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1 INTRODUCTION

1.1 Who is EirGrid?

EirGrid is responsible for a safe, secure and reliable supply of electricity. EirGrid devel ops, manages
and operates the electricity transmission grid. This brings power from wh ere it is generated to where
it is needed throughout Ireland. EirGrid uses the grid to supply power to industry and businesses that
use large amounts of electricity. The grid also powers the distribution network.  This supplies the
electricity used every day in homes, businesses, schools, hospitals and farms.

1.2 Project Description

EirGrid, as the Transmission System Operator (TSO) of Ireland, and ESB Netwoks, as the Distribution
System Operator (DSO) and Transmission Asset Owner (TAO) of Ireland, work colboratively to ensure
that the needs of transmission and distribution connected customers are met. This includes planning
the development of transmission interface stations. A transmission interf ace station or transmission
substation is a point of connection between the transmission and distributi on system. A primary
function of these stations is to facilitate power flows between the trans  mission and distribution
systems to enable power to be distributed to where it is needed.

As part of feedback collected during the Shaping our Electricity Future consu lItation, the DSO has
highlighted to EirGrid emerging needs for additional capacity attra nsmission interface stations in the
Dublin area. This capacity is needed to accommodate forecast growth of elec tricity demand in the
distribution network. This projected demand growth is driven by several factors  including residential,
electrification of heat and transport and growth in commercial sectors.

The significant electricity demand growth in the distribution system also | eads to a significant
pressure on the transmission system, particularly at existing transmissio n substations and the
associated transmission circuits. The existing transmission substations and the associated
transmission circuits are at risk of reaching their capacity limits an d as a result the existing
infrastructure will not be capable to supply sufficient power to where it is needed. To address this
need, new infrastructure is required.

Since publication of the Shaping Our Electricity Future v1.0 Roadmap in 2 021, the emerging needs
have translated into connection requests made by the DSO to the TSO. Currentl y there are three

projects underway to deliver new transmission substations, one each in North County Dublin
(CP1214), West County Dublin (CP1226), and Dublin Central (CP273). This report pertains to Capital

Project 1273.
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Figure 1-1: The Grid Reinforcement Projects: CP1214, CP1226, and CP1 273

The Dublin Central Grid Reinforcement project is following the Framework f or Grid Development,

which is an end-to-HQG SURFHVYV IRU DOO (LU*ULG:V JULG GHYUR® RGPMNIQW SU
projects from their conception - the identification of a need to develop the electricity transmission

grid - to their eventual construction and subsequent energisation. The f ramework is explained in

(LU*ULG-V "+DYH \RXU 6D\p GRFXPHFgweD-2G LV LOOXVWUDWHG LQ

This approach facilitates engagement and consultation with stakeholders and the pu blic which helps
to explore options fully and make more informed decisions. Previous studies by EirGrid have brought
the Dublin Central Grid Reinforcement project through Steps 1 and 2 o f their Framework for Grid
Development and the project is currently at Step 3.
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Figure 1-2: EirGrid's Six-Step Framework for Grid Development

1.2.1 What Step is the Dublin Central Grid Reinforcement Project at?

7KH '"XEOLQ &HQWUDO *ULG 5HLQIRUFHPHQW BQRRHBEWHS/ FRIU{LKHAWA - D
step Framework for Grid Development. The key output of Step 3 is the identi fication of a best

performing technology solution and corresponding study area to meet the need for the develo pment

of a project. This technology solution will include information  such as the location of the project

and/or the existing grid substation node(s) involved, as well as a heat mapped study area within

which that solution occurs.

1.2.2 What is the Aim of this Step 3 Report?

The aim of this report is to identify the Emerging Best Option for the | ocation of the Dublin Central
Grid Reinforcement project as well as the 220 kV circuit tie-in|1  ocation. This report includes a review
of available technologies and technical feasibility. The Emerging Best Option is identified through
assessment using multi-criteria analysis.

1.2.3 CP1273 Dublin Central Grid Reinforcement

(LU*ULG LV UHVSRQGLQJ WR WKH 'LVWULEXWLRQ 6\VWHPLV2WHQDWRU
transmission substations feeding the Dublin City Centre area will reach their capacity limits in the

coming years. The DSO is planning to transfer load from Ringsend and Finglas Urban 110 kV stations

to a new proposed transmission substation to accommodate further loa d growth in Dublin City Centre

area.

A new transmission substation looped into one of the existing 22 0 kV circuits in the North Inner City
has been identified as the best solution option for solving the nee d. The ESB owns land in the East
Wall area and a potential site to locate the substation has already bee n identified. The suitability of
this and other potential sites were investigated, and this is outlin  ed in this Step 3 Report. To connect
this proposed transmission substation to the transmission network, there a re two connection options
given below, which were brought to Step 3.

The anticipated feeding arrangements are as follows:
X Loop-In the existing Finglas 2North Wall 220 kV circuit; or
X Loop-In the existing Finglas 2Shellybanks 220 kV circuit
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Key:

— Study area

- = Finglas-Shellybanks 220kV
—=. Finglas-North Wall 220kV
== Finglas-North Wall proposed

Figure 1-3: CP1273 study area and existing 220kV circuits
Supporting System Diagrams and initial Single Line Diagrams are provided in Section 2.

Based on technical and economic performance, it was concluded that both t he connection options
have similar performance and either option can be used to connect the new tra nsmission substation.

This proposed development consists of a suite of transmission reinfor cement elements which are all

required to provide a solution to the need identified. Due to therest  rictions of the urban city environs

the technologies under consideration for substations is Gas-Insula ted Substations (GIS) and for circuits
underground cables (UGC).

Table 1-1: Summary of the project need and short list of options

Stations Circuits No. of bays/Future Proofing

1x new 220/110 2 x 220V connections on existing cables. No. of bays = (Initial + future)
kV station Circa 1-2km route lengths each

Dublin Central 220 kV 28 bays 2(8+0 - 4
will be occupied initially)
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2 METHODOLOGY AND APPROACH

2.1 Introduction

The purpose of this report is to assess the potential location options an d determine the feasibility
and the Emerging Best Performing Option to develop further through St ep 4 to completion. This
section outlines the methodology applied to achieve this.

Initial location and route options were identified using high-level  considerations as listed in Section
2.4, following the identification of constraints within the study area. The constraints identified in
the study area were primarily based on a review of publicly available datasets, as well as route
walkover surveys.

The data sources include but are not limited to the following:
x Development Plans Dublin City Council
X Myplan.ie Mapping
x Central Statistics Office, CSO
x National Parks and Wildlife Services, NPWS
x Irish Ramsar Wetland Committee
x Environmental Protection Area (EPA) mapping
X Geological Survey Ireland, GSI
x National Monuments Service
X Heritage Mapping

x Corine 2018 and 2012 data (sourced from the EPA). This dataset was used with aerial imagery
and supplemented with datasets obtained directly from other sources covering the  Dublin
area, to determine land use.

x Digital terrain mapping was sourced by EirGrid from the Ordnance Surv ey Ireland (OSI) for
the study area. An orthographical map of the study area, sourced from OSI, was also
reviewed.

x Information from local authorities, asset owners and utility providers.

To help minimise disruption and work as efficiently as possible, this project will  coordinate with other
state-owned utilities, transport providers and local authorities through the Du  blin Infrastructure
Forum (DIF). The forum meets quarterly.

The DIF has also setup three working groups at operational level:
x  Stakeholder engagement and communications;
x Technical expertise; and
X Planning and environment.

While the initial focus of the work of the DIF has been on the Powering Up Dublin programme, it is
intended to work more broadly across other major infrastructure projects be ing delivered in the area
such as water, gas and transport.

2.2 Study Area

The study area for this specific project, CP1273 Dublin Central Gri d Reinforcement, is shown in Figure
2-1. This study area starts north of Fairview Park and extends down to just south of the River Li ffey.
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Figure 2-1 CP1273 Dublin Central Transmission Substation Study Ar ea

2.3 Indicative Single Line Drawing and Master Layout

The indicative Single Line Drawing (SLD) for this transmission substation at this point in the project
is shown in Figure 2-2. This SLD was used in conjunction with the indicative Master Layout to
determine the minimum size required for the substation to select potential  locations within the study
area.

To determine the high level feasible transmission substation locations within  the study area, a high-
level substation layout was designed to determine the area required by the tra nsmission substation.
This minimum footprint was determined to be approximately 1.04 hectares. Th is was used in
conjunction with the methodology discussed in Section 2.4 to identify potential |y feasible substation
locations.
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Figure 2-2: Single Line Drawing of the proposed Dublin Central tra  nsmission substation
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2.4 Identification of Potential transmission Substation Locations

Potential locations for the Dublin Central transmission substation have been identified following high-
level considerations under the following headings:

X Technical
0 Size of site
0 Accessibility to existing 220 kV circuits
f Major obstacles (crossings that may require trenchless techniques)
f Proximity
f Route geometry
X Environmental
o Ecology
o0 Water bodies
o Contaminated land
x Social
0 Residential, amenity, commercial
0 Archaeology/Cultural heritage
x Economic
o Land ownership
0 Length of route for 220 kV circuit loop-in options
x  Deliverability
o0 Land availability
0 Site accessibility

The potential options identified were then assessed in the Multi-Criteria  Analysis to determine the
Emerging Best Performing Option to progress to Step 4.

2.5 Criteria Used for Comparison of Options

The potential locatons ZHUH DVVHVVHG XVLQJ (Liierid assedsmdntydrteRaX Thase
are as follows:

Technical
Deliverability
Economic
Socio-Economic
Environmental

X X X X X

The criteria were further divided into sub-criteria which are descri  bed below. For each sub-criteri on,
the location was ranked according to the colour scale shown in Table 2-1 .

Table 2-1: Colour coding of Risk / Significance / Sensitivity levels

Colour Key Level of Risk / Significance / Sensitivity
Yellow Low
Green Low-Moderate

ARG e Voderate
Moderate-High
High

2.5.1 Technical

Table 2-2 outlines the sub-criteria considered under Technical.
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Table 2-2: Technical sub-criteria for the Multi-Criteria Asse ssment

Sub-criteria Description
Will the route lead to areas which are difficult to access to
Technical Operating Risk complete maintenance activities, examples include access to

railways, motorways, fast lanes of major roads, etc.

This considers the ease with which the solution option can be
Expansion/Extendibility expanded, for example it may be possible to uprate an overhead

line to a higher capacity or a new voltage in the future.

2.5.2 Deliverability

The table below outlines the sub-criteria considered under Deliverability.

Table 2-3: Deliverability sub-criteria for the Multi-Criteria Assessment

Sub-criteria Description

Considers the likely interface, both positive and negative on the
cable routes (Metro North and others)

Assessment of crossings, obstacles or constraints that may
Design complexity complicate or impact the design. The project should also comply
with the specified ratings as provided by EirGrid.

Relative length of time until energisation. This assesses
significant differences, such as current landownership.

Dependence on other projects

Implementation Timelines

2.5.3 Economic
The table below outlines the sub-criteria considered under Economic.

Table 2-4: Economic sub-criteria for the Multi-Criteria Assessmen t

Sub-criteria Description

Costs associated with the procurement, installation and
commissioning of the grid development and therefore includes all
the transmission HTXLSPHQW WKDW IRUPV SDUW
scope.
Avoided costs and difference in constraint costs for example due
Project Benefits the lack of capacity to export a forecast volume of generation.

The proximity to existing circuits.

Project Implementation Costs

254 Socio-Economic

The table below outlines the sub-criteria considered under Socio-Economic.

Table 2-5: Socio-Economic sub-criteria for the Multi-Criteria Assess ment

Sub-criteria Description

The expected impact of a grid development option on towns,
villages and rural housing, as well as on commercial activity
Impact on recreational activities (e.qg., fishing, sports) and
Amenity tourism during and after construction, that are not included in
the other sub-criteria.

