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Résumé :

Cette these aborde la protection contre les incendies pour une unité de traitement des hydrocarbu-
res. Pour ce faire, nous avons réalisé une étude d’évaluation des risques d’incendie et d’explosion
(FERA) en utilisant le logiciel Safeti 8.4 pour simuler des scénarios d’incendie réels et estimer les
conséquences.

Ces données ont guidé I'élaboration d’un plan de protection passive contre les incendies conforme a
la norme API RP 2218. Ce plan permet de protéger les équipements critiques pendant une période
prolongée en cas d’incendie.

De plus, l'efficacité des systemes actifs de suppression des incendies a été évaluée afin de garantir
qu’ils combattent de maniere optimale les incendies dans ’environnement unique de I'unité de traite-
ment, en respectant les normes NFPA.

En combinant ces stratégies, cette these propose un plan de protection incendie complet pour I'unité
de traitement des hydrocarbures, en priorisant la sécurité du personnel et en minimisant les dom-
mages potentiels.

Mots-clés : FERA, Protection passive contre les incendies, Ignifugation, Protection active contre
les incendies, Modélisation, Simulation, Safeti 8.4, Normes API RP, Normes NFPA.

Abstract:

This thesis addresses fire protection for a hydrocarbon treatment unit. In order to do that, we real-
ized a Fire and Explosion Risk Assessment (FERA) study using Safeti 8.4 software to simulate real
fire scenarios and estimate the consequences.

This data guided the development of a passive fireproofing plan following the API RP 2218 standard.
This plan allows to protect critical equipment for an extended period during a fire.

Additionally, the effectiveness of active fire suppression systems was evaluated to ensure they opti-
mally combat fires within the unique environment of the treatment unit, adhering to NFPA standards.

By combining these strategies, this thesis proposes a comprehensive fire protection plan for the hy-
drocarbon treatment unit, prioritizing personnel safety and minimizing potential damage.

Keywords: FERA, Passive Fire Protection, Fire Proofing, Active Fire Protection, Modeling, Sim-
ulation, Safeti 8.4, API RP Standards, NFPA Standards.
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Chapter 1

Context, glossary and definition of the

problem

1.1 Introduction

The scope of this chapter is to define the general context of our study, followed by defining the

problem that we worked on, and presenting a glossary that contains the key terms and terminology.

1.2 General context

1.2.1 Gas treatment site

Our study was held at a gas treatment site, a project which CEI Halfaoui is currently working on.
The primary objective of the site is to purify natural gas extracted from wells before it is distributed
and used by consumers. This purification process removes impurities like water, carbon dioxide, and
hydrogen sulfide from the raw gas.

The outcome of this process is treated natural gas and condensate, process details will be given in

the following chapters.

1.2.2 Fire protection (Passive & Active)

In the high-risk world of oil and gas, fire protection is a critical safeguard. Facilities rely on a multi-
layered approach, combining active and passive measures to shield personnel, equipment, and prevent
infernos. Active systems take center stage, with detection systems raising the alarm and suppression
systems like water, foam, or gas extinguishing flames. Passive measures build in fire resistance, using
fire-rated construction materials, fire barriers to compartmentalize areas, and fireproof coatings to
delay ignition. Smoke control systems further enhance safety by managing smoke movement during
an incident. Regular maintenance and training for staff ensure these systems function flawlessly when
called upon. [1] [12]



1.2.3 Fire Hazards Analysis (FHA)

Building effective on-site fire protection starts with properly identifying hazards and assessing fire
risks. Fire Hazard Analysis (FHA) helps us analyze a facility’s layout and potential dangers by
quantifying fire risks through realistic simulations. This process provides a clear understanding of
the severity and potential consequences of these risks. Using this data-driven approach, we can

establish practical fire protection measures on-site, ensuring comprehensive safety. [2]

1.3 Definition of the problem

Our project aims to enhance fire safety at a gas treatment site, the study focuses on fire protection,

and distinguishes between active and passive fire protection by addressing two safety concerns:

1.3.1 Fireproofing plan development

For passive fire protection, we created a fireproofing plan based on the API RP 2218 standard,

fireproofing consists of applying materials and techniques that:

e Slow down the spread of a fire.
o Reduce heat transfer.

o Safeguard critical equipment during a fire event.

1.3.2 Firefighting system evaluation

For active fire protection, already existing fire suppression and extinguishing systems are in place,
our work consisted of evaluating the conformity of these systems with the related NFPA standards
(NFPA 11, NFPA 15, NFPA 17), the following points are the judged criteria in our study:

o Water supply systems.
e System capacity and discharge rates.

e System coverage.

Technical documents and sources of information

— Facility layouts & equipment data (master plans and P&IDs) to pinpoint fire risks and design
the fireproofing plan.

— Operational parameters (pressure, temperature) to choose the right fireproofing materials.
— FHA results to identify specific fire scenarios the plan needs to address.

This combined approach ensures a robust fireproofing plan and verifies the existing fire suppression

system’s effectiveness.

12



1.4 Glossary

1.4.1 Oil and gas equipment categories (Production and Treatment)

Vessels

In the context of oil and gas, a vessel is a container or a structure used to store, process or transport
fluids such as crude oil, natural gas, or refined products. Vessels play an important role in various
stages of oil and gas operations, including production, refining, and transportation, examples include

separators, pressure vessels, drums, reactors, distillation columns... [3]
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Figure 1.1: Typical components of a vessel (horizontal & vertical)

Boilers

A boiler is needed for oil and gas production because it helps to generate a high amount of steam.
Steam is very important as it is needed to power some processes, such as vacuum distillation, steam
distillation, stripping, and process heating. This equipment acts as a closed vessel used in converting

water to steam through chemical combustion. [4]

13
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Figure 1.2: Typical components of a boiler

Air coolers

An air cooler in oil and gas cools hot fluids by transferring heat to ambient air, commonly used in

refining, gas processing, and petrochemical production for its simplicity and efficiency. [5]

Return

Inlet Headers

Nozzles

Inlet
Headers

Headers

Qutlet

Tube Bundle

Drive Assembly

Supports

Figure 1.3: Typical components of an air cooler

PS: Depending on the usage, air coolers and boilers can be replaced with heat exchangers that

we can alternate the function (heating/cooling) with the properties of the liquid (hot/cold).

14



Compressors

The main role of a compressor is to increase the pressure of natural gas and allow it to be transported
from the production site to all desired destinations. [6]
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Figure 1.4: Typical components of a gas compressor

Storage tanks

A storage tank is the oil and gas industry a container used to store hydrocarbons, water or other
chemical substances. These tanks are designed to safely hold substances for extended periods, pro-

viding storage and facilitating transportation as needed. [7]
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Figure 1.5: Typical storage tank components (fixed roof)
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1.4.2 Equipment supports

Pipe Rack

A structural steel pipe rack is a framework used to support pipelines and convey piping across various
sections of a plant or facility. These racks are typically composed of steel beams and columns,
providing stability and strength to hold multiple pipes of varying sizes and weights. The design of
pipe racks ensures the safe transport of fluids and gases by preventing the pipes from sagging or

becoming damaged. [21]

Horizontal Leg Supports (Saddles)

Horizontal leg supports, commonly known as saddles, are structural elements used to support hori-
zontal vessels or cylindrical equipment. Saddles are typically curved or semi-circular in shape to fit
the contour of the vessel. They help distribute the load evenly and prevent deformation or damage
to the vessel. Saddles are anchored to the ground or a structural foundation to ensure stability and

support. [19]

Skirt

A skirt is a cylindrical support structure attached to the base of a vertical vessel, such as a reactor or
storage tank. The skirt extends from the bottom of the vessel to the foundation, providing stability
and support. Skirts help in distributing the weight of the vessel and its contents evenly across the
foundation. They also protect the vessel from direct contact with the ground, reducing the risk of

corrosion or damage. [20]

Vessel Legs

Vessel legs are the vertical supports or columns that hold up a vessel, such as a storage tank or
pressure vessel, in an industrial setting. These legs are crucial for maintaining the stability and
proper alignment of the vessel. They are usually made of steel or other strong materials to withstand
the weight of the vessel and its contents, as well as any environmental forces such as wind or seismic
activity. [19]

1.4.3 Hazardous events and fires in the oil and gas industry

Pool Fires

A flammable liquid spill with the presence oxygen and an energy source, creates a pool fire phenomenon.|[12]
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Y
Ground Level

Figure 1.6: Simplified illustration of a Pool Fire

UVCE (Unconfined Vapor Cloud Explosion)

A spill of flammable liquid can evaporate, forming a gas mixture with air that becomes explosive.
This explosive cloud, if it comes into contact with an energy source, can lead to an Unconfined
Vapor Cloud Explosion (UVCE). Similarly, a significant release of gas without proper containment
can result in the formation of an explosive gas-air mixture, also capable of causing a UVCE upon

contact with an energy source. [15]

Epandage de liquide toxique au sol Formation d'un nuage toxique Dilution du nuaae toxiatie dans 'atmosnhére

Figure 1.7: Simplified illustration of an UVCE event (before explosion)

BLEVE (Boiling Liquid Expanding Vapor)

A BLEVE occurs when a pressure container is heated, boiling the liquid inside and increasing the
pressure until it explodes violently. The phenomenon is considered dangerous for its thrown debris
and its heat flux. [2]
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Figure 1.8: Simplified Illustration of a BLEVE phenomenon

Jet Fire

A jet fire occurs when flammable gas is released under high pressure, often as a result of a leak or
rupture in a pipe or a vessel. When this gas comes into contact with a heat source, such as a flame

or spark, it ignites instantly, creating a stream of fire. [12]

Ly,

(b)

Figure 1.9: lustration of a jet fire mechanism

Flash Fire

A flash fire is a sudden and rapid fire that occurs when flammable vapours are exposed to a heat
source instantly before the formation of an explosive cloud. Flash Fires are brief (up to 5 seconds)

and can reach temperatures up to 1600 °C. [15]
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Figure 1.10: A small flash fire incident

Fire Ball

A fireball is a luminous sphere that forms when a mixture of flammable gases reacts with the oxygen

in the air, generating rapid and intense combustion. [15]

Figure 1.11: Observed Fire Ball incident occurred from LPG vapor explosion

1.4.4 General Fire Protection context

Fire Scenario

A fire scenario is a hypothetical situation used to analyze the potential development and impact of
a fire within a specific environment. It includes the ignition source, materials involved, fire growth,
spread, and the expected response of fire protection systems. Fire scenarios help in evaluating fire

risks, designing safety measures, and preparing emergency response plans. [12]
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Fire Scenario Envelope

A three-dimensional space where equipment has the potential to release flammable or combustible
fluids. These fluids can form a pool fire that sustains enough duration and intensity to cause signif-

icant property damage. [12]

System Response

System response refers to the actions and behaviors of equipment, processes, or safety systems in
reaction to an event or stimulus, such as a fire or emergency situation. It includes the activation
of alarms, initiation of suppression systems, isolation of hazardous materials, and other measures
designed to mitigate the impact of the event and protect personnel, property, and the environment.
12)[8

Emergency Isolation

Emergency isolation refers to the rapid shutdown or separation of equipment, systems, or areas to
prevent the escalation of an emergency situation, such as a fire or chemical release. This involves the
activation of isolation valves, switches, or other control mechanisms to contain hazardous materials

or energy, thereby minimizing the impact on personnel, property, and the environment.[12]

Class B Fires

Class B fires involve flammable liquids and gases, such as gasoline, oil, propane, and natural gas.
These fires can occur in environments where these substances are present, such as kitchens, garages,
workshops, and industrial facilities. Class B fires are typically extinguished using foam, dry chemical,

or carbon dioxide extinguishers. [11]

Ordinary Wood, Paper,
Combustibles| Cloth, Etc.
Flammable | Grease, Oil,

Liquids  |Paint, Solvents

Live Electrical

Electrical Panel,

i Motor, Wiring,
Equipment Fic
Combustible | Magnesium,
Metal Aluminum, Etc.
Commercial | Cooking Oils,
Cooking | Animal Fats,
Equipment |Vegetable Qils

Figure 1.12: Fire Classes in the US
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Low-expansion Foam

Low expansion foam is a type of firefighting foam that forms a thick blanket over the fuel surface
to suppress and extinguish fires involving flammable liquids and gases. It has a low expansion ratio,
meaning it produces less foam volume compared to high expansion foam. Low expansion foam is

effective for controlling Class B fires by smothering the fuel and preventing vapor release. [9]

Flame

Boiling Layer
Temperature
Gradient Layer

Qioss

Figure 1.13: Foam blanket covering a burning fuel surface (Pool Fire)

Deluge systems

Deluge systems are specialized fire protection systems that rapidly release large volumes of water
through open nozzles to suppress fires in high-hazard areas like chemical plants and oil refineries.
They are effective for controlling fires involving flammable liquids and provide cooling to prevent fire

spread and domino effects. [§]

Figure 1.14: Deluge system cooling a storage tank
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Deluge Valve

A fire protection valve that automatically opens with a fire alarm, flooding an area with water from

sprinklers. [§]

Nozzles

Nozzles are devices used to control the flow and direction of liquids or gases. They are commonly
found in firefighting equipment, garden hoses, and industrial applications. Nozzles can adjust the
shape, size, and velocity of the fluid stream to suit various purposes, such as spraying water, foam,

or chemicals for firefighting, watering plants, or applying coatings in manufacturing processes. [§]

Figure 1.15: Medium velocity water spray nozzles

Hose systems

Hose systems are networks of flexible tubes used to convey fluids (liquids or gases) from one location
to another. They are commonly used in firefighting, gardening, irrigation, and industrial applications.
Hose systems typically consist of hoses, fittings, and nozzles, and can be designed for various purposes,
such as delivering water for firefighting, spraying chemicals for agricultural purposes, or transporting

gases in industrial processes. [10]

Hydrants

In the context of oil and gas, hydrants are fixtures located at strategic points within oil and gas
facilities, such as refineries, production sites, and storage terminals. They provide a ready source of
water for firefighting and emergency response activities in the event of a fire or other hazardous situ-
ation. Oil and gas hydrants are typically connected to water distribution systems within the facility
and may be equipped with additional features such as foam injection systems or specialized fittings
to accommodate firefighting equipment specific to the industry. They are essential for ensuring rapid
and effective response to emergencies and protecting personnel, equipment, and assets within oil and

gas facilities. [10]
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Chapter 2

Methodology and Research

2.1 Introduction

Within this chapter, we bring closure to our exploration of NFPA and API standards and our
requirement checklists, while also presenting the methodology directing our study. Here, we offer
a concise glimpse into the structured approach shaping our study, with the aim of structuring our

work and input data for a clear journey toward informed conclusions.

2.2 Fire protection standards

2.2.1 National Fire Protection Association (NFPA)

NFPA standards are globally recognized guidelines developed by the National Fire Protection Asso-
ciation to address fire prevention and safety measures. These standards encompass a broad spectrum
of topics, ranging from building construction to emergency response protocols, and are continuously
updated to reflect the latest advancements in technology and best practices. In our project, we relied
on NFPA standards as the benchmark for evaluating foam suppression systems and water spray
systems, including deluge systems. By adhering to these standards, we ensure a comprehensive and
systematic approach to assessing the effectiveness and reliability of fire suppression mechanisms,

thereby enhancing overall safety and risk management measures.

NFPA 11

NFPA 11 is a key standard for evaluating low-, medium-, and high-expansion foam systems used in
fire suppression. In our project, focusing on oil and gas facilities, we specifically assess low-expansion
foams, aligning with NFPA 11’s criteria for design. This ensures a tailored evaluation process that
addresses the specific needs of these facilities and maximizes the effectiveness of foam suppression

systems.[9]



NFPA 15

NFPA 15 is a standard established by the National Fire Protection Association, concentrating on
water spray fixed systems for fire protection. In our project, we direct our attention to NFPA
15’s deluge systems, particularly concerning the design and capacity, This focus ensures that our
evaluation process aligns with industry standards, specifically tailored to the requirements of fire
protection in oil and gas facilities where water spray systems play a vital role in mitigating fire
hazards. [8]

NFPA 17

NFPA 17, developed by the National Fire Protection Association, concentrates on the installation and
maintenance of dry chemical extinguishing systems. In our study, we emphasize NFPA 17’s criteria,
particularly regarding the design of dry chemical extinguishing systems. By adhering to NFPA 17,
we ensure that our evaluation process is in line with industry standards, specifically addressing the

effectiveness of dry chemical extinguishing systems in mitigating fire risks within oil and gas facilities.

2.2.2 American Petroleum Institute (API)

The American Petroleum Institute (API) is a trade association representing the oil and natural gas
industry in the United States. Founded in 1919, API develops standards and best practices for
the oil and gas industry, covering a wide range of areas including exploration, production, refining,
transportation, and environmental protection. API standards are widely recognized and utilized
globally, providing guidelines for equipment design, manufacturing, and operation to ensure safety,
reliability, and environmental responsibility within the industry. Additionally, API conducts research,
advocacy, and outreach activities to promote the interests of its member companies and the broader

oil and gas sector.

API RP 2218

API RP 2218, titled "Fireproofing Practices in Petroleum and Petrochemical Processing Plants,” is a
recommended practice developed by the American Petroleum Institute (API). It provides guidelines
for fireproofing design, installation, inspection, and maintenance in petroleum and petrochemical
processing facilities.[12]

API RP 2218 helps in creating a fireproofing plan by offering detailed recommendations on various

aspects, including:

» Fireproofing Materials: It outlines suitable materials for fireproofing structures and equip-
ment, considering factors such as fire exposure duration, temperature, and environmental con-

ditions.

e Design Criteria: The recommended practice provides criteria for determining the required
fire resistance rating of fireproofing systems based on the specific hazards and equipment in
the facility.
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o Installation Procedures: API RP 2218 offers guidance on proper installation techniques to

ensure the effectiveness and durability of fireproofing materials and systems.

o Inspection and Maintenance: It establishes procedures for inspecting fireproofing systems
regularly to detect any damage or degradation and outlines maintenance practices to ensure

continued effectiveness.

2.3 Overall methodology
Like mentioned in the previous chapter, our work objectives consist of:
« Establish a Fire Proofing plan according to API RP 2218 standard for passive fire protection.

« Evaluate the suppression systems according to the NFPA standards for active fire protection.

In order to do so, the general methodology to follow is illustrated via the following diagram.

Hazard Identification N

Fire scenario definition

Fire Risk Analysis
(FRA)

Fire envelope definition

A

Fire Potential equipment 7
classification
(high-medium-low fire
potential)

Passive Fire Protection Active Fire Protection

Figure 2.1: General methodology
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o« Hazard Identification: In the hazard identification phase, we proactively assess each unit
at the gas treatment site, pinpointing potential dangers, their causes, and the resulting conse-

quences. This helps us prioritize actions to prevent harm.

o Fire scenario definition: Fire scenario definition refines potential fire risks at the gas treat-
ment site.[12] We create detailed descriptions of fire events using operational parameters. This
includes specifying the type of fire, its location within a unit, and the operational conditions
that could cause it. By outlining these possibilities, we can plan and implement effective fire

protection and mitigation strategies.

o Fire envelope definition: The fire envelope defines the designated fire zones on the gas
treatment site’s master plan. This one-time exercise creates a clear picture by dividing the
facility into distinct zones based on fire risk.[12] Each zone will have specific fire resistance
requirements for buildings and equipment, as well as fire suppression strategies tailored to the
potential hazards within that zone. This zonation approach simplifies future planning and

ensures consistent fire safety measures across the entire site.

» Fire Potential Equipment classification: During fire risk assessment, we classify equip-
ment at the gas treatment site based on their fire potential: high, medium, or low. This
classification considers factors like the type of fuel used, operating temperatures, presence of
flammable materials, and potential ignition sources. High-risk equipment receives the most
stringent fire protection measures, while low-risk equipment may require minimal intervention.
This categorization helps prioritize resources and ensures targeted fire safety strategies for each

piece of equipment.

After following the methodology, we will have enough input data to work on Passive and Active fire

protection measures.

2.3.1 Passive Fire Protection

To ensure the credibility and effectiveness of our fireproofing plan for the gas treatment site, we have
adopted a methodology that strictly adheres to the American Petroleum Institute’s Recommended
Practice 2218 (API RP 2218) standard. This industry-recognized standard provides a robust frame-
work for selecting, applying, and maintaining fireproofing systems specifically designed to mitigate
property loss from pool fires in petroleum and petrochemical facilities. The following figure illustrates
the step-by-step approach we will follow to develop a comprehensive fireproofing plan based on the
valuable guidance outlined in API RP 2218.
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Figure 2.2: Fireproofing methodology

o Information gathering on Location and Potential Heat Release: The first step in pas-
sive fire protection planning is information gathering on the location and potential heat release
within the facility. This involves meticulously documenting the layout of the gas treatment
site, identifying the specific location of each piece of equipment. By gathering this crucial
data, we can pinpoint areas of high fire risk and prioritize passive fire protection measures

accordingly.

« Estimating the duration of unabated fire: Leveraging data from the Fire Risk Assessment
(FRA), we can estimate the duration of an unabated fire at the gas treatment site. This analysis
considers the time it takes for automatic and manual detection systems to activate, followed by
the closure of shut-down valves. By incorporating these crucial response times from the FRA,
we can create a realistic picture of how long a fire might burn before it’s brought under control
through isolation measures. This information is vital for designing passive fire protection

systems that can withstand the anticipated heat exposure.

e Need of Fire Proofing for exposed structures to thermal radiations: The need for
fireproofing exposed structures hinges on protecting them from thermal radiation emitted dur-
ing a fire event. The Fire Risk Assessment (FRA) establishes a threshold radiation limit, the
maximum amount of heat these structures can safely absorb without failure. This threshold
considers the material properties and structural integrity of exposed elements. Our fireproofing

analysis identifies structures exceeding this limit, highlighting areas where fireproofing mea-
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sures are crucial. This targeted approach ensures optimal use of resources while safeguarding

critical components from the damaging effects of thermal radiation during a fire.

« Fire Proofing considerations: As outlined in API RP 2218 Clause 5, fireproofing decisions
for equipment supports hinge on two key factors. Firstly, we prioritize supports within the
designated fire zone to mitigate direct fire impact. Secondly, fireproofing is crucial for supports
where a collapse could critically damage nearby high-risk equipment. This targeted approach

ensures both equipment protection and structural integrity during a fire event.

« Fire Proofing materials: Following API RP 2218 Clause 6, fireproofing materials and meth-
ods will be meticulously chosen to ensure optimal protection. The standard provides guidance
on selecting and applying various fireproofing materials, ensuring they effectively resist the
heat exposure anticipated from potential fire scenarios. This selection process considers factors
like material compatibility with the protected structure, desired fire resistance rating, and ease

of application within the gas treatment site environment.

o Installation and Quality Adhering to API RP 2218 Clause 8, both installation and quality
control are critical for effective fireproofing. The standard outlines stringent requirements for
qualified applicators to ensure proper installation techniques and adherence to specified appli-
cation thicknesses. Additionally, rigorous quality checks are mandated to verify the integrity
and fire resistance capabilities of the installed fireproofing materials. This comprehensive ap-
proach, as outlined in API RP 2218, guarantees the long-term performance and reliability of

the fireproofing system in protecting the gas treatment site.

Further details about the methodology and its application will be discussed in Chapter 4: Passive
Fire Protection (Fireproofing).

2.3.2 Active fire protection

Active fire protection measures play a crucial role in our overall fire safety strategy. To ensure their
effectiveness, a thorough evaluation of fire suppression systems is paramount. This evaluation will
consider factors like the type of hazards present in each zone (as defined in the fire envelope), the
extinguishing agent’s compatibility with those hazards, and the system’s discharge capacity. By
aligning these elements, we can guarantee optimal fire suppression capabilities across the entire gas

treatment site.
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Figure 2.3: Evaluation of suppression systems methodology

» System selection The initial step in our active fire protection strategy involves meticulously
selecting and evaluating the most suitable extinguishing systems for each zone within the gas
treatment site. This process differentiates between two primary categories: foam and water-
based systems. Foam systems excel at smothering hydrocarbon fires, while water systems are
better suited for general fire suppression or cooling exposed equipment. By carefully assessing
the specific hazards present in each zone, we can select the most effective extinguishing agent

— foam or water — to ensure optimal fire suppression capabilities across the entire facility.

o« Water supply evaluation A robust water supply is the backbone of any effective water-
based fire protection system. To guarantee its adequacy, a thorough evaluation is essential.
This assessment will consider factors like available water flow rate, pressure, and reliability of
the source. Public fire hydrants, on-site water storage tanks, or a combination of both will
be evaluated to ensure they can meet the anticipated water demand during a fire event. By
verifying a sufficient and reliable water supply, we can optimize the effectiveness of water-based

fire suppression systems throughout the gas treatment site.
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« Evaluate system coverage Once the extinguishing agent (foam or water) is selected, a crucial
aspect of active fire protection involves defining the system’s coverage and protected areas. This
entails meticulously designing the layout of sprinkler heads, foam discharge nozzles, or other
extinguishing devices. This ensures comprehensive coverage throughout the designated fire
zone, effectively blanketing potential ignition sources and flammable materials. By strategically
placing these extinguishing devices, we guarantee a swift and impactful fire response across the

entire gas treatment site.

« System capacity evaluation Ensuring active fire protection effectiveness requires a two-
pronged capacity evaluation. First, we verify the chosen extinguishing agent (foam or water)
can deliver enough volume to smother a potential fire within the designated zone. This con-
siders fire size, agent application rate, and protected area. Second, the system’s hydraulics
are assessed to guarantee sufficient pressure and flow rate reach every sprinkler head or foam
nozzle throughout the protected area. By evaluating these factors, we ensure the active fire
protection system has the power and reach to effectively control and extinguish fires across the

entire gas treatment site.

2.4 Standard’s main requirements

2.4.1 NFPA 11: Foam systems

NFPA 11 covers a wide range of foam systems, our work focuses specifically on low-expansion foam
systems. Here, we delved into the critical requirements for ensuring proper foam generation and
delivery and requirements of the protection of equipment. This includes standards for water supply,
foam concentrate, and foam proportioning. Furthermore, this section details how these systems
safeguard various storage tanks, including those with fixed roofs, floating roofs, and diked /non-diked

enclosures, there are also requirements for foam hose systems (see APPENDIX I-A).

