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2.3

INTRODUCTION AND SUMMARY

In November 2007, RWE raised a paper at the Grid Code Review Panel (GCRP)
highlighting an issue with Gas Insulated Switchgear (GIS). As a consequence
the GCRP established a joint Grid Code and CUSC Working Group under the
governance of the Grid Code to address the issue and develop a solution, see
Annex 1 for a copy of the Terms of Reference.

This report details the assessment by the Working Group including the Group’s
recommendation, which is summarised below.

BACKGROUND AND CURRENT POSITION

The issues raised by RWE’s can be summarised as follows (please refer to
Annex 3 for a copy of the proposal):

» GIS s not defined in the CUSC or the Grid Code

» Inconsistent ownership boundary between the CUSC and the Bilateral
Connection Agreement’s

» Lack of competition for the procurement and maintenance of GIS equipment

In addition, RWE made the following recommendations:

2.2.1 that the Transmission Ownership boundary should define to include all
connected GIS assets at a GIS substation up to an external connection to
the user’s assets, such as the cable sealing end. These assets would
then become part of the transmission system.

2.2.2 the ownership boundary is defined within the Grid Code Connection
Condition.

In the context of this report GIS refers to all gas-insulated, metal-clad electrical
equipment at electricity substations where both the substation busbars and the
interfacing switchgear between those busbars and any connecting circuits are of
metal-clad, gas-insulated construction, see photograph below.
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2.4

2.5

2.6

2.7

2.8

The current position can be summarised as follows and is detailed further below:

= Due to the nature of the equipment (i.e. intergrated, sealed and modular) it is
difficult to identify a construction and on going operational ownership boundary
for GIS connections,

= There is no recognised international standard for compatibility between
different GIS manufacturers which has a direct impact upon competition for this
equipment,

= The UK market lacks bargaining power within the global market for GIS
equipment.

Code position

For the purposes of the Working Group report, GIS installations can be classified
into two types. (It should be noted that the types of GIS will not change due to the
outcome of this Working Group):

Type A - GIS substations where the bus selector disconnectors are not in the
same gas zone as the busbars (i.e. where there are gas zone separators
between the bus selector disconnectors and the busbars).

Type B - GIS substations where the bus selector disconnectors are in the same
gas zone as the busbars.

/ /A = GIS substations where the bus selector
disconnectors are not in the same gas zone as
the busbars

B =GIS substations where the bus selector
disconnectors are in the same gas zone as the
busbars

— — — — W= mmm  mmm == AIS ownership boundary
— I GIS ownership boundary (CUSC)

CUSC 2.12 defines the electrical boundary which in the absence of contrary
agreement equates to the ownership boundary. The electrical (and therefore
default ownership) boundary for Air Insulated Switchgear (AIS) is defined as the
busbar clamp on the busbar side of the busbar disconnector.

The electrical (and therefore the default ownership) boundary for GIS is defined
as the gas zone separators on the busbar side of the busbar selection devices.

Historically GIS equipment included a gas zone separator between the busbars
and the busbar selector disonnectors, and the CUSC definition resulted in a GIS
ownership boundary which mirrored the prevailing AIS ownership boundary. The
majority of switchgear manufacturers, in National Grid’'s experience have,
however, since adopted a different design which no longer includes a gas zone
separator immediately adjacent to the busbar disconnector. It is now common
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for the busbar selector disconnectors to be in the same gas zone as part of the
busbars.

2.9 Hence, whilst the electrical boundary definition remains the same, this results in
the potential for multiple parties to each own a separate section of a single
busbar. See the diagram below — the purple dashed line represents the GIS
electrical and default ownership boundary as defined in the CUSC.

S S

/7

AIS ownership
boundary

GIS ownership boundary (CUSC)

e
|_|1
A ; Bll_

Note: A, B1 and B2 represent 3 different types of GIS construction, all of which are in
use or planned for use on the system. The GIS construction type “A” was originally
installed on the transmission system and the CUSC boundary definition was based upon
this type of construction, so as to produce a boundary equivalent to that for AIS
installations.

2.10 The newer GIS construction types (type “B” — with the diagram above showing
two different variants labelled “B;” and “B,”) mean that the default ownership
boundary as per the CUSC no longer result in a boundary equivalent to AIS
installations. This has created a number of complex issues on a project by
project basis for GIS connections for both National Grid and users. In particular
at the construction phase, as it is difficult to draw a demarcation line between
National Grid and user assets”.

Market issues

2.11 At present there are 4 main suppliers of type tested GIS equipment on the
market that are or will be used on the transmission system. However, there is no
international standard for design as a result different manufactures equipment
are not compatible. This makes it difficult and costly to interface switchgear from
one manufacturer with that of another?.

! It should be noted that this issue does not apply to AlS connections as it not integrated or
sealed.

% It should be noted that this is not the case for AIS connections as all type tested manufactures
equipment is compatible.
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2.13

3.0

3.1

3.2

3.3

3.4

3.5

3.6

3.7

This has an impact upon competition for GIS equipment, because once a
manufacturer’s design has been chosen only that manufacturer equipment can
be used by both National Grid and the user. This limits a users procurement
options for GIS transmission connections. In addition, the UK market represents
a very small proportion of the global market.

This has resulted in National Grid and users having limited market bargaining
power which can lead to an increase in prices.

SUMMARY OF WORKING GROUP DISCUSSIONS

The first meeting of the Working Group was held on 26™ February 2008* where
the Group debated and agreed the Terms of Reference, a copy is provided in
Annex 1. RWE presented their paper and provided the Group with further
background information in relation to the issues they have experienced.

