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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.

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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SCOPE

This Coordinated Safety Report completes the Safety Report presented by
ENEMALTA plc (henceforth  ENEMALTA) [1], ELECTROGAS MALTA Lid.
(henceforth EGM) [2] as well as D3PG, Ltd. (henceforth D3PG) [3]. The purpose is to
identify additional risk, which could arise from the domino effect identified in the
mentioned Safety Reports, as well as to assess the individual and societal risk for
each part of the site and for the entire site.

ENEMALTA is the operator of the existing Power Plant, which falls under the scope of
the Seveso Il Directive [4] due to the presence of Diesel Oil (DO) and Heavy Fuel Oll
(HFO), EGM is the operator of the regasification plant currently under construction,
which also falls under the scope of the cited directive due to the presence of Natural
Gas (NG) and of the Combined Cycle Gas Turbine under construction. D3PG will be
the operators of the D3 engines based power plant once they are converted to NG.
The presence of hazardous substances in the facilities operated by D3PG will be
always below the minimum thresholds established by the Seveso Il Directive.

The three operators will share part of the facilities, with ENEMALTA as a main
stakeholder and provider of general services to the others. The three operators will
run the facilities for which ENEMALTA initially required the permit for construction
according to the IPPC regulation. This Coordinated Safety Report has been prepared
in order to continue with the permitting application and more specifically in order to
provide evidence to the authorities about the overall risk of the entire facilities,
combining the outcome from the individual Safety Report and Risk assessment and
providing a common assessment of the possible Domino Effect.

The scope of this review of the Safety Report includes all the facilities, considering
several phases of operation, according to the planning for the conversion of the
facilities for combustion of NG as the principal source of energy.

In other words, the scope of this document includes the loading, unloading, storage
and transfer operation in the power plant, both for DO and HFO, as it happens in the

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
Ref: 02-901-200560-16217
Page 4 of 44
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current situation, but also the use of diesel oil only in the power plant and storage of
both HFO and gasoil fuels, as it will happen in the future, plus the unloading, storage,
regasification and handling of NG according to the future situation. Hazards
associated to the transitory construction activities that will be carried out at the
facilities have been specifically detected during the HAZOP and HAZID workshops
prior to the preparation of the Safety Report and have also been considered in the
document. The report assesses the hazards normally due to standard operations.
Commissioning, start-up, shut-down and switch from one mode of operation to others
have not been taken specifically into account and are not specifically mentioned in
the report, but are fully included in the overall risk assessment. In fact, in this kind of
power plant, the start-up, shut-down and switch from one mode to another is part of
the standard operation and is carried out on a daily basis.

It is of capital importance to highlight that the facilities layout and operation, as well as
the hazards and the major accident scenarios will continuously change according to
the progress in the construction of the new facilities. The Safety Report cannot be
continuously updated to take into account this temporality and, according to common
criteria for its preparation, should be a static picture of the facilities and their hazards
considering the worst case scenarios. Nevertheless, in order to capture at least the
main differences introduced by project, and where considered relevant for a correct
comprehension, the data presented are representative of a period in which the
existing facilities will still be run on the same fuels but NG will also be present at the
facilities due to the commissioning of EGM and D3PG plants. Most of the hazards
detected in the HAZOP & HAZID workshop are linked to this stage.

This document complies with the requirements of the Seveso Il Directive [4], which
has been implemented into the Maltese law as the Control of Major Accident Hazard
Regulations 2015 (“COMAH”). The enforcing body for this law is the Competent
Authority (“CA”) set up jointly by the Occupational Health and Safety Authority
(“OHSA”), the Malta Environment and Resources Authority (“ERA”) and the Civil
Protection Department of the Ministry for Justice and Home Affairs (“CPD”). The
Seveso Il Directive has been implemented into the Maltese law by the L.N. 179 of
2015. Within this legal framework, this Coordinated Safety Report has been prepared

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
Ref: 02-901-200560-16217
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on the basis of the official and mandatory Safety Reports provided by ENEMALTA plc
and ELECTROGAS MALTA Ltd. and shall not be considered as a substitution or
integration of the mentioned reports.

