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Foreword

This document sets out a common methodology for assessing condition-based risk for
electricity distribution assets. This version has been developed by a dedicated Working Group
comprising representatives from all six GB Distribution Network Operator (DNO) groups and
NIE Networks to meet the regulatory requirements for Network Asset Risk Metrics (NARMs).
It supports the specific requirements for ED3 (1 April 2028 to 31 March 2033) but includes
additional asset categories out with those requirements. The Working Group has been
informed by Ofgem’s ED3 Resilience Working Group on NARMs for ED3 development.

The use of the Common Network Asset Indices Methodology (CNAIM) is subject to approval
by Ofgem for the regulatory period to which it applies for the asset categories covered by the
regulatory licence framework. This CNAIM however contains the methodology under
development for future additional approval once it is appropriate for them to be included within
the licence reporting requirements.

When approved by Ofgem, this methodology will require DNOs to re-align their current
processes and practices to this new standard to meet the revised regulatory reporting
requirements.

This document supersedes v2.1 published in April 2021.

Once implemented, DNOs will be required to report annually against the targets set using the
methodology to calculate the changes achieved. These reporting requirements are set down
in the ED3 Regulatory Instructions and Guidance (RIGs).
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1 Introduction

For RIIO-ED1, which ran from 1 April 2015 to 31 March 2023, Ofgem introduced regulatory
reporting requirements for GB DNOs to report information relating to both Asset Health and
criticality. This information is known as the Network Asset Indices, and these provide an
indication of the risk of condition-based failure of network assets. These were used as a
Network Output Measure, with DNOs targeted to deliver Network Asset Secondary
Deliverables that reflected the risk reduction benefit delivered through activities such as asset
replacement and refurbishment.

The requirement for reporting of Network Asset Indices was required within Standard Licence
Condition 51 for RIIO-ED1 and Special Licence Condition 9.2 in RIIO-ED2. This licence
condition also required DNOs to jointly develop a Common Network Asset Indices
Methodology, such that DNOs adopted a common approach to the reporting of indices that
measure Asset Health and Criticality.

The Common Network Asset Indices Methodology (v1.1) was first approved by Ofgem in May
2017, for use in RIIO-ED1. A further development was directed by Ofgem for the methodology
to incorporate Long Term Risk for use during the RIIO-ED2 period which was approved in April
2021 for use from April 2023 to March 2028. This also aligned with the DNO reporting having
changed from Network Output Metrics (NOMs) to the required network risk outputs relating to
Network Asset Risk Metrics (NARMs). Network Asset Indices provide the required Network
Asset Risk Metrics.

The required network risk outputs relate to the improvement in risk that is delivered by Asset
Replacement, as well as some Refurbishment activities. Such activities are referred to as
Interventions.

The required network risk outputs will again be agreed as part of the ED3 determination and
are consistent across the existing 61 Asset Categories by DNOs however this version of the
methodology incorporates a further 26 Asset Categories for potential inclusion in ED3 or future
price control periods to be agreed and approved. Each DNO is required to report on all the
required network risk outputs for all approved Asset Register Categories regardless of whether
they manage such assets, by including a nil return where no assets are managed to ensure
consistent reporting. Consequently, DNOs are now required to maintain the Common Network
Asset Indices Methodology for all Asset Categories where they are to report the required
network risk outputs as agreed for that reporting period. However, this methodology is not
limited to just those reported but currently has been developed to cover 87 Asset Categories.

This revised version of the Common Network Asset Indices Methodology (herein referred to
as “the Methodology”) has been further enhanced and developed by DNOs for application in
ED3 to meet the anticipated changes in regulatory requirements. This revised version also
incorporates changes and amendments identified by DNOs based upon the experience gained
from implementing the previous two versions of the Methodology during RIIO-ED1 & RIIO-
ED2.

1.1 Network Asset Indices Methodology Objectives

For RIIO-ED2, Special Licence Condition 9.2 Network Asset Risk Metric methodology, Part A
states the following:



ENA Engineering Report 144
Issue 0, 2026
Page 14

9.2.3 The licensee must have in place and act in accordance with a NARM Methodology which
is comprised of: (a) a Common Network Asset Indices Methodology that complies with the
requirements of paragraph 9.2.4; and

(b) a Network Asset Indices Methodology that complies with the requirements of paragraph
9.2.6.

