® * X %
* *
* *
* *
* p K

European
Commission
N

ERVIA CCS PRE-FEED STUDY
Pipeline Design Philosophy - Dublin

MDE1234-RPS-01-DX-RP-Z-0005
S3 P01
22 April 2022

rps &



PIPELINE DESIGN PHILOSOPHY - DUBLIN

Document status

Status Revision I:‘urpose of Authored by Reviewed by Approved by Review date
ocument
Issued to Ervia
S3 PO1 for Review & ROS /CB IV/PD/RK CB 02/03/2022
Comment
Issued ,
S3 P02 For Pre-FEED RO’S/CB CB/GR CB 18/04/2022
Approval for issue
Ciaran Butler CB 22 April 2022

© Copyright RPS Group Limited. All rights reserved.

The report has been prepared for the exclusive use of our client and unless otherwise agreed in writing by RPS Group
Limited no other party may use, make use of or rely on the contents of this report.

The report has been compiled using the resources agreed with the client and in accordance with the scope of work agreed
with the client. No liability is accepted by RPS Group Limited for any use of this report, other than the purpose for which it

was prepared.

RPS Group Limited accepts no responsibility for any documents or information supplied to RPS Group Limited by others
and no legal liability arising from the use by others of opinions or data contained in this report. It is expressly stated that
no independent verification of any documents or information supplied by others has been made.

RPS Group Limited has used reasonable skill, care and diligence in compiling this report and no warranty is provided as

to the report’s accuracy.

No part of this report may be copied or reproduced, by any means, without the written permission of RPS Group Limited.

Prepared by:
RPS / Bechtel

Prepared for:

Ervia

MDE1234-RPS-01-DX-RP-Z-0005 | Pipeline Design Philosophy - Cork | S3 P01 | 22 April 2022

rpsgroup.com

Page i



PIPELINE DESIGN PHILOSOPHY - DUBLIN

Contents

o 1] [ £SO iv

LS 1= =Y o S %

L€ T[T | YOO PRPOPPPRP TP Vi

1 L I 0 10 0 0 T P 1
I T = 7= Vo e | o 10 Lo [0SR 1

LS Toto] o 1Y SRRSO 1

2 RELEVANT STANDARDS ... ccciiiiicriersssrersssseesssssssessssmse s ssssssesssssssesssssnsessassnsessessnsessessnsessassnsessasnes 2
3 PIPELINE ROUTE SELECTION........ccooiiiitirisserersssnr e s ssssse s sssmse s ssssns e s ssssns e s ssssnsesssssnsesssssnsessessnsensasanes 3
3.1 CO2 GatheriNg NEIWOIK.........ueiiiiieiie ettt et e e abe e e e e aabae e e e 3

3.2 ARErNatives CONSIAEIEA ........uiiiiiieiiie ettt e e sttt e e e et e e e enbeeeeenneeeeeeans 4

4 DESIGN CONDITIONS ... .ot rrssr s sesr s me e s ms s s sms e s s s same s s e e s s e samn e s s same e e s s nn e e snsnmnensnnnes 5
Sy B O P 7] o o 1170 ] o =SSR PRR 5

N O 0 P T o =Yooz (1] o ISR 5

5 DESIGN CONSIDERATIONS .......coiiiciieiieirersscsressssme e e sssms e s ssssne e s sssms e s ssssmsessssansessesnsessessnsessessnsensnsnnes 6
5.1 FlUid CategOoriSAtiON ........cciiiiiiiiiiiiie ettt e e 6

5.2 Location ClasSifiCatiOn ............ooiiiiiiiiiiiie et e e sraeeeeean 6

521 Population DENSItY ....ccooeiieiieeee e 6

5.2.2  Minimum Building Proximity Distance (BPD)..........ccccvuiiiiieiiiiieeee e 6

5.3 Possible CO2 ReIEASE SCENAIIOS. ... .oiiii ittt e e e e e e e e e e e e s eeaeeeaeeeaannes 6

5.3.1  Dispersion MOAEIING ......cooiuiiiiiiiiie e 7

6 MECHANICAL DESIGN ......eeiiiiccteeiismeerssssssesssssssessssns e s ssssss e s ssssssessessnsessssnsessasansessassnsessessnsessnssnsessssnes 8
20t I B 1Yo o 1 N £ YRS SUPPPPPPRRN 8

