency of
the hazard identification process. A systematic hazard identification method was introduced to
perform along with HAZOP which enhanced the hazard identification process by providing an
opportunity to identify the major sources of potentially critical accidents and their consequences
beyond the boundaries of the premises (Laskova and Tabas, 2008). This method can also be used

for scheduling and maintenance activities of plant operations.

A new process hazard analysis methodology called Major Hazards Analysis (MHA)
was proposed by Baybutt (2003), with the sole purpose of identifying major hazards such as fire,
explosion and toxic release. This method provided an efficient and complete identification of
major hazard scenarios using a categorization scheme and brainstorming of initiating events that
can lead to major accidents. A computer aided hazard identification method, called HAZID was

developed.

Sklet (2006) discussed the event scenarios that lead to release of hydrocarbon at an
offshore oil and gas production platform. Subsequently, safety barriers and their functions in
preventing a particular release scenario were outlined. Later, Kujath et al. (2010) developed a
conceptual accident prevention model which highlights the vulnerabilities of an oil and gas
operation and provides appropriate guidelines to minimize the hazards and to prevent accidents.
The safety barriers were identified to prevent, control or mitigate the accident process due to

hydrocarbon release.

Risk assessment approaches. Instead of a detailed quantitative risk assessment (QRA),
a simple risk index was proposed starting with a fundamental definition of the risk, which was
the product of the probability of occurrence and the severity of the consequences, for an extended
definition (Al-Sharrah et al., 2007). Unlike standard risk assessment, the proposed risk index was
comprised of four elements: frequency/probability of accident, hazardous effects of the accident
inventory of the chemical released, and the size of the plant. Rather than developing complex

mathematical equations to assess consequences of chlorine and ammonia release, a simple and
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transparent model was developed based on the fatality index (Brockhoffet al., 1992). The fatality
index was estimated using historical accident data and consequences were determined for three
different population density classes: rural, semi-urban and urban. Exposure risk assessment is
performed using methods such as dangerous dose (DD), LD and significant likelihood of death
(SLOD). Based on a weighted multiple threshold approach, a method called total risk of death
(TROD) was pro-posed by Rushton and Carter (2008).

A systematic framework for quantitative risk assessment called optimal risk analysis
(ORA) was proposed by Khan and Abbasi (1998a). The ORA methodology involves four main
steps: (1) hazard identification, (2) hazard assessment, (3) consequence analysis, and (4) risk
estimation. Each step used unique techniques and tools which were previously developed by
Khan and Abbasi for conducting the optimal risk analysis. The HIRA technique was used for
hazard identification which produced the damage radius and the areas with high probability of
lethal impacts. The dynamic risk assessment methodology was developed using accident
precursor data and the Bayesian updating mechanism by Kalantarnia et al. (2009). In their
method, an event tree was used to identify the potential accident scenario and then estimate the

end-state probability based on the available failure data.

Cockshott (2005) combined rapid risk ranking (RRR) which was a simple qualitative method
based on the risk matrix that is used to estimate the likelihood and consequences sever-ity for an
unwanted incident to assess the risk level with traditional BT diagrams, and the Probability Bow—
Tie (PBT)was proposed. Cockshott (2005) further described a frame-work for constructing PBT
and a mathematical background and computer aided program based on a spreadsheet to perform
quantification. Khakzad et al. (2012) discussed the application of Bayes’ theorem for probability
updating. In their method, the two stages Bayesian updating was used: (1) basic event failure
probability updating of the FTA and (2) safety barrier failure probability updating of the event
tree. Subsequently, end event probabilities were re-calculated based on posterior or updated

17



probabilities. The likelihood probability distributions used for both updating processes were
connected to plant dynamics; thus the BT model produced dynamic results with the system
variation.

Dynamic Bayesian Network (DBN) is more suitable than classical Bayesian Network
(Murphy, 2002). Application of the DBN to model the decision criteria of a safety monitoring
system was presented by Kohda and Cui (2007). DBN modeled the entire behavior of the system
including the safety monitoring system. The logic of DBN was dynamically modified based on
the sensor output data that was monitored at regular intervals from the control system. This
method helped to prevent or minimize the expected loss caused by failure of the safety
monitoring system due to failed-dangerous or/and failed-safe events. The safety barrier diagram
is another popular method in risk modeling and assessment. Itis simple and helpful in
communicating with non-experts as it depicts the accident process as a failure of safety measures.
The definition, syntax and principles of constructing safety barrier diagrams were introduced by
Duijm (2008).

From the literature review, the following are disclosed:

- Although there is no universal agreement on the most adequate failure
analysis, hazard identification and risk assessment methods. Compassion between
both techniques Qualitative and Quantitative risk assessments will provide a better

strategy to overcome accidents and assessment of risks.

- Optimization of previous work done in the relative filed will provide basic
necessary data and framework. Complex theoretical models can be simplified
by following mathematical approach or by creating simulations.

- Analysis of qualitative analysis methods and quantitative analysis methods
combined are known as hybrid techniques. Hybrid methods are the most
emerging technology. Fire hazards and risk assessment based on Hybrid
methods (qualitative and quantitate) techniques are more comprehensive and
employ all possible situation for risk management and assessment and

mitigation.
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CHAPTER THREE

METHODOLOGY AND PROJECT ACTIVITIES

3.0 RESEARCH METHODOLOGY

3.1  Project Flow Chart

Figure 4.0 below highlights the steps that are needed in order to achieve the
project objectives. The literatures for the project were found using OpenAthens and
Science Direct which provides access to numerous subscriptions for academic journals and
e-books. It should be noted that the theoretical/numerical analysis to obtain and effective
risk assessment based study will only be done if adequate knowledge is attained and there

is sufficient time.

The project flow is shown below:

\

* Review of literatures on offshore fire hazards and risk
assessment techniques.

¢ Research to find experimental data that can validate analysis
data.

Z

e Study of Fire risk assessment methods & techniques.
¢ Study of hazard assessment and identification methods.

e Comparison between Qualitative & Quantitative Risk
assessment methods.

¢ Validation of work by Monte Carlo simulation software.

Figure 1: Research Process Flow.
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3.2 RESEARCH METHODOLOGY
The research methodology is based on the following flow as shown below:

Literature Review
Research

Hazard Identification [ System

Qualitative Risk Assessment Quantitative

Comparison

Analytical Simulations
MC + FTA/ETA+ BN

Figure 2: Methodology Flow Chart.

3.3  Equipment and Software Required

The only required software for the entire duration of the final year project is Monte Carlo
Simulation software, Microsoft Excel and SPSS statistical software . All other information that is
required can be acquired from literatures and other sources. Hence, there is no need for any
physical testing to obtain the required risk assessments, which in turn means that there is no
requirement for any sort of equipment.

20



3.4  Gantt Chart and Key Milestones
Table 3.0 — Gantt Chart for FYP | & FYP Il
FYP I

No | Activity/Week 13 |14
1 Literature Review ‘25.10.15 ‘ ‘14.11.15 ‘ ‘ 18/12/15
2 Research to find literatures with 6.11.15

experimental data.
3 Study on Offshore Fire 3 11

Hazards & Risks
4 | Extended Proposal - -- L Final Exam
5 Proposal defense 30.11.15
6 Interim report ] e 18.12.15
7 Analysis on Fire Hazards & 5.11. 2

Risk. =
8 Risk Assessment & Mitigation 16.12.15
FYP 11
No | Activity/Week 12 |13 |14
1 Literature Review
2 Q_ualitat_ive & _Quan_titative Study S
3 Simulation, Fire Risk

assessment / prevention

Key Milestones -

orocess [
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Table 3.1 — Key Milestones

Table 1: Key Milestones.