Considers the potential impact / proximity to areas (and specific
points) of Cultural Heritage.

Settlements and Communities

Cultural heritage
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Sub-criteria Description
An assessment of landscape constraints and designations and the
impact on visual amenity.

Landscape & Visual

255 Environmental

The table below outlines the sub-criteria considered under Environmental.

Table 2-6: Environmental sub-criteria for the Multi-Criteri a Assessment

Sub-criteria Description

Considers the possible impact of the selected route on

biodiversity 2based on the significance from constraints mapping

Considers the risk arising from proximity to water bodies 2based

Water Impact on the significance from constraints mapping. Number of
crossings, proximity of location of site and circuits etc.

Biodiversity, Flora and Fauna
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3 POTENTIAL SUBSTATION LOCATION AND 220 kV TIE IN
OPTIONS

Using the high-level considerations identified in Section 2.4, eight potential transmission substation
locations were identified for further assessment. Locating the substation  within public amenity lands

has not been considered due to the high impact of this option. All eight locations are shown in Figure
3-1 below.

Figure 3-1: All identified potential transmission substation locations

From the initial eight sites, during the constraints study four were  screened out initially due to
existing planning permissions for projects on those sites. Four | ocations were bought forward to assess
using the Multi-Criteria Analysis. This section describes each location a s well as the identified 220 kV
circuit tie in options. Figure 3- 2 shows the potential transmission substation locations that were
analysed in the Multi-Criteria Analysis.

Key:

Location 1
D Location 2
D Location 3
3 Location 4

Figure 3-2: Potential transmission substation locations progressed to the Multi-C riteria Analysis
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3.1 Location 1

Location 1 is the ESB owned parking lot and vacant brownfield site on East Wall Road. The location
is approximately 50m from the Finglas 2 Shellybanks 220 kV circuit which currently runs on the
northern side of the M50.

The size of this location is approximately 1 ha. Due to the site geometry, the generic high-level site
layout was customised to fit the available space.

Figure 3-3: Potential Location 1 with adjusted generic substation layo ut and potential 220 kV tie in

The potential 220kV circuit tie in, shown in pink in Figure 3- 2, loops in the Finglas 2Shellybanks 220
KV circuit. This tie in crosses the M50, and the crossing methodology is envisaged to be tren chless.

3.2 Location 2

Location 2 is the Dublin Port Company (DPC) owned parking lot on East Wdl Road. The location is
approximately 60m from the Finglas 2Shellybanks 220 kV circuit which currently runs on the northern
side of the M50.

The size of this location is approximately 3.5 ha.
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Figure 3-4: Potential Location 2 with generic substation layout an d potential 220 kV tie in

The potential 220 kV circuit tie in, shown in pink in Figure 3-3, loops in the Finglas  2Shellybanks 220
kV circuit. This tie in crosses the M50, and the crossing methodology is envisaged to be tren chless.

3.3 Location 3

Location 3 is the Dublin Port Company (DPC) owned container storage adjacent to East Wall Road.
The location is approximately 40m from the existing Finglas 2North Wall 220 kV circuit which travels
on Sheriff Street Upper and East Wall Road.

The proposed Finglas 2North Wall replacement circuit (CP1100) also runs directly through the zone.

The size of this location is approximately 2.6 ha.

Figure 3-5: Potential Location 3 with generic substation layout an d potential 220 kV tie in
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There are two potential 220 kV circuit tie ins. The first, shown in pink i n Figure 3-4, loops in the
existing Finglas 2North Wall 220 kV circuit. As this circuit is set to be decommissioned, this is not
considered a viable loop in option for this project.

The second tie in option, shown in blue in Figure 3-4, loops in the pr oposed replacement Finglas 2
North Wall 220 kV circuit.

34 Location 4

Location 4 is the T11 Customs Parking lot owned by Dublin Port Company (DPC). The lccation is
approximately 200m from the Finglas 2Shellybanks 220 kV circuit which travels on Promenade Road.

The size of this location is approximately 2.7 ha.

Figure 3-6: Potential Location 4 with generic substation layout and potential 220 kV tie in

The potential 220 kV circuit tie in, shown in pink in Figure 3-7, loops in the Finglas  2Shellybanks 220
kV circuit.
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4 MULTI-CRITERIA ANALYSIS

The potential transmission substation locations identified and describ ed in Section 3 were further
evaluated using the methodology outlined in Section 2.5. Each of the locations were assessed using
the five criteria and the associated sub-criteria.

This section summarises the Multi-Criteria Analysis for each location and identifies the Emerging Best
Option (EBO) that will be progressed further to Step 4.

Figure 4-1 shows the four locations assessed during this analysis.

Key:

[ Location 1
D Location 2
: Location 3
3 Location 4

Figure 4-1: Identified potential transmission substation location S

4.1 Emerging Best Option from Multi-Criteria Analysis

Table 4-1 summarises the performance of each location across five criter ia and their overall
performance. The detailed performance assessments for each criterion, bro ken down into the sub-
criteria evaluated, are available in the next sections of this report.

The Multi-Criteria Assessment identifies Location 1 as the EBO to progress to Step 4 of this project.

Table 4-1: Criteria level summary of Multi-Criteria Analysis

Criteria Location 1 Location 2 Location 3 Location 4

Technical
Performance

Deliverability
Performance

Economic
Performance

Socio-Economic
Performance

Environmental
Performance
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Criteria Location 1 Location 2 Location 3 Location 4

Overall Performance

Technical feasibility evaluates the practicality and viability of implementing each o ption from an

engineering perspective, considering factors like site access, infr astructure requirements, and

technical constraints. The technical criteria and relevant sub-criteria fo  r each location is discussed
in Section 4.2. All locations are rated moderate-high.

Deliverability assesses the ease with which each option can be successfully executed, taking into
account factors such as project dependencies, desigh complexity, and implem entation timelines. The
deliverability criteria and relevant sub-criteria is discussed in  detail in Section 4.3. Location 1
performs the best for this criterion with a rating of low-modera te. Location 3 is the highest rated

with a ranking of moderate-high. All other locations are rated as  mid-level/moderate in terms of

deliverability.

Economic considerations involve evaluating the financial implica tions of each option, including
project implementation costs and potential benefits. The economic criteriaa  nd relevant sub-criteria
is discussed in detail in Section 4.4. Location 1 performs the best for this criterion with a rating of
low-moderate. All other locations are rated as mid-level/moderate.

Socio-economic factors consider the impact of each option on settlements, communi ties, cultural
heritage, amenity, and landscape. The socio-economic criteria and relevant sub-criteria  is discussed
in detail in Section 4.5. All locations are rated as mid-level/moderate.

Finally, environmental impact assessment involves evaluating the potential effects of each option on
biodiversity, flora and fauna, and water resources. The environmenta | criteria and relevant sub-
criteria is discussed in detail in Section 4.6. Locations 1 and 2 were rated as low for this criterion,
with location 3 rated as moderate-low. Location 4 w asrated higher as moderate-high.

The overall rating for each option is calculated by aggregating the r ankings across all criteria,

providing a comprehensive assessment of each option's overall suitability an d performance. This

information allows the comparison of locations based on their respec tive strengths and weaknesses
across different categories, ultimately aiding decision-making processes in the pr oject planning and

development stages.

From the overall performance, Location 1 is rated as low-moderate, with the other locations being
rated higher. Due to this, Location 1 has been identified as the Em erging Best Option (EBO) to bring
forward into Step 4 for further assessment and analysis. Location 1 wa s assessed in greater detail for
high-level technical feasibility. This assessment is outlined in Section 5.

4.2 Technical Analysis

Table 4-2 summarises the technical performance of each location assessed in the Multi-Criteria
Analysis. The three sub-criteria assessed at this stage of the project were the technical operating
risk and the expansion and extendibility of each location, focusing on both 110 kV and 220 kV
configurations.

Table 4-2: Summary of technical analysis

Sub-Criteria Location 1 Location 2 Location 3 Location 4

Technical Operating
Risk

Expansion /
Extendibility 2110 kV
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Sub-Criteria Location 1 Location 2 Location 3 Location 4

Expansion /
Extendibility 2220 kV

Overall Technical
Performance

The technical operating risk column evaluates the difficulty of accessing areas for maintenance
activities, considering factors like proximity to railways, motorways, o r major roads. It examines
potential constraints that might hinder maintenance operations in the future.

Location 1 scored as mid-level/moderate for this sub-criterion, as while the site acces s through East
Wall Road may be constrained from a traffic impact, there is available s pace for HV vehicles. Location
2, 3 and 4 all scored as moderate-high due to the access of the site th rough Port land, which will
need to account for Port activities.

Regarding expansion/extendibility, the assessment evaluates the ease with which the pr oject can be
expanded or upgraded. For the 110 kV option, the evaluation looks at how many 110 kV circui ts may
feasibly be routed out of the substation site (assessed at a high level from available record data). For
the 220 kV option, it examines the ease of looping in the second 220 kV circuit to the substation site.

Due to the high congestion of East Wall Road, which affects all the locations (once the circuits have
left Port land from location 4), the expansion for 110 kV circu its is moderate-high for these locations.
There is potential to locate up to 3 110 kV circuits in either direction  on this road, however trefoil
configuration may be required.

The high congestion on East Wall Road results in the moderate-high rating for the 220 kV expansion
sub-criteria for location 1, 2 and 3. For these sites, from a  high-level review, it is likely that trefoll
arrangements and copper cables be required to locate the two 220 kV circuits in this road and r  each
the required rating. For this sub-criterion, location 4 is rated as mid-level moderate. This is due to
the tie in to the second 220 kV circuit (Finglas - North Wall) bein g located approximately 800m
through Port land. This is an easier tie in when compared to the other locations.

Overall, all locations are rated as moderate-high.

4.3 Deliverability Analysis

Table 4-3 summarises the deliverability performance of each location assessed i n the Multi-Criteria
Analysis. The three sub-criteria assessed at this stage of the project were the dependence on other
projects, design complexity and implementation times for each location.

Table 4-3: Summary of deliverability analysis

Sub-Criteria Location 1 Location 2 Location 3 Location 4

Dependence on other
projects

Design complexity

Implementation
Timelines

Overall
Deliverability
Performance

The dependence on other projects sub-criterion evaluates whether the pr oject relies on the
completion of other projects for its successful execution. Location 1, 2 and 4 all score low for
dependence on other projects as there are no known current projects at  these locations. Location 3
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network through this site.

In terms of design complexity, the table assesses the level of complexity associated wi th the project's
design, considering factors such as crossings, obstacles, or constraints that may complicate or impact
the design. This includes compliance with specified ratings provide d by EirGrid. Options are rated
based on the relative complexity of their design requirements.

Location 1 scores as mid-level/moderate in terms of design complexity due to  the need for a complex
trenchless crossing of the M50 for the 220 kV tie-in, as well as the size and shape of the site adding
to the design complexity. Location 2 scores at mid-level moderate also due toth e need for a complex
trenchless crossing of the M50 for the 220 kV tie-in. Locations 3 an d 4 scored as low-moderate as the
circuit tie in to the primary 220 kV circuit identified as relatively acce  ssible and the site size and
geometry is appropriate.

The implementation timelines sub-criterion evaluates the anticipated timeline until energization,

highlighting any significant differences among the options. At this sta ge one of the main
differentiating factors between the sites is considered to be the curren tlandownership status, which

can influence project implementation. Location 1 is rated as low as  the land is owned by ESB with no
anticipated stakeholder or compulsory purchase order (CPO). The rest of the locations are rated as
moderate-high as the land is owned by Dublin Port Company so land acquisition and stakeholder
engagement would be required.