L2 I T T [ o TN = o (o] 8

LR T I TS T [ TN o (YT U (= 8

L 10T U= I =T g oY (T PSP REER 8

6.5  Pipeling Wall TRICKNESS ....cooii ittt e e e e e e e e e e e e e e e e e neeneeeaeeeeaannns 8

LG |V = =Y - USSR 9

B.6.1  LINE PIPE e 9

6.6.2  LiNE PiPe COatiNgS......uuuiiiiiiie ittt e e e e e e e e a e e e e 9

6.6.3  PIpeling COMPONENTS.......oiiiiiiiiiiiiie et e et e e e e e e e e e s e e re e e e e e e s snnsnaeees 9

6.6.4  PIPEliNe GEOMEIY ..o 9

6.6.5 Pig Launchers / ReCeiVers & CIOSUIES ..........cuiiiiiiiiiiiiiiie et 9

LG G Y = 11V OSSR 10

6.6.7  Vents @nd DIaiNS ......ooouiiiiiiiiie et 10

A ¥ (=Y Y 00 o1 1 o) [P PP PPPPPT 10

B.7.1  1SO0IAtION VAIVES ...t 10

6.7.2  OVerpressure ProteCtioN..... ... 10

B.7.3  LOSS Of PreSSUIE ...ttt e e e e et e e e e e e e e e e eeeeaaeaaannes 11

6.7.4 COz Quality & FIOW Measurement..........c.coiuiiiiiiaiiie e 11

6.7.5  Fibre Optic NEIWOIK .......uviiiiiiiei it e e e e e e e e e eeae e e e e anans 11

6.8  COrroSioN MaNAgQEMENT........cciii it e et e e e e et e e e e e e et e e e e e e e sseatsaeeeaeaesssnsrsseeeaeeeaaanns 11

7 GENERAL DESIGN ...ttt sss s s s s s s sssms s s s sm e s a s smn s sa s mn e s e s mn e s s s s an e s s s s mne e s s snnesssssnnnnss 12
7.1 Technical CONSIIAINTS ... ..o et et e e e e e e e e e e e e e e e enneeeeeeeaeeaaannes 12

711 Gas Transmission PIPEliNES ... e e 12

P = (= Tox 1 [o7 ) Y TP PP PRR 12

R T O 1 1= U 1 (111 USRS 12

7. 1.4 ROAA CrOSSINGS .ooieiieiiiiiiieiieeee e e ettt e e e e e e sst et et e e e e s sastabeeeaeasassassssaeeeaeesaaassssseeaaeesaaannes 12

715  Impact ProteCtion.........cooooiii 12

MDE1234-RPS-01-DX-RP-Z-0005 | Pipeline Design Philosophy - Cork | S3 P01 | 22 April 2022
rpsgroup.com Page ii



PIPELINE DESIGN PHILOSOPHY - DUBLIN

7.2 TreNChIESS CrOSSINGS. .. ueeiiiitiiieiittie ettt ettt ettt ettt e e e bt e e e s et e et e s be et e e s be et e e aabb e e e e aabbe e e e sanenees 13
7.3 Environmental CoNSIraiNtS .......oooiiiiiiiiiie e 13
A B 1Y o] 1 g e I 001V = T ST O PP PPPRR 13
A T o 10 T= 1 TSN 1Y = T Y 13
7.6 Right of Way / WAyl aVe ..........oooiiiiiiiiie e 13
Tables
Table 2-1  Relevant Standards. ... ..ottt e e e e e e e e e e e e e e e e e aaeens 2
Table 4-1  CO2 Conditions at Emitter Battery Limit...........occoiiiiiiii e 5
Table 5-1  Minimum Building Proximity Distance (m) and Design Factor (DF).........c..ccooviiiiiiiiiiiiciiiieeeee, 6
Table 6-1  PIpeling DeSigN PreSSUIE ......ccii ittt s e e e e s e e e anae e e an e e e e an e e s 8
Table 6-2  Pipeling Wall TRICKNESS ... ..o e e e e s e s a s e e e e e e e e e e e e ann 9
Figures
Figure 3-1 Proposed CO2 Gathering NEtWOIK ............ooiiiiiiiiiii e 3
Appendices

Appendix A Proposed CO2 Gathering Network
Appendix B Alternative Pipeline Routes Considered
Appendix C Above Ground Installation Layout

MDE1234-RPS-01-DX-RP-Z-0005 | Pipeline Design Philosophy - Cork | S3 P01 | 22 April 2022
rpsgroup.com Page iii



PIPELINE DESIGN PHILOSOPHY - DUBLIN

Holds

HOLDS Description Responsibility

N/A
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1 INTRODUCTION
1.1 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 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 COz2 gas pipeline gathering network will transport CO2z 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 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 Scope
This document sets out the overall design philosophy for the CO2 gathering pipeline network from emitters to
the CPF. A schematic representation of the overall system is also provided in Ref. 01.

