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1 INTRODUCTION AND SCOPE
1.1 Project Background

Ervia is assessing how Carbon Capture and Storage (CCS), located close to large-scale Carbon dioxide (CO2)
emitters can play a role in reducing Ireland’s CO2 emissions. A technical feasibility study on the potential for
large-scale CCS in Ireland was completed by Ervia in 2020.

The general location of Poolbeg Power Station in Dublin was selected for a Central Processing Facility (CPF)
for liquefaction, storage, and export of CO2 overseas via a new marine jetty. The CPF will cater for CO2
captured at 3 emitter locations (Dublin Waste to Energy (Covanta), Poolbeg Power Station and ESB Dublin
Bay (Synergen) CCGT). A new CO:2 gas pipeline gathering network will transport CO2 from the emitters to the
CPF.

Ervia has appointed RPS / Bechtel to carry out a Pre- Front End Engineering Design (FEED) study that involves
a detailed assessment of the key CPF, pipeline and storage infrastructure necessary to condition, compress,
transport and store liquid CO2 at Dublin port for subsequent loading onto ships for export. (Note: The scope of
this project does not include the carbon capture facilities at each emitter).

1.2 HIRA Study Purpose

The purpose of this study is to conduct a qualitative risk assessment for the scenarios identified as MAH (Major
Accident Hazards) and MATTE (Major Accident to the Environment) during the Hazard Identification (HAZID)
and Hazard and Operability (HAZOP) studies. The HAZID and HAZOP was conducted for the defined process
and equipment in accordance with the methodology presented in IEC 61882" and Gas Networks Ireland (GNI)
HAZID, HAZOP and Hazard and Constructability Review (HAZCON) Procedure?.

The objectives of the Hazard Identification and Risk Assessment (HIRA) study are as follows:

e To carry out a systematic review of MAHs and MATTEs as identified in the HAZID and HAZOP studies,
which have potential to cause harm to personnel, members of the public or the environment.

e To identify the current safeguards included within the pre-FEED design and assess whether the risk has
been reduced to ALARP (As Low As Reasonably Practicable).

e If the risk is not deemed ALARP then additional control measures (safeguards) are proposed to mitigate
the consequences identified in the HAZID and HAZOP studies.

1.3 HAZID Study

The study was led by RPS Consulting Services Limited personnel employed within the risk team. The risk
team is independent of the team completing the project design scope of work.

In addition to the study facilitator and scribe (as provided by RPS), the study team included personnel with
cross-discipline experience as detailed in The HAZID Report3.

The HAZID workshop was conducted on the 31, 7th, 8t & 9th February 2022, via Microsoft Teams.

"1EC 61882:2016, Hazard and operability studies (HAZOP studies) — Application guide.
2 HSQE/PR/146, HAZID, HAZOP and HAZCON Procedure, Rev 0, dated April 2020.

¥ MDE-1234-RPS-05-DX-RP-Z-RP0001 HAZID Report Dublin
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1.4 HAZOP Study

The study was led by RPS Consulting Services Limited personnel employed within the risk team.

In addition to the study facilitator and scribe (as provided by RPS), the study team included personnel with
cross-discipline experience as detailed in The HAZOP Report*.

The HAZOP workshop was conducted on the 14", 15, 24t and 28" February 2022 and the 1st, 274, 3 and
7t March 2022, via Microsoft Teams.

1.5 General Assumptions

The HAZID and HAZOP studies were subject to the following general assumptions:
e  The equipment is intended to be operated within design parameters;
e  The equipment will be maintained as per the project definition;
e Alarm and shutdown set points are not proposed to be set ‘out of range’;
e The plant has been designed to allow servicing of relief valves while the plant is operating;
e  Process chemistry is understood and the plant model (heat and mass) is accurate;
e Plant and facility has been designed and engineered properly based on:
o  Legal requirements;
o  Design/engineering codes;
o Industry standards;
o  Approved design variations;
o  ‘Good engineering practices’.
e Instrument and control system test procedures will be followed.

e Medium risk may be apparent due to matrix limitations / calibration and the study team restricting
frequency to low except in exceptional circumstances.