LGRS OHENEE Completion of study on Offshore Fire Hazards and Risk Assessment.

CGAVIIEH A Completion of analysis on Fire Hazards and Risk Assessment.

Key Milestone 3

Completion of comparison between Qualitative and Quantitative
Studies.

Key Milestone 4

Simulation of Fire Risk assessment / prevention. Methods to mitigate and
overcome fire risk and hazards.

[16.12.2015
22.02.2016

08.03.2016

14.12.2015

Key Milestone 1

Key Milestone 2

Key Milestone 3

Key Milestone 4

The Gantt chart and key milestones are as shown in table 3.0 and 3.1. By following the

set activities and completing them as per required in the Gantt chart, the project can

completed within the allocated time period.
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3.5  Basic Modeling & Simulations Outline

This project report covers the validation of the study done by Khan et al (2001) on Risk Based
Process Safety and Assessment of offshore process facilities. Khan et al only used probabilistic
method in their study. The FAILURE RATE data used for modeling and simulation is extracted
from Khan et al study.

The simulations shown in this report are done by following Monte Carlo Technique. Monte
Carlo simulation is a computerized mathematical technique that allows determining risk in
quantitative analysis and helps in decision making process. Monte Carlo simulation performs risk
analysis by building models of possible results by substituting a range of values (Random
Numbers) for any factor that has inherent uncertainty. It then calculates results over and over,
each time using a different set of random values from the probability functions. Depending upon
the number of uncertainties and the ranges specified.. Monte Carlo simulation produces
distributions of possible outcome values.

Process operations is the most hazardous and dangerous activity in an offshore Oil & Gas
platform. Past experiences had shown that a slight miss-happening can lead to catastrophic
events. An offshore facility involves, drilling rig , structures, process plant, transportation,
workers offices & accommodation and utility facilities.

The process plant of a fully manned production facility typically includes a number of stages of
oil, gas and water separation, gas compression and dehydration processes. The risk present is the
process pant is very high. Process plant can be a potential site for ‘Fire & Explosion. The risk
due to fire and explosion in the process facility consist of more than 50% of the total risk of the

overall installations.

The process plant consists of many types of equipment and processes such as ( Separators |,
Compressors, Pumps, Pipelines and etc.). For this project I choose the “Separator Section” for
determining the amount and level of hazards and risks present, which can be a potential factor for

fire and explosion.

23



3.6 Process Description

Separator: It is a type of pressure vessel which is designed to divide a combined liquid- gas
system into individual components, that are relatively free for each other for subsequent process

and disposition.

The well fluid ( oil, gas and water ) passes through the separators where it is separated into three
major components i.e. Oil Gas and Water. Oil is pumped through the main oil line to the desired
facility. Gas is compressed and dehydrated for storage and other required processes. Water is

treated or discarded.

e A simplified ‘Reliability Block Diagram’ of the separator facility is shown below:

e Arrows show the process flow. Dotted line (...) show pipelines (oil/gas)

Figure 3 Reliability Block Diagram.
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3.7 Hazards Identification

It is evident form the reliability block diagram shown above that separators , compressors, driers
and flash drums are highly dangerous and hazardous. While Oil and Gas pipelines and pumps are

moderately hazardous.

Following are some of the most potential hazards identified which can cause instant ‘Fire and

Explosion’

Electric spark as a source of ignition.
Ignition due to heat from the surrounding.
Oil or Gas pipeline chocked.
Temperature controller failed.

Excess flow at upstream.

Safety valve undersized.

Safety / pressure valve failed.

Pressure controller system of the separator failed.

© 0o N o g B~ w DN PE

Flow control valve failed.

10. Level indicator failed.
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CHAPTER FOUR

SIMULATIONS

4.0 SIMULATIONS

For simulations, assume a scenario in which fire and explosion can take place due to “Electric
spark as source of ignition” which further combines with the leaking gas from the separator
system to cause fire. Electric sparks can be produced by fault electrical equipment or by hot
working condition nearby. Hot work is any work that involves burning, welding, using fire — or
spark producing tools. Welding and cutting operations are very common in servicing or

maintenance of separators.

For simulation reliability of the system is to be found. The reliability of the system relates to the
percentage; it is the probability that system/component/equipment will perform its required
function for a stated period of time (without failure) under stated conditions. Then the reliability
can be plotted in form of distribution. By using probability distributions, variables can have
different probabilities of different outcomes occurring. Probability distributions are a much more

realistic way of describing uncertainty in variables of a risk analysis

The general expression used for simulation is based on exponential distribution. It is considered
that the systems and its components have a constant failure rate of 1.0 per year.
The failure rate is defined by lambda"A4”. The value of Lambda is taken as 0.25 per year. The

data values are extracted for the study on Risk Assessment conducted by Khan et al (2001).
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Failure Type Failure Rate / per year

Electric spark as a source of ignition 0.25 per year

The Reliability of the system is given by equation which is as following:

RG)=eXp[- 4 ti]eeeeeeeeceeennnnnnns (1)
Where,

R(s) is the Reliability of the system.

Lambda 4 is the constant failure rate.

tris the time period in hours , months, years or cycles.
Exp is the exponential function.

The Cumulative Density Function is give as CDF = F(t)

D F) =L =R(S) ceeerveereerveeeenn. Q)

The value of Lambda is already available. The value for ( F(t) ) would be a random number

between (0-1). Random number is required for Monte Carlo technique. The value of the {5 is to
be found out by developing a standard equation.

S O i =T YO )

= Putting value of R(S) in equation......... (2)
= FO)=1-exp[- 4 t;]
= exp[- 4 t:]=1-F()

= By taking “In” on both sides, the exponential function “exp” is omitted.

= In{exp[- 4 t:]}=In[1-F(t)]

27



> At. In[l-F@®)]

= tleln

The value for ( F(t) ) would be a random number between (0-1)
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CHAPTER FIVE

RESULTS AND DISCUSSION

5.0 RESULTS AND DISCUSSION

The results are divided into two parts. The below mentioned two stage approach is followed to
determine the fire risk in separator unit of an offshore process plant.
1- Quantitative Risk Assessment.

2- Qualitative Risk Assessment.

1- Quantitative Risk Assessment:
Quantitate analysis employs numerical approach. Quantitative analysis provides a
realistic numerical estimate for better understanding and informed decision making. A
quantitative risk assessment is a key tool applied in safety management and risk control
throughout the design, construction, and operation and decommissioning of any industrial
activity in order to achieve safe operation and major hazard control. The famous

quantitative method used for this project are as following:

e Monte Carlo Simulations
e Probabilistic Fault Tree Analysis.

e Probabilistic Bow Tie Diagram

2- Qualitative Risk Assessment.
Quialitative analysis refers to a non-numerical representation and explanation based on attributes
of graphics, flow diagrams, graphs and sources of data. The most significant qualitative methods
and models are HAZOP, HAZID and Major Hazard Analysis (MHZ). The well-established and
widely used qualitative hazard identification method is the Hazard and Operability Analysis
(HAZOP). The HAZOP is well-established and accepted method which is used to identify and
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evaluate process hazards as well as to identify operability problems.