Overall, location 1 is rated as low-moderate. Locations 2 and 4 are rated as mid-level/moderate,
while location 3 is rated as moderate-high.

4.4 Economic Analysis

Table 4-4 summarises the economic performance of each location assessed in the Multi-Criteria
Analysis. The two sub-criteria assessed at this stage of the project were the project implem entation
costs and the project benefits of each location.

Table 4-4: Summary of economic analysis

Sub-Criteria Location 1 Location 2 Location 3 Location 4

Project
Implementation
Costs

Project Benefits

Overall Economic
Performance

The Project Implementation Costs assesses the expenses associated with the procurement,
installation, and commissioning of the transmission equipment neces sary for the project. This
includes all costs directly related to the project's scope, such as infr astructure and equipment
expenses. At this stage, equipment considerations with all locations are co nsidered to the similar.
The differentiating factor for this sub-criterion at this stage is the co sts associated with land
ownership. Location 1 was rated as low as the land is owned by ESB. The rest of the locations are
rated as mid-level/moderate as the land is owned by Dublin Port Company.

The Project Benefits evaluates the benefits derived from the project, inclu  ding avoided costs and
differences in constraint costs. Avoided costs may arise from factors s uch as the ability to export a
forecast volume of generation, while constraint costs may result from the |  ack of capacity to meet
certain demands. At this stage in the project, the main differentiating factor between the sites is
the proximity to the existing 220kV circuits circuit (for the first 220 kV tie-in). Locations 1a nd 2 are
rated mid-level/moderate due to the complex trenchless crossing of the M5 0 for the 220 kV tie-in.
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Location 4 is also rated mid-level/moderate as the tie-in length  is over 200m. Location 3 has the
lowest rating of moderate-low as th is site is directly adjacent to the proposed tie-in circuit.

Overall, location 1 is rated as moderate-low. The remaining locations (2, 3, and 4) are rated as mi d-
level/moderate.

4.5 Socio-Economic Analysis

Table 4-5 summarises the socio-economic performance of each location assessedin the Multi-Criteria
Analysis. The four sub-criteria assessed at this stage of the project w ere the potential impacts on
settlements and communities, amenity, cultural heritage and landscape and visual of each loca tion.

Table 4-5: Summary of socio-economic analysis

Sub-Criteria Location 1 Location 2 Location 3 Location 4

Settlements and
Communities

Amenity

Cultural heritage

Landscape & Visual

Overall Socio-
Economic
Performance

In terms of settlements and communities, the table assesses the expected impact of each optio n on
residential, as well as current commercial activity onsite . Location 1 is situated in the residential
and industrial area of East Wall, potentially affecting local r esidents and businesses. Locations 2, 3
and 4 were rated as high due to the current land use of the location being long term parking for
imported cars, parking adjacent to Port Terminal 4 and parking for T11 Cu stoms respectively. All
three locations are within Dublin Port Company land.

Amenity considerations focus on the impact on recreational activities a nd tourism during and after
construction. All the locations are rated low in this sub-criterion  as they will have minimal to no
impact on amenity areas .

Cultural heritage evaluation involves assessing the impact of each option o n recorded cultural

heritage resources. At this stage, from a high-level desktop review, all  options were rated as mid-

OHYHO PRGHUDWH DV WKH\ GR QRW FRQWDLQ PQ\F&XIIWKUHOS -K/HB UWD
importance.

Finally, the assessment of landscape and visual factors considers landscape constraints, designated
landscapes, and visual amenity. Location 2 and 4 were rated as low impact, with no expected loss of
valued landscape elements or impacts on designated landscapes. Location 1 and 3 were rated as mid-
level/moderate as there may be limited impacts on the residents on East Wall Road (location 1) and
limited visual impacts apart from residents of dwellings and recreational  users of boat and yacht
clubs on the south side of the River Liffey (location 3).

Overall, all locations are rated as mid-level/moderate in terms of socio-econo  mic impact.
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4.6 Environmental Analysis

Table 4-6 summarises the environmental performance of each location assessed in the Multi- Criteria
Analysis. The two sub-criteria assessed at this stage of the project were th e potential impacts on
biodiversity, flora and fauna and water impact of each location.

Table 4-6: Summary of environmental analysis

Sub-Criteria Location 1 Location 2 Location 3 Location 4

Biodiversity, Flora
and Fauna

Water Impact

Overall
Environmental
Performance

The biodiversity, flora and fauna sub-criterion evaluates the poten tial impact of each location on
biodiversity, including flora and fauna. Location 1, 2 and 3 received a rating of low, indicating no
anticipated impact on biodiversity, flora, or fauna. Location 4 is rated mid-level/moderate as it is
adjacent to the North Dublin Bay pNHA and SPA.

The water impact assesses the potential impact of each location on river cr ossings, lakes, and
groundwater. Location 1 and 2 are rated low as there is no envisag ed water impact in these locations.
Location 3 was rated mid-level/moderate due to its proximity to Alexandra Basin, which ~ forms part
of Dublin Port. Location 4 is rated as moderate-high as it is adjacent to North Dublin Bay.

Overall, locations 1 and 2 are rated as low in terms of environm ental impact. Location 3 is rated as
low-moderate, while location 4 is rated as moderate-high.
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5 TECHNICAL FEASIBLITY

5.1 Transmission Asset Technology Review

All equipment supplied for the GIS substation shall comply with EirGrid Tra nsmission Standards.
THFKQLFDO VFKHGXOH VKDOO EH SURYLGHG WRL HGWDXWLHR @& ¥ XMIBW HWDIW (U C
transmission requirements. All equipment is subject to approval by the TAO. The following sections

list EirGrid standards that are applicable to this project. Multiple frameworks h  ave been set up where

equipment manufacturers are pre-approved to supply equipment for us e on the transmission system.

5.1.1 High voltage AC cables
CDS-GF$0-001-R1 110/220/400 kV Underground Cable Specification
Please see Al & Cu Cable datasheet in Appendix I.

5.1.2 Switchgear
XDS-GF25-001-R4 110/220/400 kV GIS Specification

51.3 Transformers

XDS-GF®0-001-R4 1110/220/400 kV Station General Requirements
XDS-GF®8-001-R3 Station Auxiliary Power Supplies Specification
XDS-GF®9-001-R4 Station 220 V, 48V and 24 V Lead Acid Batteries and Chargers
XDS-GF3:3-001-R2 Substation Civil and Building Works

514 Control and protection
XDS-GF®6-001-R2 Control, Protection and Metering Specification

5.1.5 Earthing
XDS-GFS3:2-001-R4 Earthing and Lightning Protection
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5.2 Design Options for EBO

Location 1 has been identified as Emerging Best Option (EBO) for advancement to Step 4. The high
level design options have been developed for this location.

The 220 kV tie-in to the EBO is challenging as it is a trenchless crossing of the M50. All other circuits
leaving the substation site are expected to travel on East Wall Road, which is hig hly congested.

It must be noted that all designs are based off available record data . No specific site investigation
has been completed for this project to confirm these utilities.

5.21 Single Line Diagram
The Single Line Diagram can be found in Appendix A.

The project brief listed the requirement for an 8 bay 220 kV substation . An 8 bay substation typically
has 2no. 220/110 kV Transformers and an initial SLD was submitted for review. Subsequently EirGrid
requested the inclusion of a third transformer. The attached SLD in A ppendix A shows and 8 bay
station with 3 transformers, which is a non-standard arrangement and we suggest this is assessed
further in the next step of the project. We have configured the transfo  rmers in a way to maximise
the redundancy of the system.

5.2.2 Cable Circuit Ampacity Calculations
The cable circuit ampacity calculations can be found in Appendix B.

The ampacity considers the following scenarios in Table 5-1 and 5-2. The configurations selected
reference available space requirements and possible de-ratings due to the pro ximity of other
electrical circuits in the vicinity. As a number of circuits are existing and some fu  ture, in both cases
ratings unknown, we have selected the following circuit ratings:

x 110 kV Circuits 190 MVA
X 220 kV Circuits 537 MVA
Summer ratings are considered:
X Summer Ground Temperature 20 ( May to September
X Summer Soil Thermal Resistivity 1.2 K.m/W
X Summer Concrete (CBGM B) Thermal Resistivity 1.0 K.m/W
HDD (below 3 m):
X Soil Temperature 10 ( (All year round)
X Soil Resistivity 1.0 K.m/W (All year round)

The cable for the 220 kV circuits is proposed to be 2 500 mm? Al. (LU*ULG-V SUHIHUHQFH LV W
aluminium conductors in flat formation. Where there is insuff icient space for flat formation, trefoil

may be required. Our analysis has determined that in trefoil, the  aluminium conductors cannot meet

the system ratings, in which case copper conductors are proposed. Also, in cases where cables are

laid in the vicinity of existing cables, our analysis has determined that copper cables may be selected

to achieve the ratings.

Table 5-1: 220 kV scenarios and configurations investigated to deter mine ampacity ratings achieved

Scenario Direction No. of 220 kV Cable formation 220 kV rating
220 kV formation physically achievable achieved
A N 2 HDD - flat No N/A
B N 2 HDD - trefoil Yes Yes

| IE000451A | S4 PO1 |

s 2

ATETRATECH COMPANY



DUBLIN CENTRAL GRID REINFORCEMENT +*STEP 3 REPORT

Scenario Direction No. of 220 kV Cable formation 220 kV rating
220 kv formation physically achievable achieved
C SE 2 Flat No N/A
D SE 2 1 flat; 1 trefoil Yes Yes
E SE 2 Trefoil Yes Yes
F NW 1 Flat No N/A
G NW 1 Trefoll Yes™ Yes

Table 5-2: 110 kV scenarios and configurations investigated to deter mine ampacity ratings achieved

Scenario Direction No. of 110 I§V Ce}ble formr_:xtion 110 k\_/ rating
110 kV formation physically achievable achieved
H SE 3 Flat Yes™ Yes
| SE 3 Trefoil Yes Yes
J NW 2 Flat Yes* Yes
K NW 2 Trefoil Yes Yes

**Depends on other circuits within roadway

5.2.3 Indicative Master Layout
We have developed the Master Layout for the EBO which can be found in Appendix C.
The following standards were used in generating the master layout:
X Generic design standard for 110 kV GIS Station 2XDNLAY-ELV-STND-H312-003
X Generic design standard for 220 kV GIS Station 2XDNLAY-ELV-STND-B05-002
X Station design standard for 110 kV GIS Station - XDNLAY-ELV-STND-H312-001
The layout was based on the above standard requirements from EirGrid which details the fol lowing:

X Minimum distance from the palisade fence (Internal fence) being 10m to the ed ge of the
building both 110 kV & 220 kV buildings.

X Minimum distance from the customer fence being 7m to the edge of the building  both 110 kV
& 220 kV buildings.

X The minimum size of a footpath around the buildings is 2m wide.

X The minimum size of the compound road within the site is 4.5m wide.

X The standard size of a110 kV GIS building 8-bay station is 14.88m wide by 48.10m long.

X The standard size of a 220 kV GIS building 8-bay station is 18.50m wide by 49.00m long.
Based on the above standards, the following was achieved for the layout:

X The distance from the palisade fence (Internal fence) to the edge of 220 kV GIS Building
19m on the wide side.

X The distance from the customer fence to the edge of 220 kV GIS Building is 1 5m on the long
side.

X The distance from the palisade fence (Internal fence) to the edge of 110 kV GIS Building
10m on the long side.
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X The distance from the customer fence to the edge of 220 kV GIS Building is 10m on the wide
side.

524 Indicative Master Elevations
We have developed the Master Elevations which can be found in Appendix D.

The building elevations for both 110 kV and 220 kV GIS buildings were generated based on the
standard layouts of the two buildings. The elevations give details pertainin g to the height, length and
width of the buildings and features like doors and ventilation locations.