2.4.2 NFPA 15: Water systems

NFPA 15 dives deep into water spray fixed systems, with Appendix A acting as the core for these
requirements. This section goes beyond just extinguishing fires. It emphasizes a crucial function:
controlling the burning process. Appendix A outlines specific standards for designing water spray
systems, particularly deluge systems, to effectively suppress flames and minimize fire intensity. Fur-
thermore, it focuses heavily on equipment exposure protection, ensuring critical machinery and in-
frastructure are shielded from the damaging effects of fire and heat. Deluge systems play a key role
in this protection by delivering large quantities of water to cool exposed equipment and prevent its
failure (see APPENDIX I-B).
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2.4.3 API RP 2218: Fire Proofing requirements

Appendix I-C/D goes beyond theory and provides actionable guidance. Packed with tables, it details
key fireproofing considerations for various scenarios and breaks down suitable fireproofing materials
for each situation. By leveraging Appendix A-C/D, we can make informed decisions about selecting
and implementing the most effective fireproofing solutions for our specific needs. (See APPENDIX
I-C and APPENDIX I-D) .
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Chapter 3

Fire Hazard Analysis (FHA)

Introduction

This report presents the findings of a Fire Hazard Analysis (FHA) conducted at our natural gas
processing plant. Our FHA identified key fire hazards, including equipment handling combustible
materials and ignition sources. Mitigation strategies and preventative measures were outlined to

enhance fire safety.

PROJECT/ DESIGN OPTION UNDER ASSESSMEN
Design Scope and objectives,

Data Gathering

HAZARD IDENTIFICATION
Hazardous event assessment,
Failure case selection

PEM of fire & explosion of Likelihood of selected

PHYSICAL EFFECTS MODELLING (PE FREQUENCY ANALYSIS
selected failure cases failure cases

CONSEQUENCE ANALYSIS
Fire & Explosion quantification
Evaluate vulnerable plant equipment and
escalation

RISK REDUCTION MEASURES
Specify prevention, detection, control &
mitigation measures fkor fire and explosion
risks

Figure 3.1: FHA methodology
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3.1 Design objectives, Facility’s layouts and Operational pa-

rameters

The initial groundwork for conducting a Fire Hazard Analysis (FHA) lies in gaining a deep under-
standing of the workspace design. This involves a meticulous assessment of the space’s objectives,
layout, and operational procedures. By carefully scrutinizing these elements, akin to dissecting var-
ious components, FHA can accurately identify potential fire risks. This pivotal first step enables
the implementation of strong safety measures, ultimately promoting a workplace environment that

is protected against fire hazards.

3.1.1 Design objectives

A gas processing plant (GPP) is designed to transform raw gas into a valuable product by separating
its components, removing impurities, and meeting specific quality standards. This multi-stage process
involves separating the gas stream into its constituent parts (gas, liquids, and water), purifying
the gas by removing unwanted elements like H2S, Hg and CO2, preventing hydrate formation in
pipelines, recovering valuable liquid hydrocarbons, and compressing the processed gas for efficient
transportation. Additionally, the design should consider the treatment and disposal of byproducts

like produced water and CO2 emissions to minimize environmental impact.

The site has 20 units, there are 2 types of these units: Central Processing Facilities (CPF) and
Utilities Facilities.

Central Processing Facilities Utilities Facilities

Unit 100 Receiving Facility Unit 300 Power Generation and Heat Recov-
ery

Unit 100 Receiving Facility Unit 301 Hot Oil Systems

Unit 101 Intake Suppressor Unit 302 Air for instruments and compressed
air

Unit 102 H2S and Mercury Disposal Unit 303 Nitrogen

Unit 103 CO2 Removal (amine unit) Unit 304 Fuel Gas System

Unit 104 Gas Dehydration (TEG) Unit 305 Torch System

Unit 105 Dew Point Adjustment Unit 306 Incineration System

Unit 106 Condensate Stabilization Unit 307 Drainage Systems

Unit 200/203 Gas Gauge and Export | Unit 308 Diesel Storage System
Pipeline
Unit 201 Condensate Measurement, Storage | Unit 309 Chemical Storage and Injection
and Export

/ Unit 400/401/403 Raw Water, Demineral-
ized and Drinking Water Treatment

/ Unit 402 Fire Water System

/ Unit 404/406 Sewage Treatment and Produc-
tion
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3.1.2 Facility’s layouts

The table below details the layout on a per unit basis for the Central Processing Facilities (CPF)

equipment. This differs from the Utilities unit layout, which typically features heat exchangers,

compressors, and various vessels.

Facility | Unit number Unit Equipment Type
- e HP separator
100 Receiving facility MP serparator Vessels
Air cooler Air cooler
101 Intake facility Separation drum Vessels
Compressor Compressor
Hg removal vessel
102 H2S and Hg removal 25 romoval vossel Vessels
103 CO?2 Removal Amine absprber . Vessels
Regeneration section Heat exchangers
CPF | 104 Gas dehydration TEG |10 sttipping column | Vessels
Heat exchanger Heat exchanger
Turbo-expander Compressor
105 Drew point adjustment Heat exchanger Heat exchanger
Recompressor Compressor
Separator Vessel
Flash drums
e — Vessel
106 Condensate stabilization | Stabilization columns
Air cooler Air cooler
901 Condensate storage Storage tgnks Storage tanks
Exportation pumps Pumps

3.1.3 Operational parameters

Continuous control of operational parameters is vital for safe, efficient gas treatment at complex sites.
These parameters, like pressure, temperature, flow rates... Maintaining them within set limits
ensures optimal contaminant removal, protects equipment, and minimizes environmental impact.
Appendix II-B details these parameters (See Appendix II-B). Notably, it also includes isolatable

sections, that will be discussed in the following chapter in the Needs Analysis part.

3.2 Hazard identification

Our hazard identification table focuses specifically on fire risks. This critical step involves examining
potential scenarios throughout the gas processing plant that could lead to these events. Key areas
of concern include leaks from flammable gas lines, malfunctions in high-pressure equipment, and the

presence of ignition sources near combustible materials.(see APPENDIX II-A)
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Interpretation:
From APPENDIX II-A , we can conclude the following points:

o Primary Risks Identified: Leaks, Loss of containment.
o Causes of Leaks: Aging infrastructure, Corrosion, Mechanical failures in valves or fittings.
« Consequences: Jet Fire, Pool Fire, UVCE (Unconfined Vapor Cloud Explosion).

o Significant Risks: Loss of containment, especially During maintenance activities or Improper

isolation procedures during process shutdowns

3.3 Physical effects modeling

Building upon the identified fire and explosion hazards, our safety protocols incorporate physical
effects modeling. This important step utilizes DNV-Phast, a sophisticated software program, to sim-
ulate the potential consequences of these events. Running simulations enables us to predict thermal
radiation and the potential for flammable substance leaks. Through analysis of these simulations,
we acquire valuable data guiding the design and implementation of robust safety measures. This
process not only enhances the plant’s overall resilience against fire and explosion events but also aids

in identifying the specific equipment most in need of protection.

3.3.1 Introduction to DNV-PHAST

DNV PHAST is a software tool used for assessing and analyzing fire, explosion, and toxic release
hazards in industrial settings. It enables engineers and safety professionals to simulate various
scenarios involving hazardous materials, process equipment, and environmental conditions to evaluate
the potential consequences of hazardous events. PHAST assists in identifying potential risks and
developing effective risk management strategies to enhance safety within industrial facilities. This
software caters particularly well to gas processing plant simulations.

DNV-Phast allows us to model a wide range of fire and explosion events, including;:

o Jet fires

» Pool fires

o Flash fires

« Vapor Cloud Explosions (VCEs)

 Boiling Liquid Expanding Vapor Explosions (BLEVE)

By simulating these scenarios, DNV-Phast helps us predict the impact of factors like:
Pressure waves: The force generated by an explosion that can damage equipment and structures.

Thermal radiation: The heat emitted from a fire, which can ignite nearby objects and pose a risk
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to personnel.

Flammable gas dispersion: The spread and concentration of flammable gas clouds after a leak,

creating areas susceptible to ignition.

3.3.2 Input Parameters

Input parameters in DNV-PHAST encompass critical variables essential for accurately modeling

fire and explosion scenarios within industrial environments. These parameters include factors such

as process equipment specifications, material properties, release rates of hazardous substances, and

environmental conditions.

Hole size

Hole sizes are chosen based on the size of the failure, aiming to manage potential on-site and off-site

consequences. Small and medium holes are mainly considered for on-site risks, while medium and

large holes are more important for off-site risks. According to API RP 581, four reject hole sizes

are selected per component for better discrimination.

Weather conditions

Key weather data like temperature, wind, and pressure will be included in the DNV-Phast simulations

[14]

. Hole sizes (mm)
Equipment Small | Medium | large | Full bore Notes
If the pipe diameter is less than 25mm,
.. only a 5mm and full bore hole are used.
Piping g 25 100 d If the pipe diameter is less than 25mm,
5, 2bmm and full bore hole are used.
If the pipe diameter is less than 25mm,
Pressure 5 95 100 d only a 5mm and full bore hole are used.
Vessels If the pipe diameter is less than 25mm,
5, 25mm and full bore hole are used.
If the suction line is less than NPS 4,
Pumps 5 25 100 / the release hole size should be the
full diameter of the suction line
OR complete rupture of the suction
Compressors | / 25 100 / line, whichever is smaller
Table 3.1: HOLE sizes for types of equipment

to account for their impact on fire behavior and gas dispersion

5D 2F
Parameter

40°C 10°C
Atmospheric pressure | 1.013 bara | 1.013 bara
Surface temperature 40°C 10°C
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Note that:

— As a conservative approach the highest distance among the both weather conditions modelled
is considered for the assessment of the safety distances used for the fire zone, restricted area

and impacted area definition.
— The frequency of the wind speed is as follows:

e 20% of the time: 2m/s
e 80% of the time: 5m/s

Material properties

At each stage of the process, the dominant component of the gas mixture will be chosen as the
modeling substance, since the main component of raw natural gas is methane, the main modeling
substance at the early stages of the processing will be methane, the treatment of the gas will influence

on its components thus on the modeling substance on diffirent stages of the process.

sert, Calculation Results
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Figure 3.2: Material Properties on DNV Safeti/PHAST

Operational parameters and equipment

Similar to material properties, PHAST /Safeti focuses on key operational parameters at each process
stage: pressure, temperature, flow rate, inventory mass, and volume. These parameters are crucial
for safe operation, and just like the appendix provides safe material properties, there are established
safe operating limits for each parameter at every process point. (See APPENDIX II-B)

3.3.3 Impact criteria

In our active and passive protection study we focus on Jet Fires and Pool Fires due to their contin-

uous heat. UVCE, flash fires and explosions, although dangerous, have near-instantaneous effects,
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Pressure vessel ‘Chlonine tank’

Material | Scenario | % Discharge parameters | " Short pipe | % Time varying releases | Dispersion | Bund, building and terrain | % Toxic parameters | Geometry

(%) Material
Material I B8 CHLORINE ,] Specify volume inventory? Mass inventory kg 40000
Volume inventory 283804 Material to track I CHLORINE .‘
m3
@ Phase
Specified condition | pressure/bubble point Temperature degC 19.8499 Pressure (gauge) 5.75493
bar
Fluid state e +|  Liquid mole fraction 1
fraction
@ Notes

In this example the two-phase chlorine vessel is set to release material from the vapour side.

B Hide defaulted tabs

Help Cancel, |

Figure 3.3: Vessel’s operational parameters on DNV Safeti/PHAST

making active systems less relevant for initial mitigation.

APIT 581 defines radiation exposure limits to assess safety distances during jet or pool fires. A limit
of 37.8 kW/m? is used for areas where component damage is a concern, while a lower limit of 12.6

kW /m? is used to prevent personnel injuries.

[14] According to API PR 2218, the critical point is reached when the material loses 50% of it
strength, FOR STEEL WHEN the steel reaches 538°C, IT LOSE 50% OF ITS STRENGTH. [12]

The following equivalences between the radiation temperature and the metal temperature.

TYPE OF EXPOSURE RADIATION

KWim® Btu/hr-ft”

UNPROTECTED STRUCTURAL STEEL FAILURE AT 375 12,000

APPROXIMATELY 650°C

UNPROTECTED STEEL TEMPERATURE STABILIZES 16.0 5,000

AT APPROXIMATELY 400°C

MAXIMUM ALLOWABLE FOR UNPROTECTED LPG 16.0 5,000

VESSEL VAPOUR SPACE

UNPROTECTED METAL'S TEMPERATURE STABILIZES 12.5 4,000

AT APPROXIMATELY 315°C

EXPOSED OIL TANK IS EXPECTED TO IGNITE IF IT IS 12.5 4,000

IN THE FLAMMABLE RANGE

MAXIMUM ALLOWABLE ON UNPROTECTED STEEL 95 3.000

EQUIPMENT

TAKES APPROXIMATELY 25 MINUTES FOR STEEL TO 6.3 2,000

REACH 150°C

MaXIMUB ALLOWABLE ON ELECTRICAL CABLE 3.2 1,000

REACHES 93°C

Figure 3.4: Equivalences between the radiation temperature and the metal temperature.

Similarly, the AICHEM guidelines indicate that unprotected steel structural members can fail after
exposure to 37.5 kW/m? of thermal radiation.

We opted for a radiation limit of 30 kW /m? instead of the 37.8 kW /m? threshold.
This choice prioritizes a larger safety margin, ensuring components can withstand potential thermal
radiation exposure without reaching the point of catastrophic failure. This allows for a wider range

of scenarios where the chosen limit provides adequate protection, even under varying fire conditions
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3.3.4 Isolatable sections

One major aspect of mitigating fire hazards in these areas is the installation of automatic valves, such
as Shutdown Valves (SDVs) and Emergency Shutdown Valves (ESDVs). SDVs are designed to stop
the flow of fluids in a pipeline during normal operations, while ESDVs are used to shut down systems
during emergency conditions. These valves are typically integrated into the facility’s infrastructure
and are designed to automatically close upon detection of a fire. By swiftly isolating the affected
section of the facility, these valves help prevent the spread of fire to other areas, minimizing potential

damage and ensuring the safety of personnel.

In addition to SDVs and ESDVs, Blowdown Valves (BDVs) and Pressure Safety Valves (PSVs) may
also be utilized in isolated sections of the facility. BDVs serve to safely vent pressure from the
isolated section in the event of a fire or other emergency, reducing the risk of ignition and potential
escalation of the situation. PSVs are designed to release excess pressure from a system to prevent

over-pressurization, which could lead to equipment failure or explosions.

The isolatable sections refer to the pipe sections between two types of safety valves, such as between

an SDV and a BDV, ensuring that any potential hazard can be contained and managed effectively.
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Ne Phase Description Area From To
SDV0101
CAOS R HP Separator 100-VA-001 Receiving facilities separators SDV0103 §g¥8§g§
Gas Phase SDV0104 SDV0505
PSV0101A/B
HP Separator 100-VA-001 Receiving facilities separators Sbvo101
CAO05 D Liquid Phase SDV0103 SDV0502
SDV0104 SDV0102
SDV0505
SDV0203
Receiving facilities separators Sbvo201
CA0B I MP Separators 100-VA- SDV0303 SDV0202
002/003 SDV0304 SDV0302
SDV0301
SDV0204
MP Separators gasoutlet ggxgigi
100-VA- 002/100- VA-003, Receiving facilities separators SDV0203 SDV0103
CA07 G 101-GC-001 Gas ESDV2501
Inlet Air Cooler SDV0204 PSV0102A/8
PV0202
ESDV0102
Separators FilteredLiquid
outlet 100- VA-001/100-VA-
002/100-VA-003, PSV1101A/B
100-MB-021 A/B, Receiving facilities separators SDV0101 PSV0202A/B
CAO08 D 100-MB-022 A/B, SDV0201 PSV0302A/B
100-MB-023 A/B, SDV0301 ESDV1101
100- MB-025 A/B, BDV1101
100-GX-011
Booster compressor101-KA-
004, 101- VD-002, 101-GC- PSB\?C\)/ZOOZfA%/B
005, (101-UK-010 Inlet Boostercompressor SDV0101
CBo1 G Booster compressorPackage) SDV0103 PSV0501A/8
/C SDV0501
SDV0503
SDV0601
SDV0602
BDV0601
BDV0102
BDV0201
Discharge Coalescer - nggégiﬁllg
Mercury& H2S removal, PSVO101A/B
101-VJ-006, 102- SDV0502 PSVO401A/B
CBO2 G VW-001, 102- VW002, Inlet Boostercompressor SDV0501 BDVO402A/B
102-UK-010, 102-MB-004 SDV0503
A/B SDV0505 BDV0102
BDV0106
ESDV0402
ESDV0101
SDV0401A/B
SDV0402A/B
XV0202 XV0302
MOV0301
Transfer from H2Sremoval to CO2 removalamine unit BDV9001
CDO01 G CO2 removal ESDV0101 SDV0103A
SDV0104
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CD02

CO2 removal treatment
103-MB-001 A/B, 103-VJ-
002, 103-CA-003,
103-VD-008

CO2 removalamine unit

SDVO103A
SDV2301

SDV0101A/B
BDV0101A/B
PSV0101A/B
BDV0102
SDVO0103A
PSV0201A
SDV0301
BDV0301
PSV0301A/B
SDV2301
SDV0801
SDV0802
BDV0801
PSV0801A/B
SDV0803
SDV0804
SDV0102A/B
ESD9002

CDO03

Transfert gas treated from
CO2removal to gas
dehydration

CO2 removalamine unit

SDV0804
SDV0803
ESDV0402

ESDV9003

CD04

Fuel gas from Richamine
flash drum 103- VD-011

CO2 removalamine unit

SDV1102

ESDV9001

CDO05

CO2 from Regenerator
direct condenser 103-CB-
014 to VOC

treatment package306-UY-
005

CO2 removalamine unit

SDV1401A

SDV0001
XV0001

CEO1

Gas dehydration,104-GA-

001, 104-VD-002, 104-GA-

005, 104-CA-003,
104-VJ-004

Gas dehydrationTEGunit

ESDV9003

SDV0201
BDV0102
PSV0102A/B
SDV0302
SDV1601
BDV0301
PSV0302A/B
SDV0401
SDV0101
SDV0102
SDV0402

CF01

Gas Dew pointing,105-GX-
001, 105-VD-002, 105-VD-
004, 104-GA-001

Gas dew-pointing

SDV0101
SDV0102

SDV0204
SDV0201
SDV0302
SDV0401
BDV0401
PSV0401A/B
BDV0101
PSV0101A/B
SDV0501
BDV0503
BDV0201
PSV0201A/B
BDV0106
SDV0504

CF01

Liquid Outlet from 105-VD-
004 / 105-VD-002

Gas dew-pointing

SDV0101
SDV0102

SDV0204
SDV0201
SDV0302
SDV0401
BDV0401
PSV0401A/B
BDV0101
PSV0101A/B
SDV0501
BDV0503
BDV0201
PSV0201A/B
BDV0106
SDV0504
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HP Liquid outlet from 105-

VD-004 / 105-VD-002 to Gas dew-pointing SDV0401
CROZHP 105-GX-001 SDV0204 ESDV0101
MP Liquid outlet from 105- Gas dew-pointing SDV0401
CF02MP GX-001 SDV0204 ESDV0101
CFO3 Turbo expander105-KH- Gas dew-pointing SDV0202 SDV0302
003 SDV0203 BDV0301
Recompressor 105-KA-005 Gas dew-pointing SDV0501 SDV0502
CF04 SDV0504 BDV0501
PSV0501A/B
Outlet Recompressor 105-
KA-005 - 105-UK-
CEO05 010 Turbo expander Gas dew-pointing SDV0502 Eggxgigé
| Recompressorpackage BDV0502
SDV0102
SDV1201A
SDV1201B
ﬁ;sh%%ﬂi: f{grg_ \(igrjgggsate Condensatestabilisation and off- gas | ESDV1101 SDV2401B
ccol 106-GA-019 A/B ! compression ESDV0201 SDV2401A
106.0B-003 ESDV0601 SDV0101
ESDV0101 PSV0101A/B
BDV0101
BDV0301
SDV0301
iqui SDV0102
Liquid outlet from
Condensate flash drum ggxggig
SS'VD'OOLNG'PA'OZO Condensatestabilisation and off- gas | ESDV1101 SDV2401B
cGo1 lOé—MB—OOl AB compression ESDV0201 SDV2401A
! ESDV0601 SDV0101
1o, 106-6C-015, ESDV0101 PSV0101A/8
106-CB-003 BDV0101
BDV0301
SDV0301
Condensate to Condensatestabilisation and off- gas
CG02 dcﬁj':glegg_a\t/% Eﬁglggssmg compression SDV0301 SDV1601
ggzgggz;z ggg]assing Condensatestabilisation and off- gas
cGo3 drum 106-VD-016, Pump gompression SDV1601 ESDV1701
106-PA-017A/B
Pumped Condensate from
Stabilised Condensate Condensatestabilisation and off- gas
Pumps106-PA-017 A/B & compression 9 SDV0202
CG04 Condensate rundown P ESDV1701 SDV0302
header XV0002
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SDV1201A

PSV1201AA/AB
PSV0901AA/AB
Off Gas compressor106-KB- PS\;@%O;Q&IAB
009, 106- GC-010 A, 106- Condensatestabilization and off- gas AA/AB
VD-012 A, 106-GC-011 A, compression
CGO05 106- VD-024 A, 106-KB-025 SDVO0103A BDV2501A
A XVv2301
SDV2401A
SDV2501A
Outlet Off Gas compressor Condensatestabilisation and off- gas
106- KB-009 / 106-KB-025 compression SDV2501A
CG06 AB SDV2501B ESDV2501
Condensate truck loading
until loadingarms 201-YG- .
011/021, 201-UJ- Condensate storage tanksand loading SDV0301SDV0201 XV1104
CLO1 XVv2104
010/020, 201-PA- V0504
005 A/B
Condensate storage201-RA- | Condensate storage tanksand loading
CLO02 002 loadingmode SDV0202 SDV0201
Condensate storage201-RA- | Condensate storage tanksand loading
CLO03 003 filling mode SDV0302 SDV0301
Off spec Condensate storage | Condensate storage tanksand loading
CLO4 201-RA-004 XV0002 SDV0402
Condensate truckloading Condensate storage tanksand loading End of truck
CLO05 arm 201- YG-011 XV1104 loading arm201-
YG-011
Condensate truckloading Condensate storage tanksand loading End of truck
CLO6 arm 201- YG-021 XV2104 loading arm201-

YG-021
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3.4 Results of physical effects modeling

Consequence modeling identified varying hazardous distances based on the type of incident. Details
for jet fire and pool fire are provided by APPENDIX II-C. These distances are measured from
the source of the leak (jet fire), the pool center (pool fire). To determine the maximum hazard for
each fire zone, we compared these distances against predefined safety thresholds. The attachment
corresponding to the greatest distance from a specific incident scenario within that zone represents

the governing hazard for consequence management planning (See APPENDIX II-C).

3.4.1 Jet Fire and Pool Fire contour map

The following figures illustrate the combined jet fire and pool fire contours for various units and
equipment within the facility. These contours provide a comprehensive overview of potential thermal

radiation hazards:

o Blue Lines: These represent fire envelopes, established according to API RP 2218. Thus, a
separate drawing details these Fire Hazard Envelopes, considering a 6-meter buffer zone around
Medium and High Fire Potential equipment (according to API RP 2218).

 Red Lines: These contours depict the footprints of potential jet fires, highlighting the elon-

gated zones directly exposed to intense heat.

e Yellow Lines: These contours represent the pool fire footprints, indicating the areas directly

impacted by hazardous thermal radiation levels from a pool fire scenario.

By analyzing these unified contours, we can effectively define fire zones throughout the facility,

considering both jet fire and pool fire risks.
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Unit 100, 101 & 102: Receiving, Intake and H2S/Hg removal facilities

LIMIT 100 /
RECEMMNG FACILMES
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Figure 3.5: Jet Fire and Pool Fire contours (Unit 100, 101 and 102)

Unit 104, 105, 301 & 304: Gas dehydration TEG, Drew point adjustment and oil/gas

systems
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Figure 3.6: Jet Fire and Pool Fire contours (Unit 104, 105, 301 and 304)
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Unit 103: CO2 removal
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Figure 3.7: Jet Fire and Pool Fire contours (Unit 103)

Unit 106: Condensate stabilization
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Figure 3.8: Jet Fire and Pool Fire contours (Unit 106)
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3.4.2 Fire zones

Based on the combined jet fire and pool fire contours presented in the previous section, fire zones
will be delineated throughout the facility. These zones will encompass all areas potentially exposed
to thermal radiation hazards from both jet fires and pool fires. Each designated fire zone will be

strategically equipped with a combination of active and passive fire protection measures.

PFZ1 | Process | Units 100 / 101 / 102 / 307

PFZ2 Process | Unit 103

PFZ3 | Process | Units 104 / 105 / 301 / 304

PFZ4 Process | Unit 106

PFZ5 Process | Unit 200 & Manifolds

PFZ6 Process | Unit 305

PFZ8 Process | Unit 306 VOC treatment

SFZ10 | Storage | Unit 201 (Condensate Storage Tanks Area)
UFZ9 Utility | Unit 300

UFZ11 | Utility | Units 302 / 303 / 308 / 309 (Methanol & Glycol)/ 400/ 401/ 402/ 403

/ HRRET /
FLTURE

nn%'

;.,
ITIh! oo
i

IREEEER

]

i
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LT

Jo0

LT 304

LI/

Figure 3.9: Process Fire Zones: PFZ1,P¥F7Z2, P¥Z5, PFZ6, PFZ7, PFZ8
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Figure 3.10: Process Fire Zones: PFZ3, PFZ4, UFZ9, SFZ10, UFZ11

3.5 Frequency Analysis

Understanding the frequency of a leak leading to ignition is essential to effectively assess risk. This
chapter details the methodology used to quantify this frequency based on the analysis of the developed
event tree. The calculated frequency allows informed decisions to be made regarding risk mitigation

strategies and resource allocation for security measures.