The jetty piping design will be further defined during FEED/EPC. However, the flow assurance and preliminary
hydraulic analysis for this piping has been addressed in Ref. 05.
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2 RELEVANT STANDARDS

The primary design standard to be used shall be BS8010. Due reference should also be made to other relevant
standards as outlined in Table 2-1 below, in particular, DNV-RP-F104 and |.S. 328.

Table 2-1 Relevant Standards
Ref. Standard

1 ISO 13623: 2019

Petroleum and Natural Gas Industries —
Pipeline Transportation Systems

Comments

Describes the functional requirements of pipeline
systems and provides a basis for their safe design,
construction, testing, operation, maintenance and
abandonment.

2 IS EN 14161: 2011

Petroleum and Natural Gas Industries.
Pipeline Transportation Systems

Based on ISO 13263, with some modifications.

3 BS 8010: 2015
Part 1 Steel pipelines on land

Covers various fluids including, natural gas and
COz2. This is the most comparable standard to I.S.
328 (which does not cover COz). Both BS8010 and
I.S. 328 share their key references to ISO 13263,
IS/BS EN 14161 and reference ISO3183 and API
5L specifications.

4 DNV-RP-F104 Edition February 2021

Design and operation of carbon dioxide
pipelines

Recommended Practice covering transportation of
CO:z2 in gaseous, liquid and supercritical phases.
References 1ISO 13623.

5 I.S. 328 : 2015

Gas Transmission Pipelines and Pipeline
Installations (Edition 4)

Most relevant pipeline standard in Ireland, but it is
specific to natural gas. Similar in many respects to
the requirements of BS 8010.

6 ISO 3183: 2019

Petroleum and Natural Gas Industries — Steel
Pipe for Pipeline Transportation Systems

Specifies requirements for the manufacture of steel
pipe and supplements API 5L specification.

7 API Specification 5L

Appropriate standard for confirming the brittle and

Specification for Line Pipe, 46t Edition (2018) fracture toughness of line pipe for the transport of

COz2 in gaseous form (Ref. 23).
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3 PIPELINE ROUTE SELECTION
3.1 CO:2 Gathering Network

An indicative pipeline corridor has been identified based on an assessment of safety, environmental and
technical constraints. This corridor is approximately 1.35km long and facilitates the gathering of CO2 from all
emitters and its delivery to the CPF. It is considered to be sufficiently well defined for the purposes of the pre-
FEED Study (See Appendix A).

The pipeline network is indicated in yellow on Figure 3-1 below (see also Appendix A). Field Architecture
Mapping has also been produced for this COz2 pipeline network (Ref. 09). The following features are noted

e A pig launching facility is located at the western end of the network. This is located adjacent to an
assumed future combined carbon capture facility serving both the ESB Dublin Bay (Synergen) CCGT
power station and the Dublin Waste to Energy (Covanta) plant. A pig receiver is located within the
CPF. It will therefore be possible to carry out in line inspection of this section of pipeline. A preliminary
layout for the pig launching installation is included in Appendix C. See also Ref. 10 and Ref. 11 for
more detailed schematics.

e A short branch line is located close to the existing Poolbeg power station site. It is assumed that a
future carbon capture facility will be located in this area serving existing and future power station(s)
located there also. This branch line is relatively short and will not be pigged.

ESB DublinBay Dubiin Wasteto Poolbeg Power
Power Plant Energy Station

(Covanta Plant)

LAY 2 . - 2 . : Proposed Central
Dublin Bay / WTE Plant CO; Gathering Network Processing Facility (CPF)
(Pointof CO; gathering) 2 T ] : [1.35km, 400mm) Location

Figure 3-1 Proposed CO2 Gathering Network
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3.2 Alternatives Considered

Pipeline route selection shall be in accordance with the requirements of BS 8010 ‘Code of Practice for Pipelines
— Part 1: Steel Pipelines on Land’ (Ref. 06). The alternative pipeline corridors considered during the Pre-FEED
Study are outlined in Appendix B.
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4 DESIGN CONDITIONS
4.1 CO2 Conditions

The CO2 conditions are outlined in the Study Basis (Ref. 02). These are also summarised on Table 4-1 below.

Table 4-1 CO: Conditions at Emitter Battery Limit

ESB Dublin Bay Dublin Waste to = ESB Poolbeg

(Synergen) Eenergy
CCGT (Covanta)
Pressure, bara 35 35 35
Temperature Min/Max, °C 11/37 11/37 11/37

The above conditions show that COz transported in the gathering network will be in a gaseous form.