5.2.5 Indicative Primary Plant Plan View
We have developed the Primary Plant Plan View which can be found in Appendix E.

The plant plan was based on the 3 no. transformers of standard dimensions of 17.5m x 1 7.5m each.

5.2.6 Indicative Control Building Layouts
We have developed the Control Building Layouts which can be found in Appendix F.

The layouts of the control buildings which are 110 kV and 220 kV were based on EirGrid standard 8
bay station drawings which are:

X 110kV layout; XDN-LAY-ELV-STND-H312-003-00
X 220kV layout; XDN-LAY-ELV-STND-F-005-0020

The layouts show the general arrangement of the buildings based on various functio ns.

5.2.7 Indicative Cable Layouts
We have developed the Cable Arrangements which can be found in Appendix G.

The 220 kV circuit tie-ins for the EBO crosses the M50 motorway. Horizo ntal Directional Drill (HDD) is
the envisaged crossing methodology. Appendix H shows the proposed HDD crosing, with the space
required for the equipment setup.

5.2.8 Connectivity Review

To determine how accessible the EBO will be for future development, four cross sections were
assessed along East Wall Road. These were used to identify available space for future ci rcuits.

From this desktop review, it appears there is space available for all the req uired circuits out of the
substation site. However, it must be noted that these cross sections hav e been created from available
record data. Specific site investigations will be required to confirm  these records and thus the
available space.

The physical constructability of each circuit will also need to be assessed in more detail. Some circuits

shown have been placed within footpaths that have houses open directly onto thes e footpaths.

Special consideration will need to be given to limiting impact on these residents, whil e ensuring the
circuit can be built.

The four cross sections are located along East Wall Road as shown in Figure 5. Further analysis has
been broken down into the Central Section (location A), Eastern Section (location B), and Western
Section (location C and D).
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Figure 5-1: Locations of cross sections along East Wall Road

Central Section

Figure 5-2 shows the cross section of East Wall Road at PointA. A possible circuit arrangement in this
cross section has been shown above the Transmission Level Services.

From this desktop review, there appears to be space for three 110 kV circuits in trefoil. These have
been modelled in a trench of 600mm width, with separations of 200mm  between each. The ampacity
calculation for this scenario has been completed, and the calculations are in Appendix B. In this
configuration it is possible to reach the desired rating for all three 110 kV circu its.

There is also space for two 220 kV circuits, one in trefoil and on e flat in EirGrid standard trenches.
The circuit in flat formation will need further modelling to determine i f there is any derating
expected on the 38 kV circuit adjacent.

The circuit in trefoil has sufficient distance between it and the three 1~ 10 kV circuits, that there is no
expected derating between these two circuits.

Further assessment will be needed along the entire length of this road to de termine any possible
derating impacts. This modelling will be completed during Step 4 of this p  roject. This will be applied
across the entire East Wall Road, and so applies for all the cross sections depicted h ere.
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Figure 5-2: Cross section of East Wall Road at Location A

Eastern Section

Figure 5-3 shows the cross section of East Wall Road at PointB. A possible circuit arrangement in this
cross section has been shown above the Transmission Level Services.

From this desktop review, there appears to be space for three 110 kV circuits in  trefoil. These circuits
are adjacent to two 38 kV, so there may be derating on these circu its. However, the physical
separation requirements can be met.

There is also space for two 220 kV circuits, one in trefoil and on e flat in EirGrid standard trenches,

as with the cross section at Point A. The circuit shown in flat  formation may be difficult to construct,

DV LW LV ORFDWHG ZLWKLQ WKH IRRWSDWK D®MPBEHW BE\HRW WHIUL GUHR)A-
constructability point of view to have this circuit in trefoil formation to red uce the trench size

further.
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Figure 5-3: Cross section of East Wall Road at Location B

Western Section

Figure 5-4 shows the cross section of East Wall Road at Pont C. This is the narrowest point in East
Wall Road heading in a north-westerly direction.

From this desktop review, there appears to be space for two 110 kV circuits i n trefoil. The scenario
will require further modelling to determine if there is any derating expe  cted on the 38 kV circuit
adjacent. The impact of placing the circuit adjacent to the front doors o f the residences will need
to be carefully assessed for constructability.
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Figure 5-4: Cross section of East Wall Road at Location B

Figure 5-5 shows the cross section of East Wall Road at Poirt D. This is underneath the railway line
on East Wall Road.

From this desktop review, there appears to be space for two 110 kV circuits in trefoil. When the
existing Finglas 2North Wall 220 kV circuit (shown in red in the cross section), is decommissioned,
the space available in this corridor will increase.
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Figure 5-5: Cross section of East Wall Road at Location D
Summary

As detailed above we have carried out an assessment of the potential to connect new circuits into

the proposed transmission substation on the EBO site. EirGid has requested that we consider up to 5
x 110KkV circuits and a second 220 kV circuit. As part of this assessment, we have considered available
space for new circuits on the East Wall Road and then have undertaken ampacity calculations to

determine the circuit arrangement and the potential impacts.

Based on the assessments carried out to date we have identified that there is available space to
accommodate some circuits. Itis noted that the East Wall Road is a busy urban carriageway contai ning
existing utilities [water, wastewater, gas, power, comms] which is bounded by co mmercial and
residential properties for some sections and by the Tolka River for other sections.

Our assessment is based on record data from utility providers, availa ble mapping for the area and
idealised layouts. On the basis of the assessment, we believe that i t will be extremely challenging to
accommodate all of the circuits requested by EirGrid this is due to the availabl e space [existing
services, and proximity to existing properties] and also the potential for ~ de-rating impact of various
circuits on each other.

It is our opinion that further investigations are required to confirm the exact number of circuits
that can be accommodated, this will include;

Utility survey to PAS 128

Slit trenching

Resistivity testing

Topographical survey, including boundary survey.

X X X X

Following these investigations further design, constructability r eview and ampacity modelling are
required to confirm the number of circuits that can be practically accommodated.
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5.3 Constructability

5.3.1 Overview of Works
The construction works associated with the project includes the following;
X Substation Construction
o Construction of 110 kV & 220 kV GIS substations
o Boundary walls
o Site services
o Internal roads
o Drainage including surface water attenuation
x  Circuit Construction
0 Trenching, ducting, backfill and reinstatement
o Joint bay construction
o Cable pulling
o0 Construction of Trenchless crossings

High-level details of each of the above steps are presented in the following sections.

5.3.2 Construction of 110 kV & 220 kV GIS substation

The construction of the 220 kV and 110 kV substations require detailed design and planning,
adherence to safety protocols, and consideration of various techni cal factors. Of particular
importance is understanding the bearing capacity of the ground and the soi | resistivity of the site, as
it directly impacts grounding systems and foundation design.

The construction of a GIS substation typically begins with site preparation, i ncluding clearing
vegetation, levelling the ground, and installing temporary facilities for w  orkers and equipment
storage. Once the site is prepared, foundation construction commences, with specific attention to

the design of grounding systems based on soil resistivity data. As the soil resistivity for this site is

currently unknown, preliminary soil testing should be conducted to inf orm foundation design
accurately.

The GIS equipment, including switchgear, transformers, and associated compone nts, is then installed
according to manufacturer specifications and engineering drawings. Ca reful coordination and
supervision are essential during this phase to ensure proper ali gnment, connection, and testing of
equipment.

Following equipment installation, interconnections between GIS components, as well as connections
to external power sources and transmission lines, are established. Th is phase also involves
comprehensive testing and commissioning to verify the functionality and performance of the

substation. Soil resistivity measurements should be conducted during co mmissioning to validate the

effectiveness of grounding systems and ensure compliance with regulatory standards. Finally,

documentation of construction activities, as-built drawings, and operation  al procedures are prepared

for future reference and maintenance.

This site has limited space available. Special consideration will need to be given to the sequencing
of works and space available onsite for storage and works areas.

| IE000451A | S4 PO1 |

MAKING
coeex 30
EASY
A TECH comPanY



DUBLIN CENTRAL GRID REINFORCEMENT +*STEP 3 REPORT

5.3.3 Trenching

Trenching is a construction technique that involves digging a narrow trench in the ground for the
installation, maintenance, or inspection of pipelines, conduits, or  cables. It is expected that the
majority of the ducting for the circuits leaving the substation site for this proj  ect will be installed by
means of trenching.

There are two primary trench configurations proposed for this proje ct for both 220 kV circuits and
110KkV circuits. These are flat and trefoil formations. Where space allows, flat formation will be used
as the preferred cable formation. The standard trench configurations fo r 110 kV circuits are shown
in Figures 5-6 and 5-7.

Figure 5-6: Standard trench specifications for 110 kV circuit in fl at formation (XDC-CBL-STND-H-008)
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Figure 5-7: Standard trench specifications for 110 kV circuit in tr efoil formation (XDC-CBL-STND-H- 008)

The standard trench configurations for 220 kV circuits are shown in Figures 5-8 an d 5-9.

Figure 5-8: Standard trench specifications for 220 kV circuit in fl at formation (XDC-CBL-STND-F-008)

CP1273-RPS-01-RN-XX-R-C-0002 | IE000451A | S4 PO1 |

5 =

ATETRATECH COMPANY



DUBLIN CENTRAL GRID REINFORCEMENT +*STEP 3 REPORT

Figure 5-9: Standard trench specifications for 220 kV circuit in tr efoil formation (XDC-CBL-STND-F-008)

In wide streets where road space and traffic management considerations permit, or in areas where
road closures are possible it is likely that medium sized tracked or wheeled excavators (appr ox. 13T
to 20T) will be used to excavate trenches, these excavators would be supported by wheeled dumpers,
trucks or tractors towing dump trailers.

In narrower streets, where only narrow sites can be established or where utility co ngestion does not
facilitate excavation by larger plant a combination of small and medium siz ed tracked or wheeled
excavators (approx. 6T to 8T and 13T to 20T) will likely be used to exca vate trenches. In especially
difficult locations vacuum excavation may be used locally.

On wider roads it is envisaged that works would generally progress at up to 20-40 meters a day and
narrower road or where utilities present a greater constraint an avera ge rate of up to 15-25 meters
a day could be expected. This rate may be even lower in certain highly constrained locati ons.

5.3.3.1 Ducting Works

The cables are laid inside underground ducts which offer protection to  the cable. This cable laying
method is generally used in urban areas as it offers good mechanical protection of the cables.

Ducted cabling has a major advantage over direct lay in an urban en vironment, in that it decouples
the civil works from cable installation and means that work can if neces sary be completed in a
piecemeal fashion, whereas in a direct lay scenario the entire cable drum len gth from one joint bay
to the next must be completed in one continuous operation which necessitates long sections of open
trenches for a prolonged period in urban areas.

Ducts are manufactured from High Density Polyethylene (HDPE) and typically delivered to site in
lengths of 12m however shorter lengths are available if required. The ducts have a spigot and socket
and are push fitted together.
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5.3.3.2 Backfill and Reinstatement

Once the ducts have been installed in the correct configuration an d maintaining the required
separation distances from other services, they are backfilled using a ce mentitious bound aggregate
mix to the levels shown on the appropriate section (Figures 5- 1 to 5-4).

The remainder of the backfill and reinstatement will depend on the location of the trench, where
trenches are in or to adjacent roadways and footpaths the backfill and reinstatement will be in line
with the requirements of the controlling road authority (typically as per The P urple Book). Dependant
on the requirement of the road authority this may also include ar eas of temporary reinstatement
which will have a final reinstatement completed at a later date.