In summary, RWE believe the ownership boundary should not be drawn within a
gas zone for GIS, as this gives rise to issues regarding construction,
maintenance and creates safety concerns. In addition, there is a lack of
competition and procurement opportunity for GIS equipment because once the
substation owner has decided upon a manufacturer the user must also use that
equipment, as different equipment is not compatible. Other Group members
confirmed that similar issues have been encountered by some DNO'’s.

The Group then debated the current issues raised by GIS. National Grid
provided information regarding the types of GIS configurations which can be
found upon the system (as explained in section 2.5 of this report). In addition,
the Group agreed a definition of GIS equipment to focus and aid the Group, see
section 2.3 for the definition.

One Group member raised the question of retrospective application, it was
agreed that the preferred solution should be developed first and such issues
considered at the end under implementation.

The Working Group undertook a brainstorming exercise which focused issues
into three board categories, construction, operation and enduring ownership
boundary. Each category is briefly described below.

Construction

National Grid confirmed that AIS is preferred and that GIS will only be installed
when the circumstances of the connection requires this equipment, such as lack
of space, coastal proximity, visual impact due to the area, i.e. near a city or
national park etc. In summary, it was agreed that a single party construction
approach to GIS is likely to be most effective, that there is limited practical
contestability with GIS due to technical compatibility issues within the market
(which is not the case with AlS.)

Operations
The Working Group debated the issues at length and concluded that
responsibility for operation should generally follow ownership and that

% Please use this Link to National Grid’s website for a copy of the minutes

Date: 20™ April 2009 Page 7 of 34



Working Group Report
GIS Working Group

3.8

3.9

3.10

3.11

3.12

maintenance costs should not be a significant issue for GIS compared with AIS.

Enduring Ownership

Enduring ownership was debated and National Grid raised concerns regarding
the liability for Interruption Payments, which was introduced by CAP048.
Interruption Payment is compensation paid to generators whose access is
removed solely due to plant and apparatus forming part of the Transmission
System. The RWE proposal would transfer users’ assets, (in this case
generators) from the user to National Grid and would effectively create a single
circuit connection therefore increasing the risk of Interruption Payments. The
Group agreed that further consideration is required regarding the enduring
ownership.

The second meeting was held on 10" June 2008* the Group reviewed the output
of the brainstorming session® undertaken during the first Working Group meeting,
which was updated. A National Grid expert on GIS gave a presentation to the
group on the main technical features and a copy of the slides can be found in
Annex 4.

The third meeting was held on 4™ September 2008° and National Grid presented
a number of possible options for GIS, a copy of the slides can be found in Annex
4. Six options were presented to the Group for generation connections to the
Transmission System and are detailed below:

= Option 1 RWE Model

= Option 2 As currently defined within the CUSC

= Option 3 Before the Circuit Breaker

= Option 4 Gas separator nearest the busbhar

= Option 5 As per AIS with a jointly owned gas zone

= Option 6 Enduring ownership as per AIS but one party builds all the GIS
assets

The Working Group debated each option in turn focusing on the benefits and the
impacts and issues. The Working Group agreed that Option 1 had merits and
should be developed further. Issues highlighted for development included any
potential impact on the SQSS, charging and liabilities (Interruption Payment). It
was agreed that the overall costs are unlikely to change due to the work of this
Working Group, but that the allocation of CAPEX and OPEX costs would transfer
to different parties compared to the current arrangements.

In relation, to liabilities the Group debate alternative option(s), as a number of
members believed that interruption compensation would be an enhancement to
the existing rights compared to AIS. It was suggested that greater transparency
regarding maintenance could provide users with the comfort that they require. It
was agreed that further information should be provided at the next meeting. The
Group debated outages and secondary systems. All agreed that operation of
equipment should remain as is and should only be changed if there is a justifiable
reason. It was noted that this would also apply to a number of the other options.
It was also noted that arrangements would be required to enable an Operator to

* Please use this Link to National Grid's website for a copy of the minutes
® Please use this Link to National Grid’s website for a copy of the brainstorming output
® Please use this Link (TBA) to National Grid's website for a copy of the minutes
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3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

operate the assets of another party.

Option 2 was briefly discussed and all agreed that this was not viable and no
benefits could be derived from continuing with the current approach.

Option 3 was debated and also agreed that it was not a viable option as it failed
to address the issues regarding construction.

Option 4 was debated and it was noted that there are less issues for type A
circuits in terms of liabilities and potential SQSS impacts, however this was not
the case for type B and as a consequence was not robust to changes in future
design. The Working Group agreed to dismiss option 4.

Option 5 was briefly discussed and all agreed that joint ownership of a gas zone
would create safety and liability concerns which were considered to be worse
than the current situation.

National Grid explained that Option 6 the majority owner of the substation would
build all the GIS assets and then transfer assets as per the AIS boundary with
the majority owner retaining ownership of the gas zone which included the
busbar. It was noted that this option has parallels with the self build concept
between DNO’s and National Grid. It was brought to the Groups attention that
there could be significant issue in relation to the transfer of assets and was
agreed that further investigation is required. The Group debated price volatility
and market issues which are detailed in section 2.11 of this report.

The fourth meeting was held on the 27" January 2009’ and National Grid
presented options for DNO connections. National Grid concluded that only
options 1 and 6 previously considered by the Group were workable solutions.
The Group agreed and concentrated on the analysis of the benefits, impacts and
issues associated with each option for both generation and DNO connections,
see annex 4 for a copy of the slides.