3.5.1 Event-Tree

An event tree analysis was conducted to systematically explore the potential consequences of various
initiating events in our process. This analysis charted the branching possibilities following an initi-
ating event, such as a leak or equipment failure. Each branch represented a specific outcome, and
the analysis identified four main consequences of concern: jet fire, pool fire, Vapor Cloud Explosion
(VCE), and flash fire.

48



Immediate Delayed Flame front

Initiating event Dangerous phenomena

ignition . ignition . acceleration
Vapor Release Pil
: Jett Fire
1-Pll PID PFA VCE
i : Jett Fire
. . LPEA Flash Fire
Jett Fire
Yes
’ : 1-PD :
No Safe Dispersion

Figure 3.11: Event tree

3.5.2 Overview Of The Methodology

The event tree serves as the basis for calculating the frequency. Each branch in the tree represents a
unique scenario with associated probabilities for events such as leak occurrence and ignition source

presence. We will use these probabilities to calculate the overall frequency using a two-step approach:
[14]
1. Analyze Components

« Leak Frequency (Fj..): Historical data, standards, or expert judgment determine likelihood

of leaks.

 Ignition Probability (Puition): Flammability, ignition sources, and environment influence

the chance of a leak igniting.

2. Calculate Overall Frequency

We calculate the overall frequency by multiplying the leak frequency Fj..; and the ignition probability

Pgnition using the following formula:
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F = Eeak X Pigm'tion

3.5.3 Calculating the frequency based on UKOOA

Note: UKOOA is an abbreviation for United Kingdom Off-shore Operating Association.

A/ Calculating The Leak Frequency (Fje.x)

1. Identification Of Equipment
For each isolated section, we identify the equipment (Process Pipe, valves, Centrifugal Pump

) presented on the Data base.

2. Calculate The Frequency For Each Equipment For each equipment, the frequency is to

be calculated using the Data Base’s chart, figure 3.12 below provides an example.

Rev.: 1
Process Equipment Leak Frequencies
Date: 26/9/2012
Source: HCRD 10/92 — 03/10
Equipment Type: Centrifugal Compressors
Definition:
The scope includes the compressor itself, but excludes all attached valves, piping, flanges, instruments and fittings
beyond the first flange. The first flange itself is also excluded.
Frequency Data:
Equipment Size Category Total Full Pressure Zero Pressure
1-3mm 5.802E-03 5.583E-03 1.324E-04
3-10 mm 2.462E-03 2.316E-03 1.052E-04
0.5 in 10 - 50 mm 1.435E-03 1.200E-03 2.624E-04
50- 150 mm 0.000E+00 0.000E+00 0.000E+00
=150 mm 0.000E+D0 0.000E+00 0.000E+00
Total 9.699E-03 9.199E-03 5.000E-04
1-3mm 5.802E-03 5.583E-03 1.324E-04
3-10 mm 2.462E-03 2.316E-03 1.052E-04
1in 10 - 50 mm 1.435E-03 1.200E-03 2.624E-04
50- 150 mm 0.000E+D0 0.000E+00 0.000E+00
=150 mm 0.000E+00 0.000E+00 0.000E+00
Total 9.699E-03 9.199E-03 5.000E-04
1-3mm 5.802E-03 5.583E-03 1.324E-04
3-10 mm 2.462E-03 2.316E-03 1.052E-04
2 in 10 - 50 mm 1.057E-03 S5.686E-04 9.519E-05
50- 150 mm 3.772E-04 3.309E-04 1.672E-04
=150 mm 0.000E+00 0.000E+00 0.000E+00
Total 9.699E-03 9.199E-03 5.000E-04

Figure 3.12: Frequency values for a Centrifugal Compressor
[16]
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Equipment size refers to the dimensions of components such as vessels and flanges. For vessels
(1 to 6 inches), it indicates the diameter of connections or ports on containers like storage tanks
or pressure vessels. For flanges (6 to 20 inches), it specifies the nominal pipe size the flange
connects to. For example, a vessel size of 3 inches means 3-inch diameter connections, and a

flange size of 10 inches means it fits a 10-inch pipe. Category is the hole sizes categories

3. Overall leak Frequency Fj..;

After determining the probability of a leak for each piece of equipment, calculate the frequency

of leaks for each isolated section by adding the probabilities of all the equipment present.

-Fleak = Z E
=1

With n representing the number of equipment and ¢ the equipment’s index

B/The probability Of Dangerous Phenomena

o The probability of ignition
In real-world scenarios, the UKOOA model employs a formula to estimate the likelihood of
ignition by considering factors like release rate and environmental conditions.

A specific ignition probability is then obtained from the equation. [17]

(longloan)(logP,.hLl —logPp)
Pign = explogpﬁ logQp41—logQn

Where [17]

P4y, is the Ignition probability at release rate )

P, is the ignition probability at release rate @),

P, .1 is the ignition probability at release rate ,,11

and where the points (Q,, P,) and (Q,+1, P,+1) are adjacent points in Table 2 between which
the value of @ lies.
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Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7

Case
No. Case Description Q (kg/s) Pign Q (kg/s) Piyn Q (kg/s) Pign Q (kg/s) Pin Q (kg/s) Pisn Q (kg/s) Pipn Q (kg/s) | .
1 Pipe Liquid Industrial 0.01 0.00100 0.03493 0.00100 0.100 0.00180 70.000 0.07000 100000 0.07000
2 Pipe Liguid Rural 0.01 0.00100  0.03787  0.00100 0.100  0.00180 0.300  0.00350 70.000  0.00700 70.000 0.00700 100000  0.00700
3 Pipe Gas LPG Industrial 001  0.00100 0.08791 0.00100 0.100 0.00110 1000 1.00000 100000 1.00000
4 Pipe Gas LPG Rural 0.0 0.00100 0.04799 0.00100 0.100 0.00110 10,000 0.00200 1000.000 0.08000 23408547 1.00000 100000 100000
3 Small Plant Gas LPG 0.01 0.00100  0.07654  0.00100 0.100  0.00110 1.000  0.00250 3.000 0.01400 498.991  0.60000 100000  0.60000
6 Small Plant Liquid 0.01 0.00100 0.07548 0.00100 0.100 0.00110 1.000 0.00240 100.000 0.10000 100000 0.10000
7 Small Plant Liguid Bund 001 000100 0.07548  0.00100 0.100  0.00110 1.000  0.00240 8.053 0.01300 100,000 0.01300 100000 0.01300
8 Large Plant Gas LPG 0.01 0.00100 0.07654 0.00100 0.100  0.00110 1.000  0.00250 100,000 0.25000 260,000 0.65000 100000 0.65000
9 Large Plant Liquid 0.01 0.00100 0.07654 0.00100 0.100 0.00110 1.000 0.00250 100.000  0.12000 109990 0.13000 100000  0.13000
10 Large Plant Liguid Bund 001 000100 0.07548 0.00100 0.100  0.00110 1.000  0.00240 42492 0.05000 100,000 0.05000 100000 0.05000
11 Large Plant Confined Gas LPG 0.01 0.00100 0.07654 0.00100 0.100 0.00110 1.000 0.00250 70.000 0.43000 325.028 070000 100000  0.70000
12 Tank Liguid 300 x 300 m Bund 001 000100 0.05250 0.00100 0.100 0.00105 1.000 0.00125 7.000 0.00270 519.617 0.12000 100000 0.12000
13 Tank Liguid 100 x 100 m Bund 001 000100 0.05250 0.00100 0.100 0.00105 1.000 0.00125 7.000 0.00270 49.035 0.01500 100000 0.01500
14 Tank Gas LPG Storage Plani 001 0.00104  0.00160  0.00100 0,100 000110 1.000 0.00116 100,000 0.96000 102838 1.00000 100000 100000
15  Tank Gas LPG Storage 001 000104 0.00160 0.00100 0.100 0.00110 1.000 0.00116 100.000 022700 988.106  1.00000 100000  1.00000
Industrial
16 Tank Gas LPG Storage Rural 0.01 0.00104  0.00160  0.00100 0.100  0.00110 1.000 0.00116 10,000 0.01540  52551.538 0.50000 100000  0.50000
17 Offshore Process Liquid 0.01 0.00100 0.07882 0.00100 0.100 0.00110 100.000 0.01750 100000 0.01750
18 Offshore Process Liquid NUI 0.0 0.00100 0.07882 0.00100 0.100 0.00110 24.731 0.01000 100,000 0.01000 100000 0.01000
19 Offshore Process Gas 0.01 0.00101  0.00803  0.00100 0.100  0.00110 1.000 0.00120 30.000 0.02400 31.423 0.02500 100000  0.02500
Opendeck NUIL
20 Offshore Process Gas Typical 001 000100 0.08833 0.00100 0.100 0.00110 3.000 0.01500 10.000  0.02400 37.008 0.04000 100000 0.04000
21 Offshore Process Gas 0.01 0.00100  0.08933 0.00100 0.100  0.00110 5.000  0.03000 30.000 0.05000 100000 0.05000
Large Module
22 Offshore Process Gas 001 000100 0.09194 0.00100 0.100 0.00110 1.000 0.01500 50.000 0.03500 92.624 0.04000 100000 0.04000
Congested_Mech
Vented Module
23 Offshore Riser 001 000100 0.08340 0.00100 0.100 0.00110 30.000 0.02200 38.267 0.02500 100000 0.02500
Offshore FPSO Gas 0.01 0.00100 0.02688 0.00100 0.100  0.00110 1.000 0.00130 50,000 0.15000 100000 0.15000
25  Offshore FPSO Gas Wall 001 000100 0.08393 0.00100 0.100 0.00110 0.300 0.00200 10.000 0.15000 100000 0.15000
26 Offshore FPSO Liquid 0.01 0.00100 008160 0.00100 0.100 0.00110 100.000 0.02800 100000 0.02800
27 Offshore Engull_blowoul_riser 0.01 0.00100 0.08642  0.00100 0,100 0,00110 100.000 010000 100000 0.10000
Cox, Lees, Ang — Gas 0.01 0.00081 0.50000 0.01000 100.000 030000 100000 0.30000
29 Cox, Lees, Ang — Liquid 0.0 0.00215 050000 0.01000 100,000 0.08000 100000 0.08000
30 Tank Liguid - diesel, fuel oil 0.01 000100 0.10000 0.00100 1,000 0.,00103 7.000 000117 25,551 0.00240 100000 0.00240

Figure 3.13: Lookup Correlation Data Presented in Alternative Form
[17]

o Probability of immediate and delayed ignition
Given that the split between “immediate” and “delayed” is primarily intended to distinguish
between “fire only” and “explosion plus fire” cases, it is considered that the use of a 30:70
split does comply with the true implementation of the UKOOA model. [17]

3.6 Frequency Analysis Results

3.6.1 Leak Frequency

The following table presents the results of our analysis on leak frequency, specifically focusing on
the different sizes of leaks encountered within the system. This detailed breakdown provides insights
into the prevalence of various leak sizes, helping us identify which sizes are more likely and frequent
to occur. Understanding the frequency and distribution of different leak sizes is essential for effective

maintenance planning and risk mitigation strategies.
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Leak Frequency (per yr)

Failure Isolata
Con blfe Description Small Medium Large Full bore Total
section
WOCO01-G | WOCO1 | Wellheads ODZC 6.43E-02 | 7.38E-03 | 9.21E-04 | 2.30E-03 | 7.49E-02
WOEOL-G | WOEOL | Wellheads ODZE 418E-02 | 483E-03 | 5.88E-04 | 1.48E-03 | 4.87E-02
WOWO01-G| Wowo1 | Wellheads oDZW 7.08E-02 | 876E-03 | 1.01E-03 | 2.69E-03 | 8.52E-02
WLT01-G | WLTO1 | Wellheads LT 7.25E-02 | 844E-03 | 1.04E-03 | 251E-03 | 8.45E-02
WOZ01-G | WOZ01 | Wellhead ODZ04 8.87E-03 | 1.06E-03 | 1.09E-04 | 2.73E-04 | 1.03E-02
WOZ02-G | WOZ02 | Wellhead ODZ13 8.86E-03 | 106E-03 | 1.09E-04 | 2.73E-04 | 1.03E-02
WOZ03-G | WOZz03 | Wellhead ODZ15 8.86E-03 | 1.06E-03 | 1.09E-04 | 2.73E-04 | 1.03E-02
WOZ04-G | WOZ04 | Wellhead ODZ16 8.86E-03 | 1.06E-03 | 1.09E-04 | 273E-04 | 1.03E-02
WOZ05-G | WOZ05 | Wellhead ODZ19 8.86E-03 | 1.06E-03 | 109E-04 | 2.73E-04 | 1.03E-02
CAOL-G | CAOL | Manifoldl 217E-02 | 2.15E-03 | 3.89E-04 | 1.08E-03 | 253E-02
CA02-G | CA02 | Manifold2&0DZ 773602 | 7.42E-03 | 139E-03 | 4.03E-03 | 9.01E-02
CA03-G | CA03 2’(')%’1'/%‘101 to separator 9.21E-03 | 8.04E-04 | 1.41E-04 | 5.33E-04 | 1.07E-02
CA04-G | CAO4 %%T/fglodog to separator 105E-02 | 9.40E-04 | 167E-04 | 6.18E-04 | 1.22E-02
CAO5-G | CAO5 | HP Separator 100VA001 | 146E-02 | 1.58E-03 | 2.79E-04 | 5.23E-04 | 1.70E-02
CA0G-G | CADG | Joovaarators 3.11E-02 | 3.67E-03 | 8.74E-04 | B.00E-04 | 3.64E-02
3
CA07-G | CAO7 | Outlet 100VA002/003 256E-02 | 2.90E-03 | 5.88E-04 | 7.94E-04 | 2.99E-02
CBO1-G | CBO1 | Booster compressor 420E-02 | 512E-03 | 9.16E-04 | 1.23E-03 | 5.02E-02
CB02-G | CB02 | Mercury & H2S removal | 6.30E-02 | 7.50E-03 | 1.62E-03 | 1.40E-03 | 7.36E-02
CDO1-G | CDOL | H2StoCO2 5.26E-03 | 5.13E-04 | 8.94E-05 | 2.15E-04 | 6.08E-03
CD02-G | CD02 | CO2 removal treatment 151E-01 | 1.79E-02 | 3.31E-03 | 3.37E-03 | 1.76E-01
CD03-G | CD03 tcoggh;ec;'r‘;t‘l’;'] 135602 | 1.29E-03 | 2.49E-04 | 5.79E-04 | 156E-02
CDO5-G | CDO5 | CO2 from 103CBO15 579E-03 | 5.49E-04 | 100E-04 | 2.48E-04 | 6.68E-03
CE01-G | CEOL | Gas dehydration 565E-02 | 7.10E-03 | 1.70E-03 | 1.64E-03 | 6.69E-02
CFO1-G | CFO1 | Gas Dew pointing 6.65E-02 | 8.20E-03 | 1.56E-03 | 1.90E-03 | 7.82E-02
CF03-G | CF03 Ig;&’f;g&?”der 158E-02 | 1.84E-03 | 3.21E-04 | 2.96E-04 | 1.83E-02
CF04-G CF04 Recompressor 105KA005 1.92E-02 2.26E-03 3.75E-04 3.56E-04 2.22E-02
CFO5-G | CFO5 ?;;:i;%gcsompressor 497E-02 | 487E-03 | 857E-04 | 2.69E-03 | 5.81E-02
CGOL-G | CGO1 %’é'\‘thfggrl“ flash drum 226E-02 | 253E-03 | 1.27E-03 | Negl. 2.64E-02
CG05-G | CGO5 fgg‘é’é%sgg/rlo SKB025 8.32E-02 | 1.05E-02 | 2.37E-03 | 1.05E-03 | 9.71E-02
CG06-G | CGOB ?&é:ﬁ%%%rgggs” 142E-02 | 1.25E-03 | 7.60E-04 Negl. 1.62E-02
CO01-G | CO01 g'glfb%er 262E-02 | 2.75E-03 | 4.60E-04 | 1.12E-03 | 3.05E-02
304VG001
CO003-G CO03 HP Fuel gas users 6.61E-03 5.54E-04 1.43E-04 2.92E-04 7.60E-03
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CO05-G CO05 LP Fuel Gas Scrubber 2 1.12E-02 1.42E-03 2.43E-04 2.34E-04 1.31E-02
) Transfer to metering ) } } } }
CK0L-G | CKoL | oot 8.74E-02 | 1.06E-02 | 2.01E-03 | 2.56E-03 | 1.03E-01
CK02-G | CKO2 Eﬁ%‘;ﬁ;ﬁete“”g Pig 1236-02 | 1.19E-03 | 2.15E-04 | 6.28E-04 | 1.43E-02
203VMO001
CS01-G | csor | Gasexport CPF 1.10E-02 | 1.13E-03 | 1.76E-04 | 3.14E-04 | 1.26E-02
andPipeline
junction
CS02-G | CS02 | Pig receiver 203VMO002 2.23E-02 | 2.62E-03 | 4.85E-04 | 6.62E-04 | 2.61E-02
CS03-G | CS03 | Export End pipeline 1.85E-03 | 1.70E-04 | 2.96E-05 | 4.21E-05 | 2.09E-03
CG02-L | CG02 | Condensate to 106VD016 | 1.03E-02 | 1.24E-03 | 5.41E-04 Negl. 1.21E-02
CGO3L | CGO3 | Somaensate from drum 2.25E-02 | 216E-03 | 8.24E-04 | Negl. | 2.55E-02
_ Pumped condensate ; ) ) )
CGO4-L | CGO4 | A 7 AR 3.05E-02 | 2.67E-03 | 1.65E-03 Negl. 3.48E-02
CLOl1-L | CLO1 | Condensate truck loading | 1.07E-02 | 9.90E-04 | 159E-04 | 4.05E-04 | 1.22E-02
) Condensate storage ) ) ) ) )
CLo2-L | CLO2 | orert 8.51E-03 | 1.33E-03 | 4.05E-04 | 6.37E-04 | 1.09E-02
) Condensate storage ) ) ) ) )
CLO3-L | CLO3 | o 8.99E-03 | 1.37E-03 | 4.12E-04 | 6.71E-04 | 1.14E-02
) Off spec condensate ) ) ) ) )
CLOA-L | CLO4 | oo e ) IRAODS 9.36E-03 | 1.47E-03 | 4.06E-04 | 6.27E-04 | 1.19E-02
) Condensate truck loading ) } } } }
CLOS-L | CLOs | e ot 6.74E-04 | 2.60E-04 | 1.46E-04 | 523E-05 | 1.13E-03
} Condensate truck loading ; ) ) ) )
CLOG-L | CLO6 | ~ P G 001 6.74E-04 | 2.60E-04 | 1.46E-04 | 523E-05 | 1.13E-03
CTO01-L CT01 Diesel Storage 5.77E-03 1.16E-03 7.87E-04 Negl. 7.72E-03
CA05-D-V| CA05 | HP Separator 100VA001 | 9.14E-04 | 1.17E-04 | 4.92E-05 Negl. 1.08E-03
CA05-D-L | CA05 | HP Separator 100VA001 | 3.13E-03 | 4.01E-04 | 1.68E-04 Negl. 3.70E-03
N Separators Filtered Liquid ) ) ) )
CA08-D-V| CA08 | b A ooLloo2/o03 | L-15E-02 | 140E-03 | 6.66E-04 Negl. 1.36E-02
N Separators Filtered Liquid ) . . )
CA08-D-L | CAD8 | b S oo1/002/003 | 395E02 | 4.82E-03 | 2.29E-03 Negl. 4.66E-02
CF01-D-V | CF01 Gas Dew pointing 8.50E-04 1.15E-04 4.11E-05 Negl. 1.01E-03
CF01-D-L | CFO1 | Gas Dew pointing 3.48E-03 | 4.70E-04 | 1.69E-04 Negl. 4.12E-03
_CDF_%HP crozHp | 3P Liquid from 105VD004| 3 43e.03 | 141E-04 | 7.81E-05 |  Negl. 1.65E-03
_CDF_?_ZHP CFO2HP | MP Liquid from 105GX001| 5.88E-03 | 5.77E-04 | 3.21E-04 Negl. 6.78E-03
g_':[‘))_z\'/\" CFO02MP| MP Liquid from 105GX001| 4.73E-03 | 4.93E-04 | 2.00E-04 | 1.00E-04 | 5.52E-03
CFO2M' | CFo2MP| MP Liquid from 1056X001( 5.55E-03 | 5.79E-04 | 235E-04 | L18E-04 | 648E-03
Outlet from flash drum
CGO1-D-V| CGOL | oo 1.56E-02 | 1.94E-03 | 8.41E-04 Negl. 1.84E-02
Outlet from flash drum
CGOL-D-L | CGOL | joav ot 6.15E-02 | 7.63E-03 | 3.32E-03 Negl. 7.25E-02
Cl01-G | Clo1 Unit 109 Header Inlet 6.64E-03 | 6.19E-04 | 1.18E-04 | 2.33E-04 | 7.60E-03
Cl02-G | CI02 LP Inlet Separators 456E-02 | 595E-03 | 7.86E-04 | 1.07E-03 | 5.34E-02
cl03-G | clog | LP CompressorlF 412602 | 522E-03 | 7.71E-04 | 1.04E-03 | 4.82E-02
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LP Compressor 1

Cl04-G | Clo4 401E-02 | 5.13E-03 | 7.56E-04 | 9.65E-04 | 4.70E-02
SecondStage

clos-G | clos | LP Compressor 2 412E-02 | 522E-03 | 7.71E-04 | 1.04E-03 | 4.82E-02
FirstStage

Cl06-G | clos | LP Compressor 2 401E-02 | 5.13E-03 | 7.56E-04 | 9.65E-04 | 4.70E-02
SecondStage

CI07-G Cl07 LP Compressors 851E-03 | 8.44E-04 | 1.49E-04 | 3.39E-04 | 9.85E-03
OutletHeader

CGOLDL | cgoy | Condensate Unit 109 455E-02 | 5.12E-03 | 2.44E-03 Neg|. 5.30E-02

-L Liquid Part

CGOL.DV | cgpy | Condensate Unit 109 1.15E-02 | 1.30E-03 | 6.18E-04 Negl. 1.35E-02

-G Flashing Part

TOTAL T.82E+00 | 2.12E-01 | 4.82E02 | 4.78E-02 | 2.12E+00

% 86% 10% 206 206 100%

95




Interpretation:

Based on the data presented in the table, we observe that the most common and frequent leak size is
the small size, specifically 5 cm. This indicates that smaller leaks occur more often than larger ones
within our system. Consequently, for the purposes of our further study and analysis, we will focus
on this 5 cm leak size, as it is the most prevalent and representative of typical leak occurrences in

our system.