This document has been prepared on the basis of the information provided by
ENEMALTA and EGM in their Safety Report (report no. 02-901-200560-15958,
Review 0.2 and report no. ENEM-AEC-E0-00-RP-SE-00011 REV 02 respectively)
and additional information from D3PG. Results, criteria, output tables and descriptive
chapters have been extracted by these reports with the permissions from ENEMALTA
and EGM .

The document has been revised according to [5] and [6], with no changes in the

principal conclusion.

This Coordinated Safety Report has been prepared on behalf of ENEMALTA plc by
SGS and has been reviewed and approved by ENEMALTA, D3PG and EGM prior to
the submission to the authorities.

The revision 1.2 of this document includes the amendment of some disconformities
detected by the Evaluator of the Report (Gap Analysis SA) [7], as well as the addition
of a new scenario due to jet fire domino effect from Electrogas Malta facilities.

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
Ref: 02-901-200560-16217
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GLOSSARY

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

Atmospheric storage tank 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.

BLEVE 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)

Blocking system Suppression system to isolate (part of) an installation
to prevent (further) outflow

Competent authority Authority responsible for law enforcement

Compressed liquefied gas 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

Containment system 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

Dispersion Mixing and spreading of substances in the air

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

Dose A measure of integral exposure; a function of

concentration and exposure time

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
Ref: 02-901-200560-16217
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Establishment 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

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

Explosion A sudden release of energy that causes a blast
Explosive substances 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)

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

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

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
Ref: 02-901-200560-16217
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Flammable (hazardous) Flammable (hazardous) substances are:

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

Flash Part of a superheated liquid that evaporates rapidly
due to a relatively rapid depressurization, until the
resulting vapor/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,
untii the vapor pressure equals that of the
surroundings

Flash fire 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

FN curve 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

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

Ignition source A thing able to ignite a flammable cloud, e.g. due to
the presence of sparks, hot surfaces or open flames

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

Jet fire Combustion of materials emitted from an opening with
great force

LEL /LFL Lower flammability limit; below this concentration too
little flammable gas is present in the air to maintain

combustion

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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Limit value Measure of the dangerous properties of a substance
based on both the physical and the
toxic/explosive/flammable properties of the substance

LOC See Loss of Containment event

Loss of Containment Event resulting in the release of material to the
atmosphere

Nominal pumping rate Normal flow of material through a pump

Operator 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
Operator Any individual operating technical equipment
Pasquill class Classification to qualify the stability of the
atmosphere, indicated by a letter ranging from A, for
very unstable, to F, for stable

Pool fire The combustion of material evaporating from a layer
of liquid
Probit Number directly related to probability by a numerical

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

overpressure

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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Probability 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

Process vessel Vessel in which a change in the physical properties of
the substance occurs, e.g. temperature or phase

QRA See Quantitative Risk Analysis

Quantitative Risk Analysis A numerical evaluation of probabilities, effects and
consequences of incidents and their combination into

measures of risk

Reactivity Measure for the flame acceleration in a gas/air
mixture

Reactor vessel Vessel in which a chemical change of the substances
occurs

Repression system System to limit the release of substances into the

environment given a certain event
Risk The combination of probability and effect.
Risk contour Line on a map connecting points having equal risk

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
Ref: 02-901-200560-16217
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Roughness length 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
Safety Report Report on the safety of an establishment
Safety valve Valve (or here also rupture disk) designed to

automatically vent excess pressure

Vapour cloud explosion 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

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

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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1. MANAGEMENT SYSTEM AND ORGANISATION OF THE
ESTABLISHMENT FOR MAJOR ACCIDENT PREVENTION

This section of the Safety Report fulfils the requirements of the LN 179/2015, Article
8, sub-regulation (a) and Schedule Il

This section should include the Major Accident Prevention Policy (MAPP) and the
Safety Management System (SMS). In this case, these documents have been
prepared separately by ENEMALTA plc [8] and ELECTROGAS MALTA Ltd [9] and
have been published together with their individual Safety Report [1] and [2].

A Coordinated SMS, including procedure required for a safe coordination between
stakeholders, have been published for separate.

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
Ref: 02-901-200560-16217
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2. DESCRIPTION OF THE ENVIRONMENT OF THE ESTABLISHMENT

This section of the Safety Report fulfils the requirements of the LN 179/2015,
Schedule Il Paragraph 2.

