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DISCLAIMER

Unless otherwise agreed, orders are executed in accordance with the latest version of
the SGS’ General Conditions. Upon request the conditions will again be sent to you.
Attention is drawn to the limitation of liability, indemnification and jurisdiction issues
defined therein.

Any holder of this document is advised that information contained herein reflects the
company’s findings at the time of its intervention only and within the limits of Client’s
instructions, if any. The Company’s sole responsibility is to its Client and this document
does not exonerate parties to a transaction from exercising all their rights and
obligations under the transaction documents. Any unauthorized alteration, forgery or
falsification of the content or appearance of this document is unlawful and offenders
may be prosecuted to the fullest extent of the law.
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GLOSSARY

1% lethality distance

Atmospheric storage tank

Competent authority

BLEVE

Flammable (hazardous)

substances

Dispersion

Domino effect

Dose

Pressure vessel

Operator

Explosion

Jet fire

The distance to the location where an unprotected
person has a 1% probability of dying for a given
scenario and weather class

Storage tank in which the maximum permitted pressure
is less than or equal to 0.5 bar of overpressure
Generally the overpressure is a maximum of 70 mbar.
Authority licensing the activity with dangerous
substances

Boiling Liquid Expanding Vapour Explosion; results
from the sudden failure of a vessel containing liquid at
a temperature well above its normal (atmospheric)
boiling point. A BLEVE of flammables results in a large
fire ball (if ignited)

Flammable (hazardous) substances are:

-inflammable substances (category 0, 1 and 2)
-category 3 and 4 substances if the process
temperature is higher than the flash point

Mixing and spreading of substances in the air

The effect that Loss of Containment in one installation
leads to Loss of Containment in other installations

A measure of integral exposure; a function of
concentration and exposure time

Pressurized storage vessel in which the maximum
permitted pressure is more than 0.5 bar of
overpressure

Any natural person or corporate entity who operates or
holds an establishment or installation or, if provided for
by national legislation, has been given decisive
economic power in the technical operation thereof

A sudden release of energy that causes a blast Fault
tree analysis The evaluation of an unwanted event, the
top event in the fault tree. Given a top event, a fault
tree is drawn up using a deduction method (top-down),
which can be used to determine the cause (or causes)
of the unwanted event

Combustion of materials emitted from an opening with
great force
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Flash

Flash fire

FN curve

Frequency

Vapour cloud explosion

Event tree

Limit value

Blocking system

Establishment

Containment system

Installation

Part of a superheated liquid that evaporates rapidly
due to a relatively rapid depressurization, until the
resulting vapour/liquid mixture has cooled to below
boiling point at the end pressure. Superheat is the
extra heat of a liquid made available by decreasing the
liquid’s temperature, for instance, by vaporization, until
the vapor pressure equals that of the surroundings

The combustion of a flammable vapor and air mixture
in which the flame passes through the mixture at a rate
less than sonic velocity so that negligible damaging
overpressure is generated

Log-log graph: the X-axis represents the number of
deaths and the y-axis the cumulative frequency of the
accidents, with the number of deaths equal to N or
more

The number of times an outcome is expected to occur
in a given period of time (see also probability)

The explosion resulting from ignition of a cloud of
flammable vapour, gas or spray mixed with air, in
which flames accelerate to significantly high velocities
to produce significant overpressure

A diagram of success and failure combinations are
used to identify event sequences leading to all possible
consequences of a given initiating event

Measure of the dangerous properties of a substance
based on both the physical and the
toxic/explosive/flammable properties of the substance
Suppression system to isolate (part of) an installation
to prevent (further) outflow

The whole area under the control of an operator where
dangerous substances are present in one or more
installations,  including common  or related
infrastructures or activities

One or several devices, any parts of which are
permanently in open contact with one another, and
which are intended to contain one or multiple
substances. A Loss of Containment in one containment
system will not lead to the release of significant
quantities of hazardous substance from other
containment systems

A technical unit within an establishment where
hazardous substances are produced, used, handled or
stored
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Probability

LFL

LOC.
Loss of Containment

Nominal pumping rate
Explosive substances

Ignition source
Operator
Pasquill class

Pool fire

Process vessel

Measure of the likelihood of an occurrence, expressed
as a dimensionless number between 0 and 1 Risk is
defined as the probability that within a fixed time
period, usually one year, an unwanted effect occurs.
Consequently, risk is a dimensionless number.
However, risk is often expressed in units of frequency,
‘per year. Since failure frequencies are low, the
probability that an unwanted effect will occur within a
fixed time period of one year is, practically speaking,
equal to the frequency of occurrence per year. In this
Reference Manual, frequency is used to denote the
risk
Lower flammability limit; below this concentration too
little flammable gas is present in the air to maintain
combustion
See Loss of Containment event
Event resulting in the release of material to the
atmosphere
Normal flow of material through a pump
Explosive substances are:
a.
1° substances and preparations that present an
explosion hazard due to shock, friction, fire or other
causes of ignition(risk phrase R2);
2°.  pyrotechnic substances. A  pyrotechnic
substance is understood to be a substance or
mixture of substances with the purpose of producing
heat, light, sound, gas or smoke or a combination of
these phenomena by means of non-explosive, self-
propagating exothermic chemical reactions;
3° explosive or pyrotechnic substances and
preparations that are contained in objects;
b. substances and preparations that present a serious
danger of explosion as a result of shock, friction, fire or
other ignition causes (risk phrase R3)
A thing able to ignite a flammable cloud, e.g. due to the
presence of sparks, hot surfaces or open flames
Any individual operating technical equipment
Classification to qualify the stability of the atmosphere,
indicated by a letter ranging from A, for very unstable,
to F, for stable
The combustion of material evaporating from a layer of
liquid Probit Number directly related to probability by a
numerical transformation
Vessel in which a change in the physical properties of
the substance occurs, e.g. temperature or phase
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QRA
Quantitative Risk

Reactivity

Reactor vessel
Repression system
Risk

Risk contour
Roughness length

Compressed liquefied gas

Safety Report
Safety valve

Fire ball

Weather class

See Quantitative Risk Analysis

Analysis A numerical evaluation of probabilities, effects
and consequences of incidents and their combination
into measures of risk

Measure for the flame acceleration in a gas/air mixture
Vessel in which a chemical change of the substances
occurs

System to limit the release of substances into the
environment given a certain event

The combination of probability and effect.

Line on a map connecting points having equal risk
Artificial length scale appearing in relationships
describing the wind speed over a surface and
characterising the roughness of the surface. The
roughness length of a pipeline determines the
resistance in the pipe, the roughness length of the
surroundings determines the wind speed at ground
level

Gas that is compressed to a pressure that is equal to
the saturation vapour pressure at storage temperature,
so that the majority is condensed into its liquid phase
Report on the safety of an establishment
Valve (or here also rupture disk)
automatically vent excess pressure

A fire, burning rapidly enough for the burning mass to
rise into the air as a cloud or ball

Combination of Pasquill stability and wind speed.
Weather class D5 means Pasquill category D and wind
speed 5 m/s

designed to
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1. INTRODUCTION

1.1. Project background

Enemalta is developing a new gas-fired power station near the existing Delimara
Power Station on the north-eastern shore of Marsaxlokk Bay. The gas for the power
plant will be imported through a new to build LNG terminal in Marsaxlokk Bay. Figure
1-1 shows the approximate position of the new terminal.

Google earth
C

Figure 1-1 Marsaxlokk Port and approximate position of LNG terminal (source: Google
Earth)

Enemalta has awarded the contract for design, construction and operation of the new
power plant and LNG terminal to Electrogas Malta. The LNG terminal proposed by
Electrogas consists of a jetty from the shore south of the power plant to a berth that is
positioned where the bay is deeper, so that no or only limited dredging is required. On
the jetty a converted LNG carrier will be permanently moored as Floating Storage Unit
(FSU), delivering LNG through a cryogenic line over the jetty to the regasification unit
onshore. The FSU berth has a conventional layout consisting of a platform, breasting
dolphins and mooring dolphins (Figure 1-2). LNG will be imported by LNG carriers
(further shortened to LNGCs) that will moor alongside the FSU.
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Figure 1-2 Proposed jetty configuration

To verify the design and evaluate safety aspects related to the permanent presence of
the FSU in the port and to the regular call of LNGCs to the new LNG terminal,
Enemalta has commissioned MARIN to carry out nautical and safety studies for the
new LNG terminal. The study addresses a number of items raised by Transport Malta,
the authority responsible for the port, who required:

1. Validation of proposed jetty/berth layout
2. Nautical and safety study
a. Determine the required minimum navigation channel/fairway
b. Determine the risk involved in the handling of an FSU and LNG carriers
when navigating to the terminal
c. Determine the nautical procedures for the handling of the FSU and LNGC
during routine procedures and emergency situations
2. Site specific risk (safety) assessment including
a. Cargo release
b. Collision
c. Fire and explosion
d. Grounding

The contract for the study (Ref: DPS-GEN-1190) was signed on 25 August 2014 and is
based on MARIN’s proposal of 24 March 2014.

LNG terminal in the Marsaxlokk Bay - Nautical Quantitative Risk Assessment (QRA) Report
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1.2. Objective, approach and scope of work

1.2.1. Objective

The objective of the proposed study is to make a nautical evaluation of the proposed
LNG facility in Malta. This evaluation includes:

e An evaluation of the proposed layout (channel width and berthing area);

e Determine the operational envelope for ship manoeuvres;

e Determine the operational conditions for safe offloading and the maximum
conditions for staying safely at the berth;

e Determine the risk involved in the operations, in terms of collisions and groundings
and in terms of individual and societal risk.

1.2.2. Approach

The above mentioned items are evaluated using numerical simulations of moored ship
response (validation of jetty/berth layout), real-time manoeuvring simulations
(dimensions of fairway, operational limits for sailing with LNG carriers) and a
quantitative risk assessment (risk of grounding and collisions). MARIN has carried out
such studies for many LNG terminals worldwide. A wave study provides input required
for the moored ship response study and the manoeuvring simulations.

The study thus consists of the following items:

1. Wave climate study to determine the normal and extreme wave climate outside
Marsaxlokk port (frequency of occurrence of directions and wave heights)

Wave penetration calculations to determine the wave conditions at the terminal
Numerical moored ship response simulations;

Real-time manoeuvring simulations;

Nautical risk study

Quantitative Risk Assessment

o0k owN

The wave studies (items 1 and 2), which serve as input for the nautical studies (items 3
and 4) were carried out by ARCADIS. ltems 3 and 5 were carried out by MARIN. Item 4
was carried out by MARIN in cooperation with MMRTC (Malta Maritime Research and
Training Centre). SGS Tecnos SA carried out the Nautical QRA in item 6.
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1.2.3. Reports

The total study is presented in a series of reports, each one treating one of the above
mentioned study items. Table 1-1 gives an overview of the reports presenting the
results of the study.