The qualitative technique used for this project is as following:

e HAZOP Work Sheet
e Risk Matrix

5.1 Monte Carlo Simulations.

Monte Carlo simulations are used to determine the uncertainty in a process. These simulations
are also used to check the randomness of a process. This process is largely used in determining
the randomness of a process. Since fire is also taken as a random occasion which can occur in the
process industry due to two main sources which are enlisted as below:

A. Leakage of flammable fluid (hydrocarbons).

B. Ignition sources present.

For determining the fire risk accident scenarios are developed. The accident scenarios are based
on two potential causes of fire as mentioned above. The separator system shown above in Figure
3 consist of following main sub systems

I.  Separator Unit.

I[l.  Compressor unit.

I1l.  Flash Drum Unit.

IV.  Dryers Unit.
These system and subsystems carry a high potential fire risk upon the leakage of flammable
hydrocarbons and a source of ignition present. For determining the fire risk using ‘Monte Carlo
Simulations’ accidents scenarios are developed. The accident scenarios are based on two
hazardous events i.e. leakage of flammable hydrocarbons and ignition sources present.
The events are determined on the basis of high failure rate and are selected from the literature

and research conducted previously.
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5.2 Probabilistic Fault Tree Analysis:

Fault Tree Analysis is top down deduction based approach in determining the risk of an event
occurring or the causes of failures. It employees Boolean logic to determine the top event
probability of occurrence/ risk.

The FTA technique is used to determine the POF at the specified time and then relating it to
Monte Carlo Simulations to determine the level of fire risk in separator process unit at certain
time per year.

To express the fire risk by following the above mentioned techniques four accident scenarios are
generated in four different sub systems of a separator process system which are listed as

following:

I.  Accident Scenario 1 for Separator Units.
ii.  Accident Scenario 2 for Compressor Units.
iii.  Accident Scenario 3 for Flash Drum Units.

iv.  Accident Scenario 4 for Drier Units.

5.3 Probabilistic Bow Tie Diagram:

Bow tie diagram is quantitative risk assessment technique. It is used to quantify the value of risk.
Bow tie technique is based on three phases which are as following:

1- Causes

2- Event

3- Effects
Each above mentioned phase is determined carefully. The probabilities of the causes and events
are calculated following induction or deduction based methods and employing Boolean logic
depending on the situation. Bow tie method is very effective in terms of risk assessment and as
well as risk representation. It also enables the participant to employ appropriate preventive and

mitigation measures. These preventive and mitigation measures helps in making the system safe.
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The fire risk can be calculated by calculating the probabilities of the causes that may ignite fire

in a separator system of an offshore petroleum facility.

54 HAZOP Work Sheet:

HAZOP stands for Hazard and Operability study. HAZOP is a structured and systematic
examination of a process or operation. It is used to identify and evaluate process deviations and
risks to equipment or personnel. It is also used to prevent efficient operations. HAZOP is a
qualitative risk assessment technique. It enables to stimulates the imagination of participants to
identify potential hazards, risk and operability problems.

5.5 Risk Matrix:

A risk matrix is a matrix that is used for risk assessment and for defining various levels of risk
associated with processes, equipment, systems or operations. Risk matrix are used to identify
and assess different levels of risk as the product of the harm probability categories and harm
severity categories. This is a simple mechanism to increase visibility of risks and assist

management decision making.
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5.6  Accident Scenarios Fire Risk Representation By Monte Carlo

Simulations:

Taking separator unit into consideration it must be noted here that the separator unit is the first
unit to which the hydrocarbon pipeline is connected firstly from the well. All crude containing
pipelines are connected straight from the well to this system. Any mishap can turn into

catastrophe relating to fire risks.

High-pressure development in the separator causes the unit to fail. If there is high
pressure development there can be leakages from pipelines going through the separator

unit. Any leakage and a source of ignition present can cause a huge fire.

Excess flow can also be determined as a cause of leakage from the pipelines. The excess
and high velocity flow can damage not only the pipelines but also the separator system

and can also be one of the major cause of fire or system failure.

Another dangerous situation can be the failure of level indicator in this case there could

be excess of high pressure flammable hydrocarbon flowing through the separator unit.

The events mentioned above are interrelated to each other and if any of the situation
happens there could be fire in the separator unit provided there is an ignition source

present.

Following are the three most potential leakage sources:

1- Leakage due to excess flow at upstream pipeline.
2- Leakage due to high pressure in the pipelines.

3- Level indicator failure and leakage from the main pipeline.

If these leakage sources are present they could combine with ignition sources to create

fire. Most potential ignition sources are mention below:
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1- Electric spark as a source of ignition.
2- Ignition due to heat from the surroundings .

3- Ignition due to explosion energy.

Since the separator section is consist of separator units, compressors , pumps, driers and flash
drum. In event of electric spark there would be a fire or leakage among the mentioned units. The
high pressure instantaneous leak of gas is highly flammable and can cause flammable vapor
cloud. Thus the spark will lighten up this highly flammable gas and will cause a catastrophic

event of inter related fires and explosions
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5.6.1 Monte Carlo Simulations for the above mentioned fire risk for separator unit:

o Leakage due to excess flow at upstream pipelines:

F(t)vs T
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Figure 4: Leakage due to excess flow at upstream pipeline

The graph illustrated in Figure 4 shows Cumulative Density Function ( CDF ) of the failure
‘leakage due to excess flow at upstream pipeline. The graph is plotted between failure rate
F(t) vs Time. It specifies the failure rate according to time. According to the graph shown above
at about time (t) = 1 (per year) the failure rate is about 80% which is actually very high. This
graph also communicates that at t=1(per year) about 80% of the equipment has failed since we
are accounting the fire risk due to leakage so it means that at the specified time t=1 there is about
80% chances of fire provided if there is an ignition source present. This is a random estimation

using Monte Carlo technique.
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e Leakage due to high pressure in pipelines:
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Figure 5: Leakage due to high pressure in pipelines.

The graph illustrated in Figure 5 shows Cumulative Density Function ( CDF ) of the failure
‘leakage due to high pressure in pipelines. The graph is plotted between failure rate F(t) vs
Time. It specifies the failure rate according to time. According to the graph shown above at about
time (t) = 0.7 (per year) the failure rate is about 60% which is actually high. This graph also
communicates that at t= 0.7 (per year) about 60% of the equipment has failed since we are
accounting the fire risk due to leakage. if there is an ignition source present there would be an

instant fire followed by explosions. This is a random estimation using Monte Carlo technique.
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e Level indicator failure and leakage from the main pipeline
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Figure 6: Level indicator failure and leakage from main pipeline.

The graph illustrated in Figure 6 shows Cumulative Density Function ( CDF ) of the failure
‘leakage due to high pressure in pipelines. The graph is plotted between failure rate F(t) vs
Time. It specifies the failure rate according to time. According to the graph shown above at about
time (t) = 0.75 (per year) the failure rate is about 68% which is actually high. This graph also
communicates that at t= 0.75 (per year) about 68% of the equipment has failed since we are
accounting the fire risk due to leakage. In this case it means at about 68% there is a high risk of
leakage of hydrocarbons from the main pipeline. If there is an ignition source present there
would be an instant fire followed by explosions. This is a random estimation using Monte Carlo

technique.
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5.6.2 Fault Tree Analysis For The Above Mentioned Leakage and Ignition cases:

FTA are done to calculate the exact probability of fire at the specified time. The values of
POF at specified times can be found by following the FTA method. As the project is to find
the fire risk in the offshore facilities. Fire is usually a result of two factors combining

together which are as following:

1- Leakage of hydrocarbons.