The Group debate the potential impact option 1 could have on the GB SQSS and
National Grid confirmed in its opinion that this was not an issue. National Grid is
able to own generation circuits and remain compliant with the GB SQSS provided
the generator did not exceed normal infeed loss risk, currently 1000MW see
Annex 5 for extracts of the GB SQSS. DNO members of the Group took an
action to consider if there are any issues from a DNO view point.

The Group then debated charging related matters, National Grid believed that no
change to the charging methodologies. The Group debated this issue and
National Grid would attempt to provide worked examples of connection charges
at the next meeting. In addition, the CAPEX and OPEX transfer from one party
to another was debated and how this interacted with how the recommended
solution is implemented. The Group agreed to debate implementation of both
options and any transitional arrangements at the next meeting.

The Group then discussed issues and impacts associated with liabilities,
maintenance and outages for option 1. Generators members of the Group

" Please use this Link (TBA) to National Grid’s website for a copy of the minutes
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3.23

3.24

3.25

3.26

3.27

indicated that they were more concerned to identify and ensure that the correct
incentives were place on National Grid to ensure good quality equipment and
maintenance rather than Interruption Payments and compensation. The Group
identified an option were bilateral agreements include a schedule of site routine
maintenance with tolerance levels. It was agreed that this option would be
considered further via proposed draft legal text.

Secondary systems were discussed and the Group agreed that the majority
owner of the systems should own and install and this would be detailed in the
Site Responsibility Schedules.

The Group then focused on option 6 and debated the liability and access issues
in relation to two parties equipment contained with one gas zone and the
requirement for an asset transfer. It was agreed that this could be addressed in
the bilateral agreement. Finally, the Group noted that with option 6 there would
be no visible boundary between busbar owner and user, and the user would be
unable to physically remove their assets.

It should be noted that from this point forward the two preferred options will be
referred to as Option A and B.

= Option A Majority Substation owner owns all the GIS assets (RWE Model)
= Option B Enduring ownership as per AIS but one party builds all the GIS
assets

The fifth meeting was held on 13" May 2009 and the Working Group considered
a number of options for implementation timescales. The five options were:

= Option 1 — a date following an Ofgem decision i.e. 3 months for all the future
GIS substations not yet connected but may be in construction

= Option 2 — a date following an Ofgem decision i.e. 3 months for all future GIS
substations not yet connected or in construction (but may have a contract in
place)

= Option 3 — a date following an Ofgem decision i.e. 3 months for all future GIS
substations not yet contracted

= Option 4 - at the next Price Control Period for National Grid for all future GIS
post 2012

= Option 5 — Retrospective application to all GIS substations connected to the
Transmission system

Members agreed that option 4 was the most attractive and practical option since
it had no Capex or Opex implications for National Grid under the current Price
Control, involved no retrospection and would not impact current construction
projects. The existing issues over GIS construction would however remain until
2012 and also the operational issues at existing GIS substations.

The Group considered how the proposals may affect the issues associated with
the funding and charging of GIS assets. Whilst members agreed that a single
asset owner would allow the contract to build all the GIS assets to be awarded
under more effective market conditions, there would still be poor visibility to the
generator of how the asset costs are divided between generator bays and wider
transmission assets at the site. Such division of costs will still be required in order
to calculate connection asset charges and wider TNUoS charges. Members
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3.28

3.29

proposed that there may be an incentive for the contractor to over apportion the
asset cost of the generator circuit assets and understate the cost of site
infrastructure.

National Grid stated their present view that a upfront payment by the generator
for GIS assets ensures a level of consistency with AIS assets which are owned
by the generator and therefore funded during construction. The Working Group
believed that as it was not user choice to use GIS but National Grid’'s choice and
therefore the funding of such GIS assets should be through an annuitised
payment and not an upfront capital payment. It was recognised that although this
is an alternative treatment to AlS assets, this was due as the inherent modular
nature of GIS assets justifies it.

Draft legal text was reviewed by the Group. It was suggested that a definition of
Gas Insulated Switchgear may be required in the Grid Code. Members stated
that the proposed text could be simplified with the removal of the concept of
maintenance years and that CAP048 compensation payments were not required
assuming that National Grid applied the OC2 process and best industry practice
to the maintenance regime. National Grid stated that it was still concerned the
risk profile associated with the ownership of what are effectively single circuit
generator circuits, the outage of which would lead to the loss of access for a
generator.
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4.0 RECOMMENDATIONS OF THE WORKING GROUP
5.0 IMPLEMENTATION
6.0 IMPACT ON GRID CODE AND CUSC
7.0 IMPACT ON INDUSTRY DOCUMENTS
Impact on Core Industry Documents
No impact envisaged
Impact on other Industry Documents

Possible impacts on Relevant Electrical Standards, Charging Methodologies and
NGET’s licence — condition B3 (ownership and disposal of assets)

8.0 IMPACT ON GB TRANSMISSION SYSTEM
No impact envisaged

9.0 IMPACT ON GRID CODE USERS

10.0 ASSESSMENT AGAINST GRID CODE OBJECTIVES

10.1 The proposed changes outlined in the Working Group would better facilitate Grid
Code Obijectives:
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ANNEX 1 - WORKING GROUP TERMS OF REFERENCE

Grid Code Working Group
Gas Insulated Switchgear (GIS)

Terms of Reference
Objectives

A paper was presented to the November GCRP by RWE highlighting a number of issues
with GIS. The GCRP recommended establishing a joint working group with the CUSC
but under the governance of the Grid Code.