4 MDE-1234-RPS-05-DX-RP-Z-RP0001 HAZOP Report Dublin

MDE1234-RPS-05-DX-RP-Z-0002 | ERVIA CCS Pre-FEED Study | S3 P01 | 17th June 2022
rpsgroup.com Page 2



Hazard Identification & Risk Assessment (HIRA) Report - Dublin

2 METHODOLOGY

2.1 General Concept of HIRA
2.1.1 Risk Calculation

As part of the HAZID / HAZOP studies, scenarios were risk ranked based on severity and likelihood. Severity
was used to assess the potential consequence to people and/or the environment and likelihood, a qualitative
estimate of the frequency of the event occurring.

The definitions for safety and environmental severity are shown in Table 2-1. The definitions for probability are
shown in Table 2-2.

Table 2-1 — Probability/likelihood Ranking Word Model

Probability Ranking Criteria

0 Not Credible The hazard does not exist or has been eliminated completely.

1 Very Low Inconceivable. May never happen. Only in exceptional circumstances.
2 Low Possible, but considered unlikely

3 Medium Possible. Circumstances can be envisaged when it could happen.

4 High Likely to happen. Quite conceivable.

5  Very High Will happen, or very likely to happen

The risk matrix provided in the Safety Hazard Identification and Risk Assessment Procedure® was used to
assess risk (see Figure 2-1) on a scale of 1 to 25 with three regions as below:

e Red:

Any hazard that gives rise to a High or Very High residual risk after control measures have been
applied (i.e. risk > 12) shall not be permitted except in extraordinary circumstances. A thorough review
of the process or situation shall be carried out with the aim of removing or avoiding the risk or
redesigning the process such that an acceptable level of risk may be achieved.

e Orange:

Aresidual Medium risk (i.e. 5 < risk < 12) after control measures have been applied may be acceptable,
depending on the circumstances and the risk category. A medium residual risk is tolerable only if risk
reductions are impractical or cost is disproportionate to the improvement gained.

e Yellow:

A residual Low or Very Low risk (i.e. risk < 4) can be accepted without further control / mitigation
measures, although if additional control measures are reasonably practicable, they should be applied.

During the HAZID & HAZOP studies the safeguards (Prevention, Control, Detection and Mitigation measures)
that were included within the pre-FEED design were considered. The safeguards for each cause were
identified and demonstrated (through either qualitative of quantitative assessment) for adequacy to mitigate
the consequences of the cause. Risk parameters were then re-evaluated by accounting for these measures,
resulting in the residual risk being able to be derived.

5 Gas Networks Ireland, HSQE/PR/105,Safety Hazard Identification and Risk Assessment Procedure, Rev 1, Dated November 2019
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Figure 2-1 - Risk Matrix
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Table 2-2 — Consequence/Severity Word Model for Safety and the Environment

Consequence Safety Criteria Environmental Criteria®
Ranking
e The consequence does not exist or has been eliminated e The consequence does not exist or has been eliminated
0 Not Credible completely. completely.
e Minor injury (i.e. first aid case only) to GNI staff or contractor— e Minor environmental release.
return to work same day. e Classified as sub-MATTE for land, water and groundwater
1 Very Low e Long term exposure unlikely to result in damage to health. receptors.

¢ Injury requiring outpatient medical treatment only and/or time off Moderate environmental release.
work (but not such that it becomes a reportable accident (e.g. >3 ¢ Classified as MATTE level A for land, water and
days away from work)) to GNI staff or contractor. groundwater receptors.

e Minor injury to a member of the public (first aid case only).
2 Low e Long term exposure harmful to health.

e Lost Time Incident (more than 3 days away from work) and/or Moderate environmental release.

injury requiring inpatient medical treatment for GNI staff or e Classified as MATTE level B for land, water and
contractor. groundwater receptors.
3 Medium e Injury to member of public requiring medical attention.
e Medium term exposure harmful to health.
¢ Single fatality or multiple serious injuries to GNI staff or e Major environmental release.
contractor. e Classified as MATTE level C for land, water, and
4 High e Serious injury to member of the public. groundwater receptors.
e Short term exposure harmful to health.
e Multiple fatalities to GNI staff or contractors. e Massive environmental release.
o Fatality (single/multiple) to member(s) of the pubilic. e Classified as MATTE level D for land, water and
5 Very High o Any exposure harmful to health. groundwater receptors.

6 Classifications of environmental harm taken from ‘Chemical Downstream Oil Industries Forum — Guideline — Environmental Risk Tolerability for COMAH Establishments v2.0’. MATTE refers to
Major Accident to the Environment and defines 4 levels for contamination to ground, water and groundwater receptors. No defined tolerability is provided for air.
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21.2 Identifying MAHs or MATTESs

The HAZID records from the sessions for the Dublin site, as documented in Appendix C of the HAZID report
3, were screened to identify scenarios that fall within the MAH / MATTE definition.