2- Ignition sources.

On an offshore petroleum process facility if the above mentioned two sources are not controlled
there could be fire and other fire related hazardous accidents. The FTA is top bottom deduction
based failure analysis technique, in which an undesired state of system is analyzed using

Boolean logic.

For the fire risk assessment, fire in the separator unit is an undesired top event which is being
followed by leakage sources and ignition sources. There are three basic leakage sources
identified along with three basic ignition sources. These sources are obtained by performing

hazard identification study. The probabilities of leakage and ignitions are calculated.

The probability of the top event “fire in the separator unit” is calculated and shown with respect
to time. The probability of top event which is fire in the separator unit gives the overall fire risk.
It can be seen in the graph the probability of fire in the separator or the fire risk the separator

system increases as the time increases.

FTA gives the insight of an undesired event. It also shows the potential causes that relates to the

top event. It is also helpful in mitigation of the potential causes of failure.

The FTA for fire in the ‘Separator Unit’ is shown below. Since the system is considered to be in
series the separator section is consist of separator units, compressors, pumps, driers and flash
drum. In event of electric spark there would be a fire or leakage among the mentioned units. The
high pressure instantaneous leak of gas is highly flammable and can cause flammable vapor
cloud. Thus the spark will lighten up this highly flammable gas and will cause a catastrophic

event of inter related fires and explosions
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Figure 7 Probabilistic Fault Tree For Separator Unit.

EVENTS DESCRIPTION
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Table 2: Fire Risk For Separator Unit

Time (per Year) Probability of Fire (percent %)
0.1 0.899
0.2 0.918
0.3 0.935
0.4 0.950
0.5 0.963
0.6 0.974
0.7 0.983
0.8 0.990
0.9 0.995
1.0 0.998
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Probability of Fire versus Time: ( Fire Risk Determination)
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Figure 8 : Probability of Fire w.r.t Time

The graph in Figure 7 shows the Probability of Fire with respect to time. It means that

the probability of fire in separator unit can be find on a time scale from time O per year to

1 per year. At any specified time the probability of fire can be found out if any of the

three basic leakage events happen accompanied with any of the three basic mentioned

ignition sources present.

For instance from the monte Carlo graphs we can find out that at time 0.9 per year the

CDF shows F(t) = 80 % this means that the probability of fire at time 0.9 per year when

the equipment is failed at about 80% ( leakage) and in presence of ignition sources is

approximately 0.99 %.

Following the above approach the Fire Risk can be determined at any specified time.
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5.7

Accident Scenario 2 for Compressor Units:

Taking compressor unit into consideration it must be noted here that this section is used
to compress the gas.. All gas containing pipelines are connected straight from the

separator to this system. Any mishap can turn into catastrophe relating to fire risks.

Any leakage of gas from this compressor unit can causes the unit to fail. If there is high
pressure development there can be leakages from pipelines going through the

compressor unit. Any leakage and a source of ignition present can cause a huge fire.

Excess flow of gas can also be determined as a cause of leakage from the pipelines. The
excess and high velocity flow can damage not only the pipelines but also the compressor

system and can be one of the major cause of fire or system failure.

Another dangerous situation can be the leakage of gas from the seals of the compressor
in this case there could be a vapor cloud forming inside the separator unit. this gas that is
being leaked is very flammable and can catch fire instantly providing there is a source of
ignition or temperature change inside the separator unit.

The events mentioned above are interrelated to each other and if any of the situation
happens accompanied with the presence of a ignition source. There could be fire in the

compressor unit or separator system

Following are the three most potential leakage sources:

1- Leakage from down - stream pipeline.
2- Leakage from up - stream pipelines.

3- Leakage from the seals of the compressor.

If these leakage sources are present they could combine with ignition sources to create

fire. Most potential ignition sources are mention below:
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4- Electric spark as a source of ignition.
5- Ignition due to heat from the surroundings .
6- Ignition due to explosion energy.

Since the separator section is consist of separator units, compressors , pumps, driers and flash
drum. In event of electric spark there would be a fire or leakage among the mentioned units. The
high pressure instantaneous leak of gas is highly flammable and can cause flammable vapor
cloud. Thus the spark will lighten up this highly flammable gas and will cause a catastrophic
event of inter related fires and explosions
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5.7.1 Monte Carlo Simulations for the above mentioned fire risk for compressor unit:

e Leakage from down - stream pipeline.
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Figure 9: Leakage from down - steam pipeline.

The graph in Figure 8 illustrates Cumulative Density Function ( CDF ) of the failure ‘leakage
from down steam pipelines. The graph is plotted between failure rate F(t) vs Time. It specifies
the Probability of Failure according to time. According to the graph shown above at about time
(t) = 0.82 (per year) the POF is about 75% which is actually high. This graph also communicates
that at t= 0.82 (per year) about 75% of the equipment has failed since we are accounting the fire
risk due to leakage. In this case it means at about 75% there is a high risk of leakage of
hydrocarbons from the down - stream pipeline. If there is an ignition source present there would
be an instant fire followed by explosions. This is a random estimation using Monte Carlo

technique to check the uncertainty in the process.
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e Leakage from up - stream pipelines.
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Figure 10 : Leakage from up-stream pipelines.

The graph illustrated in Figure 9 shows Cumulative Density Function ( CDF ) of the failure
‘leakage from upstream pipelines. The graph is plotted between failure rate F(t) vs Time. It
specifies the failure rate according to time. According to the graph shown above at about time (t)
= 1.0 (per year) the failure rate is nearly about 90% which is actually high. This graph also
communicates that at t= 1.0 (per year) about 90% of the equipment has failed since we are
accounting the fire risk due to leakage. In this case it means at about 90% there is a high risk of
leakage of hydrocarbons from the down - stream pipeline. If there is an ignition source present
there would be an instant fire followed by explosions. This is a random estimation using Monte
Carlo technique.
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o Leakage from the seals of the compressor:
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Figure 11 : Leakage from the seals of the compressor:

The graph illustrated in Figure 10 shows Cumulative Density Function ( CDF ) of the failure
‘leakage from the seal of the compressor.” The graph is plotted between failure rate F(t) vs
Time. It specifies the failure rate according to time. According to the graph shown above at about
time (t) = 0.58 (per year) the failure rate is nearly about 55% which is actually high. This graph
also communicates that at t= 0.58 (per year) about 55% of the equipment has failed since we are
accounting the fire risk due to leakage. In this case it means at about 55% there is a high risk of
leakage of hydrocarbons from the down - stream pipeline. If there is an ignition source present
there would be an instant fire followed by explosions. This is a random estimation using Monte
Carlo technique.
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5.7.2 Fault Tree Analysis For The Above Mentioned Leakage and Ignition cases:

FTA are done to calculate the exact probability of fire at the specified time. The values of
POF at specified times can be found by following the FTA method. As the project is to find
the fire risk in the offshore facilities. Fire is usually a result of two factors combining
together which are as following:

1- Leakage of hydrocarbons.
2- Ignition sources.