5.34 Joint Bay Construction

Joint bays are underground chambers which are used for two prima ry purposes during the
construction stage of the project:

1. For the installation of the individual cable lengths into the ducts by  pulling cables from one
joint bay to the next using draw ropes within the installed ducts

2. As a working space to complete the connection (joint) between individual cable lengths to
complete each circuit

These joint bays are required at regular spacings because there is a li mit on the length of cable
supplied which is dictated by the cable drum diameter, the diameter of the ¢  able itself and the
maximum weight that can be transported by plant that can access the joint bay.

Based on the cable sizes required for this project the joint bays will | ikely be spaced at 550 Z00m,

however in areas with multiple changes in direction or other limiting factors it may be necessary to

space joint bays more closely. The exact spacing is be determined during the d esign stage and scope
to adjust this spacing without impacts on the spacing of adjacent joint bays is limited.

The joint bays proposed for this project will typically measure 8.0m long, 2.5m wide and 2.5m deep.
Joint bays will either be delivered to site prefabricated from precast concrete  (typically in 4 sections)
and lifted into the pre-excavated location or cast in situ. Joint bays  will be fully reinstated after
construction is complete.
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Figure 5- 10: Isometric joint bay arrangement (XDC-CBL-STND-F- 012)

535 Cable Pulling

Once the underground cable ducts have been installed from joint bay to joint bay it is then necessary
to carry out a test of the ducts (duct proving) to confirm that no deforma  tion has occurred in the
duct which might hinder cable installation. To do this the ducts are tho  roughly cleaned, brushed and
a propriety mandrel is pulled through the ducts a number of times to ensure no deformation has
occurred in the ducting.

The power cable drums are then brought to site from their delivery locati  on (Dublin Port or an ESB
Substation) on a suitable transporter, these transporters are typically articul —ated trucks with plant
or step frame trailers or can also be specialist cable trailers drawn by tractors.

The cable drums can then either be removed from the transporter by suitable plant (  crane, large
forklift etc.) and positioned in line at the rear of the joint bay, or if space permits the transporter
can be positioned at the rear of the joint bay to feed the cable directly into the ducts. A cable winch
attached to an appropriate vehicle is positioned at the next joint bay lo  cation. The power cable is
then pulled through the ducting using a steel wire and the cable winch.

5.3.6 Construction of Trenchless Crossings

The 220 kV circuit tie-ins for the EBO cross the M50. It is unl ikely that this crossing can be completed
via open trenching across the motorway. There is therefore a pote ntial to use trenchless methods to
complete this crossing.
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While Horizontal Directional Drill (HDD) is the envisaged crossin g methodology, a number of other
trenchless methods may also be suitable and will be investigate for further detailed design during

Step 4.
X
X

X

These methodologies are:
Horizontal Directional Drill (HDD)
Micro tunnel Boring Machine

Pipe Ramming

There are three different crossing configurations possible for this pro ject. These are:

x Flat formation
This formation requires 5 separate bores as each bore crossing will contai n a single cable,
and two will contain the communication cables. For safety, there is a separ ation of 5m
between each bore. This formation thus requires a large amount of lateral space; however,
the advantage is the bores can be relatively small. An example of this formation  (not to scale)
is shown in Figure 5-12.

Figure 5- 11: Crossing in flat formation (not to scale)
x  Trefoil formation in an outer duct

A second option is to use a trefoil formation within a protective outer du  ct. The advantage
for this is that a single shot is required to make the crossing for the entire circu it. All power
cables and communication cables are pulled through in a larger outer duct. This duct can be
beneficial depending on the requirements for the crossing (detailed design and specific
ground conditions required). The disadvantage of this is that a very large bore is requ ired to
pull the outer duct. This larger conduit, as well as the outer ducti tself can add to the cost
of the drill. An example of this formation is shown in Figure 5-13

Figure 5- 12: Crossing in trefoil with an outer duct

X

Trefoil formation

The third crossing methodology is in trefoil formation but withou t the outer duct. This is
advantageous as it does not require the same large lateral space compared to flat formation,
and as there is no outer duct, the bore size required is smaller than option 2. An example of
this formation is shown in Figure 5-14.
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Figure 5- 13: Crossing in trefoil without an outer duct

The crossing formation is envisaged at this stage to be trefoil formation wi thout the outer duct,
however this will be confirmed through detail design and site investigations in Step 4

5.3.7 Traffic Management

Before works begin, traffic management planning will take place with the relevan  t local authorities.
This will include establishing the requirement for and possibility of road closures and traffic
diversions. The outcomes from these discussions may identify areas where night -time works are
required or would minimise the impact on traffic, this is most likely to be required in the city centre
or on busy roads on the outskirts of the city.

This planning ensures the safety of road users and those carrying out the works. During roadworks,
local access to homes and businesses is maintained. Traffic is kept f lowing as smoothly as possible
and where possible, passing bays are provided to help keep it moving.
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6 SUMMARY

This report has comprehensively assessed potential locations for the Dublin Central Grid
Reinforcement project through a Multi-Criteria Analysis (MCA) process. This evaluation considered
technical feasibility, deliverability, economic factors, socio-economic impacts, and environmental
considerations across six potential locations. Following the MCA, Location 1 emerged as the Emerging
Best Option (EBO) to progress to Step 4 for further assessment and analysis.

Figure 6-1: The Emerging Best Option to progress to Step 4 withinthe S tudy Area

This Step 3 also considered the technical feasibility of constructing the transmission substationa tthe
identified Emerging Best Option. The assessment confirms, on the basis of the information currently
available, that the construction is feasible however there are a number o f items to be confirmed at
the next step, including the exact number of circuits that can be accommodated.

Figure 6-2 shows the site layout of the Emerging Best Option.

Figure 6-2: Master layout of Emerging Best Option
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~

NEXT STEPS

This Step 3 (Preferred Options) Report will be published and presented to the public. Any feedback
received will be considered in the project design moving forward.

This Step 3 Report will be accompanied by a social impact assessment (SIA) to identify the key
stakeholders associated with the project , and a planning and consenting strategy to confirm the
statutory consenting processes associated with the project.

A scoping exercise to identify the investigations required to validate the deskto p designs will also be
prepared. The site investigations may include, but are not limited to, the following:

X

X

X

X

X

X

Ground Penetrating Radar (PAS128)
Slit trenches and H trenches
Boreholes

Testing for soil contamination

Soil resistivity

Ecological and environmental site investigations.

The Emerging Best Option (EBO) identified in this report will be taken forwa rd to the next stage, Step
4, of this project. This stage includes the following:

X

X

X

Social Impact Assessment

Screening for Appropriate Assessment and Environmental Impact Assessment
Step 4 Report

Step 5 Report
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APPENDIX A: SINGLE LINE DIAGRAM

CP1273-RPS-01-RN-XX-R-C-0002 | IE000451A | S4 PO1 |

rP5: «

ATETRATECH COMPANY



zl [ Ll

2] T SIN T T

T000-0-0-1S-MA-T0-Od-€.2TdD

Bumesq aur s|buis

1e5uaD ulgna

12003 UIGna

puoi3

" wwods3Mmod MMM (3)1Sq3)
arwwodamoddou -3
100 686 S £6E-+ -
0743 T6M ‘2.8 "0) ‘auep) ‘S WU ssa/ppy
*p31 bulsduIbuz WwodIamod

UONBLLIOJUT J05 - [ ‘U02NIISUOD 40 - D ‘|enoiddy Jo - v 2jing SV -

lerouddy 03 | gy Ha

3

b2/E0/21]

"

—
—t
—

—

re

—=

re

.IMl-

Fr

—

T

YINHOASNVHL

H3LSIMY 39UNS

HINHOASNYYL FOVLTON

HIWHOASNVYL INFHHND

HOLIMS HLMY3

HOLIMS H1¥V3 NOILISOd F3UHL

oo || ¢ |w|F [

YDIVIEE LINOYID

[ELE]

t It t 11
-

70

ey

—=—

InO doo AY 022

=

Jdvds

—=—

Jdvds

T

1Y
>

Jdvds

t 1
i

=0

1

PRy

uj doo AX 022

—

T

Jegsng
MOLL

Jegsng
M oze

cl 43

ol

o~




DUBLIN CENTRAL GRID REINFORCEMENT +*STEP 3 REPORT

APPENDIX B: AMPACITY CALCULATIONS
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£1 6FUHHQ /RVV )DFWRU &DXVHG E\ (GG\ &XYUHQW

OHWDOOLF 6FUHHQ /RVV IDFWRU

| £ |6FUHHQIRVV)DFWRU | |
$UPRXU DQG 3LSH /RVV )DFWRU

£D $UPRXU /RVV )DFWRU

£:SLSH 3LSH /RVV )DFWRU

£ $UPRXU /RVV )DFWRU 3LSH /RVV )DFWRU
1RUPDO 2SHUDWLRQ ,(&

| 7t |7KHUPDO 5HVLVWDQFH %HWZHHQ &RQGXFIWRU DQ|G GFUHHd >. P :@



W  |,QVXODWLRQ 7KLFNQHVV %HWZHHQ &RQGXFWRU DQG 6FUHHQ >PP @
7L | 7KHUPDO 5HVLVWLYLW\ RI ,QVXODWLRQ | >. P :d
7. |7KHUPDO 5HVLVWDQFH RI -DFNHW 3LSH &RDWLQJ >. p
W |7KLFNQHVV RI -DFNHW 3LSH &RDWLQJ >PP @
17- | 7KHUPDO 5HVLVWLYLW\ Rl -DFNHW 3LSH §RDWLQ] > P @
'XFWV %XULHG LQ WKH VRLO
7. 7KHUPDO 5HVLVWDQFH RI WKH 6XUURXQ|GLQJ OH|GLXP @
7. |7RWDO ([WHUQDO 7KHUPDO 5HVLVWDQFH >. P @
7HPSHUDWXUH 5LVH DW WKH 6XUIDWHY RI WKH &DHOH 'XH WR 2WK
0 LQW6XUURXQGLQJ (OHPHQWYV >f&@
, &DEOH &RUH &XUUHQW $PSDFLW\ >3 @




6WXG\ 6 XPPDU\

&<0&$3 9HUVLRQ SHYLVLRQ
6WXG\ '8%1/,1 &(175$/
(IHFXWLRQ 6FHQDULR *
'‘DWH

|*HQHUDO 6LPX LRQ 'D
6WHDG\ 6WDWH 2SWLRQ 8QHTXDOO\ /RDGHG
&RQVLGHU (OHFWULFDO LQWHUDFWLRQ EHWZHHQ FLUFXLWV 1R

,QGXFHG FXUUHQWYV LQ PHWDOOLF QDFXUV HQYWD DSHOMHRBQWR BRQOMFWRH SKDVH FLUFXLWYV

&RQGXFWRU 5HVLVWDQFHYV &RPSXWDWLRQ 2SWLRQ (&

QVWDOO LRQ 7\SH OXOWLSOH 'XFWEDQNV %DFNILO
SPELHQW 6RLO 7HPSHUDWXUH DW ,QVWDOODWLRQ "HSWK >f&@
1DWLYH 6RLO 7KHUPDO 5HVLVWLYLW\ >. P:@
&RQVLGHU 1RQ ,VRWKHUPDO (DUWK 6XUIDFH 1R

/D\ 7KHUPDO

DI\HU 1DPH SHVLVWLYLW\
. >P@ < >Pl@ :LGWK >P @ +HLPKVM@|> P @
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6WHDG\ 6WDWH 6XPPDU\