3.6.2 Fire Frequency

The following table provides fire frequency data for various breach sizes, indicating the likelihood of
fires occurring for each specific breach dimension. From our previous analysis, we identified that the

most probable breach size is small, with a probability of 86%.
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LG

Fire frequency (Total ignition)

Immediate fire event (Immediate ignition)

Delayed fire event (Delayed ignition)

Failure Case Description Small Medium Large | Full bore| Small Medium Large [ Full bore] Small Medium Large | Full bore
CA05-G HP Separator 100VA001 2.32E-05| 2.80E-05| 5.82E-05| 3.40E-04| 6.97E-06| 8.40E-06| 1.75E-05 1.02E-04| 1.63E-05( 1.96E-05( 4.07E-05( 2.38E-04
CA05-D-V HP Separator 100VA001 1.48E-06| 1.74E-06| 6.28E-06| 0.00E+00| 4.43E-07| 5.21E-07| 1.89E-06| 0.00E+00| 1.03E-06| 1.22E-06| 4.40E-06| 0.00E+00
CA05-D-L HP Separator 100VA001 7.86E-06| 1.26E-05| 2.19E-05| 0.00E+00| 2.36E-06| 3.78E-06| 6.57E-06[ 0.00E+00| 5.50E-06( 8.82E-06( 1.53E-05( 0.00E+00
CA06-G MP Separators 100VA002/003 4.39E-05| 4.63E-05| 1.76E-04| 5.20E-04 1.32E-05( 1.39E-O5( 5.29E-05 1.56E-04| 3.07E-05| 3.24E-05| 1.23E-04| 3.64E-04
CA07-G Outlet 100VA002/003 3.61E-05| 3.65E-05| 1.18E-04| 5.16E-04| 1.08E-05| 1.10E-05| 3.55E-05( 1.55E-04| 2.53E-05( 2.56E-05( 8.29E-05( 3.61E-04
CA08-D-V Separators Filtered Liquid outlet 100VA001/002/003 1.86E-05( 1.11E-05| 6.91E-05| 0.00E+00| 5.57E-06| 3.32E-06| 2.07E-05| 0.00E+00| 1.30E-O5| 7.74E-06| 4.84E-05| 0.00E+00
CA08-D-L Separators Filtered Liquid outlet 100VA001/002/003 9.92E-05| 8.92E-05| 2.97E-04| 0.00E+00| 2.98E-O5| 2.68E-05| 8.92E-05[ 0.00E+00| 6.95E-05( 6.24E-05( 2.08E-04 0.00E+00
CB01-G Booster compressor 6.10E-05| 6.56E-05| 1.88E-04| 8.03E-04| 1.83E-05| 1.97E-05| 5.63E-O5( 2.41E-04] 4.27E-05| 4.59E-05| 1.31E-04| 5.62E-04
CB02-G Mercury & H2S removal 1.00E-04| 1.31E-04| 4.53E-04| 9.09E-04| 3.00E-05| 3.93E-05| 1.36E-04| 2.73E-04| 7.00E-O5| 9.18E-05| 3.17E-04| 6.36E-04
CDO01-G H2S to CO2 8.32E-06| 8.87E-06| 7.09E-06| 1.40E-04| 2.50E-06| 2.66E-06| 2.13E-06 4.20E-05| 5.82E-06[ 6.21E-06 4.96E-06( 9.80E-05
CD02-G CO2 removal treatment 2.38E-04| 3.06E-04| 8.56E-04| 2.19E-03| 7.13E-05| 9.18E-05| 2.57E-04| 6.56E-04| 1.66E-04| 2.14E-04| 5.99E-04| 1.53E-03
CD03-G CO2 removal to dehydration 2.12E-05| 2.19E-05| 6.76E-05| 3.76E-04| 6.35E-06| 6.56E-06| 2.03E-0O5| 1.13E-04| 1.48E-05[ 1.53E-05 4.73E-05 2.63E-04
CE01-G Gas dehydration 8.97E-05| 1.24E-04| 4.76E-04| 1.07E-03| 2.69E-05| 3.72E-05| 1.43E-04| 4.83E-05| 6.28E-05[ 8.69E-05 3.33E-04( 1.13E-04
CF01-G Gas Dew pointing 1.11E-04| 1.67E-04| 4.47E-04| 1.24E-03| 3.34E-05| 5.01E-05| 1.34E-04| 3.20E-04| 7.80E-05| 1.17E-04| 3.13E-04| 7.46E-04
CF01-D-V Gas Dew pointing 1.28E-06| 1.51E-06 3.40E-06| 0.00E+00| 3.84E-07| 4.53E-07| 1.02E-06| 0.00E+00| 8.96E-07| 1.06E-06| 2.38E-06| 0.00E+00
CF01-D-L Gas Dew pointing 8.69E-06| 1.56E-05| 2.19E-05| 0.00E+00| 2.61E-06| 4.67E-06| 6.58E-06[ 0.00E+00| 6.08E-06( 1.09E-05( 1.53E-05( 0.00E+00
CFO2HP-D-V HP Liquid from 105VD004 /002 5.12E-06| 3.83E-06| 1.07E-05| 0.00E+00| 1.54E-06| 1.15E-06| 3.22E-06 0.00E+00| 3.58E-06( 2.68E-06( 7.51E-06( 0.00E+00
CFO2HP-D-L HP Liquid from 105VD004 /002 3.48E-06| 3.11E-06| 9.72E-06| 0.00E+00| 1.05E-06| 9.34E-07| 2.92E-06 0.00E+00| 2.44E-06( 2.18E-06[ 6.80E-06( 0.00E+00
CF02MP-D-V MP Liquid from 105GX001 1.43E-06| 3.91E-07| 2.25E-06| 0.00E+00| 4.30E-07| 1.17E-07| 6.75E-07| 0.00E+00| 1.00E-06| 2.74E-07| 1.57E-06| 0.00E+00
CF02MP-D-L MP Liquid from 105GX001 1.12E-05( 1.13E-05| 3.05E-05| 1.53E-05| 3.36E-06| 3.40E-06|] 9.16E-06| 3.92E-06| 7.83E-06| 7.93E-06| 2.14E-05| 9.14E-06
CF03-G Turbo expander 105KH003 2.65E-05| 3.74E-05| 1.80E-05| 1.92E-04| 7.94E-06| 1.12E-05| 5.40E-06 2.30E-05| 1.85E-05( 2.62E-05 1.26E-05( 5.36E-05
CF04-G Recompressor 105KA005 2.78E-05| 3.06E-05| 8.11E-05| 2.31E-04| 8.35E-06| 9.17E-06| 2.43E-O5| 5.76E-05| 1.95E-05( 2.14E-05 5.68E-05( 1.34E-04
CF05-G Outlet Recompressor 105KA005 7.36E-05| 7.00E-05| 1.97E-04| 1.75E-03| 2.21E-05| 2.10E-05| 5.91E-O5| 6.94E-05| 5.15E-05( 4.90E-05( 1.38E-04 1.62E-04
CGO01-G Outlet from flash drum 106VD001 2.26E-05| 5.96E-06| 2.42E-05| 0.00E+00| 6.77E-06| 1.79E-06| 7.26E-06[ 0.00E+00| 1.58E-05( 4.17E-06[ 1.69E-05( 0.00E+00
CGO01-D-V Outlet from flash drum 106VD001 1.83E-05| 1.26E-05| 3.42E-05| 0.00E+00| 5.50E-06| 3.79E-06| 1.02E-05| 0.00E+00| 1.28E-05| 8.84E-06| 2.39E-05| 0.00E+00
CGO01-D-L Outlet from flash drum 106VD001 1.18E-04 1.35E-04| 2.73E-04| 0.00E+00| 3.54E-05| 4.06E-05| 8.20E-05| 0.00E+00| 8.25E-05| 9.47E-05| 1.91E-04| 0.00E+00
CGO02-L Condensate to 106VD016 1.15E-05 4.84E-06 6.47E-06| 0.00E+00| 3.45E-06| 1.45E-06| 1.94E-06| 0.00E+00| 8.06E-06| 3.39E-06| 4.53E-06| 0.00E+00
CGO03-L Condensate from drum 106VD016 3.32E-05| 1.47E-05| 5.59E-06| 0.00E+00| 9.95E-06| 4.40E-06| 1.68E-06[ 0.00E+00| 2.32E-05( 1.03E-05( 3.91E-06( 0.00E+00
CG04-L Pumped condensate 106PA017 A/B 4.50E-05 2.22E-05| 3.40E-05 0.00E+00 1.35E-05( 6.67E-06( 1.02E-05| 0.00E+00| 3.15E-05| 1.56E-05| 2.38E-05| 0.00E+00|
CGO05-G Compressor 106KB009/ 106KB025 1.29E-04| 2.39E-05| 5.38E-06| 2.38E-06| 3.87E-05| 7.16E-06| 1.61E-06| 0.00E+00| 9.04E-O5| 1.67E-05| 3.77E-06| 0.00E+00
CG06-G Outlet compressor 106KB009/025 2.21E-05| 2.84E-06| 1.73E-06| 0.00E+00| 6.63E-06| 8.53E-07| 5.18E-07| 0.00E+00| 1.55E-05| 1.99E-06| 1.21E-06| 0.00E+00
CLO1-L Condensate truck loading 1.23E-05| 3.27E-06 2.38E-06| 6.08E-06| 3.70E-06| 9.82E-07| 7.14E-07| 0.00E+00| 8.64E-06| 2.29E-06| 1.67E-06| 0.00E+00
CLO5-L Condensate truck loading arm 201-YG-011 9.83E-06| 4.40E-06| 3.93E-06| 6.19E-06| 2.95E-06| 1.32E-06| 1.18E-06 1.18E-06| 6.88E-06( 3.08E-06 2.75E-06( 2.76E-06
CLO6-L Condensate truck loading arm 201-YG-021 1.04E-05| 4.54E-06| 4.00E-06| 6.52E-06| 3.12E-06| 1.36E-06| 1.20E-06| 1.86E-06| 7.27E-06| 3.18E-06| 2.80E-06| 4.33E-06
C001-G HP FG Scrubber 304VG001 3.80E-05| 3.72E-05| 3.08E-05| 1.94E-04| 1.14E-05| 1.11E-05| 9.25E-06 3.51E-05| 2.66E-05 2.60E-05[ 2.16E-05| 8.18E-05
C003-G HP Fuel gas users 9.57E-06| 7.49E-06| 6.06E-06| 2.86E-05| 2.87E-06| 2.25E-06| 1.82E-06 1.84E-05| 6.70E-06( 5.24E-06 4.24E-06( 4.30E-05
CO05-G LP Fuel Gas Scrubber 2 304VG003 1.62E-05( 1.92E-05( 1.03E-05| 2.30E-05| 4.87E-06| 5.76E-06| 3.08E-06| 3.28E-05| 1.14E-05| 1.34E-05| 7.18E-06| 7.66E-05
CK01-G Transfert to metering 200UJ001 1.29E-04 1.53E-04| 4.61E-04| 1.66E-03| 3.88E-05| 4.58E-05| 1.38E-04| 5.69E-05| 9.06E-05| 1.07E-04| 3.23E-04| 1.33E-04
CK02-G Export metering pig launcher 203VM001 1.81E-05| 1.68E-05| 4.86E-05| 4.08E-04| 5.42E-06| 5.05E-06| 1.46E-05| 4.57E-05| 1.26E-05| 1.18E-05| 3.40E-05| 1.07E-04




3.7 Fire potential equipment

According to the API 2218 standard, specific types of equipment in industrial sites are classified as
Fire Potential Equipment based on their technical specifications. This classification includes several

categories of equipment, each with distinct parameters that denote their fire risk.

3.7.1 Towers, Exchangers, and Vessels

These are categorized as fire potential if they contain flammable products at temperatures exceeding
315°C. These structures are integral to processing and storage operations and often handle large

volumes of hazardous materials, making them critical points of concern for fire safety.

3.7.2 Pumps

Pumps that handle flammable materials at temperatures above 230°C are considered fire risks. These
devices are essential for transporting liquids within the facility, and their high operational tempera-

tures increase the potential for ignition.

3.7.3 Control Valve Manifolds

Similar to pumps, control valve manifolds that operate with flammable materials at temperatures
above 230°C are designated as fire potential equipment. These manifolds regulate the flow of haz-

ardous substances, and their safe operation is crucial to preventing leaks and potential fires.

3.7.4 Hydrocarbon Gas Compressors

These compressors are specifically designed to handle hydrocarbon gases, which are highly flammable.
Their inclusion in the fire potential category underscores the importance of stringent safety measures

given the volatile nature of the gases they process.

3.7.5 Heaters

Equipment that involves the heating of flammable materials is inherently risky. Heaters used in

industrial processes must be carefully monitored to prevent overheating and potential fires.
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Chapter 4

Passive Fire Protection: Fireproofing

4.1 Introduction

Fireproofing is a crucial practice in the petroleum and petrochemical industries for minimizing prop-
erty damage from fires, it involves applying materials or methods to slow the spread of fire and

safeguard equipment or structures.

The API RP 2218 standard from the American Petroleum Institute (API) offers guidance on se-
lecting, applying, and maintaining fireproofing systems specifically for pool fires in petroleum and

petrochemical processing plants.

4.2 Objectives

Fireproofing has several overarching objectives that contribute to overall safety and damage mitiga-

tion in a fire event. Here’s a breakdown of the key goals:

o Life Safety: Buy time for safe escape by slowing fire spread and maintaining structural

integrity.

o Property Protection: Minimize damage by containing the fire and safeguarding equipment.

4.3 Fireproofing methodology

The API RP 2218 standard provides a proven methodology for selecting, applying, and maintaining
fireproofing systems specifically for pool fires common in petroleum and petrochemical facilities. By
following the API RP 2218 framework, we can create a comprehensive and reliable fireproofing plan

that prioritizes safety and minimizes potential fire damage.

Each step within this methodology will have its own specific requirements based on both the API
RP 2218 guidelines and the unique needs of the facility and processes.



e Needs Analysis: The needs analysis is the crucial first step, laying the groundwork for our
fireproofing plan. Here, we leverage risk assessments (FERA/PHA) to identify areas need-
ing fireproofing based on factors like: Flammable materials, Potential fire severity, Equip-
ment /structure importance, unit spacing ... Details on these factors will be covered in the
following titles, this analysis ensures a targeted fireproofing plan prioritizing safety throughout

the facility.[12] [18]

» Fireproofing considerations and materials: API RP 2218 identifies critical areas within
a petroleum or petrochemical facility that require fireproofing based on their potential fire risk
and the importance of the equipment or structure, it also offers guidance on selecting the most
appropriate fireproofing materials for specific applications. Different materials have varying
fire resistance ratings and application methods. Details on these factors will be covered in the
following titles.[12][18]

o Installation and quality insurance: API RP 2218 specifies proper installation require-
ments that emphasize on the qualified parties who do the installation, and the importance of
verifying the quality of the fireproofing installation. This may involve inspections and testing
to ensure the materials are applied correctly and meet the required thickness and fire resistance

ratings.[12]

Needs
Analysis

y

FireProofing
considerations
and Materials

y

Installation
and quality
insurrance

Figure 4.1: Simplified fireproofing methodology
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4.4 Needs Analysis

The needs analysis stands as a pivotal step post hazard identification and scenario assessment.
Its primary objective lies in categorizing each scenario and determining the requisite protection

equipment and duration. Here are the questions to guide this assessment:
o What equipment requires safeguarding in each scenario?

o How much time should be allocated for providing protection in each scenario?

4.4.1 Phase 01: Potential Severity and Vulnerability

We leverage existing risk assessments (PHA/FERA) to identify fire hazards and consider process

design factors, the following factors are to consider in a Needs Analysis study:

A/ Location within the thermal radiation contour
The main question to ask here is:
”"what equipment or structures are potentially exposed to a leak?”[12]
o Identify all equipment and structures within the potential leak zone (near pipes, valves, flanges).
o Classify or identify the vulnerability of equipment how important or serious that equipment is.

« Evaluate the distance between the leak source and the equipment/structure of concern.
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Figure 4.2: Jet Fire (red) and Pool Fire (green) contours, site of GTG.
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From Figure 4.2, we can spot the equipment and structures located within the thermal radiation
contour (given for 30Kw/m? in this case, this gives us an insight about the distance evaluation and

the vulnerable equipment in the zone.
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B/ Severity of operating conditions

Generally speaking, equipment in oil and gas facilities contain highly flammable substances at high

pressure and temperature, the following questions are to be asked:[12]
o What are the process temperature and pressure within the equipment?
o Are any process materials above their auto-ignition points?

e Does the equipment contain liquid that can absorb heat or help cool the vessel walls upon

vaporizing?

An equipment that contains a highly flammable substance is the source of all hazards, and thus,
needs to be properly protected, typically, equipment that carry non-flammable substances like wa-

ter, are not to be fireproofed.

C/ Unit Spacing, Layout, and Fire Exposure Hazard

In central processing facilities, the facilities’ layout are generally located next to each other, which
can result in a domino-effect in case of an accident, to assess the situation and judge the need of

fireproofing, the following questions are to be asked: [12]
o What is the spacing between units?
e How is the equipment laid out?

e Could a fire in one unit easily spread to adjacent facilities or the surrounding area?

D/ Estimation of the duration of unabated fire

Estimating the exact duration of an unabated fire within a building is a complex task. Factors like
fuel load, ventilation, and fire suppression efforts can all significantly influence how long a fire burns.
To simplify this process, we can consider the fire duration for the largest isolatable section within
the facility. This assumption acknowledges that a larger fire will likely take longer to extinguish and
provides a conservative estimate for fireproofing needs. Also, standards and references exist that

specify the fire resistance time required for fireproofing various types of equipment. [12]
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Assessing the potential severity and vulnerability is a major aspect of the fireproofing needs analysis,
by following the steps above, we obtain an evaluation about the potential severity and the required

protection, see Figure 4.3 for a simplified chart of the potential severity and vulnerability evaluation.

Flammable liquids

|

Y

{ Fire sceanrios

Y
Fire envelope
definition

Y

Fire potential
equipment listing

\ \ A

Duration of Operational . . . Equipment
unabated fire ( conditions > < Unit spacing ) vulnerability

Potential severity and
vulnerability

Figure 4.3: Needs Analysis: phase 01 (potential severity) simplified
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4.4.2 Intervention capability

Intervention capability matters in fireproofing analysis. Strong fire suppression and fast responder
access might allow for less fireproofing in some areas, while limited intervention necessitates a more

robust approach. This helps find the right balance between fire resistance and cost.[12]

A/ Area Drainage System Effectiveness

o Is there is a drainage in the spillage area?

» How effective is the area drainage system at removing a hydrocarbon spill?[12]

B/ Isolation, De-inventory, or Depressurization Capability, and Shutdown Systems

o Can the systems be isolated, de-inventoried, or depressurized to prevent further release of

flammable materials?
o Are there manual and/or automatic shutdown systems in place?

« How much it takes for the section to be isolated ?[12]

C/ Active Fire Protection

o Is there a fixed water spray system or fixed monitors for active fire protection?|[12]

D/ Unit Spacing and Emergency Response Access

We consider the unit spacing and equipment layout again, but this time focusing on how easily

emergency responders/personnel can access the area. [12]
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Assessing the intervention capability is a major aspect to judge the need of further fire protection
(fireproofing), in the typical oil and gas facilities there are various protection measures in site, judging
the intervention capability is another criteria (along with potential severity and vulnerability) for

needs analysis, the points above detail the factors to consider, see figure 4.4 for a simplified chart.

Isolation possibility Active Fire Protection

Drainage System

Automatic

Foam system Deluge systems

Estimated duration Isolation time

Control of burning
capacity

Extinguishing
duration

Estimated
intervention time

Intervention capacity

Figure 4.4: Needs Analysis phase 02 (intervention capability) simplified
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4.5 Fireproofing considerations

4.5.1 Fireproofing considerations

Unlike a one-size-fits-all approach, API RP 2218 provides specific considerations for targeted ap-
plication based on the unique characteristics of your structure and equipment. This means the
standard doesn’t dictate fireproofing everywhere, but rather guides us on prioritizing critical areas
like structural supports, process equipment, and emergency shutoff valves. This case-by-case ap-
proach ensures that fireproofing efforts are strategically placed for maximum protection where it
matters most, APPENDIX A provides all the fireproofing considerations from clause 5 of API RP
2218 (see APPENDIX I-C ).

4.5.2 Fireproofing materials

API Recommended Practice 2218 (API RP 2218) transcends the mere designation of fireproofing
application zones. It establishes a framework for the judicious selection of fireproofing materials.
The standard furnishes a comprehensive analysis, detailing the properties, inherent advantages, and
potential drawbacks associated with various fireproofing solutions.

The selection of materials is an evidence-based decision tailored to the specific project. Factors such
as the requisite temperature resistance, ease of application, and long-term maintenance requirements
can be objectively evaluated against the backdrop of the material’s characteristics.[12] Through a
nuanced understanding of the strengths and weaknesses of each fireproofing material, we can ensure
the selection aligns optimally with the fire protection demands of the specific structure and its
equipment, APPENDIX B provides the fireproofing materials from clause 6 of the API standard
(see APPENDIX I-D).

Besides providing a given extent of fire resistance, a variety of characteristics should be evaluated
to ensure proper performance in the environment where it is installed. Principal characteristics

governing selection of fireproofing materials are:
o The weight and volume limitations imposed by the project
 The fire-resistance rating (in hours)
e The material’s adhesion strength and durability
o The corrosiveness of the atmosphere and of fireproofing materials to the substrate
o Equipment operating temperature limitations in non-fire conditions
« Ease of application

o Reinforcing requirements
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4.5.3 Fire resistance rating (FRR)
The required duration a fireproofing material protects a structure against fire is called the fire resis-
tance rating.[12][18]
Factors Determining FRR
o Fuel Isolation Time: The time needed to isolate and contain any released fuel.
o Water Supply: Availability and capacity of a reliable water supply for firefighting.
o Fixed Water Systems: Response time for activating fixed water spray systems or monitors.

« Mobile Fire Response: Response time and capabilities of fire brigades using portable or mobile

equipment (including foam for suppression).

o Hydrocarbon Spill Drainage: Time required for the drainage system to remove a potential

hydrocarbon spill.
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Figure 4.5: Typical Fireproofing Rating For Structures And Equipment|[18§]

Equipment supports should be protected with at least a 1 hour, high-risehydrocarbon fire resistance

rating, or equivalent.[18]

4.6 Installation and quality insurance

Fireproofing systems must be applied properly to be successful. A variety of factors are involved which
include: the availability of the proper on-specification material, the proper equipment, and qualified
personnel to complete the task in accordance with the manufacturer’s specifications. For most

fireproofing systems the long term success depends on attention to detail during installation.[12][18]
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4.6.1 Fireproofing installation considerations

A/ Pre-installation

o Surface Preparation: Clean substrate surfaces from contaminants (oil, grease, dust, rust,

etc.)

e Primer Compatibility: Ensure primer (if required) is compatible with the fireproofing ma-

terial.

B/ Installation Specifications

» Thickness/Layers: Follow specified thickness or number of layers.
o Attachment: Insurance of adequate attachment of the fireproofing system.

o Finishing: proper caulking performance, sealing, or top-coating as required.

C/ Applicator Expertise

e Dense Concrete: Can be applied by facility personnel or experienced contractors.

o Lightweight Concrete, Mastics, Magnesium Oxychloride Plasters: Require specialized

applicators with experience in these materials.

D/ Material Handling

¢ Shelf Life: Maintain material within its shelf life.

» Storage: Following manufacturer’s recommendations (e.g., upright containers for some mate-

rials).
o Temperature Sensitivity: Awareness of temperature limitations during storage and ship-
ping.
E/ Application Considerations
o Original Containers: Apply directly from sealed containers to avoid contamination.
e Curing: Follow required curing periods to prevent cracking.
e Drying: Allow drying period above freezing for materials with free water.

« Thickness: Specified thickness refers to the dry state, not wet application thickness (account

for shrinkage).
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4.6.2 Quality control, inspection and maintenance

A/ Quality control

Personnel Knowledge: All involved personnel should understand the chosen fireproofing ma-
terial, its application techniques, and relevant manufacturer specifications. Resources include

data sheets, site visits, or consulting previous users.
Sample Application: Applicator may need to provide a finished surface sample for approval.

Inspection: Qualified personnel monitor application per specifications (mixing, density, thick-

ness, reinforcement, finishing).

Thickness Control: Crucial for proper fire resistance, especially with thin mastic coatings.
Random core sampling can verify thickness and bonding. (Ref: ASTM E605 & E736)

B/ Fireproofing Inspection

Periodic inspections with manufacturer/applicator involvement (optional).
Survey coatings for cracks, delamination, rust, bubbles, or bulging.
Check for weathering signs (color change, powdering, thinning).

Remove small sections to examine substrate and reinforcement (look for corrosion). Repair

inspection areas.

Visually check for mechanical damage to fireproofing. (For specific materials) Set aside fire-

proofing samples for periodic fire testing.
Ensure fireproofing hasn’t been removed for maintenance and not replaced.

Identify any potential new hazard sources or equipment needing fireproofing.

C/ Fireproofing Inspection

Timely and consistent: Ensures fireproofing remains in good condition.

Hairline Cracks: Clean and fill cracks with new material according to manufacturer instruc-

tions.

Substrate Bonding Loss: If detected by bulges or abnormal sound, remove fireproofing,

clean the substrate, and re-prime before reapplication.

Bond Failure: Remove fireproofing in affected areas, clean the substrate, and re-prime before

reapplication.
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o« Top Coating: Maintain top coating per manufacturer’s recommendations, especially if it
provides corrosion protection or water resistance. Conduct inspections before top coat renewal

to avoid hiding defects.

« Management of Change (MOC): Inform relevant personnel about potential impacts of

operational, equipment, or fireproofing material changes on fireproofing needs.

4.7 Firpeoofing plan

This section is the realization of the fireproofing plan, which will be provided in APPENDIX III.
The plan will be presented in a clear table format, mirroring the previously outlined methodology.
Each factor influencing fire risk will be assigned a scale for quantification, enabling systematic eval-
uation of potential vulnerabilities and the corresponding fireproofing measures. This data-driven

approach ensures all aspects are considered and effectively mitigated (see APPENDIX III).

4.7.1 Needs Analysis

Phase 01: Potential severity and vulnerability
» Release location: Refers to the concerned equipment where the leak takes place.
+ Release material: The equipment’s inventory (gas, condensate, hot oil, TEG...).
« Exposed equipment and structures: The equipment located within the the fire contour.

o Equipment vulnerability: To assess equipment vulnerability, we consider both exposure to
thermal radiation and the nature of the inventory stored within. Highly flammable materials in
equipment directly exposed to heat will be assigned a higher vulnerability score (1-4) compared

to well-protected equipment storing non-flammable items.

Vulnerability | Scale
Low 1
Moderate 2
High 3
Very High 4

Table 4.1: Equipment vulnerability rating

e Operational conditions: While operational conditions are considered during fireproofing
planning, they hold less weight compared to other factors in oil and gas facilities. This is
because most materials handled here typically exist above their flash point (the minimum
temperature at which they ignite), and extreme pressures and temperatures are often standard

operating conditions, but is still a factor that the API standard highlights.
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o Unit spacing: A crucial factor in fire safety planning, considers both exposure and distance
between equipment. We’ll utilize the facility’s mass plan to map equipment locations and assess

these factors. The unit spacing is measured by the following scale:

Unit spacing Scale
Isolated from CPF 1

Low proximity to CPF 2
High proximity to CPF 3
Crowded within CPF 4

Table 4.2: Unit spacing rating

e« Domino effect: The possibility of an escalation of the consequences.

Phase 02: Intervention capability

o Drainage system: A functional drainage system allows burning liquids to be directed away
from critical areas and facilitates firefighter intervention with water runoff. The absence of a

drainage system influences the need of fireproofing.

o Leak duration based on isolation and detection time: According to the API 581 stan-

dard, automatic and manual isolation time has been defined as the following:

Isolation type Automatic Manual
Leak duration (max) | 20 minutes | 30 minutes

Table 4.3: Isolation time according to API 581 [14]

Notes:

— The detection class according to API 581 is A, which means that the instrumentation is
designed specifically to detect material losses by changes in operating conditions (i.e. loss

of pressure or flow) in the system.

— The automatic isolation is classified as class A by the API 581 standard (doesn’t need op-
erators’ intervention to activate), while the manual one (needs the operators’ intervention)

is class B.

— The maximum leak duration have been taken for 1/4 inches leaks (small breaches), which

is the most probable breach size according to chapter 3.

o Active fire protection: The fireproofing plan will indicate whether the concerned equipment
is protected by active fire protection systems without delving into the details of the system
evaluation. Generally speaking, all equipment within the site that carry or are exposed to
hydrocarbon risks are covered by active fire protection systems. However, a detailed evaluation

of these systems will be provided in Chapter 5.
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4.7.2 Fireproofing considerations

Phase 03: Fireproofing

o Considerations: The API fireproofing considerations are given in APPENDIX I-C.
« Fire resistance rating (FRR) (hours): FRR is calssified and given by Figure 5.13 above.

o Fireproofing materials: The materials used for fireproofing, detailed in APPENDIX I-D.
Notes:

o The chosen fireproofing materials are mainly concrete and cementtitious spray-applied ma-

terials, both are efficient fire-resistant materials (up to 4 hours of protection, not expensive).

o Concrete can be applied on vessels’ saddles and legs, however, it adds extra weight which
makes it difficult to apply on racks and structures, in this case, cementitious SFRM is a good

substitute and easier to apply.

o Concrete can’t be applied on skirts, that’s why SFRM are chosen for skirt applications.