The objective of the group is to discuss the issues and proposals under ‘Scope of Work’
and agree a way forward regarding possible modifications to the Grid Code and the
CUSC. An overview of the formal governance process is detailed in a diagram in annex
1.

Membership

The membership of the working group will be drawn from the GCRP or their nominated
representatives, the CUSC or their nominated representatives, the Relevant
Transmission Licensees and Ofgem.

Proposed Definition

The abbreviation GIS (Gas Insulated Switchgear) is commonly used to designate gas-
insulated, metal-clad electrical switchgear. For the purposes of this working group we
shall use the term GIS to refer to all gas-insulated, metal-clad electrical equipment at
electricity substations where both the substation busbars and the interfacing switchgear
between those busbars and any connecting circuits are of metal-clad, gas-insulated
construction.

Scope of Work

The group will consider the following issues, as agreed by the GCRP:

(a) Identify all current issues with GIS

(b) Identify all possible options to resolve issues for both generation and DNO
connections

(©) Identify all the consequences of each option Grid Code, CUSC and any other
associated documents within the framework

(d) Identify advantages and disadvantages of each option

(e) Identity any interactions and issues with AIS and propose solutions to resolve
) Agree a preferred option(s)

(9) Consider the implications on the Grid Code and CUSC in detail

(h) Consider implementation issues and propose a solution to resolve any issues
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Issues out of scope

The issues surrounding DNO and generator GIS substation is outside the scope of the
working group. However, the group will inform the Distribution Code via the GCRP and
provide a copy of the final report.

Deliverables

National Grid will produce:

= a GCRP paper recommending a way forward on the above issues, taking into
account the group discussions

= a CUSC Panel paper recommending a way forward on the above issues

= draft legal text of any proposed Grid Code changes and CUSC changes as
appropriate

Timescales

The working group will aim to complete its work [for the February 2009 GCRP meeting].
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Annex 1

Joint GCRP and CUSC
Working Group
under Grid Code

governance

Possible Consultation with
industry

Recommendation
report to the CUSC
Panel

Formal CUSC
Amendment
raised

CUSC Working Group,
if required

Consultation

Report to the Authority

Recommendation
report to the GCRP
Panel

Consultation

Report to the Authority
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ANNEX 2 — PROPOSED GRID CODE CHANGES
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ANNEX 3 — RWE GCRP PAPER
PAPER TO THE GRID CODE REVIEW PANEL

USER CONNECTIONS TO THE GB TRANSMISSION SYSTEM VIA GAS
INSULATED SWITCHGEAR (GIS)

Introduction

GIS is increasingly being chosen by National Grid at connection sites which are
part of the GB Transmission System (substations). GIS may be used at new
connection sites and/or at existing connection sites where the existing assets are
being replaced by National Grid. GIS is likely to be chosen in preference to Air
Insulated Switchgear (AIS) possibly due to its lower cost to National Grid,
reduced land requirement and reduced profile being easier to consent.

Treatment of GIS assets within the Grid Code and CUSC

Whilst GIS assets may be referred to in Users bilateral agreements with National
Grid, GIS is not defined within either the CUSC or Grid Code, although it is noted
that the GIS technical specification is detailed in Section 17 (page 171) of the
RES.

CUSC 2.12.1 (e) (ii) describes the electrical ownership boundary for metal clad
SFe¢ switchgear as being the gas zone separators on the busbar side of the
busbar selection devices. However, for GIS switchgear, this ownership boundary
fails to acknowledge that it is not practically possible for a User to make a
physical connection to the busbar within the gas zone. This issue may be
recognised in the bilateral connection agreements, where the ownership
boundary is considered to be “non-standard”.

Issue for Users

In addition to the lack of definition of ownership boundary, the use of GIS at
substations that forms a connection site with a User(s) presents particular
problems for the User(s) when compared to AIS. The design of GIS is such that
the User’s assets at the substation need to be integrated within the structure of
the substation and would not be readily accessible or detachable from the
substation / GB transmission system. Furthermore, the need to share a common
gas system and adapt equipment if provided by a different manufacture to that of
the substation means that it is not practicable for such User assets to be
competitively procured or maintained by the User.

The User is therefore effectively forced to contract for the installation and
maintenance of its User assets at a GIS substation with National Grid who is, in
effect, the only party able to carry out these User works. This work would be
carried out by National Grid as an unlicensed activity and separate from the
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licensed works carried out under the provisions of the construction agreement.
The third party alliance arrangements that National Grid may have entered into
with respect to transmission asset works means that it is extremely difficult for the
User to form a view whether the price being charged by National Grid is
reasonable and competitive.

Recommendation

1.

It is acknowledged that the design of GIS substations is such that the User
is effectively unable to design, procure, install or maintain the GIS User
assets independently of the GIS substation manufacturer / provider. It
would appear to be both inefficient and of little technical benefit for the
User continuing to retain ownership of such assets, which would be more
efficiently managed within a single ownership boundary. It is therefore
proposed that the transmission ownership boundary be defined to include
all connected GIS assets at a GIS substation up to an external connection
to the User’s assets, such as a cable sealing end, as licensed assets.

. Given the increasing use of GIS substations, it is unreasonable for the

User ownership boundary at such substations to continue to be
considered as being “non-standard”. It is proposed that the ownership
boundary (as amended) be defined in the Grid Code Connection
Conditions.

The Grid Code Review Panel is invited to: -

1)

2)

3)

4)

Consider the issues relating to GIS raised in this paper.

Endorse from a technical perspective the recommendation given in this
paper and the need to define the GIS ownership boundary within the Grid
Code Connection Conditions.