Table 1-1  Overview of reports

Volume Title Main author
27689-1-MSCN [ltem 1: Wave climate study ARCADIS
27689-2-MSCN [ltem 2: Wave penetration study ARCADIS
27689-3-MSCN [ ltem 3: Moored ship response study MARIN
27689-4-MSCN | ltem 4: Real-time manoeuvring simulations MARIN
27689-5-MSCN |Item 5: Nautical risk study MARIN
27689-6-MSCN | Item 6: Nautical Quantitative Risk Assessment SGS Tecnos

To support the design of the modifications to the FSU and the storm mooring for the
FSU, some additional analysis was carried out for ElectroGas Malta on the data from
the wave climate and wave penetration studies. This has been reported directly to
EGM.

This report

This report (marked in bold in Table 1-1) presents the Nautical Quantitative Risk
Assessment Report by SGS Tecnos. The study identifies the possible hazards,
addresses the causes and assesses the consequences of the credible major accident
scenario which can lead to a spillage of LNG and/or to the dispersion of a natural gas
cloud. Hence the ultimate purpose is:

e To calculate the individual risk contour on the site map

e To calculate the societal risk graph

e To compare the results with the acceptability criteria.

This is the final report in which the results have been updated based on a total of 12
calls of LNGCs to the terminal.

LNG terminal in the Marsaxlokk Bay - Nautical Quantitative Risk Assessment (QRA) Report
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2. GENERAL

2.1. Scope

The scope of this study includes any offshore activity associated to the LNG terminal.
The terminal requires regular visits of an LNG carrier (LNGC) for the transportation of
the LNG from the exporting countries and includes unloading facilities to the FSU tanks
and continuous pumping and transfer activities to the onshore regasification unit for the
purpose of feeding the natural gas supplied combined cycle power plants. Therefore,
the mentioned offshore activities shall be understood as LNGC approach,
maneuvering, mooring, unloading and onboard operations; FSU permanent presence,
onboard operation and feeding to onshore; jetty presence with permanent operations.
In simple words, under the scope of this report shall fall all the possible new hazards
directly or indirectly related to the presence of the new players in the Marsaxlokk bay
water area. Any other onshore hazards related to the same project have already been
addressed in a first approach in the Preliminary QRA and must be addressed in details
in the Safety Report of the establishment. Likewise, any other hazards due to the
already existing nautical activity in the port must be considered out of scope.

2.2. Limitations

This study uses frequencies, risk assessment method and risk acceptance criteria
(based on individual risk) with cut off values adopted by HSE UK (PADHI system [1]),
HSA Ireland [2], the Dutch authorities [3], [4] and other relevant QRA references [5],
[6]. A different conclusion may be drawn in the future if more restrictive criteria and cut
off values are applied to the same calculation.

A part from these, another indirect limitation of the study is the result itself of the cited
nautical risk assessment [7] provided by MARIN, which in turn is based on the
acceptance of several limitations as specified in the reference. Additionally, MARIN
report shall be considered as part of this report in order to fully understand the nautical
scenarios, their limitations, the manoeuvring considered, the type of vessels
considered, etc.

The Loss of Containment (LOC) of the vessels and pipeline are considered in
association with general frequencies of failure, defined on statistical basis for average
installations considered in each case. For this reason, the details of Safety Shut Down
Systems, Fire & Gas Systems and other preventive measures, which can lead to an
additional reduction of risk, are not considered in a QRA.

LNG terminal in the Marsaxlokk Bay - Nautical Quantitative Risk Assessment (QRA) Report
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Aside, the aforementioned scope may be interpreted as a limitation of the study. In fact
the overall risk perceived by the population is due to multiple activities in the port area,
some of them due to the handling activity of hazardous substances in the onshore
terminal, while others due to the navigation, approach, maneuvering, mooring and
loading / unloading activities of dangerous cargo vessels. Theoretically, in a first step
the overall risk must be calculated for the entire port area based on the existing
hazards, in a second step the risk included under the scope of this document should be
added to the existing one and, in a third step, any remarkable increase in the risk must
be highlighted and compared with the acceptability criteria. Although this approach is
strictly required in areas with a high density of population and high traffic statistic, i.e.
inland water channels with continuous traffic of barges on the same route and very
close to residential areas; it is out of discussion that in an open port with multiple
navigation routes and wide spaces between terminal, the risk perceived in a single
point is influenced only by a few hazards. Accordingly, the calculation of the existing
overall risk and the cumulative effect will not add outstanding details to the study and
will not vary the final results.

2.3. Area of concern

The proposed new LNG terminal will be located offshore in the Marsaxlokk Bay,
southern of the existing ENEMALTA facilities in the Delimara peninsula. The area of
concern to be considered in the study is the entire Bay area, including the approaching
route of the LNGC and focusing specifically on the location of the FSU.

2.3.1. Meteorology

Within a QRA, adopted weather conditions are described as a combination of a letter
and number. The letter denotes the Pasquill stability class and the number gives the
wind speed in metres per second. The Pasquill stability classes describe the amount of
turbulence present in the atmosphere and range from A to F. Stability class A
corresponds to ‘unstable’ weather, with a high degree of atmospheric turbulence, as
would be found on a bright sunny day. Stability class D describes ‘neutral’ conditions,
corresponding to an overcast sky with moderate wind. A clear night with little wind
would be considered to represent ‘stable’ conditions, denoted by stability class F.

Accurate and reliable stability class statistic is recommended to complete this
meteorological information. Unfortunately, this statistic is complete and available only
for a few locations in Europe. For the remaining locations, estimation on the basis of
similar weather conditions is the best approach. The stability class is related to the
insulation, cloud cover, winds, and other climatic variable. For locations at the same

LNG terminal in the Marsaxlokk Bay - Nautical Quantitative Risk Assessment (QRA) Report
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latitude and with similar weather conditions, the stability is similar, while moving North,
the stability would vary according to decreasing insulation, increasing cloud cover, etc.

Air Temperature and Humidity

The presence of the surrounding water mass significantly shapes the climate of the
Maltese Islands. The general weather is often cooler and more humid than what is
experienced in inland areas of larger land masses. The high thermal capacity of the
sea also reduces large fluctuations in the ambient temperature of the islands. But the
presence of surrounding warm waters during the end of the summer season is a
source of major weather instability when colder air migrates into the Central
Mediterranean, thus creating areas with heavy thunderstorms and intense precipitation

[8].

The average temperature considered for the calculations is 19 °C and the average
humidity considered for the calculation is 75%.

Atmospheric Pressure

Atmospheric pressure differences are fairly limited, and generally fall in the range from
1004 to 1017 mbar.

Wind

The prevailing wind is from the northwest, and approximately 20% of annual average
recorded winds come from this direction.

In the following figure, the wind rose is shown.
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Several wind velocity shall be considered in the calculation in order to represent the
possible wind conditions together with the correspondent weather stability wind
direction, as explained in the next paragraph.

LNG terminal in the Marsaxlokk Bay - Nautical Quantitative Risk Assessment (QRA) Report
Ref: 02-901-211076-15010 Rev. 1
Page 15 of 79



Windrose
Windroses have been obtained from the Charles Galdies Report [8].

In the following page they have been grouped according to the wind velocity and the
weather stability.

s

Wind velocity = 7.2 m/s (stability D) Wind velocity = 7.4 m/s (stability D)
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Wind velocity = 0.9 m/s (stability F)

ssw

Wind velocity = 3.2 m/s (stability E)

Weather stability

Weather stability data are required to perform the simulation of the atmospheric
dispersion of natural gas. Atmospheric stability is defined in terms of the tendency of a
parcel of air to move upward or downward after it has been displaced vertically by a
small amount. Essentially, unstable atmospheres tend to develop vertical updrafts
which increase boundary-layer turbulence intensity. Stable atmospheres tend to
suppress vertical updrafts and reduce turbulence intensity.

Since it is difficult to measure turbulence intensity directly, correlations are sought to
indicate stability class as a function of readily measurable variables. The earliest
stability classification scheme, attributed to Pasquill (1961), is summarized in the table
below:

Day incomin Day incomin Day incomin e el

. Surface ySolar ° ySolar ° ySolar ° Night" (thin Night* (<= 3/8
wind(at 10 m) e e e overlat or >= .

m/s radiation radiation radlgtlon 4/8 cloudiness cloudiness

Strong Moderate Slight

<2 A A-B B F F

2-3 A-B B C E F

3-5 B B-C C D E

5-6 C C-D D D D

6 C D D D D

* Night is defined as the period from 1 hour before sunset to 1 hour after sunrise.

** Appropriate insolation categories have been determined through the use of sky cover and solar
elevation information according to the following matrix.
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Sky Cover (opaqus or fotal) Solar Elevation Solar Elevation Angle < | Solar Elevation Angle <
Angle > 60° 602 and >35° 352 and > 15°
4/8 or ::’;E ?r:i:rglloigsum of Strong Moderate Slight
58 “;t_wf 1“21;";(')3;'5:3"; (700 Moderate Slight Slight
58 t?th? ;gé"ﬂ(_;'g:::) (less Slight Slight Slight

The Pasquill stability classes describe the amount of turbulence Meteorological data
present in the atmosphere and range from “A” to “F” class. Stability class “A”
corresponds to ‘unstable’ weather, with a high degree of atmospheric turbulence, as
would be found on a bright sunny day. Stability class “D” describes ‘neutral’ conditions,
corresponding to an overcast sky with moderate wind. A clear night with little wind
would be considered to represent ‘stable’ conditions, denoted by stability class “F”.

As agreed during the meetings helds with independent experts participating in the Land
Use Permit and to the windroses already presented in the previous paragraph, the
obtained average frequency distributions of weather classes are presented in the
following table for 12 wind directions and 6 weather classes.

STABILITY| WIND TOTAL
CLASS | (mis) | DAY |NIGHT | SSW |SWW| W |WWNIWNN| N |NNE|NEE| E |EES |ESS| S |
BMEDIUM| 3,1 |2599| 0,00 | 958 | 3,44 |383| 9,31 11,44 4,79 | 1,65 1,27 [9,33|18,00 |9,00 | 18,35 [ 100,00
D LOW 36 | 237 | 000 |12,24/10,13|591|12,46 |16,26 10,34 | 0,46 | 0,42 [9,71(13,93|6,33 | 1,79 | 100,00
DMEDIUM| 7,2 |14,71| 7,80 | 7,69 | 593 |893|25,29 |12,42| 3,18 | 0,00 |0,00 |5,44 14,76 |9,47 | 6,89 |100,00
D HIGH 74 | 693 | 409 | 377|581 |6,95|53,15/12,89| 0,32 [0,00|0,00 [0,82| 8,03 |6,17 | 2,09 |100,00
EMEDIUM| 32 |0,00 | 851 | 500|647 |7,00]28,04|19,11| 2,59 | 0,00|0,06 5761270 6,94 | 6,35 | 100,00
FLOW 09 | 0 |2962 522|539 |890]|17,56(20,26(11,31(3,73(2,74 |5,49| 6,92 |6,75 | 5,74 100,00
TOTAL| __ (50,00 50,00 | 7,25 | 6,20 |6,92|24,30 | 15,40 | 5,42 | 0,97 0,75 | 6,09 |12,39 | 7,44 | 6,87 | 100,00
100,00
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2.3.2. Facilities description

All the calculation supporting this QRA have been performed on the basis of the
following description, based on the Preliminary Quantitative Risk Assessment [9]
issued in 2013 and MARIN [7]. The facilities within the scope of the study include the
following details:

LNG tanker

The LNGC will visit the terminal 12 times per year (12 calls), following a specific route
(shown in the drawing no. 2), maneuvering near the terminal 0.75 hours for each
mooring or de-mooring operation, staying 24 hours moored for each unloading
operation.

