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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 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 Aghada Power Station in County Cork was selected as a potential site 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 (Whitegate Power Station, Irving Oil Whitegate Refinery
and Aghada 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-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 Cork harbour for subsequent loading onto ships for export. (Note: The scope of this project does not include
the carbon capture facilities at each emitter).

Additionally, the new marine jetty in Cork will also be used for import of liquid CO2. This scenario considers
the regasification of liquid CO2 at Cork for transport via pipeline to the Inch terminal which is the link to
indigenous offshore permanent storage at the depleted Kinsale Head Gas Field.

1.2 HAZOP Close Out Report Purpose

The Pre-FEED study scope included carrying out a HAZOP study. This is described in detail in the HAZOP
Report (Ref. 01). The purpose of this report is to outline and document the actions and recommendations
identified during the HAZOP study and their current status at completion of the Pre-FEED stage of the project.
Maintaining a comprehensive record of the recommendations identified, particularly those that remain open
and must be taken into the FEED stage of the project is an integral part of the design process.

1.3 HAZOP Study Scope
The scope of the HAZOP study included:
o Toidentify any way in which deviations can be realised within the proposed process / equipment from the

intended operating parameters / location;

e Once identified, the deviations were assessed for hazards which can be present for the deviations
identified;

e If hazards were identified then causes and safeguards were established to prevent the harm occurring
and mitigate or reduce the consequences.

The HAZOP study considered impact to:
e  Personnel;

° The Environment;
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1.4 HAZOP Study Team & Software

The study was led by an independent facilitator and included a study team of personnel with cross-discipline
experience. It was conducted virtually over eight sperate days utilising Sphera PHAPro software Version 8.

1.5 General Assumptions

The study was 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:
—  Legal requirements;
—  Design/engineering codes;
— Industry standards;
—  Approved design variations;
—  ‘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.
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2 STUDY ACTIONS
2.1 Final Action Status & Close Out

Throughout the study a number of hazardous scenarios were identified and documented in the study
worksheets, along with relevant recommendations. Actions identified during the HAZOP study and their final
status at completion of Pre-FEED, are summarised in Appendix A. As outlined in the HAZOP Report (Ref.
01), it was the action holder’'s responsibility to review the actions and provide justification on their
implementation. Where relevant for this phase of the project, Pre-FEED, actions have been addressed and
closed. Where the action could not be addressed at this stage of the design phase, they remain open and
have been titled ‘Action taken into FEED/Detailed Design’. These actions will remain open until they are
reviewed and where applicable addressed during the FEED phase of the project.
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Appendix A
HAZOP Study Action
Tracking Register
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Recommendations Responsibility Action Taken Reference Doc. (If applicable) CAddltlonaI Status
ommentary
1 During detailed design of the CO2 emitter sites ensure that adequate Emitter design Recommendation
protection is in place to prevent loss of containment due to company taken into
overpressurisation of the pipeline in the event of blockage within the FEED/Detailed
pipeline arrangement or CPF inlet. Concern is that no protections are Design Open
provided within the collection pipeline or CPF arrangements,
overpressure should be prevented at the source rather than the
destination.
2 Include scenario within dispersion modelling activities. RPS Risk Refer MDE1234-RPS-05-CX-RP- | Refer MDE1234-RPS-05-CX-RP-
Z-0003 Dispersion Study Report — | Z-0003 Dispersion Study Report
Cork for details on dispersion — Cork & MDE1234-RPS-05-DX- Closed
scenario modelling undertaken. RP-Z-0003 Dispersion Study
Report — Dublin
3 During detailed design of the CO2 emitter sites ensure that adequate Emitter design Recommendation
protection is in place to prevent loss of containment due to incorrect company taken into
composition of gas and increased corrosion rates. Concern is that no FEED/Detailed
protections are provided within the collection pipeline or CPF Design
arrangements, apart from inlet analysers. No executive action can be Open
taken to avoid the corrosion and to deal with the off-spec CO2
(customer will not allow loading on to ships).
4 During FEED stage of the project implement sufficient controls to FEED contractor Recommendation
isolate off-specification gas being passed into the CPF. The provision taken into
should include the automatic isolation of the gas supply into the CPF FEED/Detailed
(maybe activation of closure of 1XV01003). Concern is that there is no Design Open
provision to remove contaminants from the CPF. The pipeline can be
pigged / cleaned to remove contaminants.
5 During detailed design conduct surge analysis and implement EPC contractor Recommendation
appropriate controls to prevent damage to the pipelines in the event of taken into
sudden XV failure. Concern is that sudden closure will cause surge FEED/Detailed Open
within the line leading to LOC which could cause a non-employee Design
fatality if above ground section fails.
6 During detailed design ensure that adequate provision is made to EPC Contractor Recommendation
enable maintenance of the ESDXVs and other maintainable taken into
equipment. The solution may be isolation valves or adequate FEED/Detailed
depressuring of sections. Concern is the inability to isolate the valves Design Open
from long sections of pipeline and exposure of maintenance personnel
to CO2 and potential for fatal injury.
7 For all ESDXVs that do not permit the operation of the facility in its Bechtel Isolations are provided on P&IDs | MDE1234-BEC-03-CX-DR-M-
entirety e.g. 1XV01003, provide adequate isolation and bypass to allow Rev P03. Updates were reviewed | PID0001 to 12 & MDE1234-BEC-
maintenance. Concern is the inability to isolate the valves from long during Hazop. 04-CX-DR-M-PID0001 to 3 Rev Closed
sections of pipeline and exposure of maintenance personnel to CO2 PO03.
and potential for fatal injury.
8 Add note to relevant P&IDs to enable isolation of single trains in the Bechtel Relevant note and isolations are MDE1234-BEC-04-CX-DR-M-
event of maintenance activities being required whilst other trains are in provided on P&IDs Rev P03. PID0002 Rev P03
operation. Concern is the inability to isolate the equipment within the Updates were reviewed during Closed
train from other active trains and exposure of maintenance personnel Hazop.
to CO2 and potential for fatal injury
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9

Update design to include two additional LTs on each sphere. One
should provide switch over control between the spheres on detection of
required fill level (assumed 80% working volume). The second device
should provide the high level alarm to the operator (estimated 90%
setting). Concern is reliance on operator to monitor single level device
to prevent overfill with potential for flange failure and fatal injury due to
release of liquid CO2.

Bechtel

Two additional Level Transmitters
(1LIT-02062A & 1LIT-02061A)
added on each sphere. Note 11
added on 1LIT-02062A to provide
switch over control. High level
alarm added on 1LIT-02061A.

MDE1234-BEC-04-CX-DR-M-
PID0001 Rev P03

Closed

10

Update design to include two additional LTs on each sphere. One
should provide switch over control between the spheres on detection of
required fill level (assumed 80% working volume). The second device
should provide the high level alarm to the operator (estimated 90%
setting). Concern is reliance on operator to monitor single level device
to prevent overfill with potential for flange failure and fatal injury due to
release of liquid CO2.

Bechtel

Refer to reply on item 9.

Closed

11

Implement within the design the remote start and stop of
pumps/compressors as per the agreed list with Ervia (all machines
apart from the air coolers). This enables safeguards with DCS
permissives to be validly taken as part of the HAZOP. Concern is
evaluation completed with anticipated design change which is not yet
reflected in the documentation.

Bechtel

Remote start and stop of pumps
and compressors have been
implemented on P&ID Rev P03.
Changes were reviewed during
HAZOP.

MDE1234-BEC-03-CX-DR-M-
PID0003/5/6/7 &MDE1234-BEC-
04-CX-DR-M-PID0001/2 Rev
PO3.

Closed

12

During detailed design review the ship import system facilities based
on the ship import pump shut in pressure. It is anticipated that the
design pressures based on the export pump shut in rates will be
adequate. However, this cannot be confirmed at this stage of the
project as only the operating parameters have been provided. Concern
is that the design has insufficient safeguards to prevent overpressure
and LOC of liquid CO2 and fatal injury.

EPC contractor

Recommendation
taken into
FEED/Detailed
Design

Open

13

Implement low-low pressure trip on start-up cooldown line in the
proximity of 1FV02003A. Concern is during start-up and cooldown
scenario is reliant on DCS controls to prevent the temperature
exceeding the min. design temperature resulting the in catastrophic
failure of the sphere and non-employee fatality and major
environmental consequence

Bechtel

Low Low pressure interlock 02-
004A is updated to close 1XV-
02063A provided upstream of
1FV-02003A.

MDE1234-BEC-04-CX-DR-M-
PID0O001 Rev P03

Closed

14

During detailed design of the BOG compressor vendor packages
ensure that reverse flow from the main CO2 line is considered during
hazard analysis and sufficient controls are implemented to prevent
damage to the compressors and overspressuring the sphere if any
failure modes are anticipated in which the compressor can be
bypassed. Concern is reverse flow of gaseous CO2 is at 10bara above
the design pressure of the sphere therefore failure expected leading to
a fatal injury.

EPC Contractor

Recommendation
taken into
FEED/Detailed
Design

Open

15

During detailed design of the BOG compressor vendor packages
ensure that increased vibration ad surge conditions are considered
during hazard analysis and sufficient controls are implemented to
prevent damage to the compressors. Concern is increased
vibrations/compressor surge within the machine could lead to damage
and potential LOC of CO2 and flying debris leading to a potential fatal
injury.

EPC Contractor

Recommendation
taken into
FEED/Detailed
Design

Open

16

16. Implement within the design a stop audible alarm for both NH3
compressors X-1111A/B to warn the operator of a single compressor
loss to re-establish operation in advance of significant impact to the
spheres. Concern is that current design does not provide audible alert
to the operator to warn of a loss of one of the two compressors which
significantly reduces the NH3 circuit operation.

EPC Contractor

Recommendation
taken into
FEED/Detailed
Design

Open
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17 Implement high-flow alarms on the relief vent flowmeters to warn
operators of increased flow to the vent stack. Alarm setting should be
determined during detailed design. Flowmeters are 1FI05003 (CO2)
and 1F105004 (NH3). Concern is operators are not alerted to abnormal
conditions when relief to vent is not anticipated leading to increased
environmental emissions and operational upset.

Bechtel

High flow alarms are added to
1F1-05003/1F1-05004.

MDE1234-BEC-03-CX-DR-M-
PID0008 Rev P03

Closed

18 During detailed design of the refrigerant compressor vendor packages
ensure that hazard analysis is conducted, including all failure modes of
ancillary equipment and sufficient controls are implemented to prevent
damage to the compressors and LOC. Concern is increased
temperature, vibrations and surge within the machine could lead to
damage and potential LOC of NH3.

EPC Contractor

Recommendation
taken into
FEED/Detailed
Design

Open

19 Review the system dynamics of V-1301 and P-1301. The system
design should be updated to ensure that V-1301 hydrostatic test
pressure cannot be exceeded in the event of high level leading to
exposure to the P-1301 shut-in pressure. Concern with the current
design is that the estimated pump shut-in pressure is approx. 42%
above design pressure which could potentially lead to the catastrophic
failure of V-1301 and multiple fatalities scenario.

It is anticipated that Bechtel will complete the initial review/upgrades
and that the EPC contractor during detailed design would conclude the
action.

Bechtel /
EPC Contractor

Design pressure of Refrigerant
storage drum (V-1301) is updated
to P-1301 shut off pressure (21
barg)

MDE1234-BEC-03-CX-DR-M-
PID0O005 Rev P03

Closed

20 Review the system dynamics of refrigerant receiver vessel (V-
1112/1122/1132/1142) and P-1301. 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-1301 shut-in pressure. Concern with the current design is that
the estimated pump shut-in pressure is approx. 36% above design
pressure which could potentially lead to the catastrophic failure of
receiver vessels and multiple fatalities scenario.

It is anticipated that Bechtel will complete the initial review/upgrades
and that the EPC contractor during detailed design would conclude the
action.

Bechtel /
EPC Contractor

Design pressure of Refrigerant
receiver vessel is updated to P-
1301 shut off pressure (21 barg)

MDE1234-BEC-03-CX-DR-M-
PID0004 Rev P03

Closed

21 Ensure that adequate isolation is available for all actuated valves within
the NH3 system. Isolation may be provided by full train isolation or
local valves and drains. Consideration should be given to line lengths
when determining the adequate isolation to ensure excessive NH3
draining is not required. Concern is insufficient isolation is currently
shown for some equipment within the node.

Bechtel

Isolation valves are added on
P&ID Rev P03. These were
reviewed during HAZOP and
found adequate.

MDE1234-BEC-03-CX-DR-M-
PID0O005 Rev P04

Closed

22 Site layout at Cork and Dublin to be updated to include a dedicated
area for offloading of NH3. Current layout only shows roadways and no
area for offloading. The location selected should minimise any
requirements for reversing the truck either in pre- or post-offload.

RPS Dublin

Site layouts amended
accordingly, refer to the white
boxed area on each layout
adjacent the offloading area.

MDE1234-RPS-03-CX-DR-C-
CA0001 P02 & MDE1234-RPS-
03-DX-DR-C-CA0001 P02

Closed
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23 Update the operating philosophy document to detail requirements for
offloading to address potential truck driveaway whilst connected to the
offloading point and requirement for tanker earthing during offloading
operations. Entry should identify the requirement for adequate PPE
during offloading, driveaway protection (e.g. barriers, key exchange
systems, consideration for both hose connections and earthing etc.)
and earthing provision. The solution does not need to be fully
developed, but sufficient detail provided to prompt adequate definition
during the detailed design phase.

Bechtel

Section has beed added for truck
earthing,driveaway protection and
PPE's identified for truck
unloading operation in Operation
and Maintenance Philosophy

MDE1234-RPS-01-CX-RP-Z-
0010 Rev P02

Closed

24 During detailed design review the proposed vendor arrangement for
the CO2 export pumps P-1201A/B to review the susceptibility to failure
in the event of partial blockage of suction/discharge or loss of minimum
flowline during cooldown operation (failure of 1FIC02006) leading to
damage and release of CO2. Concern has been raised with regards to
failure modes and availability of the pumps due to frequency of use and
size of the pump. Pre-FEED HAZOP team do not have sufficient
information with regards to pump susceptibility to damage and
therefore at this stage cannot provide recommendations to improve the
design.

EPC Contractor

Recommendation
taken into
FEED/Detailed
Design

Open

25 Update action of the sphere high pressure trip 1PIT02019A to close
1XV02001A in addition to the other actions currently performed.
Concern is in the event of ship offloading isolation of the feed is not
currently provided in the event of a failure within the vapour return
system. Such failure mode can lead an overpressurisation of the
sphere and flange failure leading to injury and environmental effect.

Bechtel

Interlock 02-003A/B/C is updated
to close 1XV-02001A/B/C in case
of high high pressure in Sphere.

MDE1234-BEC-04-CX-DR-M-
PID0O001 Rev P04

Closed

26 During detailed design phase when confirming the vendor loading arm
packages, conduct hazard analysis to determine whether misdirection
of CO2 can occur between loading arms and if possible any associated
consequences. During pre-FEED, insufficient information was known of
the vendor equipment and the ship arrangements to allow a accurate
analysis.

EPC Contractor

Recommendation
taken into
FEED/Detailed
Design

Open

27 During detailed design phase, in association with the loading arm
vendor conduct a hazard analysis for all failure modes/deviation
causes and the effect on the system. The analysis should consider
impact to the arm, the ship and the main process system.
Consideration should also include utility systems e.g. hydraulic power
packs etc. Concern is that insufficient detail is known at pre-FEED to
allow accurate evaluation to ensure sufficient safeguards and controls
are in place for the associated consequences.

EPC Contractor

Recommendation
taken into
FEED/Detailed
Design

Open

28 Implement interlock on CO2 sendout pumps P-1411A/B in the event
that 1XV02014 is not open then the pumps are not permitted to start or
are tripped in the event of closure. Concern is no protection exists for
dry-running within the current design which could cause damage to the
pump and seal resulting in injury to personnel and environmental
effect.

Bechtel

Note 17 added on 1XV-02014
(P&ID 04-PID0001) and note 9 on
PID0007 to prevent starting and
stop pump if this XV is closed.

MDE1234-BEC-04-CX-DR-M-
PID0001 Rev P0O4/MDE1234-
BEC-03-CX-DR-M-PID0007 Rev
P04

Closed
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29

During detailed design review the proposed vendor arrangement for
the CO2 sendout pumps P-1411A/B to review the susceptibility to
failure in the event of partial blockage of suction/discharge leading to
damage and release of CO2. Concern has been raised with regards to
failure modes and availability of the pumps due to frequency of use and
size of the pump. Pre-FEED HAZOP team do not have sufficient
information with regards to pump susceptibility to damage and
therefore at this stage cannot provide recommendations to improve the
design.

EPC Contractor

Recommendation
taken into
FEED/Detailed
Design

Open

30

Implement additional low-low flow trip on seawater supply system (in
the vicinity of the seawater pump P-1412A/B and flow control loop
1FIC14004). Upon detection of low-low flow the trip should close the
CO2 export valve 1XV14024. Concern is current safeguards are
lagging safeguards when loss of operation of the vaporiser has
occurred rather than a leading indicator of loss of seawater supply and
ability to vaporise CO2.

Bechtel

Low-Low flow on 1FIT-14011
closes 1XV-14024 via interlock
14-003.

MDE1234-BEC-03-CX-DR-M-
PID0006/7 Rev P04

Closed

31

Implement a low-low level trip on the vaporiser package X-1411 sump
which trip the seawater return pumps P-1413A/B. This will prevent
damage to the pump in the event of loss of sump level. Concern is dry-
running of the pumps and damage which may lead to pumps not being
available and inability to operate the vaporiser without environmental
harm.

Bechtel

Low-Low sump liquid level trip
Seawater Return Pumps (P-
1413A/B) is implemented via
interlock 14-005.

MDE1234-BEC-03-CX-DR-M-
PID0007 Rev P04

Closed

32

Implement within the design a sea water temperature transmitter with
low alarm to alert the operator of reduced temperatures of the sea
water and potential inefficient operation of the vaporiser X-1411.
Concern is operator will not be alerted to the abnormal condition and
potential operational issues within the vaporiser.

Bechtel

1TIT-14012 with low alarm is
added on Sea water supply line to
vaporiser.

MDE1234-BEC-03-CX-DR-M-
PID0006 Rev P04

Closed

33

Update the piping arrangements at the Whitegate pigging installation to
include a cross-over arrangement to allow the use of Whitegate
refinery CO2 to drive the pig in the event that Whitegate CCGT is not
operational when the pigging activity is required. Concern is pipeline
inspections may not be able to be completed in line with the statutory
requirements if Whitegate CCGT is offline and the refinery has CO2 to
export.

Bechtel

Line 150-1GC0O-00024-B203-N is
added to allow pigging activity
when Whitegate CCGT is not
operational.

MDE1234-BEC-03-CX-DR-M-
PID0O009 Rev P04

Closed

34

During detailed design consider this cause as blocked outlet case for
Whitegate refinery and CCGT compressors. Concern is that the
emitters will not know failure modes within the project which could
cause line-packing scenario and potential for overpressurisation
beyond design pressure of 40bara. Sufficient safeguard should be
provided at the emitter site to prevent the scenario from occurring.

EPC Contractor

Recommendation
taken into
FEED/Detailed
Design

Open

35

During detailed design consider this cause as blocked outlet case for
Aghada CCGT compressors. Concern is that the emitters will not know
failure modes within the project which could cause line-packing
scenario and potential for overpressurisation beyond design pressure
of 40bara. Sufficient safeguard should be provided at the emitter site to
prevent the scenario from occurring.

EPC Contractor

Recommendation
taken into
FEED/Detailed
Design

Open
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36 Create section within Operation & Maintenance Philosophy document
to detail the pipeline operations. This should specifically address the
MOV routing for each operating mode including order of valve
opening/closing and any interlock requirements i.e. not permitted to
open in advance of others being closed. Document should be further
developed within the control system at detailed design therefore should

Bechtel

Section has been added on MOV
routing in Operations and
Maintenance Philosophy.

MDE1234-RPS-01-CX-RP-Z-
0010

of downstream equipment and damage leading to LOC

Design

be handed over as part of the project documentation. Concern is Closed
currently all valves are manually operated and due to the number and
different operating configurations it is expected that errors will be made
during operation.
37 Ensure that a loss of communications scenario between the CPF and Bechtel / Ervia Loss of communication is MDE1234-RPS-01-CX-RP-Z-
emitters is captured in the Communications and Control Philosophy considered in Section 5.2 & 5.3. 00013
document. This should include definition of data to be transferred,
means of transfer and security aspects to prevent harm to either We have redundant
system. Concern is documents do not currently cover comms. between Instrumentation & Controllers at
the emitters and the CPF system. the Field ( Emitters) & CPF and
the communication between CPF
& Emitters is via redundant FO
cables via diverse routing. Closed
Communication / Measurement
will not be lost on single failure at
any level — Emitters , CPF or
Cable.
38 Change the design of the vent stack to show individual release Bechtel P&ID is updated to show separate | MDE1234-BEC-03-CX-DR-M-
pipework for each header. The P&ID should also include a note stating vent header to stack to prevent PID0008 Rev P04
that this may be able to be optimised when the vent stack design is backflow. Note 3 to optmise vent
known to confirm whether the headers can be merged at a lower stack design is added on the
location. Concern is with the current design there is potential for P&ID. Closed
backfeed down the header not in relief mode in the event of relief on
the alternative header and therefore potential effectiveness being
compromised.
39 Revise connections for the P-1201A/B minimum flow line to be Bechtel P-1201A/B minimum flow line is MDE1234-BEC-04-CX-DR-M-
upstream of 1XV02065A/B. Concern is that the placement of the moved upstream of 1XV- PID0001 Rev P04
connection means that the minimum flow line protection is defeated in 02065A/B. Closed
the event of XV closure. Once concluded this can be re-added as a
safeguard for this scenario.
40 Revise connections for the P-1411A/B minimum flow line to be Bechtel P-1411A/B minimum flow line is MDE1234-BEC-03-CX-DR-M-
upstream of 1XV14037A/B. Concern is that the placement of the moved upstream of 1XV- PID0007 Rev P04
connection means that the minimum flow line protection is defeated in 14037A/B. Closed
the event of XV closure. Once concluded this can be re-added as a
safeguard for this scenario.
41 Review 'Electrical Motor Control Centre (MCC) Philosophy' to confirm EPC Contractor Recommendation
whether interlocks should exist to prevent both pumps within a pair taken into
operating at the same time. Concern is potential for overpressurisation FEED/Detailed Open
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