The description of the environment of the establishment is already included and
published in the individual Safety Report of each operator [1], [2] and [3]. Every part
of the site has been included in them and no additional information shall be added in
cooperation between the stakeholders.

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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3. DESCRIPTION OF INSTALLATIONS

The description of the installation and dangerous substances existing is developed in
[1] and [2]. Every part of the site has been included in them and no additional
information shall be added in cooperation between the stakeholders.

In the future configuration of the facilities, EGM will fall under the scope of the LN
179/2015, while D3PG will not be affected.

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2

Ref: 02-901-200560-16217
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4. IDENTIFICATION AND ANALYSIS OF MAJOR ACCIDENT RISKS AND
PREVENTATIVE MEASURES

This section of the Safety Report responds to Schedule 3 Paragraph 4 of COMAH.
This approach, with slightly different methodologies, has been used for assessing the
risk level arising from ENEMALTA, EGM and D3PG scenarios.

4.1 Risk Assessment methodology

A 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 are set in
internationally recognised guidelines and regulations.

The first step in a risk assessment is to identify all hazards. Once a hazard has been
identified, it is necessary to evaluate it in terms of the risk it presents to the
neighbouring community, environment and facilities. Both probability and
consequence should be considered but there are situations in which, if either the
probability or the consequence can be shown to be sufficiently low or sufficiently high,

decisions can be made on just one factor.

For accurate hazard identification, HAZID methodology has been applied to the
existing facilities operated by ENEMALTA, to the regasification plant operated by
EGM and to the CCGT operated by D3PG. The resulting reports have been published
in attachment to the corresponding Safety Report by ENEMALTA [1], EGM [2] and
D3PG [3] respectively.

Additionally to the HAZID study, the hazard identification has been performed also by
a Hazard and Operability Analysis (HAZOP). For additional information regarding
HAZID and HAZOP methodology, refer [10], [11] and [3].

In order to be able to use the results of a Risk Assessment for decisions, they must
be verifiable, reproducible and comparable. Consequently the risk assessment must

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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be completed based upon the same assumptions; models and basic information (see

[1]).

4.2 Major Hazards ldentification

The HAZID & HAZOP workshops have allowed the identification of a large list of
possible hazards for the installation, some of them resulting in a possible loss of
containment. The hazards in detail may be read in the HAZID & HAZOP reports,
while the summary of the possible major accident scenarios is included in the
following paragraph.

Any Loss of Containment 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.

The COMAH regulation specifies the acceptable methods for identification and
accidental risk analysis:

- Detailed description of the possible major accident scenarios and their
probability or the conditions under which they occur including a summary of
the events which may play role in triggering each of these scenarios, the
causes being internal or external to the installation.

- Assessment of the extent and severity of the consequences of identified major
accidents

- Description of technical parameters and equipment used for the safety of

installations.

The scenarios and final events selected in this study are the scenarios identified in [1]
and [2].

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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The EGM scenarios E2-131, E2-141 and E2-151 may be intended as representative
of D3PG risk considering that the pressure and size of NG pipeline inside D3 facilities
are lower than upstream GRS.

4.3 Final occurrence frequencies of the identified scenarios

The final frequencies proposed for each scenario, considering the results obtained in
the application of the event and fault tree analysis, are shown in each operator Safety
Report. [See [1] and [2]]

4.4 Calculation criteria

The criteria used in the calculation of the damage zones are presented in [1] and [2].

4.5 Human vulnerability determination

The analysis of physical effects and consequences consists in determination of the
consequences of particular physical effects in hazard zones. A hazard zone is the
region in which physical effect of the hazard exceeds critical threshold values and
induces negative effects for people, environment and property.

The estimation of the damage zones is based on the use of meteorological data,
software models and acceptability criteria [1] and [2].

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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4.6 Domino Effect determination

The article no. 8 of the European Communities Council Directive on the Control of
mayor hazards involving hazardous substances states:
Member States shall ensure that the competent authority, using the
information received from the operators in compliance with Article 6 and 9,
identifies establishments and groups of establishments or where the likelihood
and the possibility of consequences of a mayor accident may be increased
because of the location and the proximity of such establishments, and their

inventories of dangerous substances.