&<08&$3 9HUVLRQ SHYLVLRQ
6WXG\ '8%/,1 &(175%/
([HFXWLRQ 6FHQDULR '
'DWH

6LPXODWLRQ 'DWD

,QVWDOODWLRQ W\SH OXOWLSOH 'XFWEDQNV
6WHDG\ 6WDWH 2SWLRQ 8QHTXDOO\ /RDGHG
$PELHQW WHPSHUDWXUH >f&@

1IDWLYH 6RLO 7KHUPDO 5HVLVWLYLW\ >. P : @

&RQVLGHU 1RQ ,VRWKHUPDO (DUWK 6XUIDFH 1R

&RQVLGHU HIIHFW RI VRLO GU\ RXW 1R

&RQVLGHU (OHFWULFDO LQWHUDFWLRQ EHWZHRQ FLUFXLWYV

,QGXFHG FXUUHQW LQ PHWDOOLF PQ@EXKEFWRYV BXIWDH@WRQ RI
DSSOLHG WR DOO VLQJOH SKDVH FLUFXLWV

9puUL '"HVFULSWLRQ goLw YT,
4DEOH £#PEOH .QGH[ 1XPEHU

“*HQHUDO ,QSXW 'DWD
&DEOH (TXLSPHQW ,' (.5*5," .9 (.5*5," .9 (.5*5," .9 (.5*5," .9 (.5*5," .9 (.5*5," .9
&DEOH|," 64 &8 64 &8 64 &8 64 &8 64 &8 64 &8
&LUFXLWLRFXLW IR
3KkpvH&DEOH SKDVH $ % & $ % &
)T |2SHUDWLQJ JUHTXHQF\ >+1d
[ { FRRUGLQDWH P @
\ < FRRUGLQDWH >p@
1y |'PLOV/RDG )DFWRU >s x|@
A RUG RYG
%RQGLQJ 7\SH &URVVERQGHG&URVVERQGHG&URVVERQGHG &RQGXFWRU &RQGXFWRU &RQGXFWRU
7ULDQIXOPU 7ULDQIXOPU 7ULDQIXOPU&URVVERQGHG§ORWERQGHGSORWERQGHG )ODW
$PSDFLW\
~ |6WHDG\ 6WDWH $PSDFLW\ | >$@|
7HPSHUDWXUHV
£ |&RQGXFWRU WHPSHUDWXUH sre
v |6KHDWK 6KLHOG WHPSHUDWXUH sre
b |SUPRXU WHPSHUDWXUH sre QD oD QoD QoD olp o
VXUI|&DEOH VXUIDFH WHPSHUDWXUH sre
GXEW' XFW VXUIDFH WHP SHUDWXUH sre
5HVLVWDQFHV
5. |'& SHVLVWDQFH RI WKH FRQGXFWRU [DWy (¢ @
5 |$& SHVLVWDQFH RI WKH &RQGXFWW MU, 3§H4 DWLQJI 7THPSHUD
W |6NLQ (IIHFW )DFWRU
\s |3URILPLW\ (IIHFW )DFWRU
IRVVHYV
£ |&RQGXFWRU /RVVHYV Yy
G |'LHOHFWULF JRVVHYV > Pa
.v |OHWDOOLF 6FUHHQ /RVVHV > Pd
b |SUPRU 3LSH /IRVVHV Yy
w |7RWDO /RVVHV - Pa
eE |6FUHHQ /RVV )DFWRU
& |SUPRXU /RVV )DFWRU 3LSH /RVV )DFWRU
7KHUPDO UHVLVWDQFHYV
7 7KHUPDO UHVLVWDQFH RI LQVXODWIRQ p .fy
7 7KHUPDO UHVLVWDQFH RI EHGGISH PHGpXAgLQVLGH $LSH [W\ oD QoD QD olp o
7 7KHUPDO UHVLVWDQFH RI RXWHU FRYHURQ)
7 (IWHUQDO WKHUPDO UHVLVWDQFH | 5 p .ly
2WKHUV
7HPSHUDWXUH S5LVH DW WKH 6XUZDVHHEI WKH &DEOH 'XH WR
o Lou 6XUURXQGLQJ (OHPHQWY >fa
.QGXFHG 9ROWDJH VWDQGLQJ RQ BKHRWH @
\QGXFHG 9ROWDJH VWDQGLQJ RQ &RQEH@MILF (LUHV
\QGXFHG FXUUHQW RQ OHWDOOLF 6FUHKHQq




&DEOH 3DUDPHWHUYV XQGHU 1RUPDO 2SHUDWLRQ

&<0&$3 9HUVLRQ5HYLVLRQ
6WXG\ '8%/,1 &(175%/
([HFXWLRQ 6FHQDULR '

"DWH
1R 6\PEF O "HVFULSWLRQ 8QLW &DEOH 1R R&DE@WDHEA@H 1R&DEGWEOH 1R
(,5*5," (,5*5," (,5*5," (,5*5," (,5*5," (,5*5,"
.9 .9 .9 .9 .9 .9
&DEOH (TXLSPHQW ,' 64 &8 64 &8 64 &8 64 &8 64 &8 64 &8
1RUPDO 2SHUDWLRQ ,(&
&RQGXFWRU $& 5HVLVWDQFH
5. ‘& 5HVLVWDQFH RI WKH FRQGXFWRU DW [f& >V NA@
5 '& 5HVLVWDQFH RI &RQGXFWRU DW 2SHUDPWLQJ 7HPSHUDWKUH >Y NPl@
GF &RQGXFWRU 'LDPHWHU >PP@
v ‘LVWDQFH %HWZHHQ &RQGXFWRU $[HV >PP@

NV JDFWRU 8VHG IRU [V &DOFXODWLRQ 6NLQ (IIHF

NS J)DFWRU 8VHG IRU [S &DOFXODWLRQ S3UR[LPLW\ (IIHFW

v &RPSRQHQW RI <V &DOFXODWLRQ BNLQ|[(IIHFW

[S &RPSRQHQW RI <S &DOFXODWLRQ S3UR[LPLW\ (IIHFW

\V 6NLQ (IIHFW )DFWRU

\S BUR[LPLW\ (IIHFW )DFWRU

5 $& 5SHVLVWDQFH RI &RQGXFWRU DW 2SHUDWLQJ 7THPSHUDWKUH >Y NPl@

'LHOHFWULF /RVVHV

wDQ/ 'LHOHFWULF /RVV )DFWRU

0 ,QVXODWLRQ 5HODWLYH 3HUPLWLYLW\
& &DEOH &DSDFLWDQFH >—) NP@
8. 9ROWDJH >N9 @
:G  |&DEOH 'LHOHFWULF /RVVHV 3HU 3KDVH > P@
&LUFXODWLQJ /RVV )DFWRU
| £ |6FUHHQ /RVV )DFWRU &DXVHG E\ &LUFXOEI)WLQJ &IXUUHQW
(GG\ /RVV )DFWRU
5V | $& 5HVLVWDQFH XVHG IRU (GG\ /RVV )DFWRU FRPSXWDWLR|Q >Y NP@
G OHDQ GLDPHWHU XVHG IRU (GG\ /RVV )DFWRU FRPSXWDWLRQ >PP@

v (OHFWULFDO 5HVLVWLYLW\ XVHGDRUWRQG|\ /RVV IPFPWERU FRIPSXW

'V (I WHUQDO GLDPHWHU XVHG IRU (GG\ /RVV )DFW@&UY FRPSXWDPWLRQ >
WV 7TKLFNQHVV XVHG IRU (GG\ /RVV )DFWRU| FRPSXWDWLRQ >PP@
( &RHIILFLHQW XVHG LQ ,(& &ODXVH
JV &RHIILFLHQW XVHG LQ ,(& &ODXVH
P &RHIILFLHQW XVHG LQ ,(& &ODXVH
£¢ &RHIILFLHQW XVHG LQ ,(& &ODXVH
at¢ &RHIILFLHQW XVHG LQ ,(& &ODXVH
Q¢ &RHIILFLHQW XVHG LQ ,(& &ODXVH

) OLOOLNHQ FRQGXFWRU (IIHFW

)SLSH ODJQHWLF HIIHFW IDFWRU GXH WR SLSH

J)DUPRKU ODJQHWLF HIIHFW IDFWRU GXH WR DUPRXU

£1 6FUHHQ /RVV )DFWRU &DXVHG E\ (GG\ &XYUHQW

OHWDOOLF 6FUHHQ /RVV IDFWRU

| £ |6FUHHQIRVV)DFWRU | |
$UPRXU DQG 3LSH /RVV )DFWRU

£D $UPRXU /RVV )DFWRU

£:SLSH 3LSH /RVV )DFWRU

£ $UPRXU /RVV )DFWRU 3LSH /RVV )DFWRU
1RUPDO 2SHUDWLRQ ,(&

| 7t |7KHUPDO 5HVLVWDQFH %HWZHHQ &RQGXFIWRU DQ|G GFUHHd >. P :@



,QVXODWLRQ 7KLFNQHVV %HWZHHQ &RQGXFWRU DQG 6FUHHQ >PP@
17L 7KHUPDO 5HVLVWLYLW\ Rl ,QUXODWLRQ >. P :d
7. 7KHUPDO 5HVLVWDQFH RI -DFNHW 3LSH &RDWLQJ >. P:@
w 7KLFNQHVV Rl -DFNHW 3LSH &RDWLQJ >PP @
17- 7KHUPDO 5HVLVWLYLW\ Rl -DFNHW 3LSH §RDWLQJ >l P:@
&DEOHV 'LUHFWO\ %XULHG
/ '"HSWK RI &DEOH $[LV >P@ Q D D R D QD QD
X &RHIILFLHQW 8VHG LQ ,(& &ODXVH QD QD Qp D QD
74 7KHUPDO 5HVLVWDQFH RI WKH 6XUURXQG|LQJ OHG|LXP >|P:@ D QD QD QD
7HPSHUDWXUH 5LVH DW WKH 6XUIDFH RI WKH &DHOH 'XH WR 2WK
0 LQWBEXUURXQGLQJ (OHPHQWYV >f&@ Q QD QD QD QD
, &DEOH &RUH &XUUHQW $PSDFLW\ >$@ Q D Q|D R D QD Q D
&DEOH LQ 'XFWV
8 &RHIILFLHQW 8VHG LQ ,(& &ODXVH
9 &RHIILFLHQW 8VHG LQ ,(& &ODXVH
< &RHIILFLHQW 8VHG LQ ,(& &ODXVH
P OHDQ 7THPSHUDWXUH RI WKH OHGLXP )LOO[LQJ &@&H 6SDFH >f
7 7KHUPDO 5HVLVWDQFH RI WKH OHGLXP ,QVLGH:®KH 'XFW 3LSH >,
'R 2XWVLGH 'LDPHWHU RI WKH 'XFW 3LSH >PP @
L ,QVLGH 'LDPHWHU RI WKH 'XFW 3LSH >PP @
17 7KHUPDO 5HVLVWLYLW\ Rl WKH 'XFW 3LSH ODWHULDO >. P:@
7 7KHUPDO 5HVLVWDQFH RI WKH 'XFW 3LSH >. P :@
74 7KHUPDO 5HVLVWDQFH RI WKH 6XUURXQ|GLQJ OH|GLXP . P:@
'XFWV %XULHG LQ WKH VRLO
74 7KHUPDO 5HVLVWDQFH RI WKH 6XUURXQ|GLQJ OH|GLXP . P:@
74 7RWDO ([WHUQDO 7KHUPDO 5HVLVWDQFH >. P:@

o

LQ

7HPSHUDWXUH 5LVH DW WKH 6XUIDHH RI
6XUURXQGLQJ (OHPHQWYV

KH &DHOH 'XH WR 2WK
>f&@

&DEOH &RUH &XUUHQW $PSDFLW\

>$@

QD
QD



6WXG\ 6 XPPDU\

&<0&$3 9HUVLRQ SHYLVLRQ
6WXG\ '8%1/,1 &(175$/
(IHFXWLRQ 6FHQDULR (
'‘DWH

|*HQHUDO 6LPX LRQ 'D
6WHDG\ 6WDWH 2SWLRQ (TXDOO\ /RDGHG
&RQVLGHU (OHFWULFDO LQWHUDFWLRQ EHWZHHQ FLUFXLWV 1R

,QGXFHG FXUUHQWYV LQ PHWDOOLF QDFXUV HQYWD DSHOMHRBQWR BRQOMNFWRH SKDVH FLUFXLWYV

&RQGXFWRU 5HVLVWDQFHYV &RPSXWDWLRQ 2SWLRQ (&

QVWDOO LRQ 7\SH OXOWLSOH 'XFWEDQNV %DFNILO
SPELHQW 6RLO 7HPSHUDWXUH DW ,QVWDOODWLRQ "HSWK >f&@
1DWLYH 6RLO 7KHUPDO 5HVLVWLYLW\ >. P:@
&RQVLGHU 1RQ ,VRWKHUPDO (DUWK 6XUIDFH 1R