9.2.4 The licensee must use best endeavours to work in co-operation with all other Distribution
Services Providers to develop and maintain a Common Network Asset Indices Methodology
that facilitates the achievement of the NARM Objectives.

9.2.5 The licensee must at all times keep the Common Network Asset Indices Methodology
under review and modify it as necessary to ensure that it continues to facilitate the achievement
of the NARM Objectives.

9.2.6 The licensee’s Network Asset Indices Methodology must: (a) enable the licensee to:

i. assess its NARM Assets against the Network Asset Risk Metric;

ii. report in accordance with the RIGs; and

iii. assess its performance against the Baseline Network Risk Output.
(b) be consistent with the Common Network Asset Indices Methodology.

9.2.7 The licensee must at all times keep its Network Asset Indices Methodology under review
and modify it as necessary to ensure it complies with the requirements of paragraph 9.2.6.

The Methodology in this document meets these objectives and those anticipated to apply for
EDS.

The Methodology details the inputs, calculations and calibration parameters to be used in the
calculation of Asset Health and Criticality. This means that, where the Methodology is applied,
a common output shall be determined for a common set of input data. This facilitates use of
the output for comparative analysis. For the avoidance of doubt, all values for parameters
outlined within this document are fixed and shall be adhered to in the application of the
Methodology.

The communication of information relating to the required network risk outputs, and their
delivery, shall be through risk matrices (showing Asset Health and Criticality). These are
required for regulatory reporting purposes. The output from the Methodology will be used for
the population of these risk matrices.

1.2 Asset Health and Probability of Failure

Asset Health is a measure of the condition of an asset and the proximity to the end of its useful
life. The Methodology includes a common methodology for the calculation of Asset Health for
individual assets. This includes:

a) current Asset Health informed by observed and measured condition factors; and
b) future Asset Health, using assumptions regarding the likely future deterioration in Asset
Health.
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In order to take account of future deterioration it is necessary for the Methodology to:

a) include some age-based elements within the calculation of Asset Health; and
b) use a continuous Health Score scale for the evaluation of Asset Health.

As the health of an asset deteriorates (i.e. its condition worsens), the likelihood that it will fail
due to condition increases.

The Methodology relates Asset Health to the associated probability of condition-based failure
(PoF). For each asset type, the Methodology specifies the exact relationship between Health
Score and PoF. Therefore, Asset Health can equally be expressed in terms of PoF.

1.3 Consequences of Failure and Asset Criticality

When an asset fails, there will be an associated impact resulting from that failure. For example,
there could be a loss of supply to customers, or an injury resulting from a failure. Such impacts
are referred to as Consequences of Failure (CoF).

The Methodology includes a common methodology for the evaluation of the likely CoF
associated with the condition-based failure of individual assets. Monetised values are
determined for all CoF in £ (at 2020/21 prices).

The criticality of an asset is a relative measure of its CoF compared with the Reference Cost
of Failures for its asset type.

1.4 Regulatory Reporting of Network Asset Indices

For each asset, the Methodology shall determine:

a) the PoF (per annum);
b) a forecast of the PoF (per annum) in any given future year; and
c) the CoF (£).

associated with condition-based failures. This information is used for the regulatory reporting
of the Network Asset Indices for each asset.

The Network Asset Indices comprise three components.

a) Health Index - which relates to Asset Health and PoF;

b) Criticality Index - which relates to CoF; and

c) Risk Index - this is a monetised risk measure, determined from the combination of the
Health Index and Criticality Index, which represents the Long Term Risk associated
with asset failure and is the present value (£) of the current and future risk associated
with a typical asset within the relevant Health Index and Criticality Index Bands.

The Health Index is a framework for collecting information relating to Asset Health and PoF.
The Health Index consists of five bandings. Assets are allocated a Health Index Band based
on the Health Score that is determined for the individual asset, which can be directly related to
its PoF.