4.8 Conclusion

In conclusion, the fireproofing plan detailed in APPENDIX III provides a systematic approach to
assess whether process equipment should be fireproofed. The standards define all the factors, criteria,
and considerations for fireproofing, and the chosen materials are selected based on their efficiency
and ease of application.

It is important to note that passive fire protection is not a replacement for active fire protection.
The main objective of fireproofing equipment is to buy time to prevent further escalation of the
consequences, allowing active fire protection systems and intervention efforts more time to successfully

extinguish the fire.
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Chapter 5

Active Fire Protection: Foam and Water

systems

5.1 Introduction

Active fire protection systems are the first responders in a fire emergency. This chapter explores their
types and functions. We’'ll evaluate them against NFPA standards, ensuring they meet industry best

practices to ensure safety.

5.2 Objectives

Active fire protection systems in oil and gas facilities play a critical role in mitigating the unique fire

hazards present. Their key objectives include:

o Rapid Detection and Suppression: Active systems like heat detectors, flame detectors,
and gas monitors trigger alarms and immediately activate extinguishing measures like water
sprinklers, foam deluge systems, or high-pressure water mist systems to control flames and

extinguish them.

e Containment and Control: Fixed or mobile extinguishing systems are used to stop flames
from reaching critical equipment or storage areas, and deploying fire suppression curtains to

isolate specific zones.

5.3 Active fire protection evaluation steps and criteria

5.3.1 System selection

The most effective fire suppression system hinges on understanding the potential fire threats. By
analyzing fire scenarios (like flammable gas release or flammable liquid spills) and the specific hazards
present (type of combustibles, presence of sensitive equipment), we can select the most appropriate

extinguishing agent and system design.



Fire Extinguisher Class Chart
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Figure 5.1: Fire classes and their extinguishment

5.3.2 Water supply evaluation

A robust water supply is essential for an effective water-based fire protection system. This evaluation
includes assessing available water flow rate, pressure, and the reliability of sources like public fire
hydrants and on-site water storage tanks. Ensuring a sufficient and reliable water supply optimizes

fire suppression systems throughout the gas treatment site.

5.3.3 System coverage

Once the extinguishing agent is selected, defining the system’s coverage is crucial. This involves
designing the layout of sprinkler heads, foam discharge nozzles, or other extinguishing devices to
ensure comprehensive coverage of potential ignition sources and flammable materials. Strategic

placement guarantees a swift and effective fire response across the gas treatment site.

5.3.4 System Capacity Evaluation

To ensure effective active fire protection, it is crucial to evaluate the flow rate and discharge rate of the
extinguishing agent. First, we verify that the agent can deliver an adequate discharge rate to control
a potential fire (given by NFPA standards), considering the fire size and protected area. Second, we
assess the system’s hydraulics to confirm that the flow rate is sufficient to reach all sprinkler heads or
foam nozzles (given by NFPA also). This ensures the system can effectively control and extinguish

fires across the gas treatment site.
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5.4 Water systems

5.4.1 Design objective

o Extinguishment: Water extinguishment is a method of fire suppression that involves using
water to control and extinguish fires. The process relies on the cooling effect of water to lower
the temperature of the burning material below its ignition point, and it can also help to smother

the fire by cutting off the oxygen supply.[8]

o Control of burning: Application of water spray to equip-ment or areas where a fire can occur
to control the rate of burning and thereby limit the heat release from a fire until the fuel can

be eliminated or extinguishment effected.[8]

o Exposure Protection: Absorption of heat through application of water spray to structures or
equipment exposed to a fire, to limit surface temperature to a level that will minimize damage

and prevent failure. 8]

5.4.2 Equipment that must be deluged

The list of equipment that must be deluged is based on the NFPA 15 (see APPENDIX I-B).
In process fire zone , fixed water deluge systems will be provided on vessels and heat exchangers if

the hydrocarbon liquid inventory is significant, reaching at least one of the following criteria: [8][18]
e Equipment pressure is above 7 barg.
o Equipment volume is larger than 5m3.
o Equipment pressure multiplied by volume is above 100 barg.

The following conditions will be considered for the fire water demand calculation:

o Vessels and heat exchanges where design pressure is higher than two times operating pressure

will not be deluged.
o Equipment which does not contain hydrocarbon or combustible material will not be deluged.
o Buried equipment will not be deluged.
o Structures will not be provided with deluge systems as they will be provided with fireproofing.

o Compressors, air coolers and pipe racks will not be deluged. Pipe racks will be provided with

Passive Fire Protection or will be constructed from concrete.

o Main cable trays shall not be protected by deluge as they will be located underground to provide

required protection against hazardous events (external electrical cables are fire resistant).
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5.4.3 Water demand calculation

In water demand calculation, we prioritize the zone with the highest fire risk and water demand.

This zone’s calculation sets the benchmark for the entire deluge system, ensuring sufficient water

flow to tackle fires effectively throughout the protected area.

A/ Fire Water Demand (FW Demand):

The total amount of water required by the fire protection system. The FW Demand is comprised of

two main components:

e Deluge Consumption: The amount of water used by the deluge system to extinguish a fire.

This is calculated based on the specific area protected by the deluge system and the application

rate (amount of water needed per square foot per minute) required to suppress the anticipated

fire hazard.

« Requirement for personnel protection during escape and evacuation/manual fire-

fighting by personnel: This accounts for the water needed for hose streams firefighters might

use to extinguish the fire or for occupant use during evacuation.

B/ Deluge system water requirement calculation

After choosing the fire zone most water demanding (PFZ1 in this case), we select the equipment and
structure that should be deluged See Figure 5.2

- Width/ Diameter Total arca Water rate
Dalugs Valve Equipment {m) Length () ) (L' min)im? Water eonsumption Limin
100-WVA-()1 HP Inlet Separator 10 2 Q7,03 10,2 QB3 A0
100-ME-021A/B Filter 02 0,937 1,30 102 13,29
100 VA2 WP Inlet Separator 32 10,3 119 63 10,2 12024
100-ME-023 A'B Filter 02 0,872 1,22 102 12 46
100-XW-1001 100-VAD03 LIP Tnlet Separator 3.2 10,3 119 43 10,2 133024
100.LIE-025 A'B Filter 02 0,872 1.2 10,2 12,45
100-PA-013 AB Condensate Pump 0.5 0.7 0,35 20,4 714
100-VAD12 13 i3 438 10,2 14 68
Total water consmmption for unst 100 3520.20
101-VD-0{02 Boooster Compressor 3 40 50,32 204 123050
101-XW-1001 101-VI-004 Boooster Compressor 143 [H] 30,62 204 624,57
Total water consumption for unst 100 1238 66
101-EA004 Boester Compressor 0.5 08 0,40 204 B16
102-V3-001 Mercary Removal Guarl Bed 4 2 3404 10,2 351,16
102-VW-002 25 Removal vesszel 3.5 6,835 94,40 10.2 061,85
102-XW-1001 102-VW-003 H25 Remerval veassel 33 6,835 94,40 102 962,83
102-MB.0044 Bvpass Particule Filter 0446 3,193 4,79 102 48,82
102-MB-004E Bvpass Particule Filler 0,446 3183 4,74 10,2 48,82
Total water comsumspbion for wat 100 1582 66
Total water commuption for FIRE ZONE FPZ1 1341,53

Figure 5.2: fire water demand calculation for PFZ1

C/ Calculation of water consumption for each equipment:

Water Consumption = Total area of the equipment x water rate required for the equipment
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D/ Water Requirement for personnel protection during escape and evacuation

Determine the Number of Hose Streams per Unit: Estimate the number of hose streams

required for each unit based on the unit’s size, layout, and fire hazard classification.

Flow Rate of Each Hose Stream: Identify the flow rate of each hose stream to be used

within the unit.

F/ Fire Hydrants and Monitors requirement

Remote controlled monitors shall be installed where escape way could be rapidly destroyed.

Monitors should be positioned to be accessible during a fire and located where they will provide

effective water streams for the equipment to be protected.

Each Firezone should have at least two monitors placed and available for cooling equipment

affected by the fire and for clearing the evacuation roadway.
Hydrants are generally spaced a maximum of 60 m apart in process areas.

Hydrants and monitors should be located a minimum of 15 m from any equipment to be

protected.
Water Cannons Within 30 m of the equipment they need to protect.

Hydrants should be located on the street or roadside of all pipelines or drainage ditches to

allow access for the pumper truck.

Monitors should be positioned to be accessible during a fire and located where they will provide
effective water streams for the equipment to be protected. Typically, monitors are provided to

cool equipment that, upon failure, would result in escalation of fire.

In PFZ1 there are 2 water monitors and the flow rate for each monitor is 120 m3/h. the total

consumption of water per 2 monitors is: 240m3/h.

5.4.4 Water Supply

The water source must be able to deliver the calculated water demand for a sustained period of at
least 4 hours. based on (NFPA 16 3-2.3).

Maximum demand for deluge 440.49 m3/h
15% margin added to ensure reliability and safety | 506.57 m3/h
Monitor used for personal protection 240 m3/h
Total FireFighting demand 746.57 m3/h
FireFighting demand in 4h 2 986.28 m3/4h

Having a water capacity of 7500m? and utilizing 2986.28m? over a span of 4 hours suggests a

robust infrastructure capable of meeting operational demands effectively.
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5.4.5 Coverage

Make sure that the equipment that must be deluges are fully covered by a deluge system or fixed
water system and the flow rates of each equipment matches NFPA 15 requirements (APPENDIX
I-B).

design discharge rates

Equipment Application rate Remarks

Vessels, columns, exchangers, developed 10.2 (Uminfm?) | Of developed surface, vertical

surface length and ends

Pumps 20.4 (I/min/m?) including the shaft, seals, and
other critical parts.(see API 2030
section 7.3.1)

Atmospheric storage tank 15 (l/min/ m) on all exposed surface

Figure 5.3: water discharge rates
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Figure 5.8: water spray system for UNIT 104 and 106

5.4.6 Water system evaluation results -conclusion-

In conclusion, the evaluation of the deluge system indicates positive performance. All equipment
requiring deluge protection is fully covered by the spray patterns of the nozzles. The water supply
is sufficient to meet the required flow rates. The nozzle placement is suitable to ensure complete
coverage, and the flow rates comply with the standards outlined in NFPA 15. This comprehensive
evaluation confirms that the deluge system is functioning effectively and is ready to suppress fires as

intended.

5.5 Foam systems evaluation

5.5.1 Composition

o« Water supply systems: the primary function of these systems is to provide water, it is

composed of water storage tanks and pumps.

« Foam concentrate systems: these systems store and provide foam concentrate, they're

found in foam stations and composed of foam concentrate storage tanks and pumps.
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o Foam proportioning: installed on deluge skids, their primary function is to properly mix

foam concentrate and water to obtain the foam solution.

o Foam outlets: They shall discharge at a nominal pressure 2 barg above the water pressure

at the eductor.

5.5.2 Water supply

A/ Water Quantity

According to the site’s fire fighting basic design specification, the calculation of the maximum fire

water demand is based on the maximum fire water required @,,3 5, as presented below:
Main Fire Water storage = Q3,5 X 12 hours

For foam monitors, the flow rate is given by Q = 120m3/h by monitor, so the main fire water storage

for all monitors is given by:
>~ Main Fire Water Storage = number of monitors X@,,s /n % 12 hours.

The global storage takes into account the stand-by water systems, hence, the global water storage

demand is given by the following formula:
Global storage = @3/, X 12 hours x2

According to NFPA 11 requirements about water quantity, the water supply shall be sufficient for
both foam apparatus and other firefighting operations (see APPENDIX I-A), the site’s water supply
has the ability to provide water for 12 hours continuously, water supply is then in accordance
with NFPA 11 requirements.

B/ Pressure, temperature and quality

o The water quality doesn’t have adverse effects on foam formation and foam stability: absence

of corrosion inhibitors, emulsion breaking chemicals and other additives.
o The storage temperature is between 18-30 °C.

o Pumps operating pressure shall provide fire water at 12 barg, which is the operating pressure

at the inlate of the foam system.

5.5.3 Foam concentrate

« The concentrate used is 3% AFFF concentrate, so no mixed foam concentrates are used (in
compliance with NFPA 11 - APPENDIX I-A)

o The foam system shall consist of a foam station including foam concentrate storage and pumps,
and a dedicated foam concentrate network to flow foam concentrate from foam station to each
deluge skid where the foam solution is produced. 2 x 100% capacity pumps shall be provided
(in compliance with NFPA 11 - APPENDIX I-A).
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5.5.4 Foam monitors and discharge outlets

A/ Discharge rates

Discharge rates are in compliance with NFPA 11 requirements, the figure below indicates the dis-

charge rates per type of tanks:

Scenaries Tank dike fire Fixed roof Tank Floating roof Tank | Adjacent Tanks
Reference NFPA NFPA 11, sec. 5.7 | NFPA 11, sec. 5.2 | NFPA 11, sec. 5.3 N.A.
code
Foam Application 4.1 lI/min/m? 4 1 I/min/m? 12.2 l/min/m? N.A.
rate
Foam discharge 30 minutes 55 minutes 20 minutes N.A.
duration

Figure 5.9: Foam Discharge rates|9]

B/ System design

The system specific design is compliant with NFPA 11 requirements (see APPENDIX I-A)
o A factor of 1.5 is considered for foam application rate.

o Monitors shall be designed in such a way that the hydraulic forces, including pressure surge
when opening the monitor valve, are balanced. Each monitor shall have a block valve. This

block valve shall be locked open in normal service.

« Foam concentrate of alcohol resistant type (AR FFF) shall be used for methanol /glycol storage

tanks.

C/ System coverage

For comprehensive fire protection, a multi-layered foam system blankets the entire facility layout.
Foam discharge outlets strategically placed on storage tanks provide immediate attack capability.
Fixed foam monitors, positioned throughout the facility, offer continuous coverage of critical areas.
Additionally, mobile foam monitors mounted on vehicles ensure firefighters can reach any location
within the facility to combat potential blazes. This combined approach ensures rapid and effective
foam application for any fire scenario.

The following figures indicate fixed and mobile foam monitors throughout the CPF:

o Fire fighting system layout units 100, 101, 102
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» Fire fighting system layout unit 103
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Figure 5.11: Foam monitors (unit 103)
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» Fire fighting system layout unit 105 & 301
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Figure 5.12: Foam monitors (unit 105 & 301)
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Fire fighting system layout unit 106
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Figure 5.13: Foam monitors (unit 106
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« Fire fighting system layout unit 201
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Figure 5.14: Foam monitors (unit 201)

5.5.5 Foam system evaluation results -conclusion-

In conclusion, the evaluation of the foam system indicates positive performance. All equipment
requiring foam protection is fully covered by the spray patterns of the foam monitors. The foam
concentrate and water supply are sufficient to meet the required flow rates. The foam monitor
placement is suitable to ensure complete coverage, and the flow rates comply with the standards
outlined in NFPA 11. This comprehensive evaluation confirms that the foam system is functioning

effectively and is ready to suppress and extinguish fires as intended.

89



General Conclusion

This dissertation has addressed the critical aspect of fire protection at a gas treatment site, focusing

on both passive and active measures to enhance safety, Key results from our study include:

Fire Hazards Analysis (FHA):

— Conducted FHA to identify and assess potential fire risks.

— Used FHA results to inform the development of targeted fire protection measures.

Integration of Technical Documents and Data

— Utilized facility layouts, equipment data, and operational parameters to design the fire-

proofing plan.

— Applied FHA results to address specific fire scenarios.

Development of a Fireproofing Plan

— A comprehensive fireproofing plan was developed based on the API RP 2218 standard.

— The plan includes materials and techniques to slow down fire spread, reduce heat transfer,

and protect critical equipment during fire events.

Evaluation of Firefighting Systems

— Existing fire suppression and extinguishing systems were evaluated for conformity with
NFPA standards (NFPA 11, NFPA 15, NFPA 17).

— The evaluation considered water supply systems, system capacity and discharge rates,

and system coverage to ensure comprehensive protection.

These outcomes highlight the importance of a multi-layered fire protection approach combining active
and passive measures. The methodologies and findings presented contribute to improving fire safety
standards and practices in high-risk industrial environments, ensuring the protection of personnel

and assets.
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APPENDIX I: Standards’ requirements



APPENDIX I-A: NFPA 11 Requirements
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Purpose | System Requirements Notes
The water doesn't have adverse effects on foam formation and foam
stability

Quality — = - :
Absence of corrosion inhibitors, emulsion breaking chemicals or any
other additives (except for prior consultation with foam concentrate
Water supply shall be sufficient for both foam apparatus and other
. firefighthing operations
> Quantity
% Pre-mixed solution type systems do not require continuous water supply
8 P The pressure at the inlet of the foam system under the required flow shall
ressure ray ; o i
— meet the minimum system'’s pressure of which it is designed for
(V]
g Temperature The temperature shall be between 4°C and 38°C
Presence of line strainers if the water contains solids likely to clog orifices
in discharge devices
Design
Hydrants fursnishing the water supply shall be at the required number
according to NFPA 24 and their location approved by AHJ
o Water supplies or premixed solutions shall be protected against freezing
c Storage in climates where freezing temperatures are expected
L4
© Different types of foam concentrates (or different brands) shall not be mixed (unless the data
e Q provided by the provider and accepted by the authorities allows it)
[
£ =
@ c
(] (]
(1R (]
c
8 Foam concentrates shall be stored in a location that isn't exposed to the hazard they protect
£ from (if housed, in a non-combustible structure)
8 Reserve supplies or ways to obtain more foam concentrate within 24hours should be taken
e into account and stored seperately

The proportioning system shall meet the listed minimum flow rates based on the minimum
and maximum system discharge flow rate

The method of proportioning shall conform to one of the following: self-educting nozzle,
in-line inductor, pressure proportioning, around the pump proportioning, direct injection
variable output foam pump system, coupled water-motor driven pump proportioner, balanced
pressure pump-type proportioners.

Protecion

Outdoor fixed roof tanks | Foam proportioning

A factor of 1.5 shall be considered for foam application rates to
compensate for potential foam loses due to wind and ambient conditions

If the liquid is destructive to non-alcohol-resistant foams (such as
water-soluble and certain ignitable liquids and polar solvants), then
alcohol-resistant foams are to be used instead.

Foam handlines shall not be permitted to be used as the primary mean of
protection for fixed-roof tanks over 9m in diameter or those above 6.1m of
height

Foam monitors
and handlines

Table 5.2.4.2.2 Foam Handline and Monitor Protection for Fixed-Roof Storage Tanks Containing

Hydrocarbons
Minimum Application Rate Minimum
Discharge Time
Hydrocarbon Type gpm/ ¢ mm/min* (minutes)
Discharge rates: Flash point between 100°F and 140°F 0.16 65 50
(38°C and 60°C)
Flash point below 100°F (38°C) or liquids 0.16 65 65
heated above their flash points
Crude petroleum 0.16 6.5 65
Notes
There should be at least 2 discharge outlets spaced equally around the
tank periphery
Outlets shall be individually piped and separately valved for isolation
outside the dike area
Each outley shall grant the minimum application rate or higher
The outlet's location and connections shall prevent the tank's contents
from overflowing to the foam lines
The discharge outlets shall be placed in a way that the displacement of
the roof will not damage them
Discharge outlets shall be provided with seals frangible under low
pressure in order to prevent the vapor from entering the outlets and the
pipelines
Discharge outlets shall be provided with inspection means to allow
maintenance and replacement of vapor seals
Tank Diameter (or Eq Area) Number
of Discharge
ft m Outlets
Fixed discharge Up to 80 Up to 24 1
outlets for Over 8010120 Over 2410 37 2
surface . Over 12010 140 Over 37 1o 43 3
applications Number;of outlets: Over 14010 160 Over 43 1o 49 4
Over 160 1o 180 Over 49 1o 55 5
Over 180 to 200 Over 55 1o 61 6
Over 200 Over 61 6
Plus 1 outlet for each

additional 5000 ft*
(465 m*)

95




The minimum discharge application rate:

Table 5.2.5.2.2 Mi)

imum Discharge Times and Appli

tion

Rates for Type I Fixed Foam Discharge Outlets on Fixed-Roof
(Cone) Storage Tanks Containing Hydrocarbons

Minimum Appli

Hydrocarbon Type

gpm/f*

tion

te

‘mm/min*

(minutes)

Flash point between 0.10
100°F and 140°F
(38°C and 60°C)

Flash point below 0.10
100°F (38°C) or
liquids heated above
their flash points

Crude petroleum 0.10

1.1 30

Notes
*L/min-m is equi

For alcohol-resistant foams, it is necessary to consult the manufacturer
for listing the specific products to determine the application rate, the
recommended application time is 55 minutes

Fixed discharge
outlets for
sub-surface
applications

Subsurface injection shall not be used for protection of class 1A
hydrocarbon liquids or for the protection of alcohol, esters, ketones,
aldehydes, anhydrides or other products requiring the use of
alcohol-resistant foams

The foam velocity at the point of discharge shall not exceed 3m/s for
class 1B liquids or 6m/s for other classes of liquids (unless actual tests
prove higher velocities satisfactory)

Minimum number of subsurface Foam discharge outlets

Table 5.2.6.2.8 Minimum Number of Subsurface Foam Discharge Outlets for Fixed-Roof Tanks

Containing Hydrocarbons

Tank Diameter

Minimum Number of Discharge Outlets

Flash Point Below 100°F

ft m

Flash Point 100°F

(38°C) (38°C) or Higher

Up to 80
Over 80 10 120
Over 120 10 140
Over 140 10 160
Over 160 o 180
Over 180 10 200
Over 200

Over 3710 43
Over 43 1049
Over 49 to 55
Over 55 to 61
Over 61

Plus 1

tlet for each
additional 5000 ft*
(465 m*)

(700 m*)

For further foam distribution, outlets can be shell connections or fed
through a pipe manifold within the tank from a single shell connection

Shell connections shall be permitted to be made in manwy covers rather
than installing additional tank nozzels

Outlets shall be located at least 300mm above the highest water level to
prevent the destruction of the foam

The minimum discharge application rate:

Table 5.2.6.5.1 Mi m Discharge Times and
Fixed-Roof Storage Tanks

Rates for § ication on

Minimum

Hydrocarbon Type

Flash point between 100°F and 140°F
(38°C and 60°C)

Flash point below 100°F
liquids heated above their flash points

Crude petroleum

(38°C) or 0.1 4.1 55

Notes:
(1) The maximum applic
*L/min-m’ is cquivalent

te shall be 0.20 gpm/f
m/min.

(8.1 mm/min)

If the discharge rate is higher than 4.Tmm/min a reduction in time is
possible provided that the time reduction doesn't exceed 70% of the times
shown and the maximum velocities (3m/s for class 1B liquids or 6m/s for
other classes of liquids)

All equipment used in semi-subsurface systems shall be listed or
approved for this purpose

Outdoor open-top floating roof tanks

Seal protection:
top of seal
method with
foam dam

Discharge outlets can be mounted above of the tank shell or on the
periphery of the floating roof

The discharge application rates:

Table 5.3.5.3.1 Topof Seal Fixed Foam Discharge Protection for Open-Top and Internal Floating Roof Tanks

Maximum Spacing Between Discharge
s with

Applicable Misimum Applicaion  pLEE u . (0 )
Hustration ime
Detail gpu/f* (minutes) ft m ft m
Mechanical shoe seal A 03 20 0 122 80 244
Tube seal with metal B 03 20 10 122 8 244

weather shield
Fully or partly combustible « 03 122

D 03 122

20 10 122 0 244

2 10 122 80 244

L mim s cquivalent to mm; min

If the discharge rate is higher than the values given in the table, a
reduction in time is possible provided that the time reduction doesn't
exceed 70% of the times shown
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Top-of-Seal system design:

— Foam maker types)
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DETAIL D — Top-ol-veal apphcation
Foam tachirge abowe mesi secorcary seal

Weather Shield
Method (below
primary seal)

For this method it is necessary to install a foam dam, the foam release is
above the primary seal, the top of the primary seal is less than 152mm
below the top of the pontoon

Weather Shield Method System design:
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Foam dam design specifications:

* The foam dam shall be circular and constructed of at least 3.4mm
steel plate

* The foam dam shall be welded (or fastened) to the floating roof

* Dam height shall be at least 300mm measured between the steal
and the roof

* The dam shall extend at least 50mm above a metal secondary seal
or a combustible seal using a plastic-foam log

* Dam shall be at least 50mm higher than any burnout panels in metal
secondary seals

* The foam shall be at least 300mm but not more than 600mm, from
the tank shell at the highest point of the foam dam

* To allow drainage of rainwater, the foam dam bottom shall be
slotted on the basis of 278mm*2 of slot area per m*2 of dammed
area. restricting drain slots to a maximum 10mm in height

Below Seal
(weather shield
system)

Below-the-seal (shield) application shall not be used with combustible
secondary seals

The design parameters shall be in accordance with the following table:

.1 Below-he-Seal Fixed Foam Discharge Protection for Open-Top Floating Roof Tanks

Miimum Application Rate _ Mirimum
Applicable ——————— " Dischrge
Tume  Maximum Spacing Between
Seal Type Dewil pm/ mm/min®(minutes) Disc

Mechanical she A 05 204 10

Foam dam not

) — Foum dam

) — Fauin dam not
required
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Outdoor covered (Internlal) floating roof
tanks

The roof constructions concerned by seal protection are:

Steel double check

Steel pontoon

Full liquid surface contact metallic sandwich panel (conforming to
apendix H NFPA 11 requirements of API STD 650: Welded tanks for oil

Steal protection storage)

Full liquid surface contact metallic sandwich panel (conforming to
apendix H NFPA 11 requirements of API STD 650: Welded tanks for oil
storage) and the specifations in NFPA 11 5.4.2 is concerned by seal

Full surface
protection

All types of roof construction other than the ones that require seal
protection shall require full surface protection.