/D\ 7KHUPDO

DI\HU 1DPH SHVLVWLYLW\
. >P@ < >Pl@ :LGWK >P @ +HLPKVM@|> P @

167" '%
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&DEOH 'DLO\ /R[D;GFRRUG I GDRRIRUG| @AW BHUDW XUH
&DEOH IR &DEOH ' &LUFXLW 1R JHHGHWHTXBQEOWBWRYH >P@ >P@ >fa&@ SPSDHLW\ >$@
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6WHDG\ 6WDWH 6XPPDU\

&<08&$3 9HUVLRQ SHYLVLRQ
6WXG\ '8%/,1 &(175%/
([HFXWLRQ 6FHQDULR (
'DWH

6LPXODWLRQ 'DWD

,QVWDOODWLRQ W\SH OXOWLSOH 'XFWEDQNV
6WHDG\ 6WDWH 2SWLRQ (TXDOO\ /RDGHG
$PELHQW WHPSHUDWXUH >f&@

1IDWLYH 6RLO 7KHUPDO 5HVLVWLYLW\ >. P : @

&RQVLGHU 1RQ ,VRWKHUPDO (DUWK 6XUIDFH 1R

&RQVLGHU HIIHFW RI VRLO GU\ RXW 1R

&RQVLGHU (OHFWULFDO LQWHUDFWLRQ EHWZHRQ FLUFXLWYV

,QGXFHG FXUUHQW LQ PHWDOOLF P@EXKEFWRYV BXIWDH@WRQ RI
DSSOLHG WR DOO VLQJOH SKDVH FLUFXLWV

9puUL '"HVFULSWLRQ goLw YT,
4DEOH £#PEOH .QGH[ 1XPEHU

“HQHUDO ,QSXW 'DWD
&DEOH (TXLSPHQW ,' (.5*5," .9 (.5*5," .9 (.5*5," .9 (.5*5," .9 (.5*5," .9 (.5*5," .9
&DEOH|," 64 &8 64 &8 64 &8 64 &8 64 &8 64 &8
&LUFXLWLRFXLW IR
3KkDvH&DEOH SKDVH $ % & $ % &
)T |2SHUDWLQJ JUHTXHQF\ >+1d
[ i FRRUGLQDWH P @
\ < FRRUGLQDWH >p@
1y |'PLOV/RDG )DFWRU >s x|@
A A A A A A
%RQGLQJ 7\SH &URVVERQGHG&URVVERQGHG&URVVERQGHG &URVVERQGHG&URVVERQGHG&URVVERQGHG
7ULDQIXOPU 7ULDQIXOPU 7ULDQIXOPU 7ULDQJIXOPU 7ULDQJIXOPU 7ULDQIXOPU
$PSDFLW\
~ |6WHDG\ 6WDWH $PSDFLW\ | >$@|
7HPSHUDWXUHV
£ |&RQGXFWRU WHPSHUDWXUH sre
v |6KHDWK 6KLHOG WHPSHUDWXUH sre
b |SUPRXU WHPSHUDWXUH sre QD oD QoD QD olp o
vXUI|&DEOH VXUIDFH WHPSHUDWXUH sre
GXEW' XFW VXUIDFH WHP SHUDWXUH sre
5HVLVWDQFHV
5. |'& SHVLVWDQFH RI WKH FRQGXFWRU [DWy \#@
5 |$& SHVLVWDQFH RI WKH &RQGXFWW MU, 3§H4 DWLQJI 7THPSHUD
W |6NLQ (IIHFW )DFWRU
\s |3URILPLW\ (ITHFW )DFWRU
IRVVHYV
£ |&RQGXFWRU /RVVHYV Yy
G |'LHOHFWULF JRVVHYV > Pa
.v |OHWDOOLF 6FUHHQ /RVVHV > Pd
b |SUPRU 3LSH /IRVVHV > Pa
w |7RWDO /RVVHV - Pa
eE |6FUHHQ /RVV )DFWRU
& |SUPRXU /RVV )DFWRU 3LSH /RVV )DFWRU
7KHUPDO UHVLVWDQFHYV
7 7KHUPDO UHVLVWDQFH RI LQVXODWIRQ p .fy
7 7KHUPDO UHVLVWDQFH RI EHGGISH PHGpXAgLQVLGH $LSH [W\ oD QoD QD olp o
7 7KHUPDO UHVLVWDQFH RI RXWHU FRYHURQ)
7 (IWHUQDO WKHUPDO UHVLVWDQFH | 5 p .fy
2WKHUV
7HPSHUDWXUH S5LVH DW WKH 6XUZDVHHEI WKH &DEOH 'XH WR
o0 Low 6XUURXQGLQJ (OHPHQWY >fa
\QGXFHG 9ROWDJH VWDQGLQJ RQ BKHRWH @
/QGXFHG 9ROWDJH VWDQGLQJ RQ &RQEH@MILF (LUHV
\QGXFHG FXUUHQW RQ OHWDOOLF 6FUHKQq




&DEOH 3DUDPHWHUYV XQGHU 1RUPDO 2SHUDWLRQ

&<0&$3 9HUVLRQS5HYLVLRQ
BWXG\ "8%/,1 &(1758/
([HFXWLRQ 6FHQDULR (

"DWH
1R 6\PEF O "HVFULSWLRQ 8QLW &DEOH 1R R&DE@WDHEA@H 1R&DEGWEOH 1R
(,5*5," (,5*5," (,5*5," (,5*5," (,5*5," (,5*5,"
.9 .9 .9 .9 .9 .9
&DEOH (TXLSPHQW ,' 64 &8 64 &8 64 &8 64 &8 64 &8 64 &8
1RUPDO 2SHUDWLRQ ,(&
&RQGXFWRU $& 5HVLVWDQFH
5. ‘& 5HVLVWDQFH RI WKH FRQGXFWRU DW [f& >V NA@
5 '& 5HVLVWDQFH RI &RQGXFWRU DW 2SHUDPWLQJ 7HPSHUDWKUH >Y NPl@
GF &RQGXFWRU 'LDPHWHU >PP@
v ‘LVWDQFH %HWZHHQ &RQGXFWRU $[HV >PP@

NV J)DFWRU 8VHG IRU [V &DOFXODWLRQ 6NLQ (IIHF

NS J)DFWRU 8VHG IRU [S &DOFXODWLRQ S3UR[LPLW\ (IIHFW

v &RPSRQHQW RI <V &DOFXODWLRQ BNLQ|[(IIHFW

[S &RPSRQHQW Rl <S &DOFXODWLRQ S3UR[LPLW\ (IIHFW

\V 6NLQ (IIHFW )DFWRU

\S BUR[LPLW\ (IIHFW )DFWRU

5 $& 5SHVLVWDQFH RI &RQGXFWRU DW 2SHUDWLQJ 7THPSHUDWKUH >Y NPl@

'LHOHFWULF /RVVHV

wWDQ/ 'LHOHFWULF /RVV )DFWRU

0 ,QVXODWLRQ 5HODWLYH 3HUPLWLYLW\
& &DEOH &DSDFLWDQFH >—) NP@
8. 9ROWDJH >N9 @
:G  |&DEOH 'LHOHFWULF /RVVHV 3HU 3KDVH > P@
&LUFXODWLQJ /RVV )DFWRU
| £ |6FUHHQ /RVV )DFWRU &DXVHG E\ &LUFXOEI)WLQJ &IXUUHQW
(GG\ /RVV )DFWRU
5V | $& 5HVLVWDQFH XVHG IRU (GG\ /RVV )DFWRU FRPSXWDWLR|Q >Y NP@
G OHDQ GLDPHWHU XVHG IRU (GG\ /RVV )DFWRU FRPSXWDWLRQ >PP@

v (OHFWULFDO 5HVLVWLYLW\ XVHGDRUWRQG|\ /RVV IPFPWERU FRIPSXW

'V (I WHUQDO GLDPHWHU XVHG IRU (GG\ /RVV )DFW@&UY FRPSXWDPWLRQ >
WV 7TKLFNQHVV XVHG IRU (GG\ /RVV )DFWRU| FRPSXWDWLRQ >PP@
( &RHIILFLHQW XVHG LQ ,(& &ODXVH
JV &RHIILFLHQW XVHG LQ ,(& &ODXVH
P &RHIILFLHQW XVHG LQ ,(& &ODXVH
£¢ &RHIILFLHQW XVHG LQ ,(& &ODXVH
at¢ &RHIILFLHQW XVHG LQ ,(& &ODXVH
Q¢ &RHIILFLHQW XVHG LQ ,(& &ODXVH

) OLOOLNHQ FRQGXFWRU (IIHFW

)SLSH ODJQHWLF HIIHFW IDFWRU GXH WR SLSH

J)DUPRKU ODJQHWLF HIIHFW IDFWRU GXH WR DUPRXU

£1 6FUHHQ /RVV )DFWRU &DXVHG E\ (GG\ &XYUHQW

OHWDOOLF 6FUHHQ /RVV IDFWRU

| £ |6FUHHQIRVV)DFWRU | |
$UPRXU DQG 3LSH /RVV )DFWRU

£D $UPRXU /RVV )DFWRU

£:SLSH 3LSH /RVV )DFWRU

£ $UPRXU /RVV )DFWRU 3LSH /RVV )DFWRU
1RUPDO 2SHUDWLRQ ,(&

| 7t |7KHUPDO 5HVLVWDQFH %HWZHHQ &RQGXFIWRU DQ|G GFUHHd >. P :@



,QVXODWLRQ 7KLFNQHVV %HWZHHQ &RQGXFWRU DQG 6FUHHQ >PP@
17L 7KHUPDO 5HVLVWLYLW\ Rl ,QUXODWLRQ >. P :d
7. 7KHUPDO 5HVLVWDQFH RI -DFNHW 3LSH &RDWLQJ >. P:@
w 7KLFNQHVV Rl -DFNHW 3LSH &RDWLQJ >PP @
17- 7KHUPDO 5HVLVWLYLW\ Rl -DFNHW 3LSH §RDWLQJ >l P:@
&DEOHV 'LUHFWO\ %XULHG
/ '"HSWK RI &DEOH $[LV >P@ Q D D R D QD QD
X &RHIILFLHQW 8VHG LQ ,(& &ODXVH QD QD Qp D QD
74 7KHUPDO 5HVLVWDQFH RI WKH 6XUURXQG|LQJ OHG|LXP >|P:@ D QD QD QD
7HPSHUDWXUH 5LVH DW WKH 6XUIDFH RI WKH &DHOH 'XH WR 2WK
0 LQWBEXUURXQGLQJ (OHPHQWYV >f&@ Q QD QD QD QD
, &DEOH &RUH &XUUHQW $PSDFLW\ >$@ Q D Q|D R D QD Q D
&DEOH LQ 'XFWV
8 &RHIILFLHQW 8VHG LQ ,(& &ODXVH
9 &RHIILFLHQW 8VHG LQ ,(& &ODXVH
< &RHIILFLHQW 8VHG LQ ,(& &ODXVH
P OHDQ 7THPSHUDWXUH RI WKH OHGLXP )LOO[LQJ &@&H 6SDFH >f
7 7KHUPDO 5HVLVWDQFH RI WKH OHGLXP ,QVLGH:®KH 'XFW 3LSH >,
'R 2XWVLGH 'LDPHWHU RI WKH 'XFW 3LSH >PP @
L ,QVLGH 'LDPHWHU RI WKH 'XFW 3LSH >PP @
17 7KHUPDO 5HVLVWLYLW\ Rl WKH 'XFW 3LSH ODWHULDO >. P:@
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'XFWV %XULHG LQ WKH VRLO
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6WHDG\ 6WDWH 6XPPDU\