In order to address these issues the Health and Safety Executive (HSE) reviewed the
previous work on domino effects and edited the document “Development of methods
to assess the significance of domino effects from major hazard sites” which collects
the methodologies for determining the additional risks from domino effects between
sites and summarizes the values considered to be most appropriate for use in a

Domino Assessment.

For additional information about the definition of Domino Effect see [1]

4.6.1. Mechanism of Domino Effect

In the framework of domino effect analysis, the risk of explosion and fire,
characterized by the possibility of an accident in an industrial site may lead to serious
consequences for the surrounding process equipment, people, goods and
environment. These latter can generate events that may affect and/or cause the
failure of the surrounding process equipments/units:

- Fire

- Explosion

- Other hazardous releases

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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Fire

In the current stage, the relevant mechanism by which a potential domino effect could
take place is fire. Effect of fire depends on:

- Passive fire protection

- Fire walls

- Line of sight effects (blocking by others structures, vessels, walls)

- Active fire protection

- Fire load

- Flaring/dump tanks to reduce the inventory of the escaping material

Careful consideration needs to be deserved to whether “fire spread” events should be
classified as domino events. A fire may spread due to a burning liquid flowing from
one plant area to another, where it causes further hazardous events, or else a fire
could spread via combustion of intervening combustible material.

Fire spread depends on:

- Availability of a route for the fire/burning material/gas/liquid to spread along
(such as open ground, roads, natural or manmade drainage channels, drains,
etc...

- Proximity of combustible material

- Fire walls

- Ditches, dikes, slopes, bunds, kerbs to prevent spread of burning liquid
(topographic effects)

- Flashover effects

- Active fire prevention may possible if fire spread is gradual

- Effect of wind spreading fire

- Communication between plants

Another type of fire is the jet fire event. Jet fires are unlikely events in the current
stage due to the transfer condition for HFO and DO, but should be considered as a

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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possibility for high pressure natural gas pipes in the transient and future stage. Jet
flames can arise from pressurized releases of gases and liquids. It is considered that
in most cases of a jet fire with large hazard range, the jet fire will only give rise to a
transient (short duration) hazard since it will involve a large pressurized release from
process or storage plant which have a limited inventory. If the leak is being fed from a
pipeline bringing material to the site, then it is expected that this will be isolatable so
as to limit the duration of the release.

Finally, the case of a flash fire has to be considered. Flash fire is the ignition of a
cloud of flammable vapours. Flash fires may happen in the transient and future
stages of the project as the result of a natural gas release. In this case, the
phenomenon is transient and the combustion takes place in a few seconds. The
increase of temperature associated and the thermal radiation is minimum in
comparison with a permanent fire, thus no damage is expected on the equipment and
domino effect is detected in real cases, even if injuries to people and impact on

environment can be important.

Explosion

Explosions have been considered for natural gas clouds in certain conditions and
may happen in the transient and future stages of the projects once the natural gas is
managed in the facilities. Explosion can provide vectors for domino escalation in
terms of the effects of blast overpressure and missiles.

Blast overpressure

- Blast walls

- Shielding by structures/vessels

- Blast wave amplification effects

- Vessel supports

- Vessel thickness

- Collapse of material above target
- Orientation of target to blast wave
- Weight of vessel inventory

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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Missiles

- Minimum mass/velocity required to cause damage

- Missile trajectory

- Missile shape

- Vessel thickness / material of construction / pre-stressing levels
- Shielding by others structures

- Distribution of missile sizes

- Target size/length

- Number of pipes close together

A gas explosion is defined as a process where combustion of a premixed gas cloud is
causing rapid increase of pressure. Gas explosions can occur inside process
equipment or pipes, in buildings or offshore modules, in open process areas or in

unconfined areas.

The pressure generated by the combustion wave will depend on how fast the flame
propagates and how the pressure can expand away from the gas cloud (governed by
confinement). The consequences of gas explosions range from no damage to total
destruction. The pressure wave caused by the gas explosion can damage personnel
and material or it can lead to accidents such as fires.