Recommend to the CUSC Panel any changes that may be appropriate for
the CUSC Panel to consider

Consider whether any additional change / clarification to the Grid Code is
required
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ANNEX 4 — WORKING GROUP SLIDES

Gas-insulated switchgear (GIS)

mationalgrid

Gas-insulated switchgear

+ ‘Metal-enclosed switchgear in which the insulation
is obtained, at least partly, by an insulating gas
other than air at atmospheric pressure’ (IEC
60050 (441))

rationalgrid

Benefits of GIS

+ Compact size:
+ May be built closer to load centres

+ Replacement'extension within existing
substation boundaries

+ Low visual impact — easily screened, may be
housed within building of appropriate style
+ Immunity to pollution:
+ Low number of exposed insulators

+ May be sited in exposed coastal areas or near
sources of industrial pollution

nationalgrid

Substation Primary Insulation

MNatienal Grid pelicy is:

+ "‘Qutdoor Air Insulated switchgear will be used at
pollution severity Class lll {or less) sites, except
where other elements of this pelicy are overriding.”

+ ‘Gas Insulated Switchgear (GIS) substations shall
only be considered where lifetime related
conditions (such as pollution, permanent space
restriction or public visual amenity) preclude the
use of open terminal equipment and the terms of
this policy are met.”

rationalgrid

Why does National Grid install GIS substations?

+ Historically substations were AIS as this was the
only available technology.
+ However, this resulted in a number of difficulties
+ Pollution when in close proximity to industrial or
coastal
+ Insufficient space for AlS when constructing
new substations/extensions (e.g. inner cities)
+ Planning laws for National Parks, AONBs and
Green Belts only permit AlS substations where
there is ‘no demonstrable alternative’,

rationalgrid
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Considerations for GIS compared to AlS

+ (515 designers need to take into account the
following:
« Extension involves using equipment of the
same type or special adapters
= Fossible i 1t for future ion

Considerations for GIS compared to AlS Impact of partitioning on availability

+ |solation gas density dependent
+ Availability of adjacent circuits

+ Safety issues limiting work adjacent to pressurised
gas compartment partitions

= Leads to partitioning of GIS into gas compartments

)
I

Sy remparrean g preanies

R P (i comarmact o sonches rvesn
nationalgrid rationalgrid
Impact of partitioning on availability Impact of partitioning on availability
Compmirans be Conaart izt Comowtrant s emcister:

i v 1

Srdasanes T ke stranen stiieg pedue

rationalgrid rationalgrid

Impact of partitioning on availability Impact of partitioning on availability
+ Thig intervention would require 3 circuits to be out
of service simultaneously

+ Such a design would not be acceptable to National
Grid

I

e TR
aa st e er

naticnalgrid naticnalgrid
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Impact of partitioning on availability

Technical specification for Substations:

+ The design of a substation shall permit
installation, extension, operation and
maintenance (preventive and corrective) with a
maximum of ane circuit {including any circuit
requiring intervention) and one section of
busbar out of zervice simultaneously.’

rationalgrid

Design and construction of GIS

From Sipmens webahe wi siomens.com

rationalgrid

Design and construction of GIS

Freem Arsva weboisln ws arencabd eom [ r—

nationalgrid

Design and construction of GIS

From ABE websta
www abb com

- rationalgrid
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Gas compartments and partitioning Gas compartments and partitioning

= Initially CEGB/Mational Grid procured equipment
from British manufacturing base

+ (515 designs incorporated bus selector
disconnectors in separate gas compartments to
the Main and Reserve Busbars

+ Long busbar gas compartments

Disconnostor within soparssn
gy commprarkessed fo buslar

rationalgrid rationalgrid

Gas compartments and partitioning Gas compartments and partitioning

+ Since the early 1990°s National Grid has procured

from a European wide manufacturing base )
+ Most European GIS designs incorporate bus :l—,j =
selector disconnectors within Main and Reserve

busbar gas compartments
Disconnector wihn common gas
sompanTen to busbar
AES ELK-3
nationalgrid rationalgrid
Gas compartments and partitioning Maintenance (typical)
GIS general

+ General condition of equipment, suppart
structures, earthing connections

+ (Gas pressure/density level and trend

+ Gas quality (HF/S0,, Oy, H,0)

Dxsconnecion within comenon gas + Calibration of p Idensity gauge/transducer

comparntmant o bushar

+ Alarm sefting and operation

Arpva TIGS

rationalgrid rationalgrid
Maintenance (typical) Maintenance (typical)
Disconnectors and earthing switches Circuit-breakers

+ Mechanism heater operation

+ Mumber of operations

+ Trial operations

+ Motor operating time and current

+ Operation of position indicating device

+ Mumber of operations

+ Trial operations

+ Contact timing/travel record

+ Checks according to type of mechanism (spring/

Tis L / ol hydraulic/pneumatic)
+ Condition of auxiliary switches, wiring and
connections
+ Condition of link and gears, lubricati
+ Dperation of interlocks
naticnalgrid naticnalgrid
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GIS service experience

« CIGRE WG 23.02. 'Report on the Second
International Survey on High Voltage Gas
Insulated Substations (GIS) Service Experience’,
Ref. 150, February 2000

+ Major failure rate for GIS 300-500 kv
commissioned after 01/01/1985:

+ 2.58 per 100 circuit-breaker bay years

rationalgrid

GIS service experience

Major Failure - fadure of o major component or sloment of e GIS which couses
the lack of ane o move of fa fundemental funcliona. NOTE. A mayor fadure wil
resull i1 an rmedhile change i the aystem eperating conditona, 6.5, the
profchien squipment Baing mguined 10 resve M ok, or el resull in the
andisdery rameval fram sevvice within 30 sinutes for un-acheduled maintenance