%<0&83 SHUVLRQ SHYLVLRQ
6WXG\ "89%/.1 &(1758/
(IHFXWLRQ 6FHQDULR *

‘DWH

6LPXODWLRQ 'DWD
LQVWDOODWLRQ WiSH 0XOWLSOH 'XFWEDQNV

6WHDG\ 6WDWH 2SWLRQ 8QHTXDOO\ /RDGHG
SPELHQW WHPSHUDWXUH >f&@

1DWLYH 6RLO 7TKHUPDO SHVLVWLYLW\ >. P :@

&RQVLGHU 1RQ ,VRWKHUPDO (DUWK 6XUIDFH 1R

&RQVLGHU HIIHFW RI VRLO GU\ RXW iR

&RQVLGHU (OHFWULFDO LQWHUDFWLRQ EHWZHRQ FLUFXLWYV

LQGXFHG FXUUHQW LQ PHWDOOLF OD\HUV DWD IUDFWLRQ Rl FRQGXFWRU FXUUHQ
DSSOLHG WR DOO VLQJOH SKDVH FLUFXLWV

‘QDUL '"HVFULSWLRQ s0LW —
apeoH fPEOH .QGH[ 1XPEHU
“HQHUDO ,QSXW 'DWD

&DEOH (TXLSPHQW ,' (55 .9 (.5'5. .9 (55 9
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&LUFXUBLHEFEXLW 1R

3KkpvH &PEOH 3KDVH s % & s % & s % & s % &
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\ |< FRRUGLQDWH pd
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SWHD G\ sWOWH $PSDF LWL [ edl
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THPSHUDWXUHV

£ |&RQGXFWRU WHPSHUDWXUH

e
v |6KHDWK 6KLHOG WHPSHUDWXUH >ra
D [SUPRXU WHPSHUDWXUH >fe Q0o QD ) Q 0| op [} ) Qo ) Qo
Vxui| €PEOH VXUIDFH WHPSHUDWXUH sfa
GxF XFW VXUIDFH WHPSHUDWXUH ofe
SHVLVWDQFHV
5. |'& SHVLVWDQFH RI WKH FRQGXFWRU[DWy kg

5 |S& SHVLVWDQFH RI WKH &RQGXFWRU DY 35H/DWLQI THPSHUDWXUH

\_ |8NLQ (IIHFW )DFWRU
\ 3UR[LPLW\ (IIHFW )DFWRU

&RQGXFWRU /RVVHV

‘LHOHFWULF /RVVHV

OHWDOOLF 6FUHHQ /RVVHYV|
SUPRU 3LSH /RVVHV
7TRWDO /RVVHV

6FUHHQ /RVV )DFWRU
SUPRXU /RVV )DFWRU 3LSH /RVV )DFWRU

&
7KHUPDO UHVLVWDQFHYV

7KHUPDO UHVLVWDQFH RI LQVXODWIRQ p .|p
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7KHUPDO UHVLVWDQFH RI RXWHU FRYHURQJy
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B )

2WKHUV
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0LQ
(QGXFHG 9ROWDJIH VWDQGLQJ RQ KHRWH o 9o o0 Qo 9 ol oo o 9o o0 Qo
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&DEOH 3DUDPHWHUV XQGHU 1RUPDO 2SHUDWLRQ

&<0&$3 9HUVLRGHYLVLRQ
6WXG\ "8%/,1 &(175$/
(IHFXWLRQ 6FHQDULR *

‘DWH

6\PERO '"HVFULSWLRQ 8QLW &DEOM 1R &) EODE DRI LR &D EQDME ORI 1R &DEOH 1F &DEOH&IREOH AREOHZDEOH 1R @DEOH 1R
8%/, 1 '8%/,1 8%/, 1 ‘8%/,1 8%/, 1 '8%/,1 8%/, 1 '8%/,1 8%/, 1 .9 .9 .9
&DEOH (TXLSPHQW .’ &(175%/| &(175%/| &(175%/| &(175$/| &(175%/| &(175%/| &(175%/| &(175S8/| &(175$/| 64 &8 64 &8 64 &8
1RUPDO 2SHUDWLRQ ,(&
&RQGXFWRU $& 5HVLVWDQFH
5 ‘& 5HVLVWDQFH RI WKH FRQGXFWRU DW | f& >V NP@
5 ‘& SHVLVWDQFH RI &RQGXFWRU W 2SHU[DW QW NR@SHUDW X
GF &RQGXFWRU 'LDPHWHU >PP@
v 'LVWDQFH %HWZHHQ &RQGXFWRU $[HV >PP@
NV JDFWRU 8VHG IRU [V &DOFXODWLRQ 6NLQ (IIHF
NS )DFWRU 8VHG IRU [S &DOFXODWLRQ 3UR[LPLW\|(IIHFW
v &RPSRQHQW RI <V &DOFXODWLRQ 6NLQ(IIHFW
(s &RPSRQHQW RI <S &DOFXODWLRQ 3UR[JPLW\ (I|HFW
\WV 6NLQ (IIHFW )DFWRU
\s 3UR[LPLW\ (IIHFW )DFWRU
5 $& 5HVLVWDQFH Rl &RQGXFWRU DAV 2SHUDW QW N@S HUDW X
'LHOHFWULF /RVVHV
WDQ/| 'LHOHFWULF /RVV )DFWRU
0 ,QVXODWLRQ 5HODWLYH 3HUPLWLYLW\
& &DEOH &DSDFLWDQFH >—) NP@
8. 9ROWDJH >N9@
:G  |&DEOH 'LHOHFWULF /RVVHV 3HU 3KDVH >: P@
&LUFXODWLQJ /RVV )DFWRU
| £ |5FUHHQ /RVV )DFWRU &DXVHG E\ &LUFXOL}WLQJ xlxuuHQw
(GG\ /RVV )DFWRU
5V | $& 5HVLVWDQFH XVHG IRU (GG\R@VV )DFWRUW ¥ RIPEGEXWDWLQ D QD QD QD QD Q qD QD QD
G OHDQ GLDPHWHU XVHG IRU (GG\QRVV )DAWRBPPRPSXWDWLR D QD QD QD QD Q QD QD
v (OHFWULFDO 5HVLVWLYLW\ XRASX\RDWGHQ /RVV |DFWR® F QD QD Qp D QD QD QD QD Q
'V |(IWHUQDO GLDPHWHU XVHG IRURBWGRERVY )DFWRPF@&PSXW Q D QD QD QD Q gD QD QD QD
wv 7KLFNQHVV XVHG IRU (GG\ /RVV )DFWR{ FRPEXWDW LRQD Qp > D QD QD QD QD Q qD
' &RHIILFLHQW XVHG LQ ,(& &ODXVH QD QD Q b D QD QD Q D QD Q
Jv &RHIILFLHQW XVHG LQ (& &ODXVH QD QD Qp D QD QD QD Qb Q
P &RHIILFLHQW XVHG LQ (& &0DXVH QD QD Qp D QD QD QD QD Q
£ &RHIILFLHQW XVHG LQ ,(& &ODXVH QD QD Q b D QD QD Q D QD Q
ar &RHIILFLHQW XVHG LQ ,(& &ODXVH QD QD Q b D QD QD Q D QD Q
a &RHIILFLHQW XVHG LQ ,(& &ODXVH QD QD Qp D QD QD QD QD Q
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$UPRXU DQG 3LSH /RVV )DFWRU
£D | $UPRXU /RVV )DFWRU
£SLS 3LSH /RVV )DFWRU
£ $UPRXU /RVV )DFWRU 3LSH /RVV )DFWR
1RUPDO 2SHUDWLRQ ,(&
7 7KHUPDO 5HVLVWDQFH %HWZHHQ &RQGXFWRU DQG 6FUHH >. P:@
W | . QVXODWLRQ 7KLFNQHVV %HWZHHQ &RQGXFWR® [DQG 6FUHHQ >PP
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7 7KHUPDO 5HVLVWDQFH RI WKH 6XUURXQGLQJ OHGLXP D P:@Db| QD Qf Q Q|b Q D QD QD QD Q D)
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17 7KHUPDO 5HVLVWLYLW\ RI WKH 'XFW 3LSH 0DW@LDO >. P
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,QVWDOODWLRQ W\SH OXOWLSOH 'XFWEDQNV
6WHDG\ 6WDWH 2SWLRQ 8QHTXDOO\ /RDGHG

$SPELHQW WHPSHUDWXUH >f&@

IDWLYH 6RLO 7KHUPDO SHVLVWLYLW\ >. P :@

&RQVLGHU 1RQ ,VRWKHUPDO (DUWK 6XUIDFH 1R

&RQVLGHU HIIHFW RI VRLO GU\ RXW 1R

&RQVLGHU (OHFWULFDO LQWHUDFWLRQ EHWZHRQ FLUFXLWV
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DSSOLHG WR DOO VLQJOH SKDVH FLUFXLWV
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$PSDFLW\
i 6WHDG\ 6WDWH $PSDFLW\ [ >$@|
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5HVLVWDQFHV
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JRVVHV
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v |0HWDOOLF 6FUHHQ /RVVHYV . P
b |SUPRU 3LSH /RVVHY . P
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7KHUPDO UHVLVWDQFHYV
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1RUPDO 2SHUDWLRQ ,(&
&RQGXFWRU $& 5HVLVWDQFH

5. '& SBHVLVWDQFH RI WKH FRQGXFWRU DW | f& >Y NA@

5 '& 5SHVLVWDQFH RI &RQGXFWRU DW 2SHUDPW LW N|P@S HUDWX

GF &RQGXFWRU 'LDPHWHU >PP @

Vv 'LVWDQFH %HWZHHQ &RQGXFWRU $[HV >PP @

NV )DFWRU 8VHG IRU [V &DOFXODWLRQ 6NILQ (IIHF

NS )DFWRU 8VHG IRU [S &DOFXODWLRQ 3UR[LPLW\ |(IIHFW

[V &RPSRQHQW RI <V &DOFXODWLRQ 6NLQ|(IIHFW

[S &RPSRQHQW RI <S &DOFXODWLRQ 3UR[UPLW\ (I|HFW

\V 6NLQ (IIlHFW )DFWRU

\s 3UR[LPLW\ (IIHFW )DFWRU
5 $& 5HVLVWDQFH RI &RQGXFWRU DW 2SHUD W LQW N|PI®S HUD WX
'LHOHFWULF /RVVHV

WDQ/ 'LHOHFWULF /RVV )DFWRU

0 ,QVXODWLRQ 5HODWLYH 3HUPLWLYLW\

& &DEOH &DSDFLWDQFH >—) NpP@
8. 9ROWDJH >N9@
:G &DEOH 'LHOHFWULF /RVVHV 3HU 3KDVH >: P @

&LUFXODWLQJ /RVV )DFWRU
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17L 7KHUPDO 5HVLVWLYLW\ Rl ,QVXODWLRQ >, P

7. 7KHUPDO 5HVLVWDQFH RI -DFNHW 3LSH &RDWLQJ| >, P @
W 7KLFNQHVV RI -DFNHW 3LSH &RDWLQJ >PP @
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