Indoor hazards (tanks with surface areas of 37m*2 or higher)

The tanks shall be equiped with type Il fixed foam discharge outlets like the following:

Table 5.2.6.2.8 Minimum Number of Subsurface Foam Discharge Outlets for Fixed-Roof Tanks

Containing Hydrocarbons

Tank Diameter

Minimum Number of Discharge Outlets

Flash Point Below 100°F  Flash Point 100°F
°C) (38°C) or Higher

Over 140 to 160

Over 160 1o 180

Over 180 to 200
Over 200

Over 43 10 49

Over 49 10 55

Over 55 1o 61
Over 61

Plus 1 outlet for each  Plus 1 outlet for each
000 ft* additional 7500 ft*

(700 m)

additional
(465 m*)

The discharge application rates:

Table 5.2.5.2.2

it Times and i

Rates for Type II Fixed Foam Discharge Outlets on Fixed-Roof
(Cone) Storage Tanks Containing Hydrocarbons

Hydrocarbon Type

Minimum Application  Minimum
Rate Discharge

Time
gpm/f¢  mm/min*  (minutes)

Flash point between
100°F and 140°F
(38°C and 60°C)

Flash point below
100°F (38°C) or
liquids heated above
their flash points

Crude petroleum

0.10 1.1 30

0.10 1.1 55

0.10 4.1 55

Notes

*L/min-m? is equivalent to mm /min

The minimum application rate should be 6.5 min/s of liquid surface area

If the application rate is higher than recommended, the discharge time shall be permitted to bq

Water-soluble and certain ignitable liquids and polar solvants require alcohol-resistant foams.

Diked areas (outdoor)

Diked areas shall be areas bounded bu contours of land or physical barriers that retain a fuel
to a depth greater than 25mm

Protection of these areas shall be achieved by either fixed discharge outlets, fixed or portable
monitors or foam hoselines

Minimum application rates and discharge times for fixed discharge outlets on diked areas
are given by the following table

Table 5.7.3.2 Minimum Application Rates and Discharge Times for Fixed Foam Application on
Diked Areas Involving Hydrocarbon Liquids

Minimum Discharge Time

Type of Foam

Minimum Application Rate (minutes)
Class 1 Class 1T
gpm/fi* mm /min* Hydrocarbon  Hydrocarbon

Discharge Outlets

Low-level foam 0.10
discharge outlets
0.16

Consult

Foam monitors

Foam using
compressed air manufacturer
for listed

minimum

foam technology

application rate

i1 30 20

6.5 30 20
Consult 30 20
manufacturer
for listed
minimum
application rate

*L/min-m® is cquivalent to mm/ min

Large diked areas can be subdivided to keep the total design solution within practical limits

For low level foams discharge outlets, they shall be located so that no point in the diked area
is more than 9m from a discharge outlet where the discharge per outlet is 230 L/min or less
(for discharge outlets having application rates higher than 230 L/min, the maximum distance
between discharge outlets shall be 18m

For foam monitors, they should be used from outside and aimed against dike walls or tank
surfaces

For liquids requiring alcohol-resistant foams, the same methods shall be used, the minimum
application rate is 30 minutes and it shall be in accordance with manufacturer's
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Spill areas shall be estimated

Minimum application rates and discharge time for non-diked spill fire protection using
portable foam nozzles or monitors:

Table 5.8.1.2 Minimum Application Rates and Discharge Times for Nondiked Spill Fire
Protection Using Portable Foam Nozzles or Monitors

% Minimum Application Rate  Minimum
O T Discharge Time Anicipated Product
= Foam Type gpm/f  mm/min® (minutes) spill
© Protein, fluoroprotein, 0.16 6.5 15 Hydrocarbon
E and SI
AFFF, FFFP, and alcohol- 0.10 1.1 15 Hydrocarbor
% esstant AFFF o FEFP e
Alcohol-resistant foams' 15 Ignitible liquids
b requiring alcohol
[0 resistant foam
P L/ minan® s cquivalent to mm,/min
S ‘Consult manufacturer for listings on specific products
c
o
P4
Non-indluded foam types shall be permitted to be used in accordance with their listing
Approved foam hose stream equipement shall be provided in addition to tank foam installatioy
The minimum number of fixed/portable hose streams are given by the following table: Table 5.9.2.2 Supplemental Foam Hose Stream Requirements
Diameter of Largest Tank
Diameter of Largest Tank Minimum Number
of Hose Streams
e ft m Required
©
[J) Up to 65 Upto 20 1
pu— - ~
7 65 to 120 20 to 36 2
o Over 120 Over 36 3
2] Additional foam producting materials shall be provided to allow the operation of hose stream
g equipment simultaneously with tank foam installations
£ mﬁiﬁ;ﬁm@”ratmg times (supplementing tank foam installations) are given by the Table 5.9.2.4 Hose Stream Operating Times, Supplementing
@© ' Tank Foam Installations
o
L

Diameter of Largest Tank Mini

Operating Time*|
ft m (minutes)
Up to 35 Upto 1l 10
35 1095 111029 20
Over 95 Over 29 30

The solution application rate of each foam stream shall be at least 190 L/min
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Design objective

Purpose

Equipment/situation

Aplication rate (minimum)

Nozzle sprey and placement

NOTES

Images

Control of Burning

Application of water spray to equipment or
areas where a fire can occur to control the
rate of burning and thereby limit the heat
release from a fire until the fuel can be
eliminated or extinguishment effected

Pumps, Compressors, and Related Equipment:
Critical parts (like shafts, seals), of pumps and
similar devices handling flammables need water
spray protection.

20.4 (L/ min) / m2

Flammable and Combustible Liquid Pool Fires.
Water spray systems designed to control pool fires
resulting from a flammable or com busti ble

12.2 (L/ min) / m2

Positioned to directly spray water on the
source of fire and areas where spills might
spread or accumulate

Exposure Protection

Absorption of heat through application of
water spray to structures or equipment
exposed to a fire, to limit surface
temperature to a level that will minimize
damage and prevent failure.

1 Vessels.

Water spray shall be applied to vessel surfaces
(including top and bottom surfaces of vertical
vessels) 2 All uninsulated vessel
skirts and any uninsulated steel

saddles greater than 12 in. (305 mm ) high at the
lowest point

10.2 (L/ min )/m2

Vertical or inclined surfaces :

Vertical vessels and towers may need to be
protected only to a height of 40 ft (12.2

m) above the level at which a liquid pool fire
could form

Distance between nozzles on different levels
Max 12 ft (3.7 m) along the surface.
Horizontal distance :

Overlapping spray patterns on the protected
surface

.Spherical or horizontal cylindrical surfaces
below the vessel equator shall not be

i from
Obstructions (projections): Additional nozzles
required to maintain water coverage.

“wona0s) yomy, mworon roRkL £TYLY THNOK

[ —

) | YN T
ALl
]

&< W]

pr—

horizontal Structural Steel
Vertical Structural Steel

4.1 (L/ min) / m2

Nozzle placement should be designed to
ensure complete water coverage of this
defined wetted surface on the horizontal and
vertical structural membe

Horizontally and vertical encased steel with
approved fire-resistant insulation or
engineer-certified fire resistance doesn't
require water spray protection

Wetted
surface

FIGURE 7.4.3.1
beam or column).

Wetted Surface of a Structural Member (a

Metal Pipes, Tubing, and Conduit in Racks

Table 7.4.3.7.3 Protection of Metal Pipe, Tubing, and Conduit

Plan View Densityat  Plan View Density at
Number 4 : Levels
Lowest Le Upper Level(s)* o
of Rack D Requiring
Levels gpm/fe (L, ¢ (L/min)/m* Nozles
1 N/A N/A All
2 0.15 6.1 All
3,4,0r5 0.15 6.1 Alternate
6 or more 0.10 4.1 Alternate

“The table values contemplate exposure from a spill fire.

Water spray targets the underside of pipes,
tubes, and conduit in racks.

place them To cover the entire width of the
rack With overlapping spray patterns for
complete coverage.

Max 2.5 ft below the protected level
spaced Within rack bays if horizontal
supports block the spray.

. In cases of physical limitations or space
constraints, the top of pipes may be sprayed
instead . Water spray shall be applied to the
underside of the top level even if located
immediately above a protected level.

Vertically stacked p

ing

6.1 (L/ min)/ m2

water spray directed at one side (vertical
plane ) of the piping

Cable Trays and Cable Runs

Without flame shields: 12.2 L/min/m? With flame shields:
6.1 L/min/m?

Without flame shields: Wtater spray nozzles
shall be arranged to supply water both over
and under (or to the front and rear) of

cable or tubing runs and to the racks and
supports.

With flame shields: upper surface of the
cables or rack.

. Flame shields equivalent to a 1/6 inch (1.6
mm) thick steel plate can be used to reduce
water spray requirements.

. Shields must be wide enough to extend
beyond the tray sides to deflect heat and
flames from spills below.

. If other water spray systems exist for the fire
scenario, the cable/tube spray rate can be
reduced to 0.15 gpm/ft? (6.1 L/min/m?) on its
upper surface, front, or back.

Trasformers

g prism pe (i and
attachments): 10.2 (L/ min)/ m2 . Non-absorbent ground
surface: 6.1(L/ min )/m2

. Water spray must completely cover all
exposed exterior surfaces of the transformer
. if under-transformer nozzle installation is
impossible, use horizontal protection or
directed nozzles for the bottom surfaces.

. Water supply needs to handle both design
flow and 250 gpm hose stream for 1 hour.

. Piping cannot go over top of transformer
unless necessary and safe clearances are
maintained.

. Components with gaps over 305 mm need
individual water spray protection.
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Air-Fin Coolers

(10.2 L/min/m?) of horizontal surface.

. Nozzles positioned below the cooler,
spraying upwards . For forced draft (fan
below) type coolers, nozzles should be
placed inside the plenum, between the fan
and the tubes and at the air inlet to the fan

Non-fireproofed steel supports:
Water spray at 10.2( L/min/m2) on one side,
covering up to 12 ft (3.7 m) vertically.

Large Engine/Turbine Driven Compressors

10.2 (L/min/m?)

Directly spray all exposed equipment
surfaces, including auxiliary equipment.

Large Comp in Buildings/( pi . 3 Use 180-degree spray nozzles or open Consider additional coverage for sub-floor
12.2 (L/min/m?) sprinklers just below the roof/canopy. areas/basements at 12.2 (L/min/m2)
Motor Cover all exposed external surfaces of the

10.2 (L/min/m?)

motor.

non-fireproofed critical Fired Heater supports

10.2 (L/min/m?)

Cover all the surfaces area

combustible cooling tower

6.1 t0 20.4 (L/min/m2)

Cover all the surfaces area

Atmospheric Storage Tank

4.1 (L/min/m2)

Upper 12-24 ft (3.7-7.4 m) of the shell,
allowing 12 ft (3.7 m) of runoff.
Below wind girders at the top

Water spray is not typically recommended for
atmospheric storage tanks due to limited
effectiveness.

Hose streams and monitor nozzles: Potentially
more efficient but access may be limited.
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Areas

Sturctures

Description

Fireproofing

lllustration

Note
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Fireproofing

Inside Processing

Areas

Multi-level Equipment
Structures (Excluding Pipe
Racks)

.Holds significant fuel (flammable liquids,
gases)

fireproof the vertical and horizontal steel
support members from grade up to the highest

Condensers

209

Accumulator

Reactor

[ Heatexchanger

XY

.Could worsen fire (explosions, fuel release) |level at which the equipment is supported
\
Y, Pipe &
x 2
A e
should be considered for the vertical and
horizontal steel members from grade level up
to and including the level that is nearest to a )
30-ft (9.1-m) elevation above grade SR I -+ iy
X
Fue—pelen'lml Consider
squpment fireproofir
Unprotected structures holding equipment AN e
could collapse in a fire, damaging nearby ‘Q /
equipment with fire risk. -
/
Z F

scenario
area

Figure 3C—Structure Supporting Non-fire Potential Equipment in a Fire Scenario Area

Knee and diagonal bracing that supports
vertical loads column stability within the fire
zone

Aply fireproofing on the knees and diagonal
bracing

Consider fireproofing _/,j

knee or diagonal

bracing supporting

vertical load

-
A
¥

-
A

AN

In many cases where knee and diagonal bracing
are used only for wind, earthquake, or surge
loading they need not be fireproofed

Reactors, towers, or similar vessels are
installed on protected steel or reinforced
concrete structures

fireproofing should be considered for equivalent
protection of supporting steel brackets, lugs, or
skirts

Consider fireproofing —2}
reactor skirt,

or lugs

brackets,

Reactor

Beware that the insulating effect of the
fireproofing material may result in overheating the
supports for vessels that operate at high
temperatures. To avoid thermal stresses and
cracking of the fireproofing, often the fireproofing
is terminated 1 ft to 2 ft below the skirt/vessel
weld and the bare area is covered in fireproof
insulation.

fireproofing is required for horizontal beams
supporting piping

fireproofing the uper and the lower surface of
the beam

the upper surface of the beam need not be
fireproofed if the smooth surface is needed for
pipe movement reasons.
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Supports for Pipe Racks within
a Fire Scenario Envelope

pipe rack is within a fire scenario envelope

1. fireproofing should be considered for vertical
and horizontal supports up to and including the
first level(especially if the supported piping
contains flammable materials, combustible
liquids or toxic materials)

2. If a pipe rack carries piping that has a
diameter greater than 6 in. (150 mm) at levels
above the first horizontal beam, or large
hydrocarbon pumps are installed beneath the
rack, fireproofing should be considered up to
and including the level that is nearest to a 30-ft
(9-m) elevation

0.0.0.00.0.,

On Qo dh oy ]
“q 10/0Ne) OO()’

-0 W-0 - 0!

Fire-

OoonOaoodhl 2o %0 0000 0.0

Large
pumps

EieBaliel
1

Z—

No fireproofing on
stringer beams that
do not support
vertical loads

Wind or earthquake bracing and
non-load-bearing stringer beams that run parallel
to piping need not be fireproof

you can extend the jacket an extra 18 inches
(450mm) further away from the beam, providing a
larger "cooling zone" around it.

air fin fan coolers are installed on top of a
pipe rack within a fire scenario envelope

fireproofing should be considered for all
vertical and horizontal support members on all
levels of the pipe rack including support
members for the air fin-fan coolers, regardiess
of their elevation above grade

Fin-fan air cooler

000 .00.00

Fin-fan air cooler
4= Fireproofing

20 000, 0o

Ghrriogs

A

2 TZ
000000

00,

50.00,007 ¥ L

“No fireproofing on
stringer beams that
do not support
vertcal loads

/ 5

. Consider fireproofing
stringer beams that
support vertical load

Figure 4C—Pipe Rack Supporting Fin-Fan Air Coolers in a Fire Scenario Area

knee and diagonal bracing that contributes
to the support of vertical
loads

Fireproofing should be considered for knee and
diagonal bracing

00 0]

Consider fireproofing
knee bracing
supporting vertical
load

Knee or diagonal bracing used only for wind or
earthquake loading need not be fireproofed.

In industry, pipe racks need extra support
like lateral racks or stanchions are needed
outside the main rack for large or critical
pipes, for pipes over 6 inches in diameter
for safety

fireproofing should be considered for the extra
suports

QO

Consider /
fireproofing —_

Figure 4E—Transfer Line Support in a Fire Scenario Area
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pipes carrying flammable, combustible, or
toxic materials are hung using rod or spring
connections from a support structure called
a pipe rack.a safety measure called a "catch
beam" is recommended

The “catch beam” and its support members
should be fireproofed

>5%%< Consider
fireproofing

N
C5Z~ \_ Consider fireproof-
ing knee bracing

Figure 4D—Transfer Line with Hanger Support in a Fire Scenario Area

if the pipe which is hung by rod or spring type
connections is the only line on the pipe rack
which contains flammable or toxic material then
Fireproof the parts of the pipe rack support that
hold the “catch beam.”

Air Coolers within a Fire
Scenario Envelope

air fin-fan coolers in liquid hydrocarbon
service are located at grade level

fireproofing should be considered for their
supports.

all air cooled exchangers handling
flammable or combustible liquids at an inlet
temperature above their auto-ignition
temperature or above 600 °F (315 °C),
whichever is lower.

Fireproofing should be considered for the
structural supports of all air cooled exchangers

When air cooled exchangers are located
above vessels or equipment that contain
flammable materials

Structural supports within a horizontal radius
of 20 to 40 feet (6 to 12 meters) from vessels
or equipment, regardless of their height,
should be fireproofed

Fin-fan air cooler Fin-fan air cooler
7 "~ 555 Fireproofing
1000 0000

¢ Oy
10 000, O’ % i, £\
/ 2 ) N\

1000007 = 000000 200
: g o tsprootogon £ // :

siringer beams that Consider freproofing 7

brpiccplesi sitnger bearms

Vorical loads . upport verteal load

Figure 4C—Pipe Rack Supporting Fin-Fan Air Coolers in a Fire Scenario Area

air coolers are handling gas only and are
not exposed to a fire from other equipment
at grade

no firefroofing

Tower and Vessel Skirts within
a Fire Scenario Envelope

1. exterior surfaces of skirts
2. interior surfaces of skirts

fireproofing the exterior and the interior
surfaces IF flanges or valves are inside the
skirt. If there are unsealed openings exceeding
24 in. (600 mm) in diameter in the skirt.

"skirt" refers to a structural component that
provides support to the base or lower part of the
equipment( twers, vessels).

brackets or lugs that are used to attach
vertical reboilers or heat exchangers to
towers or tower skirts

Fireproofing should be considered for brackets
or lugs

Leg Supports for Towers and
Vessels within a Fire Scenario
Envelope

towers or Is are el d on exp
steel legs

fireproofing the leg supports to their full load
bearing height should be considered

leg is a vertical support, while a skirt is a
structural extension at the base of a vessel or
tower. Both contribute to the stability and support
of industrial equipment but serve different
functions in terms of design and placement.
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Supports for Horizontal
Exchangers, Coolers,
Condensers, Drums, Receivers,
and Accumulators within a Fire
Scenario Envelope

steel saddles that support horizontal heat
exchangers, coolers, condensers, drums,
receivers, and accumulators that have a
diameter greater than 30 in. (750 mm)
However, this is subject to the requirement
that the smallest vertical gap between the
concrete pier and the outer shell of the
equipment should be more than 12 inches
(300 mm).

Fireproofing should be considered for steel
saddles

Fired Heaters within a
Fire-Scenario Envelope

Structural members supporting fired
heaters handling flammable or combustible
liquids Structural steel members
supporting fired heaters in other services

Fireproofing the structural members supporting
fired heaters

structural support is provided by horizontal
steel beams beneath the firebox of an
elevated heater

fireproofing should be considered for the
beams unless at least one flange face is in
continuous contact with the

elevated firebox.

common chimneys or stacks handle flue
gas from several heaters

fireproofing should be considered for the
structural supports for ducts or breeching
between heaters and stacks

"stacks" often refer to tall vertical structures, such
as chimney stacks or exhaust stacks. These are
used to vent gases or smoke into the
atmosphere. "Ducts” generally refer to channels
or passages used for the conveyance of air,
gases, or liquids.

Power and Control Lines within
a Fire Scenario Envelope

1. Electrical, instrument and control
systems used to activate emergency
systems needed to control a fire (e.g.,
emergency shut-down) 2
Control wiring used to activate emergency
systems during a fire

3. Pneumatic and Hydraulic instrument
Lines

fire proofing should be considered for bouth
Systems activating emergency and Control
wiring 1) The use of cable
rated for high temperatures (minimum 15 to 30
minutes in UL 1709 or functional equivalent fire
conditions) such as stainless steel jacketed
(MI/SI) mineral insulated cable, protected by
intumescent material fireproofing.

2) The use of foil-backed endothermic wrap
insulating systems properly sealed to exclude
moisture in accordance with the manufacturer's
recommendations.

3) The use of cable tray systems designed to
protect the cables from fire

.Electrical, instrument and control systems used
to activate emergency systems needed to control
a fire they dont need protection if they are
designed to fail safe during a fire

.The primary methods of avoiding early cable
failure in a fire situation include the following
before doing fireproofing

a) Burying cable below grade.

b) Routing cable around areas that have a high
fire potential.

.Two relevant tests are now available.

ASTM E1725-95 and UL 2196

Emergency Valves within a Fire
Scenario Envelope

Special Hazard Fireproofing

Process units which use radioactive
sources (as frequently used in level
indicators) or have toxic gas analyzers
(such as for sulfur dioxide)

aply fireproofing for this

Enclosures made of fireproof materials can be
used for this purpose.

Fireproofing
Outside
Processing Units

Pipe Racks within a Fire
Scenario Envelope

pipe rack supports outside processing units
are located within a fire-scenario envelope

fireproofing is considered

not to fireproof bracing for earthquakes, wind, or
surge protection and stringer beams that run
parallel to piping Some recommendations
recommend extending fireproofing from the
primary members to a distance 18 in. (450 mm)
from the primary member.

important pipe racks run within 20 ft to 40
ft (6 m to 12 m) of open drainage ditches or
channels that may contain oil waste or
receive accidental spills

fireproofing should be considered for the pipe
rack supports or the ditch should be covered.

carrying hydrocarbons uses bellows-style
expansion joints.

fireproofing should be considered for the pipe
rack supports or the ditch should be covered.

LPG Storage Spheres within a
Fire Scenario Envelope




Horizontal Pressurized LPG
Storage Tanks within a
Fire-Scenario Envelope

Flare Lines within a
Fire-Scenario Envelope
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description

Properties

Advantages

Disadvantages

notes

Dense Concretes

Concretes made with Portland
cement Dense concretes can be
formed in place or pneumatically
sprayed

specific weight:(2200 kg/m3 to 2400

kg/m3) High

thermal conductivity

a) durability; can withstand thermal shock and
direct hose streams;

b) can withstand direct flame impingement up
t0 2000 °F (1100 °C);

c) ability for most contractors to satisfactorily
apply (no specialty contractors required);

d) extensive proven performance; can provide 4
or more hours of protection.

a) relatively high weight;

b) relatively high thermal conductivity;

¢) need for steel reinforcement

d) installation cost and time involved in forming in place,
especially when applied to existing facilities.

Lightweight Concretes

Lightweight concretes use very
light aggregates such as
vermiculite or perlite (instead of
gravel) with cements that are
resistant to high temperatures

specific weight:(400 kg/m3 t01300
kg/m3)

a) They can withstand thermal shock and
moderate pressure hose.

b) Lightweight concrete fireproofing can be
used at thinner coating thickness for equivalent
fire exposure time

ratings.

c) They are capable of withstanding direct
flame impingement up to 2000 °F (1100 °C).

d) They can be satisfactorily applied by most
contractors.

a) Porosity which can allow penetration by water (with potential
for corrosion (and eventual hydrocarbon leakage).

b) Moisture absorption can lead to cracking and spalling in
freezing climates.

¢) Maintaining a top coating is often overlooked.

d) Shielding and/or caulking are necessary to prevent moisture or
hydrocarbons from penetrating.

e) Lightweight concretes are more susceptible to mechanical
damage than dense concrete materials (but can be

shielded if mechanical damage is a threat).

Pneumatically applied material is
about 20 % heavier than
poured-in-place lightweight
concrete
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Organic SFRM

its a Spray-applied Fire Resistive
Materials (SFRM)

a) Subliming mastics absorb large a
mounts of heat as they change
directly from a solid to a gaseous
state.

b) Intumescent mastics expand to
several times their volume when
exposed to heat and form a protective
insulating char. This char then serves
as a thermal barrier to insulate the
steel.

c) Ablative mastics: absorb heat as
they lose mass through oxidative
erosion

a) They can be speedily applied.

b) They are lighter than cement based products
per unit area making them candidates for use
on existing equipment supports that may not
handle additional weight

c) Excellent damage resistance.

d) Properly applied, some have excellent
bonding, durability and corrosion protection.

e) Product is available which is flexible and
tolerates vibration.

f) Certain materials have demonstrated
exceptional durability in severe jet-fire tests and
hose stream tests.

g) Because they are based on an organic
system special characteristics can be designed
into the coating

a) Coat Thickness and Bonding:Rigorously follow
manufacturer-specified application techniques for proper bonding
and coat thickness.b) Experienced Appliers:Prefer experienced
applicators for mastics to ensure effective and reliable
application.

c) Vendor-Approved Equipment:

Some materials require vendor-approved application equipment
and trained, material-experienced appliers.

d) Shrinkage Consideration:Specify wet thickness to achieve
required dry thickness, especially for mastics prone to shrinkage.
e) Skilled Application for Thin Coats:Skillful application is crucial
for materials with thin coat requirements; frequent checks by a
qualified person are advised.

f) Environmental Controls:Some mastics demand stringent
environmental controls (temperature, humidity) during
application.

g) Quality Assurance During Application:implement substantial
Quality Assurance during application to monitor quality and
prevent costly rework.

h) Post-Fire Repair Consideration:Some materials may require
repair or replacement after a brief fire; consultation with the
supplier is advisable.

i) Hose Stream Impact:Use of hose streams during a fire can
reduce the overall effectiveness by knocking off protective char or
material.

j) Char Erosion Possibility:

Some products may experience char erosion during a fire when
exposed to fire hose streams.

k) Expertise and Special Equipment:Expertise and quality control
are crucial; some mastics may require multiple coats or special
dual-component application.

1) Certified Application Personnel:Some manufacturers
necessitate certified approved application personnel.

m) Unsuitable for Permanently Staffed Areas:Not suitable for
permanently staffed areas due to smoke generation during a fire.
n) Flammable Solvent Precautions:Some mastics use flammable
solvents, requiring precautions during application to avoid ignition
sources.

0) Durability Concerns:Mastics may be less durable than
traditional concrete materials when subjected to mechanical
impact and abrasion.

Self-Healing Property:

Some intumescent mastics can
self-heal small scratches or chips
during a fire.

Volume and Density Changes:
intumescent materials undergo
volume and density changes in
heat.