LNGCs of various capacities may visit the FSU. Carriers are normally classified as
follows:

Standard class: 125-180,000 m®
Q-Flex class: 210-217,000 m*[10] [11]
Q-Max class: 250,000 m®[12][13][14]

According to Maltese consumption and technical and commercial availability of tankers,
the parameters proposed for LNG carriers are as follows:

- The LNGC for which the analysis is carried out has a length overall of 290 m, a
beam of 46 m and a draught of 11-12 m when fully laden. capacity: max.
140,000 m3

- boil-off rate : 0.25 % per day

- vapour return temperature : -151°C

- LNG discharge pressure : 4 barg at ship manifold (The LNG is pumped from the
FSU storage tanks by primary or low pressure pumps located in several wells
inside the tanks and submerged in the liquid)

- The visiting LNG carrier would be moored to the FSU.

Ship to ship unloading by arms

The LNG transfer from the visiting tanker to the FSU would be carried out through:
- two un-loading arms each capable of unloading 4,000 m¥hr of LNG.
A 3" hose which is the vapour return

LNG is discharged by the visiting ship pumps to either one or several of the FSU
storage tanks. The tanks boil-off is sent back to the ship via the return gas hose for
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displacement gas supply during unloading and to the boil-off compressors where it is
compressed for re-condensation in the liquefier, as described below.

Floating storage unit (FSU)

The FSU will be based on the reconversion of the Moss spherical carrier Wakaba Maru
with a capacity of 123,780 m®. This ship has a length overall of 283 m, a beam of
44.8 m and a draught of about 11 m. According to Maltese requirements, the FSU
storage capacity initially required was a quantity of 180,000 m°, the vessel would be
permanently moored to the jetty and the connection to onshore pipelines would be
through common unloading arms for liquid and vapour phase on each side for LNG
unloading from LNG carrier to FSU and from FSU to onshore regasification units.

Jetty

The jetty is expected to allow mooring of the FSU and to provide permanent services to
the ship. Mooring facilities should admit ships of up to 140,000 m3 capacity (more than
300m long). The jetty will be located in Marsaxlokk Bay, south of the existing
ENEMALTA facilities in the Delimara peninsula.

2.3.3. Substances hazards and behaviours

LNG terminals have exhibited an exceptionally high safety record when compared to
refineries and other (petro) chemical plants. Small LNG vapour releases, and minor
fires and explosions have been reported, but their effect was limited to the plant itself
and the hazard was promptly handled by plant personnel. During the past sixty years of
LNG operations, not a single general public fatality has occurred anywhere in the world
because of LNG operations.

Also, LNG tankers are among the safest transportation mode. In the last three
decades, after more than 40,000 voyages by sea worldwide, there has not been a
single reported LNG release from a ship’s cargo tank. LNG tankers have experienced
groundings and collisions during this period, but none has resulted in a major spill. This
is partly due to the double-hulled design of LNG tankers which offers significant
protection to the double walled LNG containers along with the state-of-the-art
technology and highly qualified human resources.

However, LNG and methane hazards must be seriously considered in the QRA, due to
the nature of the substance and its behaviour.
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Liquefied natural gas (LNG) is a liquid fluid, colourless, composed primarily of
methane. LNG may contain small amounts of low molecular weight hydrocarbons held
at cryogenic temperatures (ethane, propane, nitrogen and others). Physical properties
for methane, ethane and propane (the principal constituents of LNG) are provided in
the following table. [5]

Substance Methane Ethane Propane

Chemical Name Methane Ethane Propane

Chemical Formula CH4 C2H6 C3H8

CAS Number 74-82-8 74-84-0 74-98-6

Appearance at 202C Colourless Gas Colourless Gas Colourless Gas

Atmospheric  Boiling

Point (°C) 161.5 88.6 42.1

Melting Point (2C) -182.5 -183.3 -187.7

Liquid Specific gravity | 0.422 0.546 0.59

Vapour Density (Air=1) | 0.55 1.1 1.5

Lower flammable limit

(vol%) 5 2.9 2.1

Upper flammable limit

(vol %) 15 13 9.5

Flash Point (°C) -188 -135 -104

Auto Ignition

Temperature (2C) 595 504 450

ITor?g term exposure N/A N/A N/A

limit

LD50 N/A N/A N/A

Eco-toxicit Unlikely to cause | Unlikely to cause | Unlikely to cause
v adverse effects adverse effects adverse effects

Degradability Disperses rapidly Disperses rapidly Disperses rapidly

LNG is produced by cooling natural gas (NG) till approximately — 161 °C. At this
temperature the natural gas condenses into a liquid. The volume decreases by
approximately a factor 600 as a result of the condensation. The main goal of liquefying
is to make it possible to transport and store the natural gas.

Flammability

LNG is not flammable until it is vaporized, mixed in the right proportions with air, and
then ignited. The measured minimum ignition energy of LNG vapours is 0.29 mJ (milli-
Joules). Flammable LNG vapours are easily ignited by machinery, cigarettes, and static
electricity.

Its fire-related properties are comparable to other light hydrocarbon fuels. Depending
on leakage pressure and conditions, the fire can be associated with a spreading pool of
LNG, a spray of mix-phase or a cloud of vapour phase.
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Cryogenic burns

As a cryogenic liquid, LNG can cause burns to personnel if it comes in contact with the
skin. A second cryogenic hazard is associated with LNG vapours; breathing cold
vapours from LNG evaporation or boiling can damage the lungs. Whilst methane does
not chemically react with the lungs, the cold vapour can cause ‘frosting of the lungs’.
The severity of damage is directly related to the severity of exposure.

Typically process equipment in LNG duty is thermally insulated to reduce heat ‘in leak’
and to prevent injury to personnel during normal operation.

Embrittlement

Also, as a cryogenic liquid, LNG can cause fragile fracture of common materials, if it
comes to contact with them. This can happen in case of leakages or spillages over
carbon steel or common concrete.

Asphyxiation

Methane, or natural gas, is odourless and colourless. It’s neither toxic nor carcinogenic,
being a simple asphyxiant gas. The danger of asphyxiation is normally increased in
LNG facilities due to the absence of an odourant in the gas. However, asphyxiation
requires a relatively high concentration of gas in air and such effects are only important
close to a release of LNG.

Pools vaporisation

If LNG is accidentally released, it vaporises rapidly when exposed to ambient heat
sources such as water, producing approximately 600 standard cubic meters of natural
gas for each cubic meter of liquid. When spilled on the ground or water, LNG will
initially produce a cold vapour cloud that is denser than air and will stay close to the
surface or ground. As this cloud mixes with air, it will warm up and cause dispersion
into the atmosphere. The downwind distance that flammable vapours might reach is a
function of the LNG spill rate/volume, the evaporation rate, and the prevailing weather
conditions. In order to disperse to significant downwind distances, a vapour cloud must
avoid ignition.

This behaviour is most common for low pressure and cryogenic leakages, and would
normally be chosen as the calculation option for QRA purposes. However, other
phenomena are important, such as liquid jets and sprays (for high pressure leakages),
and LNG boiling or Rapid Phase Transition (for high thermal transfer). These special
effects can only be taken into account when included in models.
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Pool Fires

A pool fire is the combustion of a substance in a liquid phase, while accumulated in a
basin or spreading on the ground or water. A pool fire can be a continuous effect if the
released quantity is enough and can burn over a very large period of time, until all the
quantity is gone or the pool is properly covered with fire fighting foam.

Jet-fires

A jet-fire is the direct combustion of a substance leaking from a pressurized vessel.
The leakage can be in vapour or in a liquid phase. In this last case, the liquid is spread
at high pressure forming fine drops which can be ignited.

Flash-fire

Following an LNG release, a large proportion of the liquid will evaporate immediately to
form a cloud of natural gas, initially located around the release point. If this cloud is not
ignited immediately, it will drift with the wind and be diluted as a result of air
entrainment.

A flash-fire is a phenomenon which occurs when an ignition point ignites a flammable
cloud. It’s a transient phenomenon with an immediate effect on the population or plant
personnel exposed. Depending on the combustion velocity, a flash-fire may create an
expansive wave and present an explosive effect, as described in the following
definition.

Flammable Gas Cloud

A gas cloud is the dispersion of a pure or concentrated flammable gas in the air, in a
condition which keeps the gas concentration higher than the lower flammability limit. In
case of no direct ignition, a gas cloud is formed over a spillage of LNG, due to the high
thermal gradient. A gas cloud is not directly dangerous for the population or
environment, unless an ignition point provokes a flash-fire.

UVCE

An Unconfined Vapour Cloud Explosion (UVCE) is the ignition of a flammable cloud in
open space in a condition which ensures expansive effect, due to the increase in the
volume of the combustion gases versus the volume of the explosive mixture. This can
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happen depending on substance behaviour, accumulated quantity in the cloud, etc. In
general, a cloud of natural gas in an open space such as the proposed plant is scarcely
explosive, even for a large amount of gas in the cloud.

Explosion and BLEVE of LNG

Liquid LNG does not explode, so that a very large spill of LNG cannot release its entire
energy content in a very short time, as explosives do. Also, refrigerated LNG is stored
at an approximately atmospheric pressure, so that no BLEVE (boiling liquid expanding
vapour explosion) is expected. The explosion scenarios sometimes observed when
spilled LNG contacts the sea water are in fact the already described RPTs.

Roll-over in tanks (onshore or offshore)

A “roll-over” [15], [16] is a phenomenon that can happen in LNG tanks following a
stratification in the liquid content, due, for example, to the filling with LNG presenting a
different composition and density. In this case, the liquid at the bottom becomes lighter
than that at the top, and rapidly rises to the surface. The liquid that moves to the top of
the container experiences a drop in pressure equal, to a first approximation, to the
head of liquid. It may therefore create a large amount of vapour, and increase the
pressure rapidly in the vapour phase.

The resulting pressure peak might overwhelm the design pressure and opens the
pressure relief valves. Such accidents have been known to happen, but they are not
taken into account in QRA, considering that any emission coming from safety
instruments should be delivered to safe place.

Water entering the LNG tanker

In case of collision between a passing ship and the LNG tanker or the LNG FSU/FSRU,
the first one can open a hole below the water line. In this case, the leaking LNG
emerges up to water surface and boils over it and the water is allowed to enter the
tank, helping the LNG to leak due to the difference in densities and to vaporize due to
heat transfer from the water to the LNG. This will lead to the generation of vapour from
within the containment and the potential for a rapid pressure rise. This secondary effect
forces further leakage of LNG form the tank, due to pressure.