4.2 CO: Specification

The pipeline shall be designed for the most stringent of Acorn and Equinor project specifications as outlined
in the Study Basis (Ref.02).
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5 DESIGN CONSIDERATIONS

5.1 Fluid Categorisation

BS 8010 covers a range of categories of fluids including carbon dioxide. Carbon dioxide is defined within this
specification as a Category E fluid.

5.2 Location Classification
Classifications of design locations shall be in accordance with BS 8010 Section 5.5.1, for Category E fluids.
(Location classes 1, 2 & 3 in BS8010 are equivalent to Location Classes Type R, S & T in |.S. 328).

A CO2 Gathering Network Safety Separation Study has been carried out which identifies where the Type R
and Type S areas are located in relation to the envisaged pipeline network (Ref. 12).

5.2.1 Population Density

Population density shall be calculated in accordance with BS8010 Section 5.5.2, for Category E fluids (see
Ref. 06 and Ref. 12).

5.2.2 Minimum Building Proximity Distance (BPD)

Minimum building proximity distance shall be calculated in accordance with BS 8010 Section 5.5.3.2 (Ref. 06).

Minimum building proximity distances calculated in accordance with BS 8010, for design factors not exceeding
0.72 /0.3 and the pipeline diameter and design pressure (see Section 6.3) that will be used for the Dublin CO2
gathering network, are indicated on Table 5-1 below.

Table 5-1 Minimum Building Proximity Distance (m) and Design Factor (DF)

Nominal Pipeline BPD BPD
Diameter (m) (m)

(mm) (DF not exceeding 0.72) (DF not exceeding 0.3)
400 49 5.5

Notes:

1. ‘For pipelines conveying category E substances and having a design factor not exceeding 0.3 and a wall thickness
greater than or equal to 11.91mm (excluding manufacturing tolerances and corrosion allowance), the initial route
may be established by allowing a minimum distance of 5.56Qm between the pipeline and occupied dwellings’
(BS8010, Section 5.5.3.2). For gaseous COz, the value of Q (substance factor) is 1 (Ref. BS8010, Table 3). As
per above, the minimum distance would therefore be 5.5m (for all pressures and pipeline diameters for gaseous
CO:z. For this project, calculated wall thickness excluding manufacturing tolerances and corrosion allowance is
less than 11.91mm, therefore a BPD of 49m is applicable.

The CO2 Gathering Network Safety Separation Study identifies locations where the minimum building proximity
distance (for a design factor not exceeding 0.72) cannot be achieved (Ref. 12). The report identifies where
Heavy Wall Pipe should as a minimum be used based on the envisaged configuration of the CO2 gathering
network (see Appendix A). Refer also to Section 6.5 below.

5.3 Possible CO2 Release Scenarios

Scenarios to be modelled (at FEED stage) are outlined in the Gas Dispersion Study Report (Ref. 13). These
are based on the findings of the HAZID (Ref. 14).
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5.3.1 Dispersion Modelling

Dispersion modelling has been carried out using the industry recognised consequence modelling software
package PHAST (developed by DnV) which has been validated for CO2 dispersion modelling (Ref. 13).

The guidance provided in DNVGL-RP-F104, Section 3.4.9 (Ref 07) in respect of dispersion modelling has
been used.
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6 MECHANICAL DESIGN
6.1 Design Life

A minimum design life of 40 years is specified within the Study Basis (Ref. 02).

A minimum pipeline design life of 15,000 stress cycles is required (equivalent to 1 cycle per day over a period
of 40 years) where the maximum daily variation in hoop stress is limited to 125 N/mm?2. Where the hoop stress
range differs from 125N/mm?2, the requirements of |.S. 328 shall be followed to demonstrate that the number
of factored stress cycles is a minimum of 15,000 cycles (Ref. 08).

6.2 Design Factor

BS 8010 specifies a design factor not exceeding 0.72 for Class 1 locations. For all other areas (Class 2 &
Class 3 locations), a design factor not exceeding 0.3 is specified by BS 8010.

A conservative approach shall be taken whereby a design factor of 0.3 will be used for all areas regardless
of location class. This approach is preferred as it provides additional protection to the pipeline system.

6.3 Design Pressure

The pipeline Design Pressure shall be the Maximum Operating Pressure (MOP) plus a margin of 10%.

Table 6-1 Pipeline Design Pressure

Pressure
(bara)
Maximum Operating Pressure (MOP)* 35
10% Margin on MOP** 3.5
Design Pressure *** 40

* Maximum pressure at emitter battery limit (Ref. 02)
** Margin of 3.5bar (10%) on MOP (Ref. 03)
** Rounded to 40 bara

6.4 Pipeline Diameter

A nominal pipeline diameter of 400mm has been selected for this project as part of the Pre-FEED Study.