On an offshore petroleum process facility if the above mentioned two sources are not controlled
there could be fire and other fire related hazardous accidents. The FTA is top bottom deduction
based failure analysis technique, in which an undesired state of system is analyzed using
Boolean logic.

For the fire risk assessment, fire in the separator unit is an undesired top event which is being
followed by leakage sources and ignition sources. There are three basic leakage sources
identified along with three basic ignition sources. These sources are obtained by performing
hazard identification study. The probabilities of leakage and ignitions are calculated.

The probability of the top event “fire in the separator unit” is calculated and shown with respect
to time. The probability of top event which is fire in the separator unit gives the overall fire risk.
It can be seen in the graph the probability of fire in the separator or the fire risk the separator
system increases as the time increases.

FTA gives the insight of an undesired event. It also shows the potential causes that relates to the
top event. It is also helpful in mitigation of the potential causes of failure.

The FTA for fire in the ‘Compressor Unit’ is shown below. Since the system is considered to be
in series the separator section is consist of separator units, compressors, pumps, driers and flash
drum. In event of electric spark there would be a fire or leakage among the mentioned units. The
high pressure instantaneous leak of gas is highly flammable and can cause flammable vapor
cloud. Thus the spark will lighten up this highly flammable gas and will cause a catastrophic
event of inter related fires and explosions
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Figure 12: Probabilistic Fault Tree for Compressor Unit.
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Time (per Year) Probability of Fire (percent %)
0.1 0.899
0.2 0.877
0.3 0.902
0.4 0.925
0.5 0.945
0.6 0.961
0.7 0.975
0.8 0.986
0.9 0.993
1.0 0.998

Table 3: Fire Risk for Compressor Unit
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Probability of Fire versus Time: ( Fire Risk Determination)
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Figure 13: Probability of Fire Vs Time.

The graph in Figure 11 shows the Probability of Fire with respect to time. It means that
the probability of fire in separator unit can be found on a time scale from time O per year
to 1 per year. At any specified time the probability of fire can be found out if any of the
three basic leakage events happen accompanied with any of the three basic mentioned
ignition sources present.

Form the graph it can be seen that the probability of fire increases with the increase in
time. For instance from the monte Carlo graphs we can find out that at time 0.9 per year
the CDF shows F(t) = 80 % this means that the probability of fire at time 0.9 per year
when the equipment is failed at about 80% ( leakage) and in presence of ignition sources
is approximately 0.99 %.

Following the above approach the Fire Risk can be determined at any specific point in
time. Now with the help of FTA analysis we can determine the exact probability of fire at
the give time. As shown above the FTA consist of three leakage sources and three
ignition sources. These sources are combined together by using Boolean operators and
the combined probability of fire is found which represents the fire risk.
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5.8 Accident Scenario 3 for Flash Drum Units:

A flash drum is a vessel which is used to separate vapor — liquid mixture. Considering
the flash drum units it must be known, this system contains high amount of flammable
vapor-liquid mixture. The vapor — liquid mixture is highly flammable. The vapors travel
through the gas outlets at a specified velocity. If there is any kind of leakage,
immediately a vapor cloud can be and if not controlled there could be fire and
explosions.

Any leakage of gas from the flash drum unit can causes the unit to fail. If there is high
pressure development there can be leakages from pipelines going through the unit. Any
leakage and a source of ignition present can cause a huge fire.

If the velocity of exiting vapor is not controlled there could be excess of vapor around
the system. This will result in the formation of vapor cloud and will ultimately result in
explosion or fire if there is any ignition source present in the surrounding or if the
temperature changes.

The events mentioned above are interrelated to each other and if any of the situation
happens accompanied with the presence of a ignition source. There could be fire in the
compressor unit or separator system

Following are the three most potential leakage sources:

1- Leakage from pipelines due to high pressure.
2- Leakage or vapor escape from the joints of pipelines.
3- Leakage from the downstream pipelines.

If these leakage sources are present they could combine with ignition sources to create
fire. Most potential ignition sources are mention below:

4- Electric spark as a source of ignition.
5- Ignition due to heat from the surroundings .
6- Ignition due to explosion energy.

The most potential cause of fire in this unit is related to the escape of vapor from the pipeline

and formation of a vapor cloud. If the above mentioned sources of leakages and ignitions are
present there is a high possibility of fire.
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5.8.1 Monte Carlo Simulations for the above mentioned fire risk for compressor unit:

e Leakage from pipelines due to high pressure
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Figure 14: Leakage of gas from pipeline due to high pressure.

The graph in Figure 12 illustrates Cumulative Density Function ( CDF ) of the failure  Leakage
from pipelines due to high pressure. The graph is plotted between failure rate F(t) vs Time. It
specifies the Probability of Failure according to time. According to the graph shown above at
about time (t) = 0.76 (per year) the POF is about 70% which is actually high. This graph also
communicates that at t= 0.76 (per year) about 70% of the equipment has failed since we are
accounting the fire risk due to leakage. In this case it reveals that there are about 70% chances of
leakage from the pipeline due to high pressure.. If there is an ignition source present there would
be an instant fire followed by explosions. This is a random estimation using Monte Carlo
technique to check the uncertainty in the process.
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Leakage or vapor escape from the joints of pipelines.
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Figure 15: Leakage or vapor escape from the joints of Pipelines.

The graph in Figure 13 illustrates Cumulative Density Function ( CDF ) of the failure ‘Leakage
or vapor escape from the joints of pipelines. The graph is plotted between failure rate F(t) vs
Time. It specifies the Probability of Failure according to time. According to the graph shown
above at about time (t) = 0.019(per year) the POF is about 1.80% which is actually very low.
This graph also communicates that there is very low possibility of leakage of from the joints. The
system is safe and the probability of failure is low. The probability of occurrence of leakage from
the joints of pipelines is very low.
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e Leakage from the downstream pipelines.
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Figure 16: Leakage from Downstream Pipelines.

The graph in Figure 14 illustrates Cumulative Density Function ( CDF ) of the failure ‘Leakage
from the downstream pipelines.. The graph is plotted between failure rate F(t) vs Time. It
specifies the Probability of Failure according to time. According to the graph shown above at
about time (t) = 0.3(per year) the POF is about 35% which is actually very low. This graph also
communicates that there is very low possibility of leakage of from the downstream pipelines of a
flash drum unit thus resulting in low fire risk. The system is safe and the probability of failure is
low. The probability of occurrence of leakage from the downstream pipeline of a flash drum unit
is very low.
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5.8.2 Fault Tree Analysis For The Above Mentioned Leakage and Ignition cases:

FTA is done to calculate the exact probability of fire at the specified time. The values of POF
at specified times can be found by following the FTA method. Fire is usually a result of two
factors combining together which are as following:

1- Leakage of hydrocarbons.
2- Ignition sources.

On an offshore petroleum process facility if the above mentioned two sources are not controlled
there could be fire and other fire related hazardous accidents. The FTA is top bottom deduction
based failure analysis technique, in which an undesired state of system is analyzed using
Boolean logic.

For the fire risk assessment, fire in the separator unit is an undesired top event which is being
followed by leakage sources and ignition sources. There are three basic leakage sources
identified along with three basic ignition sources. These sources are obtained by performing
hazard identification study. The probabilities of leakage and ignitions are calculated.