When a cloud is ignited the flame can propagate in two different modes through the
flammable parts of the cloud. These modes are:

a. deflagration
b. detonation

The deflagration mode of flame propagation is the most common. A deflagration
propagates at subsonic speed relative to the unburnt gas, typical flame speeds (i.e.
relative to a stationary observer) are of the order of 1-1000 m-s™. The explosion
pressure may reach values of several barg, depending on the flame.

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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A detonation wave is a supersonic (relative to the speed of sound in the unburnt gas

ahead of the wave) combustion wave. The shock wave and the combustion wave are
in this case coupled. In a fuel-air cloud a detonation wave will propagate at a velocity
of 1500-2000 m-s™ and the peak pressure is typically 15-20 bar.

The consequences of a gas explosion will depend on:
- type of fuel and oxidiser
- size and fuel concentration of the combustible cloud
- location of ignition point
- strength of ignition source
- size, location and type of explosion vent areas
- location and size of structural elements and equipment

- mitigation schemes

Gas explosions may be very sensitive to changes in these factors. Therefore it is not
a simple task to estimate the consequences of a gas explosion.

As a result of a violent gas explosion walls or decks may start to move or even break
down and fragment. Pipes that are suspended on a moving wall may be sheared off
(i.e. guillotine break) as a result of the relative movement of the points of suspension.
Piping from one module to another module may have to respond to relative
movements of the structure. Cables and control lines may also be damaged by this

type of relative movement.

An important aspect of damage to buildings is whether the integrity of buildings
survives. Damage to a building in case of an accidental gas explosion is not a serious
problem as long as the building is not collapsing or dangerous fragments are
generated within or from the building. This is equally important for buildings subjected
to blast loads from the outside as well as buildings with possibilities of internal

explosions.
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4.6.2. Domino Effect Damage Criteria

The events previously described can lead to domino effects depending on the
resistance of materials. In this chapter, several thresholds for thermal radiation effects
are discussed and final threshold for the project is presented.

When considering process plant, most studies in the past have considered only the
intensity and neglected the exposure duration. In case of process plant that is
subjected to steady thermal radiation intensity, the temperature of the material
exposed will increase until a steady state temperature is reached. In order to define
an allowable radiation intensity, some criteria are generally used which are derived
from avoidance of unacceptable effects which would occur at higher temperature
(loss of structural properties of materials,)

In conclusion of the exposed by HSE, the damage criteria for the domino effect

derived from thermal radiation scenarios are shown below:

THERMAL RADIATION DAMAGE CRITERIA
ITEM THERMAL RADIATION FLUX (kW / m?)

Pressure vessels 37.5

Atmospheric Storage Tanks 37.5

Pipework 37.5

Water deluged pipework and vessels -

Buildings 12.5

Control Buildings 25

People 1000 tdu

As a conservative approach, domino effects should be studied where the thermal flux

can exceed 37.5 kW/m?2.

For the overpressure effects, damage criteria are based on empirical data. An

overview of the data in the literature has been undertaken by TNO [12]:
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ITEM OVERPRESSURE (kPa)
Connections between steel and aluminium 714
ondulated plates have failed
Walls made of concrete blocks have
15-20
collapsed
Brickstone walls, 20-30 cm have collapsed 50
Minor damage to steel frames 8-10
Collapse of steel frames and displacement of 20
foundation
Industrial ~ steel  self-framing  structure 50-30
collapsed
Cladding of light industry building ripped-off 30
The roof of a storage tank has collapsed 7
The supporting structure of a round storage
100
tank has collapsed
Cracking in empty oil-storage tanks 20-30
Displacement of a cylindrical storage tank,
. : d 50-100
failure of connecting pipes
Damage to a fractionating column 35-80
Slight deformation of a pipe-bridge 20-30
Displacement of a pipe-bridge, breakage of 35-40
pipes
Collapse of a pipe bridge 40-55
Plating of cars and trucks pressed inwards 35
Breakage of wooden telephone poles 35
Loaded train carriages turned over 50
Large trees have fallen down 20-40

Additionally, the Gas Explosion Handbook [13] notes that an important aspect of

damage to buildings is whether the integrity of buildings survives. Damage to a

building in case of an accidental gas explosion is not a serious problem as long as

the building is not collapsing or dangerous fragments are generated within or from the

building. This is equally important for buildings subjected to blast loads from the

outside as well as buildings with possibilities of internal explosions.