Cracking Risk:

Swelling and shrinking may lead
to cracking, especially in edges or
intricate shapes.

Exposure Vulnerability:
Cracks expose the assembly to

fire, posing a risk in affected
areas.
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Inorganic SFRM

A sprayed (or troweled) coating
formulated from Portland cement
and vermiculite or perlite provides
excellent fireproofing insulation.

Lightweight Cementitious Fireproofing
specific weight:700 kg/m3 to 800
kg/m3

a) Up to 4 hours in UL 1709 or (functional
equivalent tests) with durability in exterior
applications.

b) The properties of the vermiculite can allow it
to dent rather than crack or shatter on
moderate impact.

¢) The material is relatively light weight at 45
Ibs/ft 3 to 50 Ibs/ft3 (700 ka/m3 to 800 kg/m3)
with respect to other forms of concrete fire
protection.

d) Low material costs.

e) Can use relatively unskilled labor and
equipment for application.

f) Can be troweled to give a plastered
appearance.

a) Does not protect (nor accelerate) steel from corrosion.

b) The primer is compromised by the application of the pins
required for the mesh.

c) Typically two coats of finish are required to ensure adequate
corrosion protection.

d) Requires continuing maintenance of the top-coat to ensure fire
performance and minimize corrosion.

e) Difficult to determine extent of corrosion without destructive
testing.

f) Slow drying, mechanical properties and large crew sizes not
favorable to offsite application.

Preformed Inorganic Panels or
Epoxy PFP Molds/Panels

Masonry Blocks and Bricks

Preformed fire-resistant inorganic
panels can be cast or
compressed from lightweight
aggregate and a cement binder or
from compressed inorganic
insulating material such as
calcium silicate or from epoxy
PFP materials

a) they can be applied cleanly;
b) they have no curing time;

c) they have low conductivity;

d) improved control of thickness

a) labor-intensive application when unit instruments and
appurtenances are attached to columns;

b) preformed materials are more susceptible than concretes to
damage from impact after installation.

When panels are used outdoors,
an external weatherproofing
system to prevent moisture
penetration is

typically required

Endothermic Wrap Fireproofing

Endothermic materials absorb
heat both chemically and
physically. The inorganic sheet,
with a bonded aluminum foil
outer layer, is flexible, tough, and
versatile, suitable for wrapping
around various exposed
equipment. It's particularly
effective in protecting electrical
cable trays.

Heat Absorption:Chemical and
physical absorption mechanisms.

Composition:Inorganic sheet with
aluminum foil.

High-endothermic filler, minimal
binder, and fiber.

Versatility: Wraps around exposed
equipment.

Focus on electrical cable tray
protection

a) Fire rated wrap systems are easily reentered
and repaired, allowing retrofitting over steel
without dissembling wiring and other attached
items.

b) The wrap material does not catalyze
corrosion (nor protect against corrosion).

c) Endothermic wrap systems can be applied
directly over existing cement or block where
additional protection is

required.

d) These systems can be applied directly over
other fireproofing, although a reduction in rated
system requirements may not be allowed for
the existing materials.

e) Flexible endothermic wrap systems are
explosion rated

a) When used outdoors where weather proofing is required for the
wrapped assembly, the fire protection system must be protected;
recommended protection is stainless steel jacketing or wrapping
with the manufacturer’s specified environmental protection tape.
b) Long term susceptibility to water or moisture ingress.
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No. Phase Equipment ERC Causes Consequences Comments
1 | Separation (Unit |100-VA-001 HP inlet
101) separator
| Valve repair. pioe UVCE comes from delayed
2 100-VA-002 HP inlet orifice F: o lc?agk Ignition (a leak far from the
separator Gas leak corrosi’orr)1 phuman ’ UVCE / Jet Fire |energy source) Jet Fire comes
interventi,on from immediate Ignition at the
] time of the leak
3 100-VA-003 HP inlet
separator
4 100-VA-001 HP inlet
separator
] UVCE comes from a delayed
5 100-VA-002 HP inlet \Valve repair, pipe UVCE/ Ignition (a leak far from the
separator Condensate spill |orifice, human Groundwater |energy source) The Pool Fire
intervention fire comes from an immediate
T Ignition at the time of the leak
6 100-VA-003 HP inlet
separator
7 100-MB-021 A/B
condensate sand filter
Filters only contain condensate,
L] Valve repair, pipe pool fire/  ° the energy source and
Loss of containment|orifice, human UVCE location determines whether the
8 100-MB-025 A/B intervention spilled condensate will cause a
condensate sand filter pool fire or UVCE
9 100-MB-023 A/B sand
filter
Valve repair. pioe The filters are three-phase, a
] Loss of containmentlorifice h%mz’ar? P Tablecloth fire / |gas leak can cause a jet fire or
_MPR. ) - UVCE / Jet fire [UVCE and a condensate spill
10 100-MB-022 A/B Intervention ) N
condensate sand filter will cause a pool fire or UVCE
11 100-PA-013 A/B
condensate pump
UVCE comes from delayed
Holes and W?ak spots . Ignition (a leak far from the
(from corrosion), worn Pool fire / -
Condensate leak seals or packings UVCE energy source) Jet Fire comes
cracked pum go’d from immediate Ignition at the
pump body time of the leak
12 Intake pre- 101-GC-001 Air cooler Pi it i K
| |compression (Unit Gas leak C(I)Frjfo(;irclnr:q%iﬁtﬂz;l:;?g ' Jet Fire / UVCE
13 102) 101-GC-005 Air cooler )
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14 101-VvD-002 Boooster
Compressor intel
Separator Mechanical ruptures
_ fresultingfrom 50 i s UVCE
15 101-VJ-006 Boooster Loss of containment|overpressure (orifices, I Explosion
Compressor Discharge broken welds) and P
Coalescer (Separator) failures of safety valves
16 101-KA-004 Booster Compressor seal
Compressor Gas leak failure, crgick or rupture Jet Fire / UVCE
(pressure increase,
L vibration)
17 102-_MB-(.)04A/B Bypass Valve repair, pipe
Particle Filter Gas leak orifice, human Jet Fire/lUVCE
intervention
18 Obstruction  [Particle accumulation Blast
19 102-VW-001 Mercury Valve repair, pipe
Removal Guarl Bed Gas leak orifice, human Jet Fire/UVCE
intervention
20 102-VW-002 H2S
L Removal vessel Valve repair, p|pe
Gas leak orifice, human Jet Fire/UVCE
21 102-VW-003 H2S intervention
Removal vessel
22| CO2 Removal [103-MB-001A/B Feed Mechanical ruptures
(Unit 103) Gas Particle Filter resulting from
Gas leak overpressure (orifices, |Jet Fire / UVCE
broken welds) and
failures of safety valves
L Obstruction Particle accumulation Blast
23 103-GC-005 Pump Compressor seal
Around Air Cooler Gas leak failure, crgck or rupture Jet Fire / UVCE
(pressure increase,
L vibration)
24 103-GC-005 Treated Gas Pipe orifice, pipe crack, .
Air Cooler Gas leak corrosion joint failure Jet Fire / UVCE
25 103-VJ-002 Feed Gas Mechanical ruptures
Filter Coalescer resulting from
Loss of containmentjoverpressure (orifices, |Jet Fire / UVCE
broken welds) and
L failures of safety valves
26 103-VvD-028 Loss of
Hydrocarbon Skimming containment,  |Rupture (corrosion, .
. Pool fire
Drum variously Shock)
hydrocarbons
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27 103-VJ-002 Feed Gas Mechanical ruptures
Filter Coalescer resulting from
Gas leak overpressure (orifices, |Jet Fire / UVCE
broken welds) and
failures of safety valves
28 | Dehydration (unit |{104-VJ-004 Dehydration

104)

Outlet Gas Filter
Coalescer

Loss of containment

Mechanical ruptures
resulting from
overpressure (orifices,
broken welds) and
failures of safety valves

Jet Fire / UVCE

weld failure)

29 |1_|04'CEA'201 Gas/Gas Gas leak and air Internal breakdowns
eat Exchanger indress (Cracks, defects, or Jet Fire / UVCE
g loose connections)
30 104-CA-003 Glycol Leaks at contact Failures in the
Contactor eaKs Te\f;n actor | contactor tank, piping |Jet Fire / UVCE
or valves
31| Gas Dew Point |105-KH-003 Expander Rupture (corrosion, .
Adjustment (Unit Gas leak shock, weld failure) | °t Fire/UVCE
] 105)
32 105-KA-005 Rupture (corrosion
Recompressor rupture { on, Jet Fire/ UVCE/
Gas leak increase in pressure,
L . EXPLOSION
vibration, weld failure)
33 105-VD-004 Cold .
Separator Rupture (corrosion,
Loss of containment|shock, weld failure, Jet Fire/lUVCE
pressure increase)
34 105-VD-002 Rupture (corrosion
E KO D . R .
XpanderkO Drum Loss of containment|shock, weld failure, Jet Fire/lUVCE
pressure increase)
35 105-GX-001 Heat Internal breakdowns
exchanger Gas leak (Cracks, defects, or Jet Fire/lUVCE
loose connections)
36 Condensate  |106-PA-017 A/B
Stabilization (Unit|Stabilized Condensate
106) Pumps
37 106-PA-022 A/B . .
Leak, condensate |Rupture (Corrosion, pool fire /
Condensate Recycle il Vibrati UVCE
Pump spi ibration)
38 106-PA-020 A/B
Condensate Pumps
39 106-GA-019 A/B Pipe breakage .
Condensate Pre-Heater | €Ki copdensate (corrosion, vibration, pool fire /
spill UVCE
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40

41

42

43

44

45

46

47

48

49

50

51

52

106-GA-002
Feed/Effluent Exchanger

106-GA-014 A/B
Stabilize Reboiler

106-VJ-021 Condensate
Filter Coalescer

Leak, condensate |Rupture (corrosion, pool fire /
spill weld failure) UVCE
106-MB-004 A/B
Particles Filter
106-CB-003 Condensate Ruot .
Stabilize _ [Rupture (corrosion, pool fire /
Condensate spill (weld failure, increase
. UVCE
in pressure)
106-VD-001 Condensate
Flash drum
106-VD-016 Condensate Leak, condensate | UPLUre (corrosion, pool fire /
Degassing drum - weld failure, increase
spill : UVCE
in pressure, shock)
106-VD-024B 2nd Stage
inlet KO drum
106-GC-015 Stabilized
Condensate Air Cooler
106-GC-011B 2nd Stage
Off Gas Compressor
Inlet Air Cooler
106-GC-010B 1st Stage
Off Gas Compressor Leak, condensate |Pipe orifice, pipe crack,|  pool fire/
Inlet Air Cooler spill corrosion joint failure UVCE
106-KB-025 A 2nd
Stage Off Gas Rupture (corrosion
C 1
Ompressor Leak, condensate |weld failure, increase Pool fire /
spill in pressure, shock, UVCE

106-KB-025 B 2nd Stage
Off Gas Compressor

vibration)
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shipping

53 106-KB-009B 1st Stage
Off Gas Compressor
54| Demercurization [24-GC-0001 Filter

Coalescer Mercury
Removal

55 24-FA-0021 Guard Bed
Filter Mercury Removal
56 24-XG-0001 Guard Bed Internal ruptures (seals,
Filter Mercury Removal Gas leak filter elements, fittings, | Jet Fire, UVCE
— wear, corrosion)
57 24-GC-0021 Filter
Coalescer Mercury
Removal
58 24-GC-0002 MRU
Vessel
59| Counting (unit 200-UJ-001 Export Internal breakage or

200)

Fiscal Metering

Spark generation

poor electrical
connection

Inflammation

Internal
leaks/piping

Internal ruptures,
corrosion

Jet Fire, UVCE

60

61

62

63

64

65

Condensate export
(Unit 201)

201-UJ-010/020/030
Condensate Melering

201-UJ-011/021/031
Condensate Loading
Arm

201-PA-005 A/B
Condensate Truck
Loading Pumps

201-PA-005 A/B
Condensate Truck
Loading Pumps

201-VX-007 Condensate
Drain Drum

201- Off Spec
Condensate Storage

Tank

Leak, Condensate
spill

Coupling system
failure, Damaged
charging hoses, Valve
failure

Leaks at the
connections,
overpressure in the
piping, failure of the
seals, wear

Level too high,
corrosion of the tank,
obstruction of the vent
therefore increasing the
pressure

Level too high,
corrosion of the tank,

obstruction of the vent

Pool fire, UVCE
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therefore increasing the

66 201-RA-002 Condensate pressure
Storage Tank

67 201-RA-003 Condensate
Storage Tank

68 | export line (Unit {203-VM-001 Permanent

production and
heat recovery

Recovery And Power

203) Pig Launcher for 28" Gas Break .
Export Pipeline Gas leak reakage (corrosion, Jet Fire/UVCE
shock, etc.)
69 electricity 300-UF-001 Waste Heat

(Unit 300) Generation Package 1
70 300-UF-040 Waste Heat Turbine: Dirty fuel Turbine: Flash
Recovery And Power . injectors, burner fire, UVCE, Jet
Loss of containment ! .
) (Oil/Gas) overheating. Heat fire Heat
Generation Package 3 exchanger: Corroded  |exchanger: Pool
tubes, blocked tubes.  |Fire
71 300-UF-020 Waste Heat
Recovery And Power
Generation Package 2
72| Fuel Gas System [304-VG-003 LP Fuel
(Unit 304) Gas Scrubber 2
3 304-VG-001 HP Fuel || oss of containment| UMan INtervention, 5o io yy/ce
Gas Scrubber mechanical failures
74| Flare Systems [305-PA-004 A HP Flare
(Unit 305) KO Drum Pumps
75 305-PA-012 A/B LP
Flare KO Drum Pumps Gas leak ngd fa}llure Vibration Jet Fire, UVCE
Joint failure
76 305-PA-017 A/B HP
Flare KO Drum Pumps
77 305-GX-009 HP KO
Drum Electric Heater lled Cracks, faulty
] rLélne(;c;ztz)?‘ Z\s connections, faulty Jet Fire, UVCE
78 305-GX-016 LP KO 985 \valves,
Drum Electric Heater
79 305-VW-024 LLP Flare Gas leaks in pipes’
Boot ioi i
L valves or joints. Failure Jet Fire, UVCE,
Gas leak of safety systems, such Exolosion
80 305-VW-025 LLP Flare as gas detectors or fire P

Boot 2

suppression systems.
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Corrosion or wear of

81 305-VW-026 LP Flare torch system
L Boot components
82 305-VW-027 LP Flare
Boot 2
83 305-VD-008 HP Flare
KO Drum
84 305-VD-011 LP Flare
KO Drum
85 305-UF-010 LP Flare
Package
86 305-UF-020 LLP Flare
Package
87 305-UF-001(2ND Part)
HP Flare Package (HP2)
88 305-UF-001(1ST Part)
HP Flare Package (HP1)
89| Venting systems [306-UY-005 VOC

(Unit 306)

treatment package

Internal ignition

Inflammation  [sources (sparks, hot Jet Fire, UVCE
surfaces, etc.)
90 | Drainage Systems [307-VX-003 Closed gas leak / Rupture, corrosion, Jet Fire, UVCE /

(Unit 307)

Drain Drun

condensate advance

manipulation, seal
failure

Pool Fire

91 307-PN-004 A/B Closed Rupture (corrosion, .
Drain Pump gas leak / mishandling, seal Jet Fire, UVCE/
condensate advance |, . - Pool Fire
L failure, vibration)
92 307-GX-018 Closed . .
Drain Electrical Heater gas leak / Rupture, overheating of|Jet Fire, UVCE /
condensate advance |pipes, thermal fatigue Pool Fire
93| Diesel storage [308-RB-001 Diesel Rupture, corrosion,

94

95

96

(Unit 308)

Storage Tank diesel spill manipulation, seal pool fire, UVCE
failure

308-PA-002 A/B Diesel Rupture (corrosion,

Transfer Pumps diesel spill mishandling, seal pool fire, UVCE
failure, vibration)

308-GX-005 Diesel Rut heating of

Storage Electrical Heater diesel spill UPTUTE, overheating o pool fire, UVCE
pipes, thermal fatigue

308-U0O-004 Diesel filter Rupture, corrosion,

Coalescer Package diesel spill manipulation, seal pool fire, UVCE

failure
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APPENDIX II-B: Operational

Parameters



€cl

Equipment Modeling Temperature Mass Flow Density (kg/m3) Section Volume Mass (Kg) Isolation
Unit Phase substance Consequences | Presseur (bar) (°C) (Kg/h) Liquid Vapor (m3) Liquid Vapor From To Notes
Separation (unit Jet fire, Flash SDV 0103 SDV | SDV 0502 SDV
100) Gas Methane Fire, VCE 94 52 82317 - 93 45 - 4165 0104 0504 SDV 0505
100-VA-001 HP Inlet Separator Flashing liquid
SDV 0103 SDV diphasiucs
Liquid n-pentane  |Pool Fire, VCE 94 52 4811 641 93 37 23743.6 - 0104 SDV 0101 considered
Jet fire, Flash SDV 0203 SbV
Gas Methane Fire, VCE 71 70.5 415084 - 54 162 - 8701 SDV 0303 0204
100-VA-002 MP inlet separator Flashing liquid
SDV 0201 SDV |diphasiucs
Liquid n-pentane Pool Fire, VCE 71 70.5 4811 641 92 1 658.5 - SDV 0303 0202 considered
Jet fire, Flash SDV 0203 SDV
Gas Methane Fire, VCE 71 70.5 415084 - 54 162 - 8701 SDV 0303 0204
100-VA-003 MP inlet separator SDV 0303 Flashing liquid
SDV 0301 SDV |diphasiucs
Liquid n-pentane Pool Fire, VCE 94 52 4811 641 92 1 658.5 - 0302 considered
Flashing liquid
100-MB-021 A/B condensate sand filter diphasiucs
Liquid n-pentane  |Pool Fire, VCE 94 52 4811 641 92 1 658.5 - SDV 0101 ESDV 1101 |considered
Flashing liquid
100-MB-022 A/B sand filter SDV 1201 SDV |diphasiucs
Liquid n-pentane Pool Fire, VCE 94 52 4811 641 92 1 658.5 - SDV 0102 1202 considered
Flashing liquid
100-MB-023 A/B sand filter diphasiucs
Liquid n-pentane Pool Fire, VCE 94 52 4811 641 92 1 658.5 - SDV 0201 ESDV 1101 |considered
Flashing liquid
100-MB-025 A/B sand filter diphasiucs
Liquid n-pentane  |Pool Fire, VCE 94 52 4811 641 92 1 658.5 - SDV 0301 ESDV 1101 |considered
Flashing liquid
100-PA-013 A/B Condensate Pump diphasiucs
Liquid n-pentane Pool Fire, VCE 94 52 4811 641 92 1 658.5 - SDV 1201 ESV 1101 considered
In-let booster & SDV 0203 SDV
compression (unit 0204 SDV
101) 101-GC-001 Air cooler 2501A SDV
Jet fire, Flash 2501B ESDV | SDV 0101 SDV
Gas Methane Fire, VCE 71 70.9 417828 - 54 24 - 1283 2501 0103
PSV0201A/B
101-VD-002 Boooster Compressor intel Bl())\sl(%Zli];B;’g v
Separator Jet fire, Flash SDV 0101 SDV | SDV 0501 SDV
Gas Methane Fire, VCE 70 57 416843 - 56 78 - 4402 0103 0503
PSV
0501A/B/C
101-KA-004 Booster Compressor Jetfire, Flash SDV 0101 SDV | SDV 0501 SDV
Gas Methane Fire, VCE 70 57 416843 - 56 78 - 4402 0103 0503
. Jet fire, Flash SDV 0101 SDV | SDV 0501 SDV
101-GC-005 Air cooler Gas Methane _|Fire, VCE 70 57 416843 - 56 78 - 4402 0103 0503
SDV 0501 SDV
101-VJ-006 Boooster Compressor 0502 SDV 0503
Discharge Coalescer (Separator) Jet fire, Flash SDV 0504 SDV BDV 0106
Gas Methane Fire, VCE 94 57.1 499160 986 - 15 - 1233 0505 ESDV 0101
H2S & Hg removal SDV 0501 SDV |  BDV 0106
(unit 102) W 0502 SDV 0503 ESDV 0101
102-VW-001 Mercury Removal Guarl Bed Jetfire, Flash SDV 0504 SDV | BDV 0102 PSV
Gas Methane Fire, VCE 94 57.1 499160 986 - 15 - 1233 0505 0101 A/B
SDV 0501 SDV
0502 SDV 0503
102-VW-002 H2S Removal Guarl Bed Jet fire, Flash SDV 0504 SDV
Gas Methane Fire, VCE 94 57.1 499160 986 - 15 - 1233 0505 BDV 0201
Jet fire, Flash
102-VW-003 H2S Removal Guarl Bed Gas Methane  |Fire, VCE 94 57.1 499160 986 - 15 - 1233 BDV 0301
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CO2 removal (Unit BDV 0101A/B
103) PSV0101A/B
PSV 0301A/B
BDV 0301 BDV
0801 ESDV
. y 9004 SDV 0803
103-MB-001A/B Feed Gas Particle Filter ESDV 0101 SDV 0804 PSV
Jet fire, Flash SDV 0103 SDV | 0801A/B ESDV
Gas Methane Fire, VCE 92 56,6 108067 - 78 319 - 24884 0104 9003
ESDV 0101 SDV 0101A/B
Jet fire, Flash SDV 0103 SDV | SDV 0102A/B
Liquide Methane Fire, VCE 92 56,6 108067 - 78 319 - 24884 0104 ESDV 9002
PSV 0201A/B
PSV 0301A/B
BDV 0301 BDV
0801 ESDV
9004 SDV 0803
103-VJ-002 Feed Gas Coalescer ESDV 0101 | SDV 0804 PSV
Jet fire, Flash SDV 0103 SDV | 0801A/B ESDV
Gas Methane Fire, VCE 92 56,6 108067 - 78 319 - 24884 0104 9003
ESDV 0101
Jet fire, Flash SDV 0103 SDV SDV 0201
Liquide Methane Fire, VCE 92 56,6 108067 - 78 319 - 24884 0104 ESDV 9002
PSV 0301A/B
BDV 0301
ESDV 9004
SDV 0803 SDV
103-CA-003 Amine Absorber ESDV 0101 | 0804 BDV 0801
Jet fire, Flash SDV 0103 SDV | PSV 0801A/B
Gas Methane Fire, VCE 92 56,6 108067 - 78 319 - 24884 0104 ESDV 9003
Jet fire, Flash
Liquide Methane Fire, VCE 92 56,6 108067 - 78 319 - 24884 SDV 0201 SDV 0301
SDV 0803 SDV
0804 ESDV
103-VD-008 Treated Gas KO Drum ESDV 0101 |9004 BDV 0801
Jet fire, Flash SDV 0103 SDV | PSV 0801A/B
Gas Methane Fire, VCE 92 56,6 108067 - 78 319 - 24884 0104 ESDV 9003
ESDV 0101
Jet fire, Flash SDV 0103 SDV
Liquide Methane Fire, VCE 92 56,6 108067 - 78 319 - 24884 0104
Gas dehydration BDV 0102 PSV
(Unit 104) Heat exchanger 104-GA-001 Jet fire, Flash 0102 A/B SDV
Gas Metane Fire, VCE ESDV 9003 0201
Jet fire, Flash
104-VD-002 Gas Metane Fire, VCE ESDV 9003 SDV 0201
Jet fire, Flash SDV 0302 BDV
104-CA-003 Gas Metane Fire, VCE ESDV 9003 0302
Jet fire, Flash
104-v.-004 Gas Metane Fire, VCE ESDV 9003 BDV 0301
Condensate SDV0102
stabilization SDV1201A
(Unit106) SDV1201B
Condensate flash drum 106-VD-001, SDV2401B
106-PA020 A/B, 106-MB-001 A/B, SDV2401A
106-VJ021, 106-GC-015, 106-GA-002, SDV0101
106-CB-003 ESDV1101 PSV0101A/B
ESDV0201 BDV0101
Pool fire, flash ESDV0601 BDV0301
Liquid n-Heptane fire, VCE 18 95 8707 654 - 9 9798,1 - ESDVO0101 SDV0301
SDV0102
SDV1201A
SDV1201B
Gas outlet from Condensate flash drum ggxgjgli
106- VD-001, 106-GA-019 A/B,
106-CB-003 SDV0101
ESDV1101 PSV0101A/B
ESDV0201 BDV0101
Jet fire, Flash ESDV0601 BDV0301
Gas Ethane Fire, VCE 9 59,2 2898 703 10 19 - 213 ESDVO0101 SDV0301
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SDV0102

SDV1201A
SDV1201B
Liquid outlet from Condensate flash SDV2401B
drum 106-VD-001, 106-PA020 A/B, SDV2401A
106-MB-001 A/B, 106-VJ021, SDV0101
106-GC-015, 106-GA-002, 106-CB-003 ESDV1101 PSV0101A/B
ESDV0201 BDV0101
Pool fire, flash ESDV0601 BDV0301
Liquid n-Heptane fire, VCE 18 95 8707 654 - 9798,1 - ESDV0101 SDV0301
Condensate from Condensate degassing Pool fire, flash
drum 106-VD-016, Pump 106-PA-017A/B Liquid n-Octane fire, VCE 2 57,4 7868 719 - 207,7 - SDV1601 ESDV1701
SDV0202
Liquid n-Octane fire, VCE 2 57,4 7868 719 - 972,8 ESDV1701 XV0002
SDV1201A
PSV1201AA/A
B
PSV0901AA/A
B
Off Gas compressor 106-KB-009,
106-GC-010 A, 106-VD-012 A, 106- Pg\gg\?;ég_{A
GC-011 A, 106- VD-024 A, 106-KB025 A AA/AB
BDV2501A
XV2301
Jet fire, flash SDV2401A
Gas Ethane fire, VCE 71 1323 2760 - 68 - 109 SDV0103A SDV2501A
Outlet Off Gas compressor 106-KB009 / Jet fire, flash SDV2501A
106-KB-025 A/B Gas Ethane fire, VCE 71 132,3 2760 - 68 - 109 SDV2501B ESDV2501