Further details on the selection of pipeline diameter can be found in the Flow Assurance and Hydraulic Analysis
Study (Ref. 05).

6.5 Pipeline Wall Thickness
Minimum pipeline wall thickness shall be calculated in accordance with BS 8010 Section 6.4.2 using a design
factor of 0.3. All line pipe will therefore be ‘Heavy Wall Pipe’ meeting the requirements for all location classes.

Wall thickness calculation shall include allowances for manufacturing tolerances and corrosion, especially
having regard to the properties of CO:..

Pipeline wall thickness specified for the Pre-FEED study is indicated on Table 6-2 below.
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Table 6-2 Pipeline Wall Thickness

Nominal

Diameter

(400mm)
Calculated Minimum Wall Thickness® (mm) 8.99
Allowance for Manufacturing Tolerance (+/- 10%)? (mm) 1.0
Corrosion Allowance (mm) 3.0
Calculated Wall Thickness 12.99
Nearest Standard Wall Thickness 14.27
Equivalent Design Factor? 0.189
Notes:

1. Calculated as per BS 8010 using a Design Factor of 0.3. (This is equivalent to I.S. 328).
2. Ref. API 5L, Table 11, for SAW / welded line pipe (Ref. 23).
3. For information only. Indicative of the additional safety margin at start of design life.

6.6 Materials
6.6.1 Line Pipe

Pipeline material shall be carbon steel in accordance with ISO 3183 / API 5L specification.
Further details on the pipeline material are included in the Material Selection Philosophy document (Ref. 15).

In the selection of pipeline materials, special consideration shall be given to fracture toughness and prevention
of running ductile crack propagation. BS8010 Section 8.2 and DNV-RP-F104, Section 5.6 provide guidance
in this area. A separate Pipeline Crack Propagation Study has been carried out for the project (Ref. 16).

6.6.2 Line Pipe Coatings
The pipeline shall be externally coated with a 3 layer polyethylene coating. As stated in DNV-RP-F104 (Ref.
07), ‘External coatings may be designed using the same principles as for natural gas pipelines’.

Due consideration shall be given to the possible requirement to qualify the coating system for low temperatures
associated with depressurisation of the pipeline (Ref. DNV-RP-F104 Section 5.3.3 and 5.4.5).

If an internal pipeline coating is specified, the requirements of DNV-RP-F104 should be considered.

6.6.3 Pipeline Components

Pipeline components including bends, branch connections, flanges, fasteners and other fittings shall be in
accordance with the requirements of BS 8010, Section 8.3.

Pipeline components should meet or exceed the specification of line pipe as detailed above.

6.6.4 Pipeline Geometry

The pipelines should facilitate inline inspection (pigging) except for branch lines. Branch lines from other
emitters will not be pigged. Barred tees shall be specified where these lines meet the piggable lines.

A minimum bend radius of 3 x pipeline diameter shall be specified.

6.6.5 Pig Launchers / Receivers & Closures

Pig launchers / receivers (permanent or temporary) and any other vessels shall be designed in accordance
with ASME BPVC-VIII-1, BS5500 and Pressure System Regulations (Ref.17).
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The pressure rating of the pig launcher / receiver should be not less than the design pressure.

Pig launchers / receivers should be designed to accommodate pigs meeting the Transco E21 Standard
‘Technical Specification for Pigs for use in Gas Transportation Pipelines (Ref. 18).

The diameter of the pig launcher / receiver barrel should be 100mm greater than the connecting pipeline.

A double block and bleed arrangement shall be used in all locations where there will be a requirement for
closures or removal of equipment / pipeline spools.

6.6.6 Valves
All valves with nominal diameters of greater than 300mm shall be fitted with manual or powered gearbox /
actuators.

Valve seals and other non-metallic parts shall be compatible with CO2 gas which has the potential to act as a
solvent.

6.6.7 Vents and Drains

Commissioning vents will be installed at:
o  Emitter sites (separate scope);
e CPF;

e At each branch connection on the CO2 gathering network.

Following commissioning, vents will be fitted with blank flanges.

Subject to detailed design, drains may need to be fitted to low points on the pipeline to facilitate pipeline drying
post hydrostatic testing.

6.7 Safety Controls

6.7.1 Isolation Valves

Isolation valves shall be specified at emitter sites on each branch connection on the CO2 gathering network.

Isolation valves shall also be specified where each section of the pipeline network enters an above ground
installation or the CPF. It shall be possible to isolate each CO:z entry point on the network.

Isolation valves shall be buried and fitted with stem extensions for operation. Associated commissioning vents
shall be located adjacent to isolation valves.