The probability of the top event “fire in the separator unit” is calculated and shown with respect
to time. The probability of top event which is fire in the separator unit gives the overall fire risk.
It can be seen in the graph the probability of fire in the separator or the fire risk the separator
system increases as the time increases.

FTA gives the insight of an undesired event. It also shows the potential causes that relates to the
top event. It is also helpful in mitigation of the potential causes of failure.

The FTA for fire in the ‘Dryer Unit’ is shown below. Since the system is considered to be in
series the separator section is consist of separator units, compressors, pumps, driers and flash
drum. In event of electric spark there would be a fire or leakage among the mentioned units. The
high pressure instantaneous leak of gas is highly flammable and can cause flammable vapor
cloud. Thus the spark will lighten up this highly flammable gas and will cause a catastrophic
event of inter related fires and explosions
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FIRE IN FLASH DRUM UNIT

Figure 17: Probabilistic Fault Tree For Flash Drum Unit.

EVENTS DESCRIPTION
ABC LEAKAGE SOURCES
DEF IGNITION SOURCES
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Time (per Year) Probability of Fire (percent %)
0.1 0.933
0.2 0.945
0.3 0.956
0.4 0.966
0.5 0.975
0.6 0.983
0.7 0.989
0.8 0.991
0.9 0.993
1.0 0.997

Table 4: Fire Risk For Flash Drum Unit.
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Figure 18 Probability of Fire

The graph in Figure 15 shows the Probability of Fire with respect to time. It means that
the probability of fire in separator unit can be found on a time scale from time 0 per year
to 1 per year. At any specified time the probability of fire can be found out if any of the
three basic leakage events happen accompanied with any of the three basic mentioned
ignition sources present.

Form the graph it can be seen that the probability of fire increases with the increase in
time. For instance from the monte Carlo graphs we can find out that at time 0.9 per year
the CDF shows F(t) = 80 % this means that the probability of fire at time 0.9 per year
when the equipment is failed at about 80% ( leakage) and in presence of ignition sources
is approximately 0.99 %.

Following the above approach the Fire Risk can be determined at any specific point in
time. Now with the help of FTA analysis we can determine the exact probability of fire at
the give time. As shown above the FTA consist of three leakage sources and three
ignition sources. These sources are combined together by using Boolean operators and
the combined probability of fire is found which represents the fire ris
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5.9

Accident Scenario 4 for dryer Units:

Dryer unit is used to dry the wet gas and process it. The small droplets of water are
removed from the gas. Once the wet gas enters the dryers its velocity is changed along
with the flow direction to separate the heavier droplets of water from the gas.

Any leakage of gas from this dryer unit can causes the unit to fail. The leakage of gas can
also be one of the main reasons of fire in the system. If there is high pressure
development there can be leakages from pipelines going through the dryer unit. Any
leakage and a source of ignition present can cause a huge fire. Along with the pressure
control, temperature is also very critical factor in this process and unit. The dry gas is
highly flammable. Any kind of external heat sources or temperature changes can cause
ignition, fire and explosion.

Excess flow of gas can also be determined as a cause of leakage from the pipelines. The
excess and high velocity flow can damage not only the pipelines but also the dryer
system and can be one of the major cause of fire or system failure.

Temperature is one the key factors to control the process as well as accidents. Since the
dryer unit is used to separate the droplet of water from the wet gas, a constant
temperature is required. Any drastic change in the processing temperature can cause
leakages and also fire. Maintaining the temperature is very necessary for the process and
also to avoid any fire related accidents. If there is even a small leakage and the
temperature is not controlled it could lead to explosion and fire.

The events mentioned above are interrelated to each other and if any of the situation
happens accompanied with the presence of a ignition source or temperature change, there
could be fire in the dryer unit or separator system

Following are the three most potential leakage sources:

1- Leakage due to pressure relief valve failure.
2- Leakage due to external sources of heat..
3- Leakage due to temperature controller failure.

If these leakage sources are present they could combine with ignition sources to create
fire. Most potential ignition sources are mention below:

4- Electric spark as a source of ignition.
5- Ignition due to heat from the surroundings .
6- Ignition due to explosion energy.

Since the separator section is consist of separator units, compressors , pumps, driers and flash
drum. In event of electric spark there would be a fire or leakage among the mentioned units. The
high pressure instantaneous leak of gas is highly flammable and can cause flammable vapor
cloud. Thus the spark will lighten up this highly flammable gas and will cause a catastrophic
event of inter related fires and explosions.
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5.9.1 Monte Carlo Simulations for the above mentioned fire risk for compressor unit:

e | eakage due to pressure relief valve failure.
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Figure 19: Leakage due to pressure relief valve failure.

The graph in Figure 15 illustrates Cumulative Density Function ( CDF ) of the failure © Leakage
due to pressure relief valve failure. The graph is plotted between failure rate F(t) vs Time. It
specifies the Probability of Failure according to time. According to the graph shown above at
about time (t) = 0.78 (per year) the POF is about 72% which is actually high. This graph also
communicates that at t= 0.78 (per year) about 72% of the equipment has failed since we are
accounting the fire risk due to leakage. In this case it reveals that there are about 72% chances of
leakage from the pipeline due to high pressure.. If there is an ignition source present there would
be an instant fire followed by explosions. This is a random estimation using Monte Carlo
technique to check the uncertainty in the process.
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e Leakage due to external sources of heat.
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“Figure 20: Leakage due to external sources of heat.

The graph in Figure 16 illustrates Cumulative Density Function ( CDF ) of the failure ¢ Leakage
due to external sources of heat. The graph is plotted between failure rate F(t) vs Time. It
specifies the Probability of Failure according to time. According to the graph shown above at
about time (t) = 0.08 (per year) the POF is about 7.5% which is actually high. This graph also
communicates that at t= 0.08 (per year) about 7.5% of the equipment has failed since we are
accounting the fire risk due to leakage. In this case it reveals that there are about 7.5% chances of
leakage from the pipeline due to high pressure.. If there is an ignition source present there would
be an instant fire followed by explosions. This is a random estimation using Monte Carlo
technique to check the uncertainty in the process. Since all the outside temperatures are kept very
controlled so the POF is very low as the failure rate is also low.
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e Leakage due to temperature controller failure.
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Figure 21: Leakage due to temperature controller failure.

The graph in Figure 17 illustrates Cumulative Density Function ( CDF ) of the failure © Leakage
due to temperature controller failure’. The graph is plotted between failure rate F(t) vs Time.
It specifies the Probability of Failure according to time. According to the graph shown above at
about time (t) = 1.0 (per year) the POF is about 90% which is actually high. This graph also
communicates that at t= 1.0 (per year) about 90% of the equipment has failed since we are
accounting the fire risk due to leakage. In this case it reveals that there are about 90% chances of
leakage from the unit or relating pipeline.. If there is an ignition source present there would be an
instant fire followed by explosions. This is a random estimation using Monte Carlo technique to
check the uncertainty in the process. As already mentioned above temperature is a very critical
factor in dryer unit. If the temperature is not maintained and controlled according to the required
process there is a high probability of leakage of flammable hydrocarbons form the dryer unit
which can cause fire and other hazardous accidents.
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5.9.3 Fault Tree Analysis For The Above Mentioned Leakage and Ignition cases:

FTA are done to calculate the exact probability of fire at the specified time. The values of POF at
specified times can be found by following the FTA method.. Fire is usually a result of two
factors combining together which are as following:

1- Leakage of hydrocarbons.
2- Ignition sources.