The following consequences in Table 2-3 were deemed to be the MAH threshold for this analysis:
Table 2-3 - MAH Threshold

Consequence Ranking Safety Criteria

4 High e Single fatality or multiple serious injuries to
GNI staff or contractor.
e Serious injury to member of the public.
e  Short term exposure harmful to health.
5 Very High e Multiple fatalities to GNI staff or contractors.
o Fatality (single/multiple) to
member(s) of the public.
o Any exposure harmful to health.

As documented in the Chemical and Downstream Qil Industries Forum?, only a release to land or sea water
would constitute in a MATTE.

The following consequences in Table 2-4, were deemed to be the MATTE threshold for this analysis:
Table 2-4 - MATTE Threshold

Consequence Ranking Environmental Criteria

2 Low e Moderate environmental release.
e Classified as sub-MATTE level A for land,
water and groundwater receptors.

3 Medium e Moderate environmental release.
e (Classified as MATTE level B for land, water
and groundwater receptors.
4 High e Major environmental release.
e Classified as MATTE level C for land, water,
and groundwater receptors.
5 Very High e Massive environmental release.
o Classified as MATTE level D for land, water
and groundwater receptors.

The scenarios identified from the HAZID were cross referenced with the MAH / MATTE scenarios from the
HAZOP report 4. The subsequent amalgamated list of scenarios from the HAZID and HAZOP are presented
in Section 3.

7 Chemical and Downstream Oil Industries Forum (CDOIF), Environmental Risk Tolerability for COMAH Establishments v2.0, 2013.
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3 RESULTS

The HAZID / HAZOP study identified 7 scenarios classified as a MAH and 3 scenarios that would result in a
MATTE.

These are listed below and summarised in Table 3-1 to Table 3-108, showing the safeguards in place with
regards to Control, Detection and Mitigation. Each scenario has been risk ranked based on the Severity and
Likelihood, this is based on the worst case consequence from the scenario.

e MAHs
o DX.SF.MAH 1: CO2 Release in pipeline network below ground.
o DX.SF.MAH 2: COz release in CPF Combined Stream.
o DX.SF.MAH 3: NHs (Ammonia) release within NHs loop.
o DX.SF.MAH 4: CO:z release from catastrophic failure of the storage sphere.
o DX.SF.MAH 5: COz release during shipping / loading operations.
o DX.SF.MAH 6: Lightning strike side wide.
o DX.SF.MAH 7: Release of COz2 in a confined space.
e MATTEs
o DX.EV.MATTE 1: NHs (Ammonia) release within NHs loop.
o DX.EV.MATTE 2: CO2 release from catastrophic failure of the storage sphere.
o DX.EV.MATTE 3: COz2 release during shipping / loading operations.

Where further safeguards are required, a list of potential additional risk reduction measures is included to
reduce the risk to ALARP.

8 Information extracted from the HAZID is coloured black and information from the HAZOP is coloured blue.
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Table 3-1 - Scenario 1: CO:2 release in pipeline network below ground.

Scenario Event Type Causes:

CO; release in pipeline network (Below ground). HAZID
e  Control system failures within the emitter sites, leading to abnormal
conditions.

. External damage to the pipeline.

DX.SF.MAH 1

Likelihood

Severity

Prevention Control Detection

Pipeline is buried 1.2 m below the surface (1.6 m at road crossings
with a thicker pipe wall). May be at an increased depth due to being
located within a road network used by HGVs.

No further safeguards
identified.

Pipeline leak detection
system.

e  Marker posts at road crossings.

. Marker tape will be located 300 mm above the pipeline and visible to

o o Mitigated Risk
someone digging around the pipeline.

. Maps of the local area will be provided to landowners and there will be
a support telephone for pipeline location enquiries.

10-Medium

Potential Additional Risk Reduction Measures

During detailed design of the system, ensure consideration is taken for dead head conditions and potential overpressures of the pipeline.

Consequences:

Release of gaseous CO; / shrapnel
into the atmosphere leading to
asphyxiation of non-employee at the
failure location. Fatal injury non-
ERVIA employee due to
asphyxiation® .

Mitigation
No further safeguards
identified.