Pipeline isolation valves shall be capable of being remotely operated from the Central Control Room at the
CPF.

DNV-RP-F104, Section 4.4.4.2 references Canadian pipeline standard CSA-Z-662-7 which provides guidance
on the spacing of block valves specifically for CO: pipelines within Canadian pipeline standard CSA-Z-662-7.

The requirements of the Canadian standard CSA-Z-662-7 should be considered.

6.7.2 Overpressure Protection

Over pressure protection for the CO2 gathering and delivery network will be achieved through the following
means:

e  Design Pressure shall be greater than the maximum possible system pressure;

e A Maximum Allowable Operating Pressure (MAOP) should be defined for the project having regard to
the outputs of the Flow Assurance Study (Ref. 05);

e Real-time pressure and flow monitoring shall take place at emitter sites and the CPF; and
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e  Emergency Shut Down valves and means of safely venting COz to atmosphere shall be installed at the
emitter sites and at the inlet to the CPF.

6.7.3 Loss of Pressure

The following measures shall be put in place to maintain system pressure:
o Real time pressure and flow monitoring shall take place at emitter sites and CPF.

e To protect from sudden loss of pressure, remotely operated valves are specified at all nodes in the CO2
gathering and delivery network i.e. at each CO: entry point on the network.

6.7.4 CO: Quality & Flow Measurement

Custody metering and quality monitoring of CO2 will take place at emitter sites.

Emitters shall share the CO2 quality and metering data with Ervia’'s control centre in Cork. Emitters shall
share calibration records of CO2 metering and quality monitoring instruments and analysers with Ervia. The
emitters/source destination shall inform Dublin CPF immediately if there is any deviation in quality of COs2..

If the CPF Operator determines that the quality of CO2 entering the gathering network is out of specification
(either by own analysis results or analysis results provided by the emitter), the CPF Operator shall inform
the Operator at the emitter site so that they can shut the pipeline operations. The Dublin CPF shall have
the ability to isolate out of specification CO2 from emitters by means of remotely closing isolation valves
where each emitter accesses the CO:2 gathering network. This action will contain the out of specification
CO:2 to the pipeline. Venting of out of specification CO2 will be at the emitter sites.

Metering and quality monitoring of stored CO2 will be provided for COz that will be exported from the Dublin
CPF via ship.

6.7.5 Fibre Optic Network

A fibre optic cable shall be installed with the pipeline network for leak detection, communication, and control
purposes. All locations along the pipeline route shall be connected to the CPF via the fibre optic cable. By
this means, motorised valves will be controlled remotely from the CCR. This would happen if isolation of a
section of the network is required. Further details of the fibre optic network are included in Ref. 19.

The fibre optic cable will be installed within a PE / HDPE duct of minimum diameter of 50mm, laid within 300mm
of the pipeline at approximately the ‘2 O’Clock’ position. Access chambers will be installed at locations no
further than 2km apart to facilitate installation of the fibre optic cable within the duct.

6.8 Corrosion Management

Corrosion protection shall be achieved using an impressed current cathodic protection system designed in
accordance with BS ISO 15589-1 (Ref. BS 8010, Section 9.5).

Insulation joints shall be fitted at installations to isolate the pipeline electrically. Special consideration shall be
given to the materials specified for insulation joints to ensure that they are compatible with CO2. Insulation
joints shall meet the requirements of Transco E17 Part 1 specification.

Buried pipework within installations shall be earthed, with an AC Discharge Device (ACDD) used to protect the
cathodic protection system. Above ground pipework shall be directly connected to the underground pipework.
The earthing of the pipeline system shall be in accordance with the general requirements of BS EN 62305-
1:2011 (Protection against Lightning).
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7 GENERAL DESIGN

71 Technical Constraints

7.1.1 Gas Transmission Pipelines
Where the CO2 pipeline crosses existing gas transmission pipelines, a minimum separation distance of 500mm
shall be used.

Where the CO: pipeline runs in parallel with an existing gas transmission pipeline, a minimum separation
distance of 7m shall be used wherever possible. If this separation distance is not achievable e.g. in an
industrial or urban setting where there are other services, further detailed work shall be carried out during
FEED stage to demonstrate that the risk of interaction and escalation between the services in the event of a
failure is as low as reasonably practicable (ALARP).

7.1.2 Electricity

As far as possible, crossings of overhead power lines shall be made perpendicular to the line of the power
lines.

Where the CO: pipeline crosses buried electricity cables, a minimum separation distance of 500mm shall be
used.

A high voltage interference study shall be carried out to assess the potential impact on the pipeline cathodic
corrosion protection system.