APPENDIX II-C: Consequence modeling

results



Jet Fire

Pool Fire

30 kw/m2

30 kw/m2

Radiation Distance [m]

Radiation Distance [m]

Radiation Distance [m]

Radiation Distance [m]

Operating pressure

Name Description Fire zone (barg) 5D 2F 5D 2F
CA05-G-S-IS HP Separator 100VA001 PFZ1 94 8 7 No Hazard No Hazard
CA05-G-S-IF HP Separator 100VA001 PFZ1 94 8 7 No Hazard No Hazard

CA05-D-V-S-IS HP Separator 100VA001 PFZ1 94 11 7 No Hazard No Hazard
CA05-D-L-5-IS HP Separator 100VA001 PFZ1 94 No Hazard No Hazard 9 8
CA05-D-V-S-IF HP Separator 100VA001 PFZ1 94 11 7 No Hazard No Hazard
CA05-D-L-S-IF HP Separator 100VA001 PFZ1 94 No Hazard No Hazard 9 8
CA06-G-S-IS MP Separators 100VA002/003 PFZ1 71 6 6 No Hazard No Hazard
CA06-G-S-IF MP Separators 100VA002/003 PFZ1 71 6 6 No Hazard No Hazard
CA07-G-S-IS Outlet 100VA002/003 PFZ1 71 6 6 No Hazard No Hazard
CA07-G-S-IF Outlet 100VA002/003 PFZ1 71 6 6 No Hazard No Hazard
CA08-D-V-5-IS Separators Filtered Liquid outlet PFZ1 94 1 7 No Hazard No Hazard
100VA001/002/003
CA08-D-L-S-IS Separa;g;/igg;egoiqgg; outlet PFZL 9 No Hazard No Hazard ] 8
CA08-D-V-S-IF Separators Filtered Liquid outlet PFZ1 94 1 7 No Hazard No Hazard
100VA001/002/003
CAO8-D-L-S-1F Separa;g:vigg;egoiqgg; outlet PFZ1 %4 No Hazard No Hazard 9 8
CB01-G-S-IS Booster compressor PFZ1 70 6 6 No Hazard No Hazard
CBO1-G-S-IF Booster compressor PFZ1 70 6 6 No Hazard No Hazard
CB02-G-S-IS Mercury & H2S removal PFZ1 94 8 7 No Hazard No Hazard
CB02-G-S-IF Mercury & H2S removal PFZ1 94 8 7 No Hazard No Hazard
CDO01-G-S-IS H2S to CO2 PFZ2 93 8 7 No Hazard No Hazard
CDO01-G-S-IF H2S to CO2 PFZ2 93 8 7 No Hazard No Hazard
CD02-G-5-IS CO2 removal treatment PFZ2 92 7 7 No Hazard No Hazard
CD02-G-S-IF CO2 removal treatment PFZ2 92 7 7 No Hazard No Hazard
CD03-G-S-1S CO2 removal to dehydration PFZ2 91 7 7 No Hazard No Hazard
CDO03-G-S-IF €02 removal to dehydration PFZ2 91 7 7 No Hazard No Hazard
CE01-G-S-IS Gas dehydration PFZ3 91 8 7 No Hazard No Hazard
CE01-G-S-IF Gas dehydration PFZ3 91 8 7 No Hazard No Hazard
CF01-G-S-IS Gas Dew pointing PFZ3 89 9 4 No Hazard No Hazard
CFO1-G-S-IF Gas Dew pointing PFZ3 89 9 4 No Hazard No Hazard
CF01-D-V-S-IS Gas Dew pointing PFZ3 89 11 5 No Hazard No Hazard
CFO1-D-L-IS Gas Dew pointing PFZ3 89 No Hazard No Hazard 9 8
CF01-D-V-S-IF Gas Dew pointing PFZ3 89 11 7 No Hazard No Hazard
CFO1-D-L-S-IF Gas Dew pointing PFZ3 89 No Hazard No Hazard 9 8
CFO2HP-D-V-S-
s HP Liquid from 105VD004 /002 PFZ3 89 1 6 No Hazard No Hazard
CFO2HP-D-L-S-
s HP Liquid from 105VD004 /002 PFZ3 89 No Hazard No Hazard 9 8
CFO2HP-D-V-S-
' HP Liquid from 105VD004 /002 PFZ3 89 11 6 No Hazard No Hazard
CFO2HP-D-L-S-

. HP Liquid from 105VD004 /002 PFZ3 89 No Hazard No Hazard 9 8
CF03-G-S-IS Turbo expander 105KH003 PFZ3 89 9 4 No Hazard No Hazard
CF03-G-S-IF Turbo expander 105KH003 PFZ3 89 9 4 No Hazard No Hazard
CF04-G-S-1S Recompressor 105KA005 PFZ3 72 7 6 No Hazard No Hazard
CF04-G-S-IF Recompressor 105KA005 PFZ3 72 7 6 No Hazard No Hazard




CF05-G-S-IS Outlet Recompressor 105KA005 PFZ3 78 7 6 No Hazard No Hazard
CF05-G-S-IF Outlet Recompressor 105KA005 PFZ3 78 7 6 No Hazard No Hazard
CGO01-G-S-IS Outlet from flash drum 106VD001 PFZ4 9 Not reached Not reached No Hazard No Hazard
CGO01-G-S-IF Outlet from flash drum 106VD001 PFZ4 9 Not reached Not reached No Hazard No Hazard
CGO01-D-V-S-IS Outlet from flash drum 106VD001 PFZ4 18 Not reached 5 No Hazard No Hazard
CGO1-D-L-S-IS Outlet from flash drum 106VD001 PFZ4 18 No Hazard No Hazard 8 7
CGO01-D-V-S-IF Outlet from flash drum 106VD001 PFZ4 18 Not reached 5 No Hazard No Hazard
CGO1-D-L-S-IF Outlet from flash drum 106VD001 PFZ4 18 No Hazard No Hazard 8 7
CGO2-L-5-1S Condensate to 106VD016 PFZ4 1 No Hazard No Hazard 5 4
CGO2-L-S-IF Condensate to 106VD016 PFZ4 1 No Hazard No Hazard 5 4
CGO3- 1S Condensate from drum 106VD016 PFZ4 2 No Hazard No Hazard 7 5
CGO3-L-S-IF Condensate from drum 106VD016 PFZ4 2 No Hazard No Hazard 7 5
CGO4-L-S-IS Pumped condensate 106PA017 A/B PFz4 2 No Hazard No Hazard 7 5
CGO04- IF Pumped condensate 106PA017 A/B PFZ4 2 No Hazard No Hazard 7 5
CGO05-G-S-IS Compressor 106KB009/ 106KB025 PFz4 71 5 7 No Hazard No Hazard
CGO5-G-S-IF Compressor 106KB009/ 106KB025 PFZ4 71 5 7 No Hazard No Hazard
CGO06-G-S-IS Outlet compressor 106KB009/025 PFz4 71 5 7 No Hazard No Hazard
CGO6-G-S-IF Outlet compressor 106KB009/025 PFZ4 71 5 7 No Hazard No Hazard
CK01-G-S-1S Transfert to metering 200UJ001 PFZ5 78 7 6 No Hazard No Hazard
CKO01-G-S-IF Transfert to metering 200UJ001 PFZ5 78 7 6 No Hazard No Hazard
CK02-G-S-1S Export metering pig launcher 203VM001 PFZ5 77 7 6 No Hazard No Hazard
CK02-G-S-IF Export metering pig launcher 203VM001 PFZ5 77 7 6 No Hazard No Hazard
CLO1-L-S-IS Condensate truck loading SFZ10 6 No Hazard No Hazard 7 6
CLO1-L-S-IF Condensate truck loading SFZ10 6 No Hazard No Hazard 7 6
CLOS-L-S-1S Loading arm 201-YG-011 MFZ14 6 No Hazard No Hazard 7 6
CLOS-L-S-IF Loading arm 201-YG-011 MFZ14 6 No Hazard No Hazard 7 6
CLO6-L-S-IS Loading arm 201-YG-021 MFZ14 6 No Hazard No Hazard 7 6
CLO6-L-S-IF Loading arm 201-YG-021 MFZ14 6 No Hazard No Hazard 7 6
CO01-G-5-IS HP FG Scrubber 304VG001 PFZ3 72 7 6 No Hazard No Hazard
CO01-G-S-IF HP FG Scrubber 304VG001 PFZ3 72 7 6 No Hazard No Hazard
C0O03-G-5-1S HP Fuel gas users UFZ9 72 7 6 No Hazard No Hazard
CO03-G-S-IF HP Fuel gas users UFZ9 72 7 6 No Hazard No Hazard
CO05-G-5-IS LP Fuel Gas Scrubber 2 304VG003 PFZ3 72 7 6 No Hazard No Hazard
CO05-G-S-IF LP Fuel Gas Scrubber 2 304VG003 PFZ3 72 7 6 No Hazard No Hazard
CFO2MP-D-V-
sis MP Liquid from 105GX001 PFZ3 14 2 2 No Hazard No Hazard
CFO2MP-D-L-S-
s MP Liquid from 105GX001 PFZ3 14 No Hazard No Hazard 8 7
CFO2MP-D-V-
- MP Liquid from 105GX001 PFZ3 14 2 2 No Hazard No Hazard
CFO2MP-D-L-S-

. MP Liquid from 105GX001 PFZ3 14 No Hazard No Hazard 8 6,757
CLO2-L Condensate storage 201RA002 SFZ10 ATM - - Not reached Not reached
CLO3-L Condensate storage 201RA003 SFZ10 ATM - - Not reached Not reached
CLO4-L Off spec condensate storage 201RA004 SFZ10 ATM - - Not reached Not reached
CT01-L Diesel Storage UFZ11 ATM - - 9 9
Ccuo1-L Methanol Storage 309-VN-001 UFZ11 1 Not reached Not reached Not reached Not reached
Cu02-L Methanol Transfer Pumps 309-PF-002 A/B UFZ11 112 Not reached Not reached 7 7
CNO1-L Hot oil storage tank 301RA006 PFZ3 ATM - - 10 10
CNO2-L Hot oil distribution loop PFZ3 9 - - 5 5
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PHASE 01 PHASE 02 PHASE 03
Presence Time to Time to AESEED
5 . " 5 Exposed equipment and | Equipment | Pressure |Temperature Unit Domino effect 5 , e ofactive | Need of |Fireproofing Fire resistance | . 5 5
Unit Release Location Type of equipment | Release material poe & i . of drainage isolate isolate S 3 3 Note 5 Fireproofing material Note
strcutures vulnerability (bar) (°C) spacing potential " fire fireproofing | consideration rating
system | automatically | manually .
protection
Separator Fire proofing can be Concretes provide up to 4
P: Fireproofing should |omitted because the hours protection, they're
MP-100VA002
HP-100VA001 Separator Condensate Separator ! 4 94 70,5 4 YES YES 20min 30min YES YES be considered for vertical distance of the 1-3hours Concrete the perfect match to be
D steel saddles saddle is slightly below installed on legs and long
MP-100VA003
300 mm saddles
100-VA-012 Pressurised vessel Water - 1 3 375 4 NO NO 20min | 3omin | YES No | Nofireproofing Liquid Inventory is water, | 3 3oy, - -
consideration no fireproofing is needed
100 SFRM provide up to 4
Separator hours protection, they
HP-1 80VA001 Fireproofing should can be applied on
MP-100VA002\3 Pressurised vessel Condensate Separator ! 4 94 52 4 YES YES 20min 30min YES YES be considered for - 1-3hours SFRM structures, skirts and
steel saddles racks due to their
MP100VAOO2\3 lightweight and ease of
applicaction
100-VA-105 Pressurised vessel Water - 1 3 375 4 NO NO 20min 3omin | YES no  |Nofireproofing Liquid Inventory is water, |y _g o, g - -
consideration no fireproofing is needed
SFRM provide up to 4
Fireproofing should hours protection, they
8 can be applied on
PR1 Pipe racks - 101(’6';’1;21312/ B 4 - - 4 YES NO 20min 30min YES YES :’;ecv‘je”:if;’:gdf"r 1-2 hours SFRM structures, skirts and
e ; racks due to their
horizantal supports lightweight and ease of
applicaction
Fireproofing is not because the material
101-GC-001 A/B/C/D Air cooler Gas 101-GC-001 A/B/C/D 2 70 107 4 YES NO 20min 30min YES NO considered for the handled is Off-Gas (not 1 -3 hours - -
AIR coolers suports |liquid)
Fireproofing is not because the material
101-GC-005 A/B/C Air cooler Gas 101-GC-005 A/B/C 2 70 107 4 YES NO 20min 30min YES NO considered for the handled is Off-Gas (not 1 -3 hours - -
101 AIR coolers suports |liquid)
SFRM provide up to 4
hours protection, they
STRMET-102-A/B Skirt of the column can be applied on
101-VJ-006 Pressurised vessel ps (condensate > 1 m| 102-VW-003 " 4 94,2 57 4 YES NO 20min 30min YES YES should be - 1 - 3 hours SFRM structures, skirts and
fireproofed racks due to their
lightweight and ease of
applicaction
Concretes provide up to 4
The support leg of | The support feeding line hours protection, they're
101-VD-002 Pressurised vessel gs (condensate > 1 m| 101-GC-001 A/B/C/D 4 94,2 57 4 YES NO 20min 30min YES YES the column should  [shall be fireproofed to 1 -3 hours Concrete the perfect match to be
be fireproofed avoid escalation installed on legs and long
saddles
Process equipment
below the structure are
STR-MET-102-A/B Steel structure - - 2 - - 3 NO - 20min 3omin | YES no  |Nofireproofing deluged and fireproofed 2-3hours - -
consideration on skirts and not
supported on that
structure
If there is Flangs or .
valves in the inside area SFRM prowdg upto 4
of skirt or unsealed hours protection, they
102-VW-002, Skirt of the column openings exceeding (600 can be applied on
102-VW-001 Pressurised vessel ps (condensate > 1 m| 102-VW-003, 4 80 58 3 YES NO 20min 30min YES YES should be mpm) ingdiameler ingthe 1 -3 hours SFRM structures, skirts and
STR-MET-102-B fireproofed N PN racks due to their
skirt. the interior surface N "
should be also lightweight and ease of
applicaction
fireproofed
102 If there is Flangs or SFRM provide up to 4
valves in the inside area y
of skirt or unsealed hours protection, they
102-VW-001, Skirt of the column openings exceeding (600 can be applied on
102-VW-002 Pressurised vessel ps (condensate > 1 m| 102-VW-003, 4 80 58 3 YES NO 20min 30min YES YES should be mpm) ingdiameter ingthe 1 - 3 hours SFRM structures, skirts and
STR-MET-102-B fireproofed N PRV racks due to their
skirt. the interior surface N .
lightweight and ease of
should be also applicaction
fireproofed PP
If there is Flangs or .
valves in the inside area SFRM prOVId§ upto4
of skirt or unsealed hours protection, they
102-VW-002, Skirt of the column openings exceeding (600 can be applied on
102-VW-003 Pressurised vessel ps (condensate > 1 m| 102-VW-001, 4 80 58 3 YES NO 20min 30min YES YES should be mpm) ingdiameter ingthe 1 - 3 hours SFRM structures, skirts and
STR-MET-102-B fireproofed N R racks due to their
skirt. the interior surface N .
lightweight and ease of
should be also applicaction
fireproofed PP




103-PA-004 A/B,

Fireproofing should

Fire proofing can be
omitted because the

Concretes provide up to 4
hours protection, they're

103-VD-031 Pressurised vessel Condensate 103-CA-003 91,7 80 YES YES 20min 30min YES YES be considered for vertical distance of the 1 - 3 hours Concrete the perfect match to be
steel saddle saddle is slightly below installed on legs and long
300 mm saddles
It there_ls F'af‘gs. or SFRM provide up to 4
valves in the inside area ‘
N hours protection, they
103-VD-031, 103-PA-004 Siirtof the column |01 O SAe ey (600 can be applied on
103-CA-003 Column Bs (condensate > 1 m| y 91,7 70 YES NO 20min 30min YES YES should be Fire P N 9 " N 9 1 -3 hours SFRM structures, skirts and
A/B mm) in diameter in the .
Proofed N P racks due to their
skirt. the interior surface N "
lightweight and ease of
should be also applicaction
fireproofed PP
It there_ls Flapgs_ or SFRM provide up to 4
valves in the inside area y
of skirt or unsealed hours protection, they
103-VJ-002, Skirt of the column openings exceeding (600 can be applied on
103-VD-008 Pressurised vessel s (condensate > 1 m| 103-PA-009 A/B, 91,7 80 YES NO 20min 30min YES YES should be Fire penings ng 1 -3 hours SFRM structures, skirts and
PR mm) in diameter in the .
103-PB-010 A/B Proofed N P racks due to their
skirt. the interior surface N .
lightweight and ease of
should be also applicaction
fireproofed pp
If there_ls Flangs_ o SFRM provide up to 4
valves in the inside area -
> hours protection, they
. of skirt or unsealed N
103-MB-001 A/B, Skirt of the column openings exceeding (600 can be applied on
103-VJ-002 Pressurised vessel ps (condensate > 1 m| . 91,7 70 YES NO 20min 30min YES YES should be Fire LI N 1 - 3 hours SFRM structures, skirts and
103-VD-008 mm) in diameter in the s
Proofed . B racks due to their
skirt. the interior surface N .
lightweight and ease of
should be also applicaction
fireproofed PP
If there_ls Flapgs_ or SFRM provide up to 4
valves in the inside area h :
. ours protection, they
. of skirt or unsealed N
103-VJ-002 Skirt of the column openings exceeding (600 can be applied on
103-MB-001 A/B Filter ps (condensate > 1 m| \ 92 57 YES NO 20min 30min YES YES should be Fire penings ng 1 -3 hours SFRM structures, skirts and
103-MB-001 A/B mm) in diameter in the ;
Proofed N P racks due to their
skirt. the interior surface N "

103 lightweight and ease of
should be also applicaction
fireproofed PP!

Fire Proofing protection
of the Pipe rack PR2,
near to the column
103-CA-003 is not
Pipe Racks 2 Pipe racks - - - - NO - 20min 3omin | YES no  |Nofireproofing considered required, - -
consideration because the distance
from the nozzle to the
column exceeds the Fire
envelope (EXCEPT
SOUTH WEST SIDE)
no Fire Proofing shall be
considered for the
support structure of the
Support structure of . . No fireproofing air coolers 103-GC-007
103-GC-007 Steel structure ° ° . ) NO N 20min 30min YES NO consideration because the material ° .
handled is Off-Gas (not
liquid), hence there is no
possibility of pool fires
Fireproofing should .
be c%nside?ed for SFRM prowdg upto 4
the horisontal and hours protection, they
. . vertical steel suport can be applleq on
STR-MET-103-CA Steel structure - - - - NO NO 20min 30min YES YES from grade up to the |” 2 -3 hours SFRM structures, skirts and
highest level at wich r_acks d_ue to their
the equipment I lightweight and ease of
suported applicaction
No Fire Proofing shall be
considered for the air
No fireproofin coolers 103-GC-016 A/B
103-GC-016 A/B Air cooler Gas NONE 3 87 NO NO 20min 30min YES NO consieraliong because the material - - -
handled is Anti Foam,
considered as non
flammable.
104-GA-001 Heat exchanger Gas NONE 91 56,0 NO NO 20min 3omin | YES No  |Nofireproofing Fluid inventory is gas, no . . .
consideration fireproofing needed
104-VX-031 Pressurised vessel TEG NONE 0.4 204 NO YES 20min 30min YES no  |Nofireproofing Drum s burried, no - - -
consideration fireproofing needed
No Fire proofing shall be SFRM provide up to 4
required for the structure hours protection, they
should be Fire STR-MET-104-A on those can be applied on
STR-MET-104-A Steel structure - - - - YES - 20min 30min YES YES Proofed 2 - 3 hours SFRM structures, skirts and
sections that do not racks due to their
support the major lightweight and ease of
104

equipment

applicaction




No fireproofing

No Fire proofing shall be
required for the structure
STR-MET-104-B, since
the process equipment
104-VD-002, 104-CA-003

STR-MET-104-B Steel structure - - - - YES - 20min 30min YES NO consideration and 104-V.J-004 are - - -
deluged equipment,
supported on skirts, and
not supported on that
structure.
SFRM provide up to 4
Fire proofing can be hours protection, they
Expander Drum . . . Provide fireproofing °mi?‘9d bgcause the can be applieq on
105-VD-002 Pressurised vessel ps (condensate > 1 m| 301-PA-002A 89 -5,4 YES NO 20min 30min YES YES on the skirt vertical distance of the 1-3 hours SFRM structures, skirts and
saddle is slightly below racks due to their
300 mm lightweight and ease of
s applicaction
Fireproofing could be SFRM provide up to 4
avoided since the hours protection, they
Cold separator Provide fireproofing equipment is provided can be applied on
105VD-004 Pressurised vessel ps (condensate > 1 m| 301-PA-002A 73,8 -16 YES NO 20min 30min YES YES on the skirt with thermal insulation, 1 -3 hours SFRM structures, skirts and
however, water deluge racks due to their
should be provided in this lightweight and ease of
case applicaction
be considerdfor SFRM provice o 4
the horisontal and hours protection, they
. . vertical steel suport can be applleq on
STR-MET-301-C Steel structure - - - - - 20min 30min YES YES from grade up to the - 2 -3 hours SFRM structures, skirts and
highest level at wich Ir_acks d_ue to their
the equipment is |ghlyve|ghl and ease of
suported applicaction
lThh:sat'rTCf:;”:g?gﬁng Concretes provide up to 4
The Vessel's prevent fire escalation hours protection, they're
301-VL-001 Pressurised vessel Hot oil 301-MA-003-A/B 0,5 150 YES YES 20min 30min YES YES structure should be since the vessel is 1 -3 hours Concrete the perfect match to be
fireproofed located on a multi-level installed on legs and long
structure saddles
301 Fire Proofing should be
considered for the .
N . supporting structure of Concretes prqwde up .to 4
The equipment's the air cooler due to the hours protection, they're
301-GC-004 Air cooler Gas PR4, 104-GC-016 4 251 YES NO 20min 30min YES YES structure should be material handled is Hot 1 -3 hours Concrete the perfect match to be
fireproofed 0il below the AIT. but installed on legs and long
above its saddles
Flash Point.
Pipe rack PR4 is SFRM provide up to 4
Fireproofing should impinged by several Fire hours prote_ction, they
be considered for envelopes, and should be can be applied on
Pipe Racks 4 Pipe racks - - - - YES - 20min 30min YES YES the vertical and fire proofed on its entire 1 -2 hours SFRM structures, skirts and
horizantal suports length to prevent fire racks due to their
escalation leading to a lightweight and ease of
Major accident. applicaction
If there is Flangs or .
valves in the inside area SFRM prowdg upto 4
. of skirt or unsealed hours protection, they
106-GA-014 A/B Pipe Skirt of the column openings exceeding (600 can be applied on
106-CB-003 Column Condensate 9 195 YES YES 20min 30min YES YES should be Fire LI N 1 -3 hours SFRM structures, skirts and
Racks PRS P mm) in diameter in the >
roofed N P racks due to their
skirt. the interior surface "
should be also ||ghtyve|ght and ease of
fireproofed applicaction
Fire proofing can be Concretes provide up to 4
Fireproofing should |omitted because the hours protection, they're
106-VD-001 Pressurised vessel Condensate 106-VD-016 13,5 50 YES YES 20min 30min YES YES be considered for vertical distance of the 1 -3 hours Concrete the perfect match to be
steel saddles saddle is slightly below installed on legs and long
300 mm saddles
Fire proofing can be Concretes provide up to 4
Fireproofing should |omitted because the hours protection, they're
106-VD-016 Pressurised vessel Condensate 106-VD-001 3 57,3 YES YES 20min 30min YES YES be considered for vertical distance of the 1 -3 hours Concrete the perfect match to be
steel saddles saddle is slightly below installed on legs and long
300 mm saddles
be concidered for SFRM provide up (0 4
the horisontal and hours protection, they
. . vertical steel suport can be appllet_i on
STR-MET-106-B Steel structure - - - - YES - 20min 30min YES YES - 2 - 3 hours SFRM structures, skirts and
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from grade up to the
highest level at wich
the equipment is
suported

racks due to their
lightweight and ease of
applicaction




106-GA-014 A/B, Pipe

Fireproofing should

Fire proofing can be
omitted because the

Concretes provide up to 4
hours protection, they're

106-GC-015 Air cooler Gas 8,4 109 YES NO 20min 30min YES YES be considered for vertical distance of the 1 -3 hours Concrete the perfect match to be
Racks PRS ool .
steel saddles saddle is slightly below installed on legs and long
300 mm saddles
106-GC-004 Air cooler Gas NONE 3 51 NO NO 20min 30min YES no | Nofireproofing Fluid inventory is gas,no | 4 pyrg - -
consideration fireproofing needed
Fire proofing can be Concretes provide up to 4
106-GC-015, Pipe Racks Fireproofing should |omitted because the hours protection, they're
106-GA-014 A/B Heat exchanger Condensate PI’?S P 9 158 YES NO 20min 30min YES YES be considered for vertical distance of the 1 -3 hours Concrete the perfect match to be
steel saddles saddle is slightly below installed on legs and long
300 mm saddles
Fireproofing is not | because the material
106-GC-010 A/B Air cooler Gas NONE 8,5 62 NO NO 20min 30min YES NO considered forthe  |handled is Off-Gas (not 1 -3 hours - -
AIR coolers suports |liquid)
Fireproofing is not  |because the material
106-GC-011 A/B Air cooler Gas NONE 26 130 NO NO 20min 30min YES NO considered forthe  |handled is Off-Gas (not 1 -3 hours - -
AIR coolers suports |liquid)
SFRM provide up to 4
hours protection, they
should be fire can be applied on
Pipe Racks 5 Pipe racks - - 70 - YES - 20min 30min YES YES proofed - 1 -2 hours SFRM structures, skirts and

on its entire length

racks due to their
lightweight and ease of
applicaction