On an offshore petroleum process facility if the above mentioned two sources are not controlled
there could be fire and other fire related hazardous accidents. The FTA is top bottom deduction
based failure analysis technique, in which an undesired state of system is analyzed using
Boolean logic.

For the fire risk assessment, fire in the separator unit is an undesired top event which is being
followed by leakage sources and ignition sources. There are three basic leakage sources
identified along with three basic ignition sources. These sources are obtained by performing
hazard identification study. The probabilities of leakage and ignitions are calculated.

The probability of the top event “fire in the separator unit” is calculated and shown with respect
to time. The probability of top event which is fire in the separator unit gives the overall fire risk.
It can be seen in the graph the probability of fire in the separator or the fire risk the separator
system increases as the time increases.

FTA gives the insight of an undesired event. It also shows the potential causes that relates to the
top event. It is also helpful in mitigation of the potential causes of failure.

The FTA for fire in the ‘Dryer Unit’ is shown below. Since the system is considered to be in
series the separator section is consist of separator units, compressors, pumps, driers and flash
drum. In event of electric spark there would be a fire or leakage among the mentioned units. The
high pressure instantaneous leak of gas is highly flammable and can cause flammable vapor
cloud. Thus the spark will lighten up this highly flammable gas and will cause a catastrophic
event of inter related fires and explosions
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FIRE IN DRIER

LEAKAGE SOURCES IGNITION SOURCES

Figure 22: Probabilistic Fault Tree For Dryer Unit.

EVENTS DESCRIPTION
ABC LEAKAGE SOURCES
DEF IGNITION SOURCES
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Time (per Year) Probability of Fire (percent %)
0.1 0.893
0.2 0.913
0.3 0.931
0.4 0.947
0.5 0.961
0.6 0.973
0.7 0.982
0.8 0.990
0.9 0.995
1.0 0.998

Table 5: Fire Risk For Dryer Unit.
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e Probability of Fire versus Time: ( Fire Risk Determination)
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Figure 23: Fire Risk

The graph in Figure 18 shows the Probability of Fire with respect to time. It means that the
probability of fire in separator unit can be found on a time scale from time O per year to 1 per
year. At any specified time the probability of fire can be found out if any of the three basic
leakage events happen accompanied with any of the three basic mentioned ignition sources
present. The graph shows that the at time 1 per year the POF is 100%.

Form the graph it can be seen that the probability of fire increases with the increase in time. For
instance from the monte Carlo graphs we can find out that at time 0.9 per year the CDF shows
F(t) = 80 % this means that the probability of fire at time 0.9 per year when the equipment is
failed at about 80% ( leakage) and in presence of ignition sources is approximately 0.99 %.
Combing the sources of leakage and ignition and calculating the probabilities the fire risk can be
estimated.

Following the above approach the Fire Risk can be determined at any specific point in time. Now
with the help of FTA analysis we can determine the exact probability of fire at the give time. As
shown above the FTA consist of three leakage sources and three ignition sources. These sources
are combined together by using Boolean operators and the combined probability of fire is found
which represents the fire risk.
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5.10 Bow Tie Diagram Fire Risk Assessment in Separator Unit:

Bow Tie diagram is risk assessment technique which is frequently used in oil and gas industry.

This is a very useful technique as it not only identifies the potential causes of risk but also helps
in identifying the after effects or the consequences of the risk. Bow Tie diagram is used to
identify the critical or initiating events. It is also used to do consequential analysis (order of
magnitude) as well as causal analysis (qualitative).

For identifying the fire risk in the separator system bow tie diagrams helps to identify the
potential causes of fire and the after effects of fire in the separator system. Then performing the
probabilistic calculation and incorporating Boolean logic the fire risk is determined in the
separator system.
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Fi figure 24: Bow Tie diagram of Fire in Separator System
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Figure 25: Fire Risk calculation using BT diagram

The figure above shows the fire risk in separator system. The figure illustrates that there are more
than 95% chance of fire if the causes are leakage due to excess flow at upstream or leakage from
high pressure upstream line combining with electric spark as a source of ignition. The bow tie
diagram also shows the consequences of fire. Safety systems are also incorporated. The
combined probability is calculated to show the fire risk in the separator system with respect to
time.
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5.11 Bow Tie Diagram Fire Risk Assessment in Compressor Unit:

Bow Tie diagram is risk assessment technique which is frequently used in oil and gas industry.

This is a very useful technique as it not only identifies the potential causes of risk but also helps
in identifying the after effects or the consequences of the risk. Bow Tie diagram is used to
identify the critical or initiating events. It is also used to do consequential analysis (order of
magnitude) as well as causal analysis (qualitative).

For identifying the fire risk in the separator system bow tie diagrams helps to identify the
potential causes of fire and the after effects of fire in the separator system. Then performing the
probabilistic calculation and incorporating Boolean logic the fire risk is determined in the
compressor unit.
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Figure 26: Probability of Fire (Fire Risk)

The figure above shows the fire risk in separator system. The figure illustrates that there are more
than 95% chance of fire if the causes are leakage due to excess flow at upstream or leakage from
high pressure upstream line combining with electric spark as a source of ignition. The bow tie
diagram also shows the consequences of fire. Safety systems are also incorporated. The
combined probability is calculated to show the fire risk in the separator system with respect to
time.
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5.12 Bow Tie Diagram Fire Risk Assessment in Flash Drum Unit:

Bow Tie diagram is risk assessment technique which is frequently used in oil and gas industry.
This is a very useful technique as it not only identifies the potential causes of risk but also helps
in identifying the after effects or the consequences of the risk. Bow Tie diagram is used to
identify the critical or initiating events. It is also used to do consequential analysis (order of
magnitude) as well as causal analysis (qualitative).

For identifying the fire risk in the separator system bow tie diagrams helps to identify the
potential causes of fire and the after effects of fire in the separator system. Then performing the
probabilistic calculation and incorporating Boolean logic the fire risk is determined in the flash

drum unit.
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Figure 27: Probability of Fire (Fire Risk).

The figure above shows the fire risk in separator system. The figure illustrates that there are more
than 95% chance of fire if the causes are leakage due to excess flow at upstream or leakage from
high pressure upstream line combining with electric spark as a source of ignition. The bow tie
diagram also shows the consequences of fire. Safety systems are also incorporated. The
combined probability is calculated to show the fire risk in the separator system with respect to

time.
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5.13 Bow Tie Diagram Fire Risk Assessment in Dryer Unit:

Bow Tie diagram is risk assessment technique which is frequently used in oil and gas industry.
This is a very useful technique as it not only identifies the potential causes of risk but also helps
in identifying the after effects or the consequences of the risk. Bow Tie diagram is used to
identify the critical or initiating events. It is also used to do consequential analysis (order of
magnitude) as well as causal analysis (qualitative).

For identifying the fire risk in the separator system bow tie diagrams helps to identify the

potential causes of fire and the after effects of fire in the separator system. Then performing the

probabilistic calculation and incorporating Boolean logic the fire risk is determined in the flash

drum unit.
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Figure 28: Probability of Fire (Fire Risk).