The Criticality Index is a framework for collecting information relating to CoF. The Criticality
Index consists of four bandings. Assets are allocated to a Criticality Index Band according to
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the relative magnitude of the CoF of the individual asset compared to a reference value for the
relevant Asset Category.

Each reported asset is allocated to the Risk Matrix which consists of a Health Index Band and
a Criticality Index Band. The Risk Index for an asset is based on its position in the Risk Matrix.
By assigning a typical PoF and degradation assumptions to each Health Index Band, and a
typical CoF to each Ciriticality Index Band, a monetised value of Long Term Risk (i.e. the
present value of current and future risk) can be determined.

Separate Risk Matrices are produced to show:

a) existing asset risk;

b) assetrisk at the end of a price control period without taking into account any impact of
planned interventions; and

c) asset risk at the end of a price control period taking account of planned interventions.

1.5 Hierarchy of Asset Categories

The Methodology applies to many different types of assets (e.g. overhead line conductor,
cables, switchgear etc.).

Whilst the Methodology applies the same generic principles in evaluating health and criticality
for each asset type, the inputs, calculations and calibrations differ for different types of assets.

For different asset types, this recognises variations in:

a) the types of Condition-based Functional Failures;
b) the evaluation of Asset Health; and
c) the impact of failure.

Within this document the inputs, calculations and calibrations are often specified according to
the type of asset. The groupings of assets used for specifying this information are referred to
as Asset Categories.

There are two main types of Asset Category used within this document:

a) Asset Register Category; and
b) Health Index Asset Category.

The Asset Register Category represents the groupings of asset type that are used in reporting
the asset population in Ofgem’s ED3 RIGs. The Asset Register Category is also used for the
annual reporting of Network Asset Indices to Ofgem.

The Health Index Asset Category represents groupings of asset type at a higher level than the
Asset Register Category, where common parameters or treatments are applied in the
Methodology.

In this document, each Health Index Category is used to describe the inputs, calculations and
calibrations that shall apply to assets in the Asset Register Categories shown in Table 1.
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Table 1 — Categorisation of Assets

Health Index Asset Category

Asset Register Category

Batteries at GM HV Substations
Batteries at 33kV Substations

Battery System
Batteries at 66kV Substations
Batteries at 132kV Substations
LV OHL Support LV Poles
LV Main OHL Conductor (Pole Lines) LV Main OHL Conductor
LV UGB LV UGB

LV Switchgear and Other

LV Board (WM)

LV Board (X-type Network) (WM)
LV Circuit Breaker

LV Pillar (ID)

LV Pillar (OD at Substation)

LV Pillar (OD not at a Substation)

HV OHL Support - Poles

6.6/11 kV Poles
20 kV Poles

HV OHL Conductor (Pole Lines)

6.6/11 kV OHL (Conventional Conductor)
6.6/11 kV OHL (BLX or similar Conductor)
20 kV OHL (Conventional Conductor)

20 kV OHL (BLX or similar Conductor)

HV Switchgear (PM)

6.6/11 kV CB (PM)

6.6/11 kV Switch (PM)

6.6/11 kV Switchgear - Other (PM)
20 kV CB (PM)

20 kV Switch (PM)

20 kV Switchgear - Other (PM)

HV Switchgear (GM) - Distribution

6.6/11 kV CB (GM) Secondary
6.6/11 kV RMU

6.6/11 kV X-type RMU

6.6/11 kV Switch (GM)

20 kV CB (GM) Secondary

20 kV RMU

20 kV Switch (GM)

HV Switchgear (GM) - Primary

6.6/11 kV CB (GM) Primary
20 kV CB (GM) Primary

HV Transformer (PM)

6.6/11 kV Transformer (PM)
20 kV Transformer (PM)
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Health Index Asset Category

Asset Register Category

HV Transformer (GM)

6.6/11 kV Transformer (GM)
20 kV Transformer (GM)

EHV OHL Support - Poles

33 kV Pole
66 kV Pole

EHV OHL Conductor (Pole Lines)

33 kV OHL (Pole Line) Conductor
66 kV OHL (Pole Line) Conductor

EHV OHL Fittings

33 kV Fittings
66 KV Fittings

EHV OHL Conductor (Tower Lines)

33 kV OHL (Tower Line) Conductor
66 kV OHL (Tower Line) Conductor

EHV OHL Support - Towers

33 kV Tower
66 kV Tower

EHV UG Cable (Gas)

33 kV UG Cable (Gas)
66 kV UG Cable (Gas)

EHV UG Cable (Non Pressurised)

33 kV UG Cable (Non Pressurised)
66 kV UG Cable (Non Pressurised)

EHV UG Cable (Oil)

33 kV UG Cable (QOil)
66 kV UG Cable (Qil)

Sub Cables

HV Sub Cable
EHV Sub Cable
132 kV Sub Cable

EHV Switchgear (PM)

33 kV Switch (PM)

EHV Switchgear (GM)

33 kV CB (Air Insulated Busbars)(ID)(GM)
33 kV CB (Air Insulated Busbars)(OD)(GM)
33 kV CB (Gas Insulated Busbars)(ID)(GM)
33 kV CB (Gas Insulated Busbars)(OD)(GM)
33 kV RMU

33 kV Switch (GM)

66 kV CB (Air Insulated Busbars)(ID)(GM)
66 kV CB (Air Insulated Busbars)(OD)(GM)
66 kV CB (Gas Insulated Busbars)(ID)(GM)
66 kV CB (Gas Insulated Busbars)(OD)(GM)

EHV Switchgear - Other

33 kV Switchgear - Other
66 kV Switchgear - Other

EHV Transformer (PM)

33 kV Transformer (PM)

EHV Transformer

33 kV Transformer (GM)
66 kV Transformer (GM)
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Health Index Asset Category

Asset Register Category

132 kV OHL Support - Poles

132 kV Pole

132 kV OHL Fittings

132 kV Fittings

132 kV OHL Conductor (Pole Lines)

132 kV OHL (Pole Line) Conductor

132 kV OHL Conductor (Tower Lines)

132 kV OHL (Tower Line) Conductor

132 kV OHL Support - Tower

132 kV Tower

132 kV UG Cable (Gas)

132 kV UG Cable (Gas)

132 kV UG Cable (Non Pressurised)

132 kV UG Cable (Non Pressurised)

132 kV UG Cable (Oil)

132 kV UG Cable (Oil)

132 kV Switchgear

132 kV CB (Air Insulated Busbars)(ID)(GM)
132 kV CB (Air Insulated Busbars)(OD)(GM)
132 kV CB (Gas Insulated Busbars)(ID)(GM)
132 kV CB (Gas Insulated Busbars)(OD)(GM)

132 kV Switchgear - Other

132 kV Switchgear - Other

132 kV Transformer

132 kV Transformer (GM)

Within this document several generic terms are used to refer to higher level groupings of
assets. The mapping of these generic terms to Health Index Asset Category is shown in Table

2.

Table 2 — Generic Terms for Assets

Generic term

Health Index Asset Category

Batteries

Battery System

Pressurised Cable

Cable

EHV UG Cable (Oil)
EHV UG Cable (Gas)
132 kV UG Cable (Oil)
132 kV UG Cable (Gas)

Non Pressurised Cable

EHV UG Cable (Non Pressurised)
132 kV UG Cable (Non Pressurised)
Sub Cables

Switchgear

LV Switchgear and Other
LV UGB
HV Switchgear (PM)

HV Switchgear (GM) - Distribution

HV Switchgear (GM) - Primary

EHV Switchgear (PM)

EHV Switchgear (GM)

EHV Switchgear - Other

132 kV Switchgear

132 kV Switchgear - Other
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Generic term Health Index Asset Category
HV Transformer (PM)
Transformer (PM)
EHV Transformer (PM)
Transformers HV Transformer (GM) HV Transformer (GM)
Primary & Grid (or EHV & EHV Transformer (GM)
132 kV) Transformers 132 kV Transformer (GM)
LV OHL Support - Pole
EHV OHL Support - Poles
Poles
HV OHL Support - Poles
132 kV OHL Support - Poles
EHV OHL Support - Towers
Overhead Line Towers
132 kV OHL Support - Towers
EHV OHL Fittings
Fittings
132 kV OHL Fittings
LV Main OHL Conductor (Pole Lines)
OHL Conductor
HV OHL Conductor (Pole Lines)
EHV OHL Conductor (Pole Lines)
EHV OHL Conductor (Tower Lines)
Overhead Line OHL Conductor
132 kV OHL Conductor (Pole Lines)
132 kV OHL Conductor (Tower Lines)

In some calibration tables, asset subcomponents are identified. where not explicitly stated the
calibration of the Health Index Asset Category applies to all subcomponents.

Defined Asset Register Categories not covered by the Methodology are shown in Table 3.

Table 3 — Excluded Asset Register Categories

Asset Register Category Voltage
LV Service (OHL) LV
LV Main (UG Consac) LV
LV Main (UG Plastic) LV
LV Main (UG Paper) LV
Rising & Lateral Mains Lv
LV Service (UG) LV
LV Service associated with RLM LV
Cut Out (Metered) LV
LV Transformers/Regulators LV
6.6/11 kV UG Cable HV
20 kV UG Cable HV
Pilot Wire Overhead Other
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Asset Register Category Voltage
Pilot Wire Underground Other
Cable Tunnel (DNO owned) Other
Cable Bridge (DNO owned) Other
Electrical Energy Storage Other
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2 Scope

The document sets out the overall process for assessing condition-based risk and specifies
the parameters, values and conditions to be used. The collective outputs of the assessment,
used for regulatory reporting purposes, are known as the Network Asset Indices under the
Common Network Asset Indices Methodology. The methodology requires approval from
Ofgem and can be amended subject to an agreed change process.
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3 Normative references

The following referenced documents, in whole or part, are indispensable for the application of
this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

3.1 Standards publications

BS EN IEC 60422:2024, Mineral insulating oils in electrical equipment - Supervision and
maintenance guidance

BS EN IEC 61203:2025, Synthetic organic esters for electrical purposes - Guide for
maintenance of transformer esters in equipment

BS EN IEC 62975:2021, Natural esters — Guidelines for maintenance and use in electrical
equipment

BS EN IEC 60599:2022, Mineral oil-impregnated electrical equipment in service — Guide on
the interpretation of dissolved and free gases analysis

IEEE C57.155-2014, IEEE Guide for Interpretation of Gases Generated in Natural Ester and
Synthetic Ester-Immersed Transformers

3.2 Other publications

[N1] RIIO-ED2 Business Plan Data Template - Glossary (08 October 2021)
https://www.ofgem.gov.uk/sites/default/files/2021-10/RIIO-ED2BPDTs-Glossary.pdf

[N2] The Green Book (2020), HM Treasury, The Green Book (2020)

[N3] Reliability Centred Maintenance, John Moubray, 1991, Butterworth Heinemann.

[N4] Current guidance about what should and should not be considered in a duty holder’s
cost benefit analysis (CBA) for health and safety ALARP determinations.
https://ukopa.co.uk/wp-content/uploads/2025/07/UKOPA-04-0089.pdf

[N5] Expert System for Assessing Transformer Condition, EA Technology Report No. 4969,
Project S0446* (M Black, J R Brailsford, D Hughes & M | Lees Sept 1999)

*This report was produced as part of a customer-funded project and is not publicly available.

[N6] Electricity Safety, Quality and Continuity Regulations 2002, as amended in 2006
(ESQCR). http://lwww.legislation.gov.uk/uksi/2002/2665/contents/made

[N7] Current HSE cost models. HSE: Economics of Health and safety - Appraisal values or
'unit costs'

[N8] Reducing risks, protecting people - HSE’s decision-making process (first published in
May 1999). https://www.hse.gov.uk/enforce/assets/docs/r2p2.pdf

[N9] The National Galvanizers Association, https://www.galvanizing.org.uk/corrosion-map/

[N10] Update Short-Term Traded Carbon Values (2019) : Table 1 Central, HM Treasury,
Update Short-Term Traded Carbon Values (2019) : Table 1 Central


https://www.ofgem.gov.uk/sites/default/files/2021-10/RIIO%20-%20ED2%20BPDTs%20-%20Glossary.pdff
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/938046/The_Green_Book_2020.pdf
https://ukopa.co.uk/wp-content/uploads/2025/07/UKOPA-04-0089.pdf
https://eatechnology.com/contact-us/
https://eatechnology.com/contact-us/
http://www.legislation.gov.uk/uksi/2002/2665/contents/made
https://www.hse.gov.uk/statistics/economics/eauappraisal.htm
https://www.hse.gov.uk/statistics/economics/eauappraisal.htm
https://www.hse.gov.uk/enforce/assets/docs/r2p2.pdf
https://www.galvanizing.org.uk/corrosion-map/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/794186/2018-short-term-traded-carbon-values-for-appraisal-purposes.pdf
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[N11] Greenhouse gas reporting: Conversion Factors 2020 - condensed set (for most users),
HM Treasury, Greenhouse gas reporting: Conversion Factors 2020 - condensed set (for
most users)

[N12] Guidance on estimating carbon values beyond 2050: an interim approach, HM Treasury,
Guidance on estimating carbon values beyond 2050: an interim approach


https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/891105/Conversion_Factors_2020_-_Condensed_set__for_most_users_.xlsx
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/891105/Conversion_Factors_2020_-_Condensed_set__for_most_users_.xlsx
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/48108/1_20100120165619_e____carbonvaluesbeyond2050.pdf
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4 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

Term

Definition

Ageing Rate

A parameter that describes the rate of deterioration of Asset Health with age.

Ageing Reduction
Factor

A factor that slows down the Ageing Rate of older assets.

Asset Category

A generic term to describe a group of asset types where an input, calculation or
calibration within the Common Network Asset Indices Methodology is common.

Asset Health

Represents the condition of an asset measured against a common set of
condition factors.

Asset Register
Category

Groupings of asset type that are used in reporting the asset population in
Ofgem’s RIIO-ED2 RIGs. Asset Register Categories are used as Asset
Categories within this document, where appropriate.

Asset Replacement

An activity defined in Ofgem’s RIIO-ED2 Business Plan Data Template —
Glossary [Ref. N1] to remove an existing asset(s) and install a new asset.

Average Overall
Consequence of
Failure

The mean average of the Overall Consequence of Failure for all assets within
the same Health Index Asset Category.

Catastrophic Failure

A sudden or total functional failure of an asset (or a subcomponent), from which
recovery of the asset (and/ or subcomponent) is impossible.

Condition-based
Functional Failure

The inability of an asset to perform its required function, because of the
condition of asset. This includes:

failures disruptive to the supply of electricity;
catastrophic failures of equipment or subcomponents;
failure of an asset to operate (or be operated) when required; and

failure of an asset to perform its rated duty.

Condition Cap

A maximum limit of Health Score, which forms part of a Condition Modifier.

Condition Collar

A minimum limit of Health Score, which forms part of a Condition Modifier.

Condition Factor

A Factor, which forms part of a Condition Modifier.

Condition Input

Result of an observation or test, used to evaluate the health of an asset.

Condition Input Cap

A maximum limit of Health Score associated with a particular Condition Input.

Condition Input Collar

A minimum limit of Health Score associated with a particular Condition Input.

Condition Input Factor

A Factor associated with a particular Condition Input.

Condition Modifier

A Modifier based on a set of observed or measured Condition Inputs.

Consequence
Categories

Categories relating to the different areas that may be impacted by asset failure.
The categories represent areas where the Consequences of Failure can be
separately evaluated.

Consequences Factor

A Factor applied to the Reference Cost of Failure in order to determine the
Consequences of Failure of an asset.
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Term

Definition

Consequences of
Failure

The impact of Condition-based Functional Failure of an asset.

Criticality

A generic term to describe the Consequences of Failure of an asset and
indicate its importance in the electricity network

Criticality Index

This is a framework for collating information on the Consequences of Failure of
distribution assets and for tracking changes over time.

The Criticality Index is a comparative measure of Consequence of Failure. For a
particular asset, the Criticality Index is provided by:

the location of the asset within the Criticality Index Bands; and

the Reference Costs of Failure, for the relevant Asset Register Category

Criticality Index
Banding Criteria

The criteria used to define the Criticality Index Bands, expressed as a
percentage of the Reference Costs of Failure for each Asset Register Category.