Buildings made of pre-fabricated walls and roof will often collapse when subjected to

explosion loads. As shown in the table, ordinary brick walls are also weak. In case of

an internal explosion the brick wall will disintegrate and cause dangerous fragments.
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Ordinary window glass will typically fail at 20-70 mbarg and cause dangerous flying
fragments. As shown by Harris [14], [15], glass fragments can fly more than 20 m
when the breaking pressure is about 0.25 barg. The velocity of these fragments will
be up to 30 or 40 m-s™ (approx. 100 km-h"). To use ordinary window glass in areas
where there is an explosion hazard is not recommended. Use blast resistant glass
[16] and make the windows as small as possible. The window frames must be as
strong as the window itself. If ordinary windows are replaced by blast resistant
windows, the frame also has to be changed. If the frame is weaker than the window,
the window will fly out as one piece.

TYPICAL FAILURE PRESSURES OF SOME STRUCTURAL BUILDING ELEMENTS
UNDER GAS EXPLOSION CONDITIONS
STRUCTURAL ELEMENT TYPICAL FAILURE PRESSURE (mbarg)
Glass windows 20-70
Room doors 20-30
Light partition walls 20-50
50 nm thick breezeblock walls 40-50
Unrestrained brickwalls 70-150

In conclusion of the exposed by the Gas Explosion Handbook and by HSE, the
damage criteria for the domino effect derived from blast overpressure scenarios are

shown below:

BLAST DAMAGE CRITERIA
em OVERPRESSURE RESULTING | peqy) NG IN PARTIAL
DAMAGE (bar)

Pressure vessels 0.48 0.38

Fixed Roof Storage Tanks 0.21 0.07
Floating Roof Storage Tanks 0.45 0.45
Ordinary plant buildings 0.07 0.01
Control Buildings Depends on design
People - outdoors 0.14

People - indoors 0.16

Pipework 0.4 0.24

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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During the evaluation process additional criteria have been agreed with the
stakeholders at the site for a detailed evaluation of possible domino effect, not only
on the basis of the radiation or overpressure at which critical equipment is exposed,
but also on the basis of the exposure duration.

VCE may provoke catastrophic rupture of affected pressurised, elongated and small
equipment with a probability higher than 80%, and of atmospheric equipment with a
probability higher than 95% at overpressure exceeding 700 mbar. [application of
Probit functions (Mingguang& Juncheng 2008, Cozzani et al 2006) ref. Kardell & Loof
2014].

Pool Fires and Jet Fires with duration of more than 10 minutes may generate
structural damage and loss of inventory of exposed pressurized equipment (of
volume > 1 m® with a probability higher than 50%, and of atmospheric equipment
with a probability higher than 85% at heat radiation exceeding 37.5 kW/m?
[application of Probit functions (Landucci et al 2009, Antonioni et al 2009, Cozzani et
al 2006) ref. Kardell & Loof 2014].

Additionally it will be considered that no domino effect to pressurized equipment can
be realistically sustained from Pool Fires or Jet Fires with a duration of less than
10 minutes, for all phenomena engulfing pressurized equipment (of volume > 1 m%) in
flame, specifically for HFO/DO flames since heat emission level of HFO/DO flame is
not expected to surpass 50 kW/m?.

The same circumstance can also apply to the atmospheric equipment (up to a volume
of 28000 m® when engulfed in flame with the condition that the fraction of heat
radiated to the atmospheric equipment is lower than the 30-50% of the heat emitted
by the flame.

For LNG / NG Pool Fires and Jet Fires of short duration (30 seconds to 10 minutes),
the heat radiation level of the flame is expected to be high e.g. 140 kW/m? so,
domino zones of LNG and NG Pool Fires and Jet Fires, should be handled as

following:

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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- For Pool Fires the pool fire envelope (with pool centre at the location of
release), and

- For Jet fires the zone around the release location with distance equal to the jet
fire frustum length.

4.7 Major Accident to the Environment (MATTE). Effects determination

The Seveso Il Directive requires operators to assess the potential for a major
accident with the potential for creating a major impact on the environment. These
accidents are described as Major Accidents to the Environment (MATTE). In addition
to impacts on the natural environment, indirect impacts on the human population also
need to be considered, such as effects on agricultural produce and water supplies.
See chapter 4.8 of Enemalta Safety Report [1].