7.1.3 Other Utilities

Where the CO: pipeline crosses other existing utilities, a minimum separation distance of 500mm shall be
used.

With the exception of trenchless crossings, any utilities that will be installed as part of the CO: pipeline system
shall be laid with a minimum separation distance of 1m from the CO: pipeline.

A minimum separation distance of 1m shall be used if two CO2 pipelines are routed within the same wayleave.

7.1.4 Road Crossings

The CO:z2 pipelines should, as far as possible, cross public roads at right angles.

Additional protective measures (impact protection or additional pipeline wall thickness) shall be used at road
crossings. The location and extent of these shall be in accordance with BS PD8010.

7.1.5 Impact Protection

Where there is considered to be additional risk of third party interference with the buried pipeline, concrete
impact protection slabbing shall be specified. (Note: as a design factor of 0.3 is specified for all areas, all line
pipe used will be Heavy Wall Pipe. This provides inherent mitigation of risk from third party interference).

Concrete impact protection slabs shall be used for water course crossings except where these are installed
using trenchless methods.

Where concrete impact protection slabs are used, a minimum clearance of 500mm shall be maintained above
the pipeline crown. Measures shall be taken to ensure that there is no direct loading to the surface of the
pipeline e.g. by the use of compressible fill material directly beneath the protection slab where it crosses the
pipeline.
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7.2 Trenchless Crossings

Trenchless crossings shall be designed in accordance with IGEM/SR/28 ‘Trenchless techniques’ (Ref. 20).
Steel / metallic sleeve pipes should not be used for trenchless crossings.

Where concrete sleeve pipes are installed, the annular space between the pipeline and sleeve should be
grouted using a cement grout. When grouting sleeved crossings, the buoyancy of the pipeline within the
crossing should be considered in order to avoid damage or stress on the pipeline.

Trenchless crossings shall be constructed for the CO2 pipeline and any associated services only. Crossings
should not be shared with other utilities.

7.3 Environmental Constraints

Key environmental constraints are summarised on environmental constraints mapping (Ref. 21).

Details regarding specific environmental constraints are contained in the Health, Safety, Security &
Environmental Philosophy document (Ref.22).

7.4 Depth of Cover

The pipeline shall be laid at a minimum depth of cover of 1.2m generally.

For water courses, the minimum depth of cover shall be 1.6m. Where this additional depth cannot be achieved,
concrete impact protection shall be used.

All above ground sections of the pipeline shall be within secure areas inaccessible to the public.

7.5 Pipeline Markers

Visible markers indicating the presence of the buried CO: pipeline shall be installed at suitable locations having
regard to the industrial nature of the surrounding areas.

These shall be installed with a minimum spacing of 500m and at locations where the pipeline changes direction.

7.6 Right of Way / Wayleave

A permanent wayleave shall be defined for the final pipeline route. In areas of open ground, this shall measure
7m from the pipeline centreline on both sides of the pipeline. However, if this is not achievable, the wayleave
width shall be determined having regard to the practical challenges associated with inspection, maintenance
or repair (if required) of the pipeline. For areas within public or private roads, wayleave requirements will be
agreed with the relevant landowner or public authority.

Consideration shall also be given to allocating additional space at specific locations where such may be
required to facilitate future maintenance of the pipeline during service.

Space requirements for a temporary wayleave / right of way to facilitate construction shall be defined at detailed
design stage having regard to ground conditions, access requirements and facilitating safe construction.
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Appendix A
Proposed CO; Gathering
Network
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ESB Dublin Bay Dublin Wasteto Poolbeg Power
Power Plant Energy Station

{Covanta Plant)

Proposed Central

Dublin Bay/ WTE Plant [t —— CO, Gathering Network Processing Facility [CPF)
[Pointof CO; gathering) = : i f {1.35km, 400mm} Location

———  CO;Transmission Pipeline

Figure A 1 Proposed CO2 Gathering Network
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Table A1 Schedule of Crossings and adjacent assets on Preferred Pipeline Route

1. 2, 3. Totals
Shellybanks Road Pigeon House Road ESB Complex
(Pig Launcher to to ESB Complex to CPF
Pigeon House Road)
Road Surface Asphalt Asphalt Asphalt
(No.)
Approximate Length 297 595 458 1,350
(m)
Approximate Width 8-9 5-7 6-7
(m) (Narrows to 5m closer
to CPF)
Status Private Public Private
Natural Gas Pipeline N/A 1 TBC 1
(No.) 4bar Distribution (No GNI data)
O/H LV Electricity Lines 1 1 0 2
(No.)
Buried HV Cables 1No. 110kV Min. 2No. 220kV 1No. 110kV 15
4No. 220kV 6No. 220kV
Water / Wastewater 1 2 0 3
Watercourse (No.) 0 0 0
Other overhead crossings Sea water cooling N/A 1
pipes from
WTE Plant