HAZID References

(Node, Guideword, Cause,
Consequence)

1.6.1.1,1.11.1.1, 1.11.2.1

HAZOP References

9 Health and Safety Executive, Assessment of the major hazard potential of carbon dioxide (CO), 2011.
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Table 3-2 - Scenario 2: CO2 release in CPF Combined Stream

Scenario Event Type Causes: Consequences:

CO, release in CPF Combined Stream HAZID Release of gaseous CO, / shrapnel

e  Extreme weather into the atmosphere leading to

e Abnormal conditions / emergency shutdown. asphyxiation of non-employee at the

e  Sabotage / Terrorism / Cyber-attack. failure location. Fatal injury to an

ERVIA employee due to

HAZOP
) asphyxiation or flying parts.
e Spurious or sudden closure of valves.
DX.SF.MAH 2 e Flow control loop failure. e Increase pressure in the

° Failure of pressure control loop. pipeline.
. . - . . . Overloading of BOG gas
° Not replacing equipment / valve position following maintenance.

- ) . compressor.
e  CO; containing a high moisture content. )
. Increased corrosion.

Severity Likelihood . Loss of Containment (LOC)
from flange leaks.

Prevention Control Detection Mitigation

e Height/isolated location of the vent stack. e  Manned / Secure site e  Personal gas detection e No further safeguards

e Cyber security considerations in pre-FEED design. e  Temperature Control loop. monitors. identified.

e  Pressure Safety Valves installed. e  High pressure alarm.

e Pressure Independent Control valves installed. *  High-High pressure trip.

° Pressure relief valves installed. ° High-High temperature trip.

e Post maintenance physical checks and written re-commissioning *  Moisture analyser.

checks. Mitigated Risk

. Mechanical inspection routines / pigging activities. 10-Medium
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HAZID References

Potential Additional Risk Reduction Measures (Node, Guideword, Cause,
Consequence)

e  Once the height of the vent stack is confirmed, conduct dispersion modelling and propose locations for fixed gas detection.
. Dispersion modelling has been conducted and confirmed that hazardous concentration of CO, would not be present at ground level.
° Conduct a surge analysis and implement appropriate controls to prevent damage to pipelines in the event of sudden Shutdown Valve (XV) failure.

° Ensure adequate protection is in place to prevent LOC due to over-pressurisation in the event of pipeline blockage. No current protections provided.
211.1,21.1.2,26.1.1,26.2.1,

° Implement within the design the remote start and stop of pumps/compressors as per the agreed list with ERVIA.
2.10.1.1,2.10.2.1, 2.10.3.1, 2.20.2.1

. During detailed design stage, ensure that adequate protection is in place to prevent LOC due to incorrect gas composition and increased corrosion
rates.

e  During detailed design of the BOG compressor vendor packages, ensure that reverse flow from the main CO; line is considered and sufficient
controls are implemented to prevent damage to the compressors and over-pressuring the sphere.

HAZOP References

2.231.1,2.1.11.2,21.12.1,2.2.7.2,
2.2.8.2,2.210.1,2.2.11.1,2.212.2,
2.213.2,2.5.11,2.81.1,2.8.2.1,
2.12.1.2,4.3.1.1,45.1.1,45.2.1,
4.53.1,454.1,45.8.1,45.8.3,
4.5.91,4.5.9.3,4.5.10.1, 4.5.10.3,
4.5.11.1,4.5.12.1,4.10.11,
4.10.1.3,4.10.2.1, 4.10.2.3,
4.11.1.1,4.11.1.3,4.11.21,
4.11.2.3,4.15.21,4.15.1.1
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Table 3-3 - Scenario 3: NH; (Ammonia) release within NH3 loop (Safety).

Scenario Event Type Causes: Consequences:

HAZID Release of NHj3 into the atmosphere

NHj; release within NH; loop
e Abnormal conditions / emergency shutdown. leading to toxic exposure to
e  Sabotage / Terrorism / Cyber-attack. personnel on the CPF. Liquid NHs is

HAZOP highly corrosive to all body tissues

(Eyes and Skin), causing chemical

. Operator Error: Increased / decreased level in V-2301. burns. with the addition of freeze

. Not returning equipment / valve position following maintenance. burns due to the low temperature™

DX.SF.MAH 3 e  Loss of power and subsequent loss of compressor fan(s). Potential for a multiple fatality

e Increased moisture content within NHa. o
. Catastrophic failure of V-2301.

. Driver error, truck driving away whilst still connected. o
. Catastrophic failure of

o Driver error, truck impacts offloading equipment.

refrigerant receiver.