4.8 Consequence Calculation Results

In each operator Safety Report, the results for damage zones, domino effect zones
and MATTE are presented for each scenario (see corresponding chapters in the
singular Safety Reports)

4.8.1. Domino Effect

The distances obtained for determining the Domino Effect zones are presented in the
table below for those scenarios which may introduce a domino effect:
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4.8.2. Environmental Damage MATTE

The major hazard scenarios identified in the previous chapter could result in

environmental damage according to the information listed below:
The spillage of fuel oil or gasoil to the seawater is the result of:
- the result of the leakage of the unloading arm or hose in the quay.

- or a spillage from the pipelines, pumps, centrifuges or tanks inside the facilities
not contained in the interceptors

For additional information refer [1] and [2]

4.8.3. Risk matrix

The application of a common Risk Matrix to all the Safety Reports submitted by the
operator at Delimara site has been proposed during the evaluation process by the
evaluator and approved by the authorities. The risk matrix, developed identical to the
French Assessment Grid (Risk Matrix officially established in France), for each
operator are presented in [1] and [2].

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
Ref: 02-901-200560-16217
Page 38 of 44



39 of 233

5 MEASURES FOR THE PREVENTION, CONTROL AND MITIGATION OF
RISKS

This section provides information on technical parameters and suitable technological
safeguards to prevent and mitigate the consequences of each of the major accidents
mentioned in this Safety Report. These measures have been specifically listed for each
hazard in the HAZID & HAZOP reports [10], [27] and [3].

COORDINATED SAFETY REPORT FOR THE DELIMARA POWER STATION — Review 1.2
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6. FINDINGS AND CONCLUSIONS

This Coordinated Safety Report has been carried out providing an additional instrument
for the companies ENEMALTA; EGM and D3PG operating in a close future the existing
and projected facilities at the Delimara Power Station, managing hazardous
substances such as HFO, DO, LNG and NG. The report has been prepared on the
basis of the Safety Reports issued by ENEMALTA [1] and EGM [2] with a similar
approach in the identification of the hazards, the assessment of the consequences and
the estimation of the frequencies, even if different guidelines and databases have been
used. The combination of the scenarios in a single list allows direct comparison of
damage zones and frequencies and, above all, the study of the possible domino effect
generated by each scenario, should the safeguards and the fire fighting measures fail
and the consequences escalate. Giving that the facilities are operated by three
companies but are located at the same site, sharing pipe racks and several utilities, this
part is of capital importance in order to determine whether the final risk is acceptable.

The following findings should be highlighted:

The hazards identified in the facilities are relatively familiar for the process
safety experts and for the personnel at the three companies.

The conclusion is that the risk level at the site operated by ENEMALTA, EGM
and D3PG is absolutely compatible with the surrounding activities and the
presence of private houses, the risk for the population is acceptable and the risk
for the environment is acceptable, provided that all the safeguards considered
or recommended in the HAZOP & HAZID reports are implemented and properly

maintained.
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ANNEX 1. DRAWINGS

NUMBER | DESCRIPTION DRAWING SCALE
01 Area of concern 1/10,000

02 Land Use N/S

03 General Plot Plan 1/3,000
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1 Aim and Scope

The purpose of this procedure is to establish rules, roles and responsibilities in order to guarantee the
best way of cooperation between ENEMALTA Plc, ELECTROGAS MALTA Ltd and D3 Power Generation Ltd

(stakeholders) at the Delimara Power Station. This procedure establishes the general framework.

The procedure is applicable to all health, safety and environmental issues in relation to the interfaces
between the three operators. The scope includes the interfaces as well as the services provided at them. It
must also include any other issue, linked to operations, maintenance and facility management in general,

which may have an impact, directly or indirectly, on another operator.

The stakeholders promoting the implementation of this procedure are ENEMALTA Plc, ELECTROGAS
MALTA Ltd and D3 Power Generation Ltd. The Operators involved in the implementation are ENEMALTA,
ESB International, Bumi Armada and other which may be appointed in the future. The Units are all the
Units at ENEMALTA plus EGM FSU, EGM Regas, EGM D4 and D3PG. The table below summarizes the

relationship between units and operators.

Unit Owner / Main Contractor / Responsible Operator

All units within ENE ENE ENE

D3 D3PG To be appointed

D4 EGM ESBI on behalf of EGM

FSU EGM BUMI ARMADA on behalf of EGM
Regas EGM EGM

2 References

OHSAS 18001:2007 Clause 4.4.1
OHSA Act 2000 — Occupational Health & Safety Authority Act 2000
LN 36 of 2003 General Provisions for Health and Safety at Work Places Regulations

LN 282 of 2004 Work Equipment (Minimum Health and Safety Requirements) Regulations
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COORDINATED SAFETY MANAGEMENT SYSTEM

3 Terms and Definitions

ENE
EGM
D3PG
EMS
SMS

CSMS
E&SC
SOPs

H&S
HSE
DPS
Stakeholder

D3
D4

Enemalta plc

ElectroGas Malta Ltd

D3 Power Generation Ltd

Environmental Management System

Safety Management System - this applies only for
Delimara Power Station and related Administration
Coordinated Safety Management System
Environmental and Safety Coordinator

Standard Operating Procedures: An established
written procedure to be followed by ENE staff,
providing technical and organisational
requirements to perform a specific activity

Health and Safety

Health Safety and Environment

Delimara Power Station

other company operating at the Delimara Site, the
Government and any other public agency with an
interest or concern about the site.

Delimara 3

Delimara 4
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4 Responsibilities
Senior Management (ENEMALTA Board of Directors, EGM CEO, D3PG CEO)

The Senior Management is responsible for ensuring that:

staff with supervisory or management responsibilities are held accountable for the Management of

the CSMS in areas under their control;

- arisk based approach is adopted for the management of CSMS, along with the SMS or procedures in
force at each unit;

- meetings are held with the CSMS team at regular intervals or when required;

- CSMS performance is monitored and periodically reviewed.

Site managers (ENEMALTA Station, Capacity and Dispatch and Energy Services Managers, EGM

technical director, D3PG Executive of Production)

- Managers are responsible for managing the CSMS in the areas under their control to ensure a safe
environment for staff, visitors and contractors. These responsibilities include:
o Leading by example in relation to the communication and cooperation with other stakeholders
and the promotion of H&S awareness;
o cooperation and consultation with health and safety representatives and staff;
o transparency in the provision and maintenance of safety and emergency equipment;

o communication in the safety compliance as part of staff performance appraisal.

HSE Managers (ENEMALTA HSE Manager, EGM HSE Manager, D3PG HSE officer)

- Provision of an appropriate safety personnel for meetings and communication with other
stakeholders

- Cooperation with other stakeholders in the implementation of company’s and local H&S policies,
procedures and plans;

- Cooperation and consultation with health and safety representatives and staff from other

stakeholders;
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Operations and Maintenance (ENEMALTA Capacity Planning and Dispatch Engineers and Maintenance

Engineers; EGM Operations and Maintenance Engineers; D3PG Operations and Maintenance Engineers)

- Controlling the risks associated with each task that they supervise using a documented risk
management process and communicating the risk at interfaces to the other stakeholders;

- Implementing the CSMS procedures;

- Participating in the investigation of reported incidents, near misses and hazards occurred at interfaces

within the area they supervise;

Operator at control rooms (ENEMALTA Capacity Planning and Dispatch Engineers Generation Officers
and Operators; EGM shift team leader; D3PG Shift Engineers)

- Actively communicating and coordinating with operators in other control rooms during normal
operation and in case of emergency;

- Escalating to management any issue not properly and directly addressed with their counterpart.

Maintenance personnel (Enemalta Maintenance personnel, EGM maintenance personnel, D3PG

maintenance personnel)

- Each operator is responsible for ensuring that his or her own work reflect high OHS standards in order
to protect their own health and safety as well as the health and safety of others;

- Escalating to management any issue not properly and directly addressed with their counterpart.

5 Frequency

Document revision - This document should be reviewed and updated every twenty four (24) months,

unless it is deemed necessary that it should be revised prior.

Document utilization — the procedure shall be constantly in usage for any issue potentially involving

interfaces.
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6 Detailed procedural rules

The coordination and commun