LNG terminal in the Marsaxlokk Bay - Nautical Quantitative Risk Assessment (QRA) Report
Ref: 02-901-211076-15010 Rev. 1
Page 24 of 79



Rapid Phase Transitions

The effect called Rapid Phase Transitions (RPT) [16] happens when spilled LNG is
heated so rapidly that the expansion of the fluid on vaporisation is so fast that it
produces a significant pressure wave, even though the pressure wave itself is not
strong in comparison with common chemical explosions, so this effect is usually not
considered in QRA.

2.3.4. Water and Land Use

The location proposed for the new LNG terminal may have health effects both onshore
and offshore.

The area onshore is mainly dedicated to agricultural use, with a few isolated buildings:
the scattered houses include some cottages, a horse farm, an historic fort and a farm in
the extreme South of the Delimara peninsula. Heading north, the village of Marsaxlokk
(with a total population of more than 3,000) is located at a distance of less than 1,000
m from the jetty. On the other side of Birzebbuga Bay, the biggest centre of population
is Birzebbuga (population 8,800), which is located approximately 1.8 km west of the
jetty. The population distribution considered on land is described in the Preliminary
QRA [9].

The area offshore covers the entire water layer inside the port, for which the presence
of vulnerable people is considered as a total population of 100 persons. Additionally, in
the Freeport, located at more than 1,000 m from the jetty, a maximum density of 100
persons has been considered.

2.4. Metodology

2.4.1. Quantitative Risk Assessment

A Quantitative Risk Assessment is used to make decisions about the acceptability of
risk in relation to developments for a company or in the area surrounding an
establishment or transport route. The criteria for assessing the acceptability of risks for
a large number of categories of establishments are set in internationally recognised
guidelines and regulations.

In order to be able to use the results of a QRA for decisions, they must be verifiable,
reproducible and comparable. Consequently, QRAs must be completed based upon
the same assumptions, models and basic information.

LNG terminal in the Marsaxlokk Bay - Nautical Quantitative Risk Assessment (QRA) Report
Ref: 02-901-211076-15010 Rev. 1
Page 25 of 79



The general Health and Safety Executive (HSE) [2], [17], [18], [19], [20] or BEVI [3] [4]
calculation method can be followed to carry out QRA calculations. This calculation
method can in principle be used in all situations that present themselves within the
scope of the project.

A number of choices have been made in the development of the project. In so doing in
each case, an evaluation was made between making the calculation method as clear
as possible, for which parameters need to be set, and enabling location-specific
modelling, for which some freedom of choice needs to be given to the user. The result
of this evaluation is that, within the available framework of the calculation method, the
user always has the option to modify specific information. For this the precondition
applies that all QRA calculations must be worked out using properly substantiated and
fully documented evaluations and choices.

The general approach of a QRA is illustrated in the flowchart below. This scope
definition (internal, external, domino-effects) will have an influence on the selection of
the relevant installations.

Modelling of liquid releases resulting in vapour cloud is largely dependent upon the
modelling method employed. Limitations in modelling methods traditionally used for
these behaviours produce unrealistic estimates of cloud travel offsite. In general there
is a perception of consequences modelling as dramatically conservative in comparison
with real spillages and major accidents reconstructions.

For this QRA, all consequences models are incorporated into the software EFFECTS
8.1.8. This software calculates and clearly presents in tables, graphs and on
geographical maps, the physical effects of any accident scenario with toxic and/or
flammable chemicals.

EFFECTS examines the progress of a potential incident from the initial release to far-
field dispersion including modelling of pool spreading and evaporation, and flammable
and toxic effects. The mathematical models introduced in the EFFECTS software fulfil
the Yellow Book [21].

EFFECTS contains several models:

* Release (Gas, liquefied gas, liquid): discharge from a vessel or a pipe of gas,
liquid or pressurized liquefied gas: vapour, liquid, two-phases and spray
release.

» Pool evaporation: from land or water surfaces of a boiling or a non-boiling liquid.

+ Atmospheric dispersion: neutral gas, heavy gas and turbulent free jet.

* Heat Radiation and combustion: Jet fire, pool fire, BLEVE

+ Explosion

+ Damage models
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EFFECTS can link different models in order to organize the information in a structure to
simplify the calculations.

Final risk calculation would be prepared with Risk Curves 7.6. While EFFECTS
calculates the physical effects of a single accident with a dangerous substance,
RISKCURVES takes multiple accident scenarios with multiple equipments into account
and quantifies the total risk it has to human life. The calculated risks are expressed in
terms of Individual- and Societal Risks.

Both are copyright of the Dutch organization TNO. [22]

2.4.2. Specific assumptions

Additional to the general criteria for loss of containment and effects calculations, the
following specific assumptions should be taken into account:

Meteorological conditions

Within a QRA, adopted weather conditions are described as a combination of a letter
and number. The letter denotes the Pasquill stability class and the number gives the
wind speed in metres per second.

Using the data provided in previous chapters, the calculation will be done at the
stability class and wind speed defined by HSE, grouping together the percentages for
the different combinations of wind and stability.

It's important to explain the relevance of this data, and to highlight the weight of the
stability classes distribution within the study. In further steps of the calculation, any
flammable gas cloud dispersion would be calculated for each stability class condition
and corresponding wind velocity. The reason is due to the dependence of the
dispersion phenomenon from the weather conditions. Then, all the proposed
calculations are pieced together, each one according to its weight in the general
statistic.
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Release Duration

Release duration is a variable that depends on the organizational and technology
structure of the equipment installed on site.

For pipelines, the estimated release duration is based on judgments of the closing time
of emergency and operational valves. The detection systems to be provided at the
facility would enable leaks to be detected rapidly.

The release duration time is [2] [21] [4]:
2 minutes when an automatic detection and acting system are installed.
30 minutes when an automatic detection and acting system are not installed.
These duration release times can be modified if an advanced technological
system is installed (i.e. SIL, suppressors)

For tanks and vessels, the duration of a release from tanks or vessels (atmospheric)
have been assumed to be equal to the time taken to empty the tank/vessel contents.

Releases on the Jetty

The unloading arm and the pipeline from the ship to the storage tank are partially
located on the FSRU or the LNGC. All the leaks from the unloading arms are assumed
to fall onto the water. All the leaks in the pipelines are assumed to fall onto the ship
deck and from here to the sea.

Releases on water

Releases on water (proceeding from leakages in unloading arms or impacts on the
LNG tanker) cannot be limited, unless a breakwater or other technical solution is put in
place. However, the unlimited extension of a spillage on water is in general not
credible. The layer of the released product cannot be thinner than a minimum amount,
depending on the substance. And the effect of the waves, currents, winds, etc, must be
considered.

Subsoil Length Descriptions

The roughness length is an artificial length-scale appearing in relations describing the
wind speed over a surface, and which characterizes the roughness of the surface. Note
that the sizes of the elements causing the roughness can be more than ten times larger
than the roughness length [21].
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Description Roughness length
Open water, at least 5 km 0.0002 m
Mud flats, snow, no vegetation 0.005m
Open flat terrain, grass, few isolated objects 0.08m
Low crops, occasional large obstacles, x’h >20| 0.1 m
High crops, scattered large objects, 15 < x’h < | 0.25m
20

Parkland, bushes, numerous obstacles, x’h <| 0.5m

15

Regular large obstacles coverage (suburb, | 1.0 m
forest)

City centre with high- and low rising buildings 3.0m

Surface Roughness Parameters

The surface roughness parameters are related to the type of soil on which the pool is
spreading. Several different classes are supplied here where the type determines the

heat transfer rate.

In practical situations the pool will spread until it reaches some minimum thickness
which is related to the surface roughness. As typical values a lower limit of 5
millimetres for smooth surfaces, and for very rough surfaces several centimetres are

used [21].

The classification provided here is based on table 3.1 from the Yellow Book [21]:

Subsoil Average Roughness
flat sandy soil, concrete, tiles, plant-yard 0.005m
relatively flat sandy soil, gravel 0.010 m
rough sandy soil, arable land, meadows 0.020 m
very rough overgrown sandy soil with holes 0.250 m
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Averaging time

EFFECTS consider that the averaging time is a description of the time over which gas
concentration is averaged. The default value is 18.75 s for flammable substances [21].

Thermal Radiation

The probit most commonly used to determine the risk from thermal radiation is the
Eisenberg et al (1975) probit. [4] [23]

Probit = -14.9 + 2.56 In (I"**) with | in kW/m? and t in seconds.

This relationship applies to people exposed outdoors. Consequently, this relationship
can be used for most exposed population indoors and outdoors.

The value t is related to the exposure time. The value proposed in the Yellow Book [21]
is 18.75 s.

It is sometimes necessary to make some further refinement and assumptions for
people indoors, based on Crosthwaite et al (1988) [24]. The 12.7 kW/m? criterion is
based on the figure used in the Building Regulations of 2006 Technical Guidance
Document B on Building Fire Safety [25] and takes into account that the people are
fully clothed.

Estimation of likelihood

There are two reference manuals [2] [3] used in the definition of the scenario. Each
scenario type considers the failures on demand of the equipment and a proposed
likelihood value.

In case of special protection measures are implemented, a fault tree analysis can be
applied to determine the occurrence frequency of each event.

The event failure frequency is determined by [3] and [26]. To determine the final
frequency of occurrence of the event defined as scenario, it is necessary to calculate
the using hours per year of the installation and apply a correction factor to obtain the
final occurrence.

Individual Risk

The Individual Risk represents the frequency of an individual dying due to loss of
containment events (LOCs). The individual is assumed to be unprotected and to be
present during the total exposure time. The Individual Risk is presented as contour
lines on a topographic map.
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Societal Risk

The Societal Risk represents the frequency of having an accident with N or more
people being killed simultaneously. The people involved are assumed to have some
means of protection. The Societal Risk is presented as an FN curve, where N is the
number of deaths and F the cumulative frequency of accidents with N or more deaths.
[27]

As the HSA conditions [2], the methodology for calculating the Societal Risk Index
(SRI) is described by Carter (1995) [28] and Hirst and Carter (2000) [29] as follows:

SRI=PxRxT/A

Where
P = population factor, defined as (n + n2)/2
n = number of persons at the development
R = average estimated level of individual risk in cpm
T = proportion of time development is occupied by n persons
A = area of the development in hectares

Define scope

List containment
envelopes

Identify accident
scenario’s

(i

|
Estimate scenario Estimate scenario
frequencies consequences

Risk estimation

Risk Mitigation/ 8 .

Risk MMGT

I

1

All relevant equipment will be listed and studied in the next steps. A first step is to
determine the accident scenario’s related to the equipment using i.e. Purple book [4],
Handbook failure frequencies [30], PERD, HSE FRED [26],.... This step exists out of
LOC-scenario’s and event trees to determine the possible outcomes.
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Generic LOC-scenario’s will be used together with the published generic failure
frequencies and escalation probabilities.