The figure above shows the fire risk in separator system. The figure illustrates that there are more
than 95% chance of fire if the causes are leakage due to excess flow at upstream or leakage from
high pressure upstream line combining with electric spark as a source of ignition. The bow tie
diagram also shows the consequences of fire. Safety systems are also incorporated. The
combined probability is calculated to show the fire risk in the separator system with respect to
time.
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5.14 Qualitative: HAZOP Work Sheet:

HAZQOP stands for Hazard and Operability study. HAZOP is a structured and systematic
examination of a process or operation. It is used to identify and evaluate process deviations and
risks to equipment or personnel. It is also used to prevent efficient operations. HAZOP is a
qualitative risk assessment technique. It enables to stimulates the imagination of participants to
identify potential hazards, risk and operability problems.

A HAZOP Work Sheet is developed involving a risk matrix to show the potential fire risk in an
offshore petroleum facility. As discussed earlier in the report only the separator system
incorporating separator unit, compressor unit , flash drum and dryer units are analyzed for the
fire risk assessment.

The HAZOP work sheet is connected with a time based risk matrix which elaborates the fire risk
at different operational times. The risk can be only specified in terms of its severity as it is a
qualitative technique. There are different parameters mentioned in the HAZOP sheet based on
the process of the system under consideration. These parameters are of utter importance. Any
deviation in the process or any complications in the operability of the equipment can lead to fire
and other fire related hazardous accidents.

The parameters which are chosen for the HAZOP sheet are industrial standards. They are
determined after a thorough hazard identification study. The HAZOP work sheet not only
represents the risk but also process deviations, preventive measures and mitigation measures. It
also represents the person responsible based on the industrial codes and ethics.

By connecting a simple HAZOP sheet with a time based risk matrix the severity of the risk can
also be determined. This risk matrix can also help in preventing the situation by preventive
maintenance and other risk mitigation measures. The time is obtained by Monte Carlo
Simulations and Fault Tree Analysis which can be seen in the earlier part of the report.

The method applies to processes for which design and other failure rates information is given.
After determining the risk it can be then decided that whether the safeguards and other preventive
actions used are sufficient or not. The guide words used are set industrial codes and practices.

To analyze the fire risk in a separator unit the HAZOP sheet is made using the following
parameters:

1- Flow of Hydrocarbons.
2- Pressure
3- Temperature.

Different operability and process conditions are incorporated with the above mentioned
parameters. Basing on the severity and likelihood of the events a risk matrix is developed. After
the careful study of these parameters and a through a comprehensive literature review on fire risk
and accidents in offshore industry risk indexing is developed. According to the likelihood and
severity the indexing is done which is further connected to the operational time of equipment.
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The HAZOP work sheet incorporating time based risk matrix specially designed for the
assessing the fire risk in an offshore separator system can be seen below:

: Risk matriz . o
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RISK ASSESSMENT MATRIX
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Figure 29: Time based risk matrix with HAZOP work sheet

The HAZOP sheet and Risk Matrix shows the fire risk level in the separator system. It can be
deduced form the risk matrix that with increasing time the risk is also increased. This is because
after a certain level of operability time the equipment is more prone to failure. To prevent the
accidents from happening and to decrease the level or risk and threat preventive maintenance
and inspection are a set standard practice in industries.

The HAZOP sheet specifies different scenarios and their consequences. The events happening in
the separator unit are accounted for Fire and other Fire related hazardous accidents. The severity
is calculated along with the probability of occurrence. The linkage is developed with HAZOP
sheet and risk matrix based on the severity level. The failure time is found in the earlier part of
the project. The time is also combined with the HAZOP sheet and Risk Matrix to specify the
FIRE RISK more significantly. Figure 19 above shows the time based risk matrix for fire risk
assessment based on a HAZOP sheet.
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6.0

6.1

CHAPTER SIX

CONCLUSION

CONCLUSION AND RECOMMENDATION

Conclusion

Fire accidents are among the most frequently occurring accidents on the offshore
facilities. The heat radiations caused by the fire is one of the main reasons for the
fatalities and injuries. From the literature it can be seen that “Fire” is one of the
most dangerous hazard occurring on the offshore facility, hence it is important to
evaluate the risk and hazards. Risk assessment is done to prevent accidents form
happening.

Fire accidents if not controlled can cause a mammoth damage. The damage is not
restricted to property or equipment only; it can also affect human lives and
investors/companies monetarily benefits. Risk and hazards should be assessed and
mitigated in order to protect the organization objectives.

The following proposal highlights the literatures that are relevant and
important, in order to understand the method to model fire hazards and risk
assessment in offshore petroleum facilities. The models and methods described in
the literature were categorized into four categories: qualitative, semi-quantitative,
quantitative, and hybrid.

The optimum approach for risk analysis is qualitative and quantitative risk
assessments. However if ‘Quantitative Risk Assessment” could be done, it would be
more beneficial. As QRA implements numerical models and simulations which are
more understandable and reliable then just based on theoretical data.

Monte Carlo simulations help in effective decision making and risk analysis. By
plotting the graphs and simulations one can determine the failure rate and critical
events leading to failure by the skewedness of the graphs. The simulations also help
in determining the maintenance activities time schedules and also helps in
determining the Preventive Maintenance schedules.

Fault Tree Analysis is a deduction based top-bottom approach used in determining
the risk using Boolean logic. Risk can be determined by tracing forward in time.
FTA requires a premise of a known hazard.
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In this project different Qualitative and Quantitative techniques were used to find out the most
effective and efficient method for determining the fire risk. The difference of results can be seen
in this report. Quantitative techniques deduced results in a numerical approach where by
qualitative techniques just give a range (high/low) of results. By calculating the fire risk in
offshore petroleum facilities implementing quantitative and qualitative techniques following
difference were found between the two chosen methods.

Qualitative Analysis Quantitative Analysis

1. Primarily exploratory. 1-  Used to quantify the problem by way of
generating numerical data or data that
can be transformed into useable
statistics.

2. Used to gain an understanding of | 2-  Helps in selecting preventive, mitigation
underlying reasons, opinions, and and safety measures. It is used to
motivations. quantify attitudes, opinions, behaviors,

and other defined variables and

generalize results from a larger sample
population.

3. Provides insights into the problem or| 3-  uses measurable data to formulate facts
helps to develop ideas or hypotheses for and uncover patterns in risk assessment.
potential quantitative research.

In the lieu of this research project conducted it is highly recommended to use
Quantitative analysis methods or techniques for effective and efficient risk
assessment and better results.
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6.2

Recommendations and Future Research:

The recommendations for further studies and research are as following:

Validation of various experimental case studies on risk based analysis on
offshore facilities. This is of unique values as it ensures the accuracy of the
results for the final simulations, which is to test the potential factors that
causes fire related hazards in the petroleum facilities. As stated earlier fire is
the most hazardous and dangerous event in offshore industry.

Use of qualitative techniques in risk assessment and hazard identifications.
An effective risk assessment covers both qualitative and quantitative risk
assessment.

Analysis of failure mode and effect analysis. FEMA is very prudent for
determining the probability of failure and reliability of the equipment or
system. This method not only helps in hazard identifications and risk
analysis but also help in scheduling preventive maintenance and other

operations services activities
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