Green Areas N/A N/A N/A 0
(m)
Industrial Land (m) 297 0 458 755
Public Space N/A 595 N/A 595
Residential and other uses N/A N/A N/A 0

(m)
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Appendix B
Alternative Pipeline
Routes Considered
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Pipeline Route Selection

The alternative pipeline routes considered for the CO2 gathering network are indicated graphically on Figure B1 below. A summary of the key attributes of each
pipeline route option is presented on Table B1 below.

Alternative CO; Pipeline Routes to CPF
Figure B1 Route Options — Gathering Network Dublin
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Table B 1

Route Options — Gathering Network Dublin

Route 1

(Yellow)

Route 2
(Dark Blue)

Route
Summary

Proposed

Proposed gathering network is entirely
within paved areas.

Approximately 39% of this route is in
paved areas within the ESB complex. The
remaining approximately 61% is within
open space.

Route traverses Irishtown Nature Park

and a short section of South Dublin Bay
SAC.

Approximately 53% of this route is in
paved areas adjacent to Shelly Banks
Beach. The remaining approximately 47%
is within open space that is adjacent to the
site boundaries of the Dublin WTE plant
and Ringsend Sewage Treatment Works.

Length in ‘Open Ground’ 0 =920 =620
Length in ‘Paved Areas / 1,350 =600 =690
Road’

Overall Route length 1,350 1,520 1,310
(m)

Complexity of construction High Very High Very High

methodology

Technical Constraints

Existing services within the paved
areas will be a challenge for
construction. However, these are
considered to be less onerous than for
Route 2 and Route 3.

The area at the south east corner of the
Ringsend Sewage Treatment works
contains 2No. large buried sewer mains,
4No. buried HV cables and 2No. High
Pressure gas mains (19bar & 40bar).
Crossing these would be very challenging.
Trenchless methods would be likely. The
final vertical alignment may be very deep
(>4m) or routed between these services

The area at the south east corner of the
Ringsend Sewage Treatment works
contains 2No. large buried sewer mains,
4No. buried HV cables and 2No. High
Pressure gas mains (19bar & 40bar).
Crossing these would be very challenging.
Trenchless methods would be likely. The
final vertical alignment may be very deep
(>4m) or routed between these services.

Reason for selection/
deselection

The philosophy behind the selection of
this route is to minimise the potential
for environmental impact (on the
adjacent SAC and Irishtown Nature
Park) while also minimising the
anticipated technical challenges from
existing buried services. While

This route crosses Irishtown Nature Park
and potentially impinges on the edge of
South Dublin Bay SAC. It also involves a
very technically challenging crossing of
major services which would likely require
a trenchless construction method. This
route has higher technical and planning

This route crosses Irishtown Nature Park
and potentially impinges on the edge of
South Dublin Bay SAC. It also involves a
very technically challenging crossing of
major services which would likely require a
trenchless construction method. This
route has higher technical and planning
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challenging, there appears to be scope risks when compared to the preferred risks when compared to the preferred
for finding a technically feasible route. route.

pipeline route within the paved areas

as shown.
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Appendix C
Above Ground Installation
Layout
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Concrete Road Pipe Supports

30009 Pipe Base : ~ 2 (As per BGE/ST/2006)
3009 Valve Base : ~ 1 (As per BGE/ST/2006)

Concrete Road area : ~ 174 m? (Site only)
Road Perimeter length : ~ 70m
Footpath area : ~ 39.0 m?

Pig Base

Base area : ~ 95.0 m? (Includes loading bay)

Ducting

Duct Chambers : ~ 5
Ducting length : ~ 140m (Duct runs x3)
Lighting Column : ~ 1 Kiosk

Kiosk : ~25m? (L 5m x W 5m x H 2.5)

Fencing

Outer Fence : ~ 140m

Inner Fence : ~ 106m

Allow for 1 Double entrance gates
Allow for 4 emergency gates

Drainage

Surface Water Soakaway : ~ 1 (L 3m x W 2.5m x D 1.2m)
Surface Water Gullies : ~ 3
Total Surface Water Pipe Length : ~ 45m

LEGEND
LINE COMPONENT

STATE
CO2 GAS

Total area 1113.00 m?

— — — — — Below Ground
Above Ground
Boundary Fence

LEGEND

ITEM

CONCRETE
ROAD/FOOTPATH/BASE

KIOSK
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