Numbar of major fadums

Magar Faie (318 % o, m of crcut-treaker bays  years im servce

rationalgrid

Main component involved in failure, 300-500 kV

Classification of symptoms, 300-500 kV

Breakdown betwsan poles

Breakdown across open poles

Breakdown to earth, solid i

Breakdown to earth, gas insulation

Fallure to open on command 13
Failure to carry current =

TELT- er or 7%
Disconnector 20.5%
Earthing switch 0.6%
CT 1.9%
VT 4.3%
Busbars 6.5%
Blsducts and inferconnecting parts 24.2%
SFiiair bushing B 53%
Cable box 0.8%
Transformer interface 2.5%
Surge arrester 1.9%
Other 0.6%

nationalgrid

Loss of mechanical function 0.6%

LossofSFogas 49%
Failure of pressure rellef device =
Enclosure burn through 1.3%

Partial discharge 1.9%

Locking in open or closed position 25%
Cher 10.0%

rationalgrid

GIS service experience

+ CIGRE WG A3.06 is conducting a reliability survey
of High Voltage equipment at present

+ The survey covers circuit-breakers, disconnectors,
earthing switches, instrument transformers and
includes both AlS and GIS eguipment

+ The results are not yet published

rationalgrid

Date: 20™ April 2009

Page 23 of 34



Working Group Report
GIS Working Group

Gas Insulated Switchgear

Working Group Options for Generation connections
to the Transmission System

nationalgrid

Current position

For the purposes of the working group the term GIS refers to all gas-insulated,
metal-clad electrical equipment at electricity substations where both the
‘substation busbars and the interfacing switchgear between these busbars and
‘any connecting circuits are of metal-clad, gas-insulated construction

Generally GIS zones can be classified into two broad types

E GIS substations where the bus SEIEE[ur disconnectors are not in the
same gas zone as the busbars (i.e. where there are gas zone
separators between the bus selector disconnectors and the busbars)

b GI5 substations where the bus selector disconnectors are in the same
gas zone as the busbars

NB:  The types of GIS switch gear willnot change due to the oulcome o the warking growp

naticnalgrid
_e

GIS - as currently defined

CUSC 2.2 defines the elecrical boundary and the ownership boundary for GIS as fhe

gas zone separators on the busbar side of the busber selection devicas

Historically there wes & gas 20ne separstor between the busbar and the bus-se

discomnaciars an tha CUSC safnton produced a GIS ownarship boundary mmamma

10 that for AIS instalistions

+ The majorty of newer GIS instalstiors, in Nstional Grid's sxperienos. oo ot incorporste
2 gas zpne separator between i bar o bus-selector disconnectors and the
CUSC boundary defrition results in a catai :mnsshlpsnd siactrical boundary which
includes sections of busbars as Users® sssefs

+  Regardess of type the issues surmunding construction and enduring ownership remain

nationalgrid

Option 1 - RWE’s Proposal

Generznan Asse

e

_______ Operamonal conmei ounzary

—T

« Ownership and electrical is moved to include all connected GIS assets
at a GIS Substation e.g. up to the cable sealing/GIS to AlS termination

naticnalgrid
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Option 1 - RWE model

Benefits

Addresses construction issues and
interaction of licenced and
unlicenced works

Removes inconsistency for future
GIS sites

Removes complexity for safety
Management for maintenance
More economical solution for one
party to build and maintain

Impacts and issues

Mo overall significant change to

costs but & thange to who funds the

assets (CAPEX and OPEX
implications that has not been
included in the price confrol)
Potential SQSS impact
Creates inconsistency with AlS
Liabilities, maintenance and
compensation

Secondary control systems

nationalgrid

Option 2 as currently defined

Senertin Asses ~ I
i = T
Tmcamison Asses % I {]]!
=L TTT]
=1 15
—

naticnalgrid

Option 2 as currently defined

Benefits

Impacts and issues
Existing issuss ars not addressed
Inconsistency across sites

depending on manufactured design

nationalgrid

Option 3 before the CB

|
Ve

Generston Asse

Tracsmissian Assets

e et LA e Oparstonas conte ezunzary
A

naticnalgrid
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Option 3 before the CB

Benefits

\isible boundary at the gas zone
‘separator

User would be able to remove their
sssets if they wished

Generator has control over

their synchronising circuit breaker
and circuit disconnector

Impacts and issues
Gonstruction issues and licenced
unlicenced interaction not
addressed

Mo point of isclation

Mo overall significant change to
costs but a thange to who funds the
assets (CAPEX and OPEX
implications that has not been
included in the price control)
Potential SQSS impact

Creates inconsistency with AIS
Liabilities, maintenance and
compensation

Secondary control systems

Mot robust if manufacturers change
designs

nationalgrid

Option 4 gas separator nearest to busbar

Generston Assels 7

Traramission Assets

= = = = Operatans canirel boundery

4

naticnalgrid

Option 4 gas separator

Benefits

\isible boundary at the gas zons

‘separator

User would be able to remove their

essets if they wished

Generator has contral over

their synchronising circuit breaker

and circuit disconnector

+ Double circuit connection —no
liability and compensation issues

Impact and issues

Construction issues and licensed
unlicensed interaction not
addressed

Major inconsistency across sites
depending on GIS type; at some
sites genarators own the bus
selector disconnectors but not at
others