Severity Likelihood . Overpressure and flange leak.

. Inefficient cooling, leading to

vapour carry over.

Prevention Control Detection

Mitigation
e  Height/ isolated location of the vent stack. e  Manned / Secure site e  Personal gas monitors. e  Standard PPE (Respirators /

«  NH; lighter than air. e Minimum flow line to e Fixed gas detection for NHs. Gloves / safety glasses).

maintain pump operation. . Breakaway coupling on liquid

e  Cyber security considerations in pre-FEED design. e  High level alarm.
and vapour lines.
e Post maintenance physical checks and written re-commissioning *  Low occupancy. P

checks.

. High-High pressure trip.

. High-High temperature trip.
. Pressure Safety Valves installed and sized for blocked outlet case.

. Pressure Independent Control valves installed.

. NH3 sourced from an approved vendor, and pre —offloading check

procedure.
Mitigated Risk

10-Medium

° Public Health England, Ammonia, Toxicological Overview, PHE Publications Gateway Number: 2014790, 2015.
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Hazard Identification & Risk Assessment (HIRA) Report - Dublin
HAZID References

Potential Additional Risk Reduction Measures (Node, Guideword, Cause,
Consequence)

. Review the system dynamics of V-2301 and P-2301. The system design should be updated to ensure that V-2301 hydrostatic test pressure cannot
be exceeded in the event of high level leading to exposure to the P-2301 shut-in pressure.

. Review the system dynamics of refrigerant receiver vessel (V-2112/2122/2132/2142) and P-2301. The system design should be updated to ensure
that receiver vessels hydrostatic test pressure cannot be exceeded in the event of high level leading to exposure to the P-2301 shut-in pressure. 2.1.1.2,2.6.3.1,2.6.4.1,2.10.1.1,

o Implement within the design a stop audible alarm for both NH; compressors, to warn the operators of a single compressor loss. 2.10.2.1,2.10.3.1, 2.18.1.2, 2.20.1.1

. Site layout to be updated to include a designated area for offloading NHa.

. Update the operating philosophy document to detail requirements for offloading and address potential truck drive away scenario.

. Ensure that the refrigeration system is designed and installed in accordance with BS EN 378",

HAZOP References

3.10.2.2, 3.11.2.1, 3.1.1.1, 3.1.21,
3.1.3.1,3.1.4.1,3.1.5.1,3.1.6.1,
3.1.6.3, 3.1.9.1, 3.1.10.1, 3.1.16.1,
3.1.19.1, 3.1.21.1,3.1.25.1, 3.4.2.2,
3.5.1.1,3.5.5.1,3.6.1.2,3.8.1.1,
3.8.2.1,3.10.3.1, 3.12.1.2, 3.18.3.1,
3.23.1.1, 3.23.3.1

"' BS EN 378-3:2016+A1:2020, Refrigerating systems and heat pumps — Safety and environmental requirements, Part 3: Installation site and personal protection, 2020, BSI

MDE1234-RPS-05-DX-RP-Z-0002 | ERVIA CCS Pre-FEED Study | S3 P01 | 17th June 2022
rpsgroup.com Page 8



Hazard Identification & Risk Assessment (HIRA) Report - Dublin

Table 3-4 — Scenario 3: NHs (Ammonia) release within NHs loop (Environment).

Scenario Event Type Causes:

HAZID
e Sabotage / Terrorism / Cyber-attack

HAZOP
e  Operator error leading to increased / decreased level within

DX.EV.MATTE 1 refrigerant storage drum.

NH; release within NH; loop

Severity Likelihood

Prevention Detection

No further safeguards identified. Site is fenced on all sides. e  High level alarm.

Secure access to site. ° High-High level trip.

Mitigated Risk

Consequences:

Release of NHj; to soil. Potential for
a catastrophic failure of the
refrigerant storage drum, resulting
in a major release to the
environment. Potential for MATTE
(Level A).

. Liquid passed to vapour lines
leading to dead-heading of
pump. Potential to over-
pressurise the storage drum /
refrigerant receiver.

Mitigation
e No further safeguards
identified.
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Hazard Identification & Risk Assessment (HIRA) Report - Dublin

HAZID References

Potential Additional Risk Reduction Measures (Node, Guideword, Cause,
Consequence)

. Review the system dynamics of V-2301 and P-2301. The system design should be updated to ensure that V-2301 hydrostatic test pressure cannot

be exceeded in the event of high level leading to exposure to the P-1301 shut-in pressure.
. : ) ) ) 2.1.6.1,2.10.1.2, 2.10.2.2, 2.10.3.2,
. Review the system dynamics of refrigerant receiver vessel (V-2112/2122/2132/2142) and P-2301. The system design should be updated to ensure 22012 2.24.1.1

that receiver vessels hydrostatic test pressure cannot be exceeded in the event of high level leading to exposure to the P-2301 shut-in pressure.

HAZOP References

3.10.2.3, 3.11.2.2
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Hazard Identification & Risk Assessment (HIRA) Report - Dublin

Table 3-5 - Scenario 4: CO:2 release from catastrophic failure of the storage sphere

Scenario Event Type Causes: Consequences:

HAZID Release of gaseous CO, / shrapnel

CO; release via storage sphere failure.

e Maloperation of valves in the event of air failure. into the atmosphere due to

HAZOP catastrophic rupture of the sphere,

leading to asphyxiation of non-

e  Spurious opening / closure of valves. employee at the failure location.

[ Not returning equipment / valve position following maintenance. Fatal injury non-ERVIA / ERVIA

. Failure of flow control loop.
P employee due to asphyxiation or

. Failure of pressure control loop. )

flying parts.
DX.SF.MAH 4 e  Loading arm failure, leading to vapour return to the sphere.
e Loss of forward feed of CO,,

while BOG compressor
continues to operate.

e  Sphere exposed to below
design temperature.

° Reduced pressure within the
Severity Likelihood sphere.

° Formation of dry ice within the
sphere.

Prevention Control Detection Mitigation

. Relief valves installed for full blocked outlet case. . Blanket gas control . Low pressure alarm. . No further safeguards

e Post maintenance physical checks and written re-commissioning system. identified.

checks. . BOG compressor pressure
control.

. Low-Low pressure trip.

. Low-Low temperature trip.

. Pressure Independent Control valves installed. N High pressure alarm.

. Flow orifice plate downstream would restrict flow and prevent
reduction in pressure.

. Pressure relief valves installed.
Mitigated Risk

10-Medium

. High-High pressure trip.
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Hazard Identification & Risk Assessment (HIRA) Report - Dublin

Potential Additional Risk Reduction Measures

Implement low-low pressure trip on start-up cool down line in the proximity of 1FV02003A.
e  During detailed design of the BOG compressor vendor packages, ensure that reverse flow from the main CO; line is considered during hazard
analysis and sufficient controls are implemented to prevent damage to the compressors and over-pressurising the sphere if any failure modes are

anticipated in which the compressor can be bypassed.

HAZID References

(Node, Guideword, Cause,
Consequence)

2.24.3.2,2.24.3.3

HAZOP References

2.1.13.1,2.1.13.2,4.2.1.1,4.2.21,

4.513.1,4.6.1.1,4.6.2.1,4.6.5.1,
46.6.1,46.7.1,46.8.1,4.2.1.2,
4.222,431.1,45.1.1,45.21,
4.53.1,454.1,45.8.1,45.8.3,
4.5.9.1,4.5.9.3,4.5.10.1,4.5.10.3
4.5.11.1,4.5.12.1,5.1.13.2,
5.1.14.2,5.1.17.2
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Hazard Identification & Risk Assessment (HIRA) Report - Dublin

Table 3-6 - Scenario 4: CO: release from catastrophic failure of the storage sphere (Environment).

Scenario Event Type Causes: Consequences:

HAZID Release of liquid CO; to the ground

CO; release via storage sphere failure. ‘
e Maloperation of valves in the event of air failure. due to catastrophic rupture of the

HAZOP sphere. Potential for a major

. environmental release. Classified as
. Failure of flow control loop.
MATTE level C for land, water and

° Not replacing equipment / valve position following maintenance.
ground water receptors.

e  Trip of the BOG compressor.

DX.EV.MATTE 2 e  Spurious opening of valves.
e  Failure of pressure control loop.

° Loss of forward feed of COs,
while BOG compressor
continues to operate.

° Sphere exposed to below
design temperature.

° Reduced pressure within the
sphere.

Severity Likelihood e  Formation of dry ice within the

sphere.

3 — (Medium)

Prevention Control Detection Mitigation

. Sphere would be isolated from the de-pressuring valve via two fail . Blanketing gas control . Low pressure alarm. . No further safeguards
closed XV’s. system. e  High pressure alarm. identified.
. Relief valves are provided and intended to protect against full blocked . Overheads pressure o Low-low pressure trip.
outlet case. controller. )
° Low-Low temperature trip.
. Post maintenance physical checks and written re-commissioning . BOG compressor
checks. pressure control.
. Pressure relief valves installed. . Valves fitted with air

accumulator.

. Flow orifice plate downstream would restrict flow and prevent reduction

in pressure. Mitigated Risk

. Package anticipated to include low suction pressure trip to stop BOG
12-Medium
compressor.
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Hazard Identification & Risk Assessment (HIRA) Report - Dublin

HAZID References
Potential Additional Risk Reduction Measures (Node, Guideword, Cause,
Consequence)

Implement low-low pressure trip on start-up cool-down line in the proximity of 1FV02003A.

. During detailed design of the BOG compressor vendor packages, ensure that reverse flow from the main CO;, line is considered during hazard
analysis and sufficient controls are implemented to prevent damage to the compressors and over-pressurising the sphere if any failure modes are
anticipated in which the compressor can be bypassed.

HAZOP References

4.513.2,4.6.1.2,4.6.2.2,4.6.5.2,
46.6.2,46.7.2,46.8.2,5.1.14.3,
5.1.17.3,5.1.13.3
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Hazard Identification & Risk Assessment (HIRA) Report - Dublin
Table 3-7 - Scenario 5: CO:2 release during shipping / loading operations.

Scenario Event Type Causes: Consequences:

CO; release during shipping / off-loading HAZID Release of gaseous CO, / shrapnel
e  Extreme weather into the atmosphere, leading to
e  Tidal wave asphyxiation. Fatal injury to ERVIA
. Corrosion of jetty support employee due to asphyxiation or
e  Sabotage / Terrorism / Cyber-attack. flying parts. Worst case scenario of
HAZOP a tidal wave has the potential for

) multiple fatalities.
DX.SF.MAH 5 e Spurious closure of valves.

. Dry run the online CO; export
pump.
. Over-pressurise BOG system,

e Spurious closure of loading arm vapour line.
° Failure of flow control loop.

° Not returning equipment / valve position following maintenance.

potential flange leak.
. Liquid CO; to be passed to the
N, system.

° Loading arm control failure.
Severity Likelihood e  Connection to N, (Nitrogen) system for purging.
° Ship movements during loading

. Potential separation of the
ship and the jetty.

Prevention Control Detection Mitigation

e  Loading arms fitted with breakaway couplings. e  Vessel not permitted to e  Tidal wave weather warning e  Ship loading PPE.
«  Large natural dispersion (100 - 150 m jetty). moor in storm conditions. would initiate evacuation.
e Inherent safe design of the jetty with cathodic protection. *  Restricted jetty access. * Valve interlock to trip the pump.
e  Pressure Safety Valves installed sized for full loss of chilling. ¢ Manned secure site. *  High pressure alarm.
e Post maintenance physical checks and written re-commissioning *  Low occupancy ¢ High-High pressure trip.
checks. . Overheads pressure . Low-Low pressure trip.
e Non-return valve on N; purge system. controller. e Low-Low temperature trip.

. Loading arm will accommodate some movement of the ship. ¢ Pressure control loop.

. Pressure gauges on N, purge
. CO; blanket gas pressure points.

control.

. Powered Emergency Release Coupling (PERC) will isolate CO; lines
in the event of disconnection.

e  Loading arm system will initiate a shutdown of ESDL and close jetty Mitigated Risk

side XV’s in the event of movement outside of operational limits. 10-Medium
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Hazard Identification & Risk Assessment (HIRA) Report - Dublin

HAZID References
Potential Additional Risk Reduction Measures (Node, Guideword, Cause,
Consequence)

3.1.1.2,3.1.6.1,3.1.6.3, 3.4.2.1,
3.9.21,3.1.5.1,3.8.2.2,3.10.1.1,
3.10.2.1

HAZOP References

Update design to include an additional Level Transmitter (LT) on each sphere. LT should provide low level alarm at an estimated set point of 20%.
Concern currently is reliance on an operator to monitor single level device to prevent emptying the sphere.
° Update action of the sphere high pressure trip 2PIT02019A to close 2XV02001A in addition to other actions already performed.

5.1.1.1,5.1.21,5.1.8.1,5.1.9.1,
5.1.10.1, 5.1.13.4, 5.1.14 4,
5.1.17.4,5.1.20.2, 5.1.21.2,

5.1.22.1,5.3.3.1,5.21.1.1,5.21.1.3
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Hazard Identification & Risk Assessment (HIRA) Report - Dublin

Table 3-8 - Scenario 5: CO:2 release during shipping / loading operations (Environment).

Scenario Event Type Causes:

CO:; release during shipping / off-loading HAZID

. Extreme weather.
e  Corrosion to jetty support legs.

DX.EV.MATTE 3
e  Sabotage / Terrorism.

HAZOP

Severity Likelihood

Prevention Control

Loading arms fitted with breakaway couplings.

Vessel not permitted to
moor in storm conditions.

e Inherent safe design of the jetty with cathodic protection.
e Restricted access onto
the jetty.

Potential Additional Risk Reduction Measures

No recommendations as part of the HAZID or HAZOP study.

. Movement of the pipeline off pipe supports.

e No causes identified which qualify as a MATTE (ENV 2).

Detection

No further safeguards
identified.

Mitigated Risk

4-Low

Consequences:

Potential for LOC of liquid CO; to
the ground or sea. Potential of
moderate environmental effect to a
Special Area of Conservation
(SAC). Classified as MATTE level
A for land, water and groundwater
receptors.

Mitigation

Emergency plan for fire.

HAZID References

(Node, Guideword, Cause,
Consequence)

3.1.1.3,3.4.22,3.8.2.2,3.9.2.2,
3.10.1.2, 3.10.2.2

HAZOP References
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Hazard Identification & Risk Assessment (HIRA) Report - Dublin

Table 3-9 - Scenario 6: Lightning strike site wide.

Scenario Event Type Causes: Consequences:

HAZID Potential for damage to electrical

Lightning strike

e Lightning strike to metal plant equipment. equipment. Shut down of facility and

HAZOP
e No causes identified as part of the HAZOP study.

requirement to replace components
in order to restart operation. In the
event of personnel within the switch
room / instrument room, there is a

potential for fatal injury.
DX.SF.MAH 6
Potential for shock on metal access

platforms / handrails. Potential for
fatal injury to personnel.

Potential for fire if Ammonia being

Severity Likelihood released of sufficient concentration
from the vent stack. Potential for
fatal injury to personnel.

Prevention Control Detection Mitigation

No further safeguards identified. Emergency plan for fire.

No further safeguards identified. No further safeguards

identified.

Mitigated Risk
12-Medium

HAZID References
Potential Additional Risk Reduction Measures (Node, Guideword, Cause,
Consequence)

. During detailed design ensure sufficient consideration is taken for lightning protection. Concern is in the event of a lightning strike there is a potential 92112212 2213
for lost time / fatal injury. 2.1.1,221.2,2.2.1.

HAZOP References
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Hazard Identification & Risk Assessment (HIRA) Report - Dublin

Table 3-10 - Scenario 7: Release of CO: in a confined space

Scenario Event Type

Release of CO; in a confined space.

DX.SF.MAH 7

Severity Likelihood

Prevention

Intended design includes inherent safety to provide adequate
ventilation within the shelter rather than an enclosed building.

Causes:
. Release of CO; in a confined space.

e  Additional process deviations as detailed in the HAZOP study.

No further safeguards
identified.

Potential Additional Risk Reduction Measures

Detection

Personal gas monitors (CPF).

Mitigated Risk
8-Medium

Consequences:

Potential for an operator to be
working in the confined. Leading to a
fatal injury to an ERVIA employee,
due to asphyxiation.

Mitigation

No further safeguards
identified.

HAZID References

(Node, Guideword, Cause,

potential asphyxiation to personnel.

. During detailed design ensure that there is adequate ventilation within the compressor shelter to mitigate the risk of confined space working and

Consequence)

2.32.1.1

HAZOP References
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Hazard Identification & Risk Assessment (HIRA) Report - Dublin

3.1 Risk Summary

The risk for each of the MAHs and MATTEs are plotted on Figure 3-1. This shows that the majority of the
MAHs and MATTEsS lie in the orange region i.e. the risk is considered tolerable if risk reduction is considered
impractical or cost is disproportionate to the improvement gained. As part of the HAZID/HAZOP further risk
reduction measures were considered and recorded as recommendations where appropriate.

Figure 3-1 — MAHs and MATTE Risk Matrix Summary
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