Risk calculation will be performed based on the scenarios with all relevant
consequences (lethality), for the existing situation, using specialised software.

Individual risk (expressed per year) is the multiplication of the number of times that a
major accident per year occurs, with the adverse effect (death) that a person
experiences as a result of exposure to the disturbance (toxic effect, heat, pressure
wave). This can be defined as follows:

IR(xy) = ZFi *Dri

Where:
IRxy) = total individual risk of fatality at location x,y (per year)
Fi= Frequency of incident outcome case i with outcome case |
P = Probability that incident outcome case i results in a fatality at

location (x,y)

To ensure full representation on safety, the calculation of the Group risk is required.
The group risk is the risk that at one time a group of persons are victims of the same
adverse event. This Group risk is shown in the form of a cumulative frequency curve
(called FN curve). The damage is shown on the x-axis while the cumulative frequency
of occurrence is in ordinate. The calculation of the Group risk is based on the existing
population. In a final step the results will be assessed using criteria developed and
agreed.

2.4.3. Risk acceptance criteria

Several similar risk acceptance criteria are accepted around the world for land use
planning purposes (refer to Annex B for details). Most of them are based on an
acceptable Individual Risk plus a combination of acceptable damages. In some cases,
the Societal Risk is also used. Specifically for Malta, MEPA [31] have agreed on a set
of risk acceptance criteria, to be followed for the preparation of the QRA. They are
reported below:

Acceptable Heat radiation:
- Inner Zone: 13.4 KW/m? for 50% fatalities in a normal population
- Middle Zone: 9.3 kW/m? for 1 to 50% fatalities in a normal population
- Outer Zone: 7,3 kW/m? for 1 to 5% fatalities in a vulnerable population
- Industrial buildings: < 15 kW/m2
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Acceptable Overpressure:
- 350 mbar for 50% fatalities
- 140 mbar for 1% fatalities

Acceptable Individual Risk (IR):
- Development in Inner Zone: IR < 107y
- Development in Middle Zone: IR < 10y
- Development in Inner Zone: IR < 1077y

Additionally, another internationally recognized criterion is the societal risk (SR). The
combination of 10 or more fatalities at an interval of 10,000 years is used to establish
the F-N anchor point of (10, 1010 which is used as acceptance criteria.

According to the purpose of this report, only the IR and SR will be considered in the
calculation.
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3. HAZARD IDENTIFICATION

In this chapter, a list of major accident scenarios is presented. The identification of the
scenarios is carried out on the basis of the list of generic scenarios shown in the
recommended guidelines.

This list is compared with the list of principal equipment and pipelines expected for the
plant, in order to build a credible list of scenarios specifically designed for the plant.
Proceeding in this way, the main risk factors in the facilities are primarily focused on
possible leakages in pipes, pumps, storage tanks and vessels, as well as failures in
loading / unloading arms and connections.

In other words, the plant has been broken down into a set of sections that could be
isolated in the event of an accident, typically by the closure of emergency shutdown
valves. For each inventory, at least one scenario is postulated and presented.

Other scenarios may be identified, using Process Hazard Analysis (PHA) techniques,
such as HAZID, HAZOP, etc. [32]. These scenarios are generally related to the control
of the process itself, so that any possible failure in the control system and/or human
error is considered to be a cause for a pipe or vessel failure. Experience teaches us
that for highly automated and controlled processes, these techniques add no additional
credible scenarios.

3.1. Development of final events

Any Loss of Containment (LOC) scenario can result in a number of different final
consequences which may affect the people, the environment and the facilities. The
developing of one or other effect depends in great measure on environmental
conditions, such as the wind velocity, the weather stability, the temperature, the
released quantity or the presence of ignition points.

In general, the most common effects are well known, typified and modelled. More than
one effect corresponds to one loss of containment, depending on the duration and
evolution. For a liquid release of LNG, the following effects are considered:

- Pool Fire

- Pool evaporation and flammable gas cloud generation
- Flash-fire

- UVCE
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For a release in gas phase, the effects are as follows:

- Jetfire
- Flash-fire
- UVCE

A brief description of these effects is provided at the end of the chapter.

The final effects described in the previous chapter are related to the LOC event by the
so-called Event Trees. An event tree is a graphical representation which helps the
study of chronological and subsequent events or consequences.

The consequences of the event are followed through a series of possible paths,
generally known as “minimum cut-set”. Each path is assigned a probability of
occurrence and the probability of the various possible outcomes can be calculated. The
event trees for the release scenarios considered in the QRA are shown below.

[ Event tree for liquid release (LNG)

Top Event Imme diate D e'.?yed Expansive Final Event
ignition ignition effect
Yes POOL-FIRE
Leakage Yes UVCE
Yes
FLASH-FIRE + POOL-
No FIRE
No
No GAS CLOUD
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| Event tree for gas release (GAS PHASE)

Top Event Imme diate D e'.?yed Expansive Final Event
ignition ignition effect
Yes JET-FIRE
Leakage Yes UVCE
Yes
FLASH-FIRE + JET-
No FIRE
No
No GAS CLOUD
Pool Fire

A pool fire is the combustion of a substance in a liquid phase, while accumulated in a
basin or spreading on the ground or water. A pool fire can be a continuous effect if the
released quantity is enough and can burn over a very large period of time, until all the
quantity is gone or the pool is properly covered with fire fighting foam.

Flammable Gas Cloud

A gas cloud is the dispersion of a pure or concentrated flammable gas in the air, in a
condition which keeps the gas concentration higher than the lower flammability limit. In
case of no direct ignition, a gas cloud is formed over a spillage of LNG, due to the high
thermal gradient. A gas cloud is not directly dangerous for the population or
environment, unless an ignition point provokes a flash-fire.

Flash-fire

A flash-fire is a phenomenon which occurs when an ignition point ignites a flammable
cloud. It’s a transient phenomenon with an immediate effect on the population or plant
personnel exposed. Depending on the combustion velocity, a flash-fire may create an
expansive wave and present an explosive effect, as described in the following
definition.

UVCE

An Unconfined Vapour Cloud Explosion (UVCE) is the ignition of a flammable cloud in
open space in a condition which ensures expansive effect, due to the increase in the
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volume of the combustion gases versus the volume of the explosive mixture. This can
happen depending on substance behaviour, accumulated quantity in the cloud, etc. In
general, a cloud of natural gas in an open space such as the proposed plant is scarcely
explosive, even for a large amount of gas in the cloud.

Jet-fire
A jet-fire is the direct combustion of a substance leaking from a pressurized vessel.

The leakage can be in vapour or in a liquid phase. In this last case, the liquid is spread
at high pressure forming fine drops which can be ignited.

3.2. List of credible scenarios

In this chapter, a list of major accident scenarios is presented. The identification of the
scenarios is carried out on the basis of the HAZID study (issued in attachment of the
Preliminary QRA [9]) plus the list of generic scenarios shown in the recommended
guidelines.

This list is compared with the list of principal equipment and pipelines expected for the
LNGC and FSU, in order to build a credible list of scenarios specifically designed for
the offshore side of the LNG terminal. Proceeding in this way, the main hazards have
been identified 1) in the ship to ship collision [7] including a third ship collision to the
sailing LNGC or the moored FSU and the collision between the LNGC and the FSU
during the maneuvering; and 2) in the on deck equipment, primarily focused on
possible leakages in pipes, compressors and vessels, as well as failures in loading /
unloading arms and connections during the ship to ship transfer of LNG.

In other words, the project has been broken down into a set of sections that could be
isolated in the event of an accident, typically by the closure of emergency shutdown
valves. For each inventory, at least one scenario is postulated and presented.

Regarding the collision scenarios, it is important to emphasize that several additional
scenarios have been previously set and assessed by MARIN in the NAUTICAL AND
RISK STUDIES FOR THE DELIMARA LNG TERMINAL IN MARSAXLOKK PORT,
MALTA [7]. Only the relevant scenarios for an LNG spillage have been included in this
report after a screening has been performed by SGS. Details regarding the scenarios
considered by MARIN can be found in the cited report.

Detailed scenarios may be identified, using Process Hazard Analysis (PHA)
techniques, such as HAZID, HAZOP, etc. [32]. These scenarios are generally related to
the control of the process itself, so that any possible failure in the control system and/or
human error is considered to be a cause for a pipe or vessel failure. Experience
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teaches us that for highly automated and controlled processes, these techniques add
no additional credible scenarios.

In the following table, the complete list of scenarios considered in the QRA is
presented.
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ITEM cob DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y
459661 3064841
459631 3964819
459604 3064817
459560 3964820
459511 3064813
459472 3964770
459421 3964666
459368 3064564
or fa 459334 3964476
S1 LNGC/LNG_TNK/G2 mﬁf Eg?;grri;)f the cargo LNG Membrane cargo tank 459304 3964403
459285 3064348
459366 3064246
459568 3964032
459736 3963754
459929 3063452
460190 3963170
460443 3962887
460720 3962621
459661 3064841
459631 3964819
S2 | LMGC/LNG TNK/G3 wgﬁgmmm“”k LNG Membrane cargo tank 459604 3064817
459560 3964820
459511 3064813
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ITEM CcoD DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y
459472 3964770
459421 3964666
459368 3964564
459334 3964476
459304 3964403
459285 3964348
459366 3964246
459568 3964032
459736 3963754
459929 3963452
460190 3963170
460443 3962887
460720 3962621
459661 3964841
459631 3964819
459604 3964817
459560 3964820
459511 3964813

S4 | LNGC/BOG COMPRESSOR/G1 Rupture NG DN600 459472 3964770
459421 3964666
459368 3964564
459334 3964476
459304 3964403
459285 3964348
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ITEM cop DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y

459366 3964246

459568 3964032

459736 3963754

459929 3963452

460190 3963170

460443 3962887

460720 3962621

459661 3964841

459631 3964819

459604 3964817

459560 3964820

459511 3964813

459472 3964770

459421 3964666

S5 |LNGC/BOG COMPRESSOR/G2 Large hole (1/3 diameter) | DN600 459368 2964564
on pipework 459334 3964476
459304 3964403

459285 3964348

459366 3964246

459568 3964032

459736 3963754

459929 3963452

460190 3963170
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ITEM cop DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y
460443 3962867
460720 3962621
459661 3964841
459631 3964819
459604 3964817
459560 3964820
459511 3964813
459472 3964770
459421 3964666
459368 3964564
S6 | LNGG/BOG COMPRESSOR/G3 Small hole (4mm) on NG DN600 459334 5904476
pipework 459304 3964403
459285 3964348
459366 3964246
459568 3964032
459736 3963754
459929 3963452
460190 3963170
460443 3962887
460720 3962621
459661 3964841
$7 |LNGC/BOG COMPRESSOR/G4 Pin hole NG DNG00 459631 3964819
459604 3964817
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ITEM cop DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y

459560 3964820

459511 3964813

459472 3964770

459421 3964666

459368 3964564

459334 3964476

459304 3964403

459285 3964348

459366 3964246

459568 3964032

459736 3963754

459929 3963452

460190 3963170

460443 3962887

460720 3962621

459661 3964841

459631 3964819

459604 3964817

S8 | LNGC/LINE BOC TO RECONDENSER/G1 | Small hole (4mm) on NG DN200 459560 5964820
pipework 459511 3964813
459472 3964770

459421 3964666

459368 3964564
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ITEM cop DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y

459334 3964476

459304 3964403

459285 3964348

459366 3964246

459568 3964032

459736 3963754

459929 3963452

460190 3963170

460443 3962887

460720 3962621

459661 3964841

459661 3964841

459631 3964819

459604 3964817

459560 3964820

459511 3964813

S9 |LNGG/LINE BOC TO RECONDENSER/G1 | Medium hole (2Smm)on DN200 45472 2904779
pipework 459421 3964666
459368 3964564

459334 3964476

459304 3964403

459285 3964348

459366 3964246
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ITEM cob DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y
459568 3964032
459736 3963754
459929 3963452
460190 3963170
460443 3962887
460720 3962621
459661 3064841
459631 3064819
459604 3064817
459560 3964820
459511 3064813
459472 3964770
459421 3064666
459368 3064564

S10 | LNGC/LINE BOC TO RECONDENSER/G1 tﬁrgi% hole (1/3 diameter) | NG DN200 459334 3964476
459304 3964403
459285 3064348
459366 3064246
459568 3964032
459736 3963754
459929 3963452
460190 3963170
460443 3962887
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ITEM CcOoD DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y
460720 3962621
459661 3964841
459631 3964819
459604 3964817
459560 3964820
459511 3964813
459472 3964770
459421 3964666
459368 3964564
S11 | LNGG/LINE BOC TO RECONDENSER/G1 | Suillotine break on NG DN200 #9054 SO08AT0
pipework 459304 3964403
459285 3964348
459366 3964246
459568 3964032
459736 3963754
459929 3963452
460190 3963170
460443 3962887
460720 3962621
459661 3964841
Instantaneous release of 459631 3964819
S12 | LNGC/RECONDENSER/G1 the entire contents of the LNG Process vessel
process vessel (30% LNG) 459604 3964817
459560 3964820
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ITEM COD DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y

459511 3964813

459472 3964770

459421 3964666

459368 3964564

459334 3964476

459304 3964403

459285 3964348

459366 3964246

459568 3964032

459736 3963754

459929 3963452

460190 3963170

460443 3962887

460720 3962621

459661 3964841

459631 3964819

459604 3964817

Release of entire contents 459560 3964820
S13 | LNGC/RECONDENSER/G2 in 10 min in a continous LNG Process vessel 459511 3964813
stream (30% LNG) 459472 3964770
459421 3964666

459368 3964564

459334 3964476
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ITEM cob DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y

459304 3964403

459285 3964348

459366 3964246

459568 3964032

459736 3963754

459929 3963452

460190 3963170

460443 3962887

460720 3962621

459661 3964841

459631 3964819

459604 3964817

459560 3964820

459511 3964813

459472 3964770

bole with an fiactive 459421 3964666
S14 |LNGC/RECONDENSER/G3 d&;‘é"t'er o 10mm @o% | NG Process vessel 459368 5964564
LNG) 459334 3964476
459304 3964403

459285 3964348

459366 3964246

459568 3964032

459736 3963754
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ITEM cob DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y
459929 3963452
460190 3963170
460443 3962887
460720 3962621
Major failure of the cargo
S15 LNGC/LNG_TNK/G2 tank (0,72 m2) LNG Membrane cargo tank 459652 3964838
S16 | LMGC/LNG TNK/G3 %'Qozrr;az”)“re ofthetank 1) \q Membrane cargo tank 459652 3964838
S17 | LNGC/BOG COMPRESSOR/G1 Rupture NG DN600 459652 3964838
S18 | LNGC/BOG COMPRESSOR/G2 Large hole (1/3 diameter) |\ 4 DN600 459652 3964838
on pipework
S19  |LNGC/BOG COMPRESSOR/G3 Sg:\l'v:rcl’('e (4mm) on NG DNB0O 459652 3964838
S20 | LNGC/BOG COMPRESSOR/G4 Pin hole NG DN600 459652 3964838
S21 | LNGC/LINE BOC TO RECONDENSER/G1 ﬁig:\l\'l:rcl’('e (4mm) on NG DN200 459652 3964838
S22 |LNGC/LINE BOC TO RECONDENSER/G1 g’i'ggwg;kho'e (25mmjon |\ DN200 459652 3964838
S23 | LNGC/LINE BOC TO RECONDENSER/G1 tﬁrgfl’o Qv?/fniw 3 diameter) |\ DN200 459652 3964838
S24 | LNGC/LINE BOC TO RECONDENSER/G1 S;'é'vc\’ltc')'r‘lf break on NG DN200 459652 3964838
Instantaneous release of
S25 LNGC/RECONDENSER/G1 the entire contents of the LNG Process vessel 459652 3964838
process vessel (30% LNG)
Release of entire contents
S26 LNGC/RECONDENSER/G2 in 10 min in a continous LNG Process vessel 459652 3964838
stream (30% LNG)
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ITEM COD DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y
Continuous release from a
hole with an effective
S27 LNGC/RECONDENSER/G3 diameter of 10 mm (30% LNG Process vessel 459652 3964838
LNG)
Total failure rate when )
S28 FSU/GAS TANKER UNLOADING ARM/G1 three arms (hoses) used LNG Unloading hose 459689 3964808
Hole = 0.1 cross sectional )
S29 FSU/GAS TANKER UNLOADING ARM/G2 area of pipe LNG Unloading hose 459689 3964808
GUILLOTINE BREAK Total
S30 FSU/FSU UNLOADING ARM/G1 failure rate when one arm | LNG Unloading arm 459961 3964807
used
Hole = 0.1 cross sectional .
S31 FSU/FSU UNLOADING ARM/G2 area of plpe LNG Unloadlng arm 459961 3964807
S32 FSU/GAS TANKER GAS RETURN Release limited according NG a
ARM/G1 to ERC max content — total asarm 459689 3964808
FSU/GAS TANKER GAS RETURN Release limited according
S33 to ERC max content — NG Gas arm 459689 3964808
ARM/G2 .
partial
459717 3964821
459718 3964807
FSU/PIPE TANK TO SECONDARY . o 459759 3964808
S34 Total rupture in the pipeline | LNG DN100
PUMP/G1 P PP 459857 3964911
459944 3965006
459959 3965008
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ITEM coD DESCRIPTION SUBSTANCE NOTES COORDINATE X COORDINATE Y
459718 3964832
459718 3964808
FSU/PIPE FSU TANK TO 459758 3964809
S35 Total rupture in the pipeline | NG DN150
COMPRESSOR/G1 P PP 459953 3965016
459953 3965037
459975 3965036
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SGS

4. RISK ASSESSMENT

4.1. Frequency analysis

This chapter aims to quantify the frequency of the accident initiators or loss of
containment scenarios using bibliographic data.

The frequencies of each accident scenario were obtained from tabulated standard
frequencies from referenced guidelines [26] [3] and have been adapted to the period of
use of the facilities, especially in the case of the presence of the LNG Carrier and the
LNG unloading facilities.

4.1.1. Ignition probability

For each top scenario, depending on substance behaviours, state and quantity, a list of
final events can be prepared, according to the explanation given in previous chapter. In
the case of natural gas, the probability of each final event scenario depends on the
ignition frequency.

In this QRA, specific ignition probabilities have been proposed, considering the
heterogeneous set of activities in the neighbouring areas. They have been developed
on the basis of the main renowned sources on the subject.

Cox, Lees and Ang, cited in Lees [33], present ignition probabilities for flammable
gases and liquids based on the review of published values and on historical
experience. The ignition probability varies with the size of the release and should be
intended for overall probability of ignition, combining both immediate and delayed
cases, but differentiating between gases and liquids, as shown below.

Failure Type I_ggi;isoens Probability E:ﬁ:g: Probability — Reliﬁss;s;:{ate
Minor 0.01 0.01 <1
Major 0.07 0.03 1-50

Massive 0.3 0.8 >50

On the other hand, the Purple Book distinguishes between gases of different reactivity,
classifying the methane as low reactivity:
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AR Raé%:lcr)(r:gontinuous Mass released for Instantaneous Ignition Prol_)a_bility
(kg/s) Source for Low Reactivity Gas|
<10 <1,000 0.02
10-100 1,000-10,000 0.04
>100 >10,000 0.09

Additionally, the HSE’s PCAG [34] document indicates that immediate ignition
probability values should vary between 0.1 and 0.9 for flammable liquids.

The analysis of this information suggests that the probability of immediate ignition can
be as low as 0.01, specifically for methane, which presents a low reactivity and
increases as a function of the size of the release.

SGS conclusion is to propose a set of probabilities slightly more conservative than
those specified by the ‘Purple Book’, considerably more conservative than HSE for
small leakages and consistent with the HSE for larger leakages, and also consistent
with the overall ignition probabilities reported by Cox, Lees and Ang.

The final ignition frequency is considered to be variable depending on the release rate
for delayed ignition, as shown in the following table:

Failure type Release rate Frequency
Minor <10 kg/s 0.01
Small 10-100 kg/s 0.02
Large >100 kg/s 0.1

Storage tank n.a. 0.5

4.1.2. Event trees

Starting from the literature, the goal is to quantify the probability of events that
determine the evolution from the initial event and end up causing damage. This can be
done by using the event tree technique.

The event tree is an inductive method that describes in a qualitative and quantitative
mode, the evaluation from an initial event up to the final accident depending on the
characteristics of the initiator, the environmental and the protection systems, where
known.
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From the initial failure or initiator and considering the conditioning factors involved, the
tree describes the accident sequences leading to possible events. The construction
and evaluation of the tree begins by identifying the conditions and their probabilities of
occurrence of each of them.

Each starting point, based on the initial event, is identified in the tree as N. The tree
has to be systematically raised in two branches: the one at the top reflecting success or
the occurrence of the event (with probability P) and the one below representing the
failure or non-occurrence of the event (probability 1-P). The resulting event trees are
shown below for a couple of examples.

[ Event tree for liquid release (LNG)

Immediate Delayed Expansive

Top Event ignition ignition effect Final Event
P; POOL-FIRE
Leakage 0.4 UVCE
P4
0.6 FLASH-FIRE
1- P
1-Py GAS CLOUD
| Event tree for gas release (GAS PHASE)
Top Event .Imr.n.ed|ate D e'.?yed Expansive Final Event
ignition ignition effect
P; JET-FIRE
Leakage 0.4 UVCE
P4
0.6 FLASH-FIRE
1- P
1- Py GAS CLOUD

4.1.3. List of frequencies

In the following table, the calculation of the final frequency per each scenario is shown.
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BASE SCENARIO OPERATION SCENARIO
ITEM | COD EQUIPMENT DESCRIPTION | SUBSTANCE NOTES FREQUENCY UNITS OBS. FREQUENCY TIME FREQUENCY
=] -1
y (FRACTION) y
LNGC/ . .
LNG Major failure of . _
St #’,\\'I%—G REFRIGERAT |thecargotank | LNG zﬂafmobtr:;‘i 1.633E-14 31"1 m- gmﬁ' [_13900 - 6.37E-11 1.00 6.37E-11
0 ED VESSEL | (0.72m2) 9 =
LMGC/ . .
LNG Minor failure of
LNG_ Membrane y-1-m- | Ntanks = 1
S2 ':I;NK/G EII:E)FVFI{EISISEELAT <r:na2r)go tank (0.42 | LNG cargo tank 1.633E-14 1 Route L= 3900 m 6.37E-11 1.00 6.37E-11
LNGC/
BOG BOIL-OFF GAS compr
S4 COMP | COMPRESSO | Rupture NG DN600 2.9E-06 essor- | Ncowpressors=1 2.90E-06 2.05E-03 5.96E-09
RESS |R 1y-1
OR/G1
LNGC/
BOG BOIL-OFF GAS | Large hole (1/3 compr
S5 COMP | COMPRESSO | diameter) on NG DN600 2.9E-06 essor- | Ncowpressors=1 2.90E-06 2.05E-03 5.96E-09
RESS |R pipework 1y-1
OR/G2
LNGC/
BOG BOIL-OFF GAS | Small hole compr
S6 COMP | COMPRESSO (4mm) on NG DN600 2.7E-04 essor- | Ncowpressors=1 2.70E-04 2.05E-03 5.55E-07
RESS |R pipework 1y-1
OR/G3
LNGC/
BOG BOIL-OFF GAS compr
S7 COMP | COMPRESSO | Pin hole NG DN600 1.2E-02 essor- | Ncowpressors=1 1.20E-02 2.05E-03 2.47E-05
RESS |R 1y-1
OR/G4
LNGC/
LINE NG PIPELINE
BOC | FROM BOG
Small hole
S8 :zgco g?’ngESSO (4mm) on NG DN200 1.0E-06 T"1 ¥ | L=190m 1.90E-04 2.05E-03 3.90E-07
NDEN | RECONDENS | PiPework
SER/G | ER
1
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BASE SCENARIO | OPERATION | SCENARIO
ITEM | COD | EQUIPMENT | DESCRIPTION | SUBSTANCE | NOTES UNITS OBS. FREQUENCY TIME FREQUENCY
FREQUENCY & &
y (FRACTION) y
LNGC/
LINE |NG PIPELINE
el Ao o
89 |Reco |RTO (25mm) on NG DN200 7.00E-7 ] L=190m 1.33E-04 2.05E-03 2.73E-07
NDEN | RECONDENS | PiPework
SER/G | ER
]
LNGC/
LINE |NG PIPELINE
20° | CompRESso | Large hole (173 el y
S10 RECO | RTO diameter) on NG DN200 4.0E-07 1 L=190m 7.60E-05 2.05E-03 1.56E-07
NDEN | RECONDENS | PiPework
SER/G | ER
]
LNGC/
LINE |NG PIPELINE
BOC | FROM BOG
TO COMPRESSO | Guillotine break m-1y- _ ) ) )
S | neco |RT0 on pivowork NG DN200 2.0E-07 ] L=190m 3.80E-05 2.05E-03 7.81E-08
NDEN | RECONDENS
SER/G | ER
]
LNGC/ Inlstantan;eohus
RECO | o GONDENS | onthe contents of P
S12 | NDEN entire contents of || \ rooess 5.00E-06 y-1 | Neeconoenssns =1 |  5.00E-06 2.05E-03 1.03E-08
SER/G ER the process vessel
1 vessel (30%
LNG)
LNGC/ Release of entire
RECO contents in 10
s13 | NDEN | RECONDENS | ining LNG Process 5.00E-06 y1 | Negcowoensens=1 |  5.00E-06 2.05E-03 1.03E-08
ER . vessel
SER/G continous stream
2 (30% LNG)
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BASE SCENARIO OPERATION SCENARIO
ITEM | COD EQUIPMENT DESCRIPTION | SUBSTANCE NOTES UNITS OBS. FREQUENCY TIME FREQUENCY
FREQUENCY -1 =1
y (FRACTION) y
Continuous
Iﬁ'\écég/ release from a
s14 [NDEN |RECONDENS | hote with an LNG Process 1.00E-04 y1 | Negconoensens=1 |  1.00E-04 2.05E-03 2,05E-07
SER/G effectlve vessel
3 diameter of 10
mm (30% LNG)
LNGC/ ) .
LNG Major failure of . _
s15 #’,\\ﬁ/—e REFRIGERAT |the cargotank | LNG gﬂafmobtr:;‘ﬁ 163614 Y™ RouT;AEESS_S)g)O | es7E1 1.00 6.37E-11
0 ED VESSEL | (0.72m2) 9 =
LMGC/ . .
LNG Minor failure of
S16 | N | REFRIGERAT |thetank (042 | LNG Membrane | yeag-4 | VM| o Mmws sl | ea7E 1.00 6.37E-11
3 EDVESSEL | m2) 9 =
LNGC/
BOG BOIL-OFF GAS compr
S17 | COMP | COMPRESSO | Rupture NG DN600 2,90E-06 essor- | Ncompressors=1 2,90E-06 3,35E-02 9,71E-08
RESS |R 1y-1
OR/G1
LNGC/
BOG BOIL-OFF GAS | Large hole (1/3 compr
S18 | COMP | COMPRESSO | diameter) on NG DN600 2,90E-06 essor- | Ncowpressors=1 2,90E-06 3,35E-02 9,71E-08
RESS | R pipework 1y-1
OR/G2
LNGC/
BOG BOIL-OFF GAS | Small hole compr
S19 COMP | COMPRESSO | (4mm) on NG DN600 2,70E-04 essor- Ncompressors=1 2,70E-04 3,35E-02 9,04E-06
RESS |R pipework 1y-1
OR/G3
LNGC/
BOG BOIL-OFF GAS compr
S20 | COMP | COMPRESSO | Pin hole NG DN600 1,20E-02 essor- | Ncowpressors=1 1,20E-02 3,35E-02 4,02E-04
RESS |R 1y-1
OR/G4
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. SCENARIO | OPERATION | SCENARIO
ITEM | COD | EQUIPMENT | DESCRIPTION | SUBSTANCE | NOTES UNITS OBS. FREQUENCY TIME FREQUENCY
FREQUENCY 1 1
y (FRACTION) y
LNGC/
LINE | NG PIPELINE
BOC |FROM BOG
Small hole
s21 :zgco g?“gPRESSO (4mm) on NG DN200 1,00E-06 m‘} y- L = 190m 1,90E-04 3,35E-02 6,36E-06
NDEN | RECONDENS | PiPework
SER/G | ER
;
LNGC/
LINE | NG PIPELINE
20° | CovpRESso | Medium hole el y
$22 | atco |RT0 (25mm) on NG DN200 7,00E-07 1 y L = 190m 1,33E-04 3,35E-02 4,45E-06
NDEN | RECONDENS | PiPework
SER/G | ER
;
LNGC/
LINE | NG PIPELINE
BOC |FROM BOG
TO | COMPREsso |L&gehole (1/3 m-1 y-
S23 RECO |RTO diameter) on NG DN200 4,00E-07 1 L=190m 7,60E-05 3,35E-02 2,55E-06
NDEN | RECONDENS | PiPework
SER/G | ER
]
LNGC/
LINE | NG PIPELINE
BOC |FROM BOG
TO COMPRESSO | Guillotine break ) m-1 y- _ ) ) )
$24 | n2co |RT0 on piowork NG DN200 2,00E-07 ] L = 190m 3,80E-05 3,35E-02 1,27E-06
NDEN | RECONDENS
SER/G | ER
]
Instantaneous
Iﬁl\égg/ release of the
s25 |NDEN | RECONDENS | entire contents of | | Process 5,00E-06 y-1 | Neeconoensers = 1 5,00E-06 3,35E-02 1,67E-07
SER/G ER the process vessel
1 vessel (30%
LNG)
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BASE SCENARIO | OPERATION | SCENARIO
ITEM coD EQUIPMENT DESCRIPTION | SUBSTANCE NOTES FREQUENCY UNITS OBS. FREQL_I1ENCY TIME FREQL_I1ENCY
y (FRACTION) y
LNGC/ Release of entire
RECO contents in 10
S26 | NDEN EECONDENS minin a LNG \'Zg:gfs 5,00E-06 v-1 | Nacconoensers = 1 5,00E-06 3,35E-02 1,67E-07
SER/G continous stream
2 (30% LNG)
LNGC/ Continuous
RECO release from a
s27 | NDeEN | RECONDENS | hole with an LNG Process 1,00E-04 v-1 | Nacconoensers = 1 1,00E-04 3,35E-02 3,35E-06
SER/G ER effectlve vessel
3 diameter of 10
mm (30% LNG)
FSU/G
AS
TANK
Total failure rate
sog | ER | UNLOADING | e three arms | LNG Unloading | 1 g0g.05 | """ | 12 operations 2,28E-05 1,00E400 2,28E-05
UNLO | ARM (hoses) used hose 1
ADING
ARM/
G1
FSU/G
AS
TANK
Hole = 0.1 cross
S29 EELO :g,'\‘AOAD'NG sectional area of | LNG Egs'gad'”g 2,40E-05 ”a:‘Sf' 12 operations 2,88E-04 1,00 2,88E-04
ADING pipe
ARM/
G2
Continuous
FSU/F operation while
SuU GUILLOTINE frequency is
UNLO | UNLOADING BREAK Total Unloading transf- | referred to 12 hour
S30 | ADING | ARM failure rate when | NG arm 7,00E-06 1 operation. 1,68E-05 1,00 1,68E-05
ARM/ one arm used Frequency adapted
G1 considered a 0.1
reduction
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BASE SCENARIO OPERATION SCENARIO
ITEM | COD EQUIPMENT DESCRIPTION | SUBSTANCE NOTES UNITS OBS. FREQUENCY TIME FREQUENCY
FREQUENCY - =
y (FRACTION) y
Continuous
FSU/F operation while
SuU frequency is
Hole = 0.1 cross .
UNLO | UNLOADING . Unloading transf- | referred to 12 hour
S31 ADING | ARM s?c:onal area of | LNG arm 7,00E-07 1 operation. 1,68E-06 1,00 1,68E-06
ARM/ Pip Frequency adapted
G2 considered a 0.1
reduction
FSU/G Continuous
AS i i
operation while
TANK . .
ER Release limited frequency is
i - f 12 h
S32 GAS UNLOADING according to NG Gas arm 7.00E-06 transf- | referred tol our 1.68E-05 1,00 1.68E-05
ARM ERC max 1 operation.
RETU
RN content — total Frequency adapted
ARM/ con?gjir;?oi >
G1
FSU/G Continuous
AS i i
operation while
TANK - .
ER Release limited frequency is
UNLOADING according to transf- | referred to 12 hour
S33 GAS ARM ERC max NG Gas arm 8,00E-06 1 operation. 1,92E-05 1,00 1,92E-05
RETU .
RN content — partial Frequency adapted
ARM/ con?gjir;?oi >
G2
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= SCENARIO | OPERATION | SCENARIO
ITEM | COD | EQUIPMENT | DESCRIPTION | SUBSTANCE | NOTES | _..oirt . |UNITS OBS. FREQUENCY TIME FREQUENCY
y! (FRACTION) y!
FSU/P
IPE
TANK | PIPELINE
To FROM TANK Total rupture in
S34 | SECO |TO the pipline LNG DN100 6,50E-09 m-y-1 1,98E-06 3,35E-02 6,64E-08
NDAR | RECONDENS
% ER
PUMP/
G1
FSU/P
IPE
FSU |PIPELINE
s3s | LANK 'FriﬁrleFgU Total rupture in— |\~ DN150 6,50E-09 m-y-1 5,53E-06 3,35E-02 1,85E-07
TO COMPRESSO the pipeline
COMP | g
RESS
OR/G1
In the following table, the complete list of the final events frequencies is presented.
DIRECT DELAYED POOL FIRE / FLASHF + NO EFFECTS
ITEM | COD | EQUIPMENT DESCRIPTION SUBSTANCE NOTES IGNITION IGNITION JET FIRE EXPLOSION i
PROB. PROB. FREQUENCY FREQUENCY
LNGC/ | LNG o
S1 LNG T | REFRIGERATE | Maor failure of the | Membrane 0.50 0.50 1.59E-11 7.96E-12 7.96E-12
NK/G2 | D VESSEL cargo tank (0.72 m2) cargo tank
LNGC/ | LNG . .
S2 LNG_T | REFRIGERATE t'\g'n”‘f’zof:'z'“r;ez)"f the || NG zﬂaf;"obtr:;f 0.50 0.50 2.28E-10 1.14E-10 1.14E-10
NK/G3 | D VESSEL :
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DIRECT

DELAYED

POOL FIRE /

FLASHF +

ITEM | COD | EQUIPMENT DESCRIPTION SUBSTANCE NOTES IGNITION IGNITION JET FIRE EXPLOSION ':F?E%:LT:SCT:\?
PROB. PROB. FREQUENCY | FREQUENCY
LNGC/
BOG
S4 comp |BOILOFF GAS| o v NG DN600 0.01 0.50 5.96E-11 2.95E-09 2.95E-09
COMPRESSOR
RESSO
R/G1
LNGC/
BOG Large hole (1/3
S5 comp |BOILOFF GAS| 4 meten on | NG DN600 0.01 0.50 5.96E-11 2.95E-09 2.95E-09
COMPRESSOR | &
RESSO pipework
RIG2
LNGC/
BOG BOIL-OFF GAS | Small hole (4mm) on
S6 COMP ! NG DN600 0.01 0.50 5.55E-09 2.75E-07 2.75E-07
COMPRESSOR | pipework
RESSO
R/G3
LNGC/
BOG
s7 comp |BOIWOFF GAS| o e NG DN600 0.01 0.50 2.47E-07 1.22E-05 1.22E-05
COMPRESSOR
RESSO
R/G4
t:\,'\f;C/ NG  PIPELINE
Boc | FROM  BOG
S8 TO COMPRESSOR | Small hole (4mm) on | \ DN200 0.50 0.50 1.95E-07 9.76E-08 9.76E-08
RECO TO pipework
NDENS gECONDENSE
ER/G1
t:\,'\f;C/ NG  PIPELINE
soc | FROM  BOG
s9 |To  |COMPRESSOR |Medum —  hole DN200 0.50 0.50 1.37E-07 6.83E-08 6.83E-08
RECO TO (25mm) on pipework
NDENS gECONDENSE
ER/G1
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DIRECT

DELAYED

POOL FIRE /

FLASHF +

ITEM | COD | EQUIPMENT DESCRIPTION SUBSTANCE NOTES IGNITION IGNITION JET FIRE EXPLOSION ':F?E%:LT:S(T:\?
PROB. PROB. FREQUENCY FREQUENCY
t:\,'\féC/ NG PIPELINE
BOC E?DCI\D/I’\IQRESSB(;)F? Large hole (1/3
si0  |TO 0 diameter) on | NG DN200 0.50 0.50 7.81E-08 3.90E-08 3.90E-08
RECO pipework
NDENS gECONDENSE
ER/G1
t:\,'\féC/ NG PIPELINE
Boc | FROM  BOG
s11 |TO COMPRESSOR | Guillotine break on |\~ DN200 0.50 0.50 3.90E-08 1.95E-08 1.95E-08
RECO TO pipework
NDENS gECONDENSE
ER/G1
LNGC/ :'leézztearc])?cmz entire
st |RECO | RECONDENSE | (otents  of  the |[LNG Process 0.50 0.50 5.14E-09 2.57E-09 2.57E-09
NDENS | R vessel
ER/G1 process vessel (30%
LNG)
LNGC/ Release of entire
S13 RECO | RECONDENSE content.s in 10 min in LNG Process 050 050 5.14E-09 2 57E-09 2 57E-09
NDENS | R a continous stream vessel
ER/G2 (30% LNG)
LNGC/ Continuous release
RECO | RECONDENSE |from a hole with an Process
. . .05E- .02E- 1.02E-07
S14 NDENS | R effective diameter of LNG vessel 0.01 0.50 2.05E-09 1.028-07 02E-0
ER/G3 10 mm (30% LNG)
LNGC/ | LNG ..
S15 |LNG_T | REFRIGERATE 2";’02 t;ﬂt‘;g 7‘: ntg)’ LNG zﬂafmobtr:;f 0.50 0.50 3.18E-11 1.59E-11 1.59E-11
NK/G2 | D VESSEL 9 : 9
LMGC/ | LNG . .
S16 | LNG_T | REFRIGERATE t'\g'n”‘f’zof:'z'“r;ez)"f the || NG zﬂafmobtr:;f 0.50 0.50 3.18E-11 1.59E-11 1.59E-11
NK/G3 | D VESSEL : 9
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DIRECT

DELAYED

POOL FIRE /

FLASHF +

ITEM | COD | EQUIPMENT DESCRIPTION SUBSTANCE NOTES IGNITION IGNITION JET FIRE EXPLOSION ':F?E%:J:Sg\?
PROB. PROB. FREQUENCY | FREQUENCY
LNGC/
BOG
s17  |comp |BOIL-OFF GAS o ire NG DN600 0.02 0.50 1,94E-09 4,76E-08 4,76E-08
COMPRESSOR
RESSO
R/G1
LNGC/
BOG Large hole (1/3
sts  |comp |BOIL-OFF GAS| G feten on | NG DN600 0.01 0.50 9,71E-10 4,81E-08 4,81E-08
COMPRESSOR | &
RESSO pipework
R/G2
LNGC/
BOG BOIL-OFF GAS | Small hole (4mm) on
S19 | COMP ! NG DN600 0.01 0.50 9,04E-08 4,48E-06 4,48E-06
COMPRESSOR | pipework
RESSO
R/G3
LNGC/
BOG
s20 |comp |BOIL-OFF GAS o e NG DN600 0.01 0.50 4,02E-06 1,09E-04 1,99E-04
COMPRESSOR
RESSO
RIG4
t:\,'\féC/ NG PIPELINE
Boc | FROM  BOG
s21 | TO COMPRESSOR | Small hole (4mm) on |\ DN200 0.50 0.50 3,18E-06 1,59E-06 1,59E-06
RECO TO pipework
NDENS gECONDENSE
ER/G1
t:\,'\féC/ NG PIPELINE
Boc | FROM  BOG
sz |To  |COMPRESSOR Medum —  hole DN200 0.50 0.50 2,23E-06 1,11E-06 1,11E-06
RECO TO (25mm) on pipework
NDENS gECONDENSE
ER/G1
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DIRECT

DELAYED

POOL FIRE /

FLASHF +

ITEM coD EQUIPMENT DESCRIPTION SUBSTANCE NOTES IGNITION IGNITION JET FIRE EXPLOSION ':F?E%:J:lggs
PROB. PROB. FREQUENCY FREQUENCY
II::\:\]C;C/ NG PIPELINE
BOC l(:;)(l\)/ll\lﬂRESSB(;)F? Large hole (1/3
S23 TO T0O diameter) on | NG DN200 0.50 0.50 1,27E-06 6,36E-07 6,36E-07
RECO pipework
NDENS gECONDENSE
ER/G1
II::\:\]C;C/ NG PIPELINE
BOC FROM BOG
sa |10 | COMPRESSOR | Guillotine ‘break on |\ q DN200 0.50 0.50 6,36E-07 3,18E-07 3,18E-07
RECO TO pipework
NDENS gECONDENSE
ER/G1
LNGC/ :'leézztearc])?cmse entire
so5  |RECO | RECONDENSE | o iots  of  the | LNG Process 0.50 0.50 8,37E-08 4,19E-08 4,19E-08
NDENS | R vessel
ER/G1 process vessel (30%
LNG)
LNGC/ Release of entire
S26 RECO | RECONDENSE contenlts in 10 min in LNG Process 050 050 8,37E-08 4,19E-08 4,19E-08
NDENS | R a continuous stream vessel
ER/G2 (30% LNG)
LNGC/ Continuous release
RECO | RECONDENSE |from a hole with an Process
s27 NDENS | R effective diameter of | -G vessel 0.01 0-50 3,35E-08 1,66E-06 1,66E-06
ER/G3 10 mm (30% LNG)

LNG terminal in the Marsaxlokk Bay - Nautical Quantitative Risk Assessment (QRA) Report

Ref: 02-901-211076-15010 Rev. 1

Page 65 of 79




DIRECT

DELAYED

POOL FIRE /

FLASHF +

ITEM coD EQUIPMENT DESCRIPTION SUBSTANCE NOTES IGNITION IGNITION JET FIRE EXPLOSION ':F?Eli}':tll::ﬁg\?
PROB. PROB. FREQUENCY FREQUENCY
FSU/G
AS
TANKE
Total failure rate
R UNLOADING Unloading
S28 UNLOA | ARM when three arms LNG hose 0.50 0.50 1,14E-05 5,70E-06 5,70E-06
DING (hoses) used
ARM/G
1
FSU/G
AS
TANKE
Hole = 0.1 cross
R UNLOADING . Unloading
S29 UNLOA | ARM sgchonal area of LNG hose 0.50 0.50 1,44E-04 7,20E-05 7,20E-05
DING pipe
ARM/G
2
FSU/FS
U GUILLOTINE
UNLOA | UNLOADING BREAK Total failure Unloading
S30 DING ARM rate when one arm LNG arm 0.50 0.50 8,40E-06 4,20E-06 4,20E-06
ARM/G used
1
FSU/FS
U
Hole = 0.1 cross .
UNLOA | 