Mot robust if manufacturers change
designs

nationalgrid

Option § as AlS and jointly own the gas zone

Generaton Assels

-

Tracsmissian Assets
A
. =

naticnalgrid

(V%]
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Option 5 as AIS and jointly own the gas zone

Advantages

+ Generator has control over their
synchronising circuit bresker and
circuit disconnector

Double circuit connection —no
liability and compensation issues

Disadvantages

For some GIS types, no visible
boundary (within gas zone)

Users not able to physically remove
the bus selector disconnectors
(some GIS types)

Construction issues and licenced
unlicensed interaction not
addressed

Liability and accsss issues
regarding the gas zons

nationalgrid

Option 6 enduring as per AlS but one party
builds all GIS assets

|
7

Senemtion Assats

Trrsmissian Asses

National Grid ovms the g=s zone and prants access rights for
the generator to maintain the isolstor

naticnalgrid

Option 6 enduring as per AlS but one party builds all GIS

assets

Advantages

+ Construction issues and licenced
unlicenced interaction are
‘addressed

Enduring boundary consistent with
AlS

No change to proven methods of
Operation

Double circuit connection —no
liability and compensation issues

Disadvantages

For some GIS types, no visible
boundary (within gas zone)

Users not able to physically remove
the bus selector disconnectors
(some GIS types)

Complications regarding assat
transfer

Ongoing maintenance

Liability and access issues
regarding the gas zons

nationalgrid
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Option 1 — A — DNO-Owned Substation

Gas Insulated Switchgear

+  Ownership and ele
Substation e.g. up i

ical is moved to include sll connected GIS assets st a GIS
cable sesling/GIS to AIS termination

king Group Options for DNO con
to the Transmission Syste

elgrid

nationalgrid
Tre power of a

e
Option 1 — A — DNO-Owned Substation Option 1 — B — NGET-Owned Substation
Distioutcn Assels l owme D
Benefits Impactsandissues || || 02 TTTTTTTETTTTTTTOT S
Taramissien Asseis Fe
+  Addrasses construction issuss and * Mo overall signficant change to costs. i)
interaction of icenced and nlicenced but 2 changs to who funds the asses l
woris (CAPEX and OPEX impications that has
not been nciuded in the: price cortra]
+ Remoues inconsistercy for future GIS
sies * Creses inconsistncy with AIS P St L Operstone canmeine ey
*+ Removes complexiy for safety * Lishilijes and mairterance for
Management for mantenance transfomer cct
* More econamical solution for one party * Sasondary conmol systems
o buikd and maintsin
+  Ownership and electrical is moved to include sll connectsd GIS sssats st 8 GIS
Substation &.g. up fo the cable sesing/GIS to AIS termination
nationalgrid \ationalgrid
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Option 1 — B — NGET-Owned Substation

Option 6 — A — NGET-Owned substation enduring as
per AlS but one party builds all GIS assets

Benefits Impacts and issues
~ Addresses construction issUes and = o overall signficant chanpe 1o coss
imaraction of licanced and unlicenced bt 3 change 10 who funds the assets
works (CAFEX and OPEX impicasions that has

ot been included in the: price corral)
+ Removes inoonsistency for future GIS

sitas * Creses inconsistency with AIS
* Removes complexity for safety « Lishilifes and mairterance for distib
Management for maintenance ot

* More econamical solution for one party = Secondary contral systems
o buikd and maintsin

|
Vd

Dissemton Asses P
Tassmhsenases |
l A
v
|
Nationsi Grid ows the gas 20ne and grants 3
the DND fo mainiain the isolaior

iationalgrid

Option 6 — B — DNO -Owned substation enduring as per
AlS but one party builds all GIS assets

Option & enduring as per AIS but one party builds all GIS assets

Oisnunzn Assem

NG ows the gas zone and granis acoess nghis for
NG to maintsin the solstor

nationalgrid

Benefits Impacts and Issues
* Comstucson issues and ficenced + Forsome GIS types, no visile boundary
unlicencad interaction are addrassed feithin gas zonz)
+ Enduring boundary consistent with 415 * Users not able to physicaly remave the
bus selecior dscomnectors (some GIS
* MNo change to proven methods of types)
Operstion

+ Secondary systems issuss
+ Similar situation alresdy exists for“self-
build” coniracts.

Liahility and access Ssues regarding the
gas zone
Mo transferof CAPEX and OPEX cosss
*  Increzsed complexity of ongoing
+ MNoimpacton charging maintenance

ationalgrid
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Impacts and issues — Option 1

Principle — majority owner builds GIS assets
Patential 5358 impact for Generation connections
+ Noimpact on SQSS

* “Mew” IS sssets would be clsssed ss Generstion Ciroui

Transmission circuts

and not

* Single circuit cannect but would not run counter to GBSQSS 2.8.1

— “fallowing = fault oulage of any single fransmission ircuit, no fess of power
infeed shal ocour

Impacts and issues

Therefore would be compiant with the GESQSS ss long ss the generstion
capacity connected did not exceed rormal infiesd loss risk (1000MW)

Option 1— Generation and DNQ connections “ Zea ransout for axivects fom e GESQ2E defimizns

nationalgrid
The power of a

Impacts and issues — Option 1 Impacts and issues — Option 1

Charging — Generation connections Charging - DNO connections

+ Currently no connection charges would spply + NGET substsfions — the DNO switchgear bays would b charges connection
assets.
* I classified as Generstion Gircuits = Connection Asset
DNO subststions — NGET connection assets charges now excluds those for the
Genarstor option — Capitsl contribution or snnuskised psyments. ss per existing 132Ky GIS bays
connection sssets = no requirement to changs to the Charging Methodology
No change required to the cherging methodology
Does fhis pisce GIS connections in & more favourabie position than AIS

‘connections?

‘Shouid the charging methodalogy be changed to ensure GIS connections make
5 capits! contribution rather than an nnusised payment?

nationalgrid ationalgrid
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Impacts and issues — Option 1

Impacts and issues — Option 1

CAPEX and OFEX

* Transfer CAPEX and OPEX cosis at NGET substafions frem generstors and
DNO's to NGET

+ Transfer CAPEX and OFEX eosts st DNO substations from NGET to DNO's

* Impect on network operators price control BUT depends upon implemeniation

Options

+ Implementstion 2s soon es practicable within current price conirol periods
Network aperstors ssek additional furding and reopen price controls

2. Network aperstors acospt risk and recover at the next prics control

+ I mplementstion st the next price cardrol pericd

onalgrid

Operational
*+ DNO and genersiors would n2ed to operste switchgesr owned by NGET
*+ Opersiionsl switching cortracis required

+ Shouid this for part of the SCA or & separate sgresment?

+ \What provisions would need to be inciuded?

Impacts and issues — Option 1

Impacts and issues — Option 1

Lisbilities & Maintnznce
Physical damage | legal lisbilities

+ Transfer of liabilty from one party to anather

CUSC provisions. cover damage and limit lisbiliyy

Unplanned Interruption Payments (CAPO48) - Generators anly

Single circut comection and assets woud form part of GB Transmission

+ Generstor: ertiied to compersation
_ MIPforfirst 24 hours of disconnection theraafter a rebzze of TNUDS.

Is this an enhancement compared 1o AIS and cument GIS unicensed cortracs?
Opions
— Net applicabile to generstion cicuts
_ Notapplicable to generstion circuts and have 3n SLA for maintenance vilhin BCA—
seee
— Other options? £
rationalgrid

Outages and Maintenance
+ Single cirust connection

 What if ouiages coul not be aligned in accodance with OC27
— Msintenance ~especially i an SLA was included vith the caniract
— Rapar
* Costimpacts
*Is this an enhancement / meonsistent vih AIS?
Options
= Provisions in cortracts for access 1o undertske maintenance
Abemative compensation - Rebate of THUOS for Planned Ouage:

*+ Mandstory outages

Change OC2

ationalgrid
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Impacts and issues — Option 1 Impacts and issues — Option 1

ncy with AIS — and DNO Secondary systems

protection and control quipment)
* s it inconsistent now?

Agply the same prnciple — the majory awner

+ The majory user owns the equipment = separale ovmership from GIS assets
* Is there a justifisble resson for the difference?

Benefits
+ Option 1 would ensure consistence scross GIS sites going forward

« Segregated equipment and aooess requirements =id CDM and HSE ocoupier lizbiity
issums

Issues
= Wino would buid the sysiems? GIS asset owner or the system owner
+ Lishiliies - wihat  the equipment sfect the other paries dus to fault sic

= Mamenance

onalgrid

Impacts and issues — Option 6

Liahility and access to the gas

+ Substsfion owner owns the gas zone
#Aooess wil be rarely required

Prowisions for isbifies. maintenance snd sccess could be sddress vis contract
provisions
Whst provisions would be required?

Impacts and issues N

Are there HSE issuss?

.

Risk of disputes if an incident oocured
Option 8 — Generation and DNO connections

nationalgrid
F if act

ationalgrid
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Impacts and issues — Option 6 Impacts and issues — Option 6

Asset transfer For some GIS types, no visible boundary (within gas zone)

+ Dowe need s new classification of works? Users not able to physically remove the bus selector disconnectors (some
_ Current Licenced, Unlizenced and Excluded Services GIS types)

+ Dowe ne=d Ofgem's views now before progressing further? *+ Is there  solution for the sbove issues?

+ Similar to customer build now— se= hendout Secondary Systems

+ If possible asset transfer sgreement would be required * Who would buld the systems?

*+ Whst provisions would be required? * Lisbiities —whst if the squipment sfisct the other parties due to fault st

+ Msintznsnce
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ANNEX 5 — EXTRACT FROM GB SQSS

GIS WORKING GROUP — January 2009

GQOSS Definitions

“Generation Circuit The sole electrical connection between one or more generating
units and the Main Interconnected Transmission System, i.e. a radial circuit which if
removed would disconnect the generating units.”

“Transmission circuit Part of the GB transmission system between two or more circuit-
breakers which includes, for example, transformers, reactors, cables and overhead lines
but excludes busbars and generation circuits.”

“GB transmission system The system consisting (wholly or mainly) of high voltage
electric lines owned or operated by a GB transmission licensee and used for the
transmission of electricity from one power station to a substation or to another power
station or between substations or to or from any external interconnection, and includes
equipment owned or operated by a GB transmission licensee in connection with the
transmission of electricity but does not include any remote transmission assets.”

“Main Interconnected Transmission System (MITS) This comprises all the 400kV and
275kV elements of the GB transmission system and, in Scotland, the 132kV elements of
the GB transmission system operated in parallel with the supergrid, but excludes
generation circuits, transformer connections to lower voltage systems and external
interconnections between the GB transmission system and external systems.”

“Supergrid That part of the GB transmission system operated at a nominal voltage of
275kV and above.”

“Power Station An installation comprising one or more generating units (even where
sited separately) owned and/or controlled by the same generator, which may reasonably
be considered as being managed as one power station.”

“Generator A person who generates electricity under licence or exemption under the
Electricity Act 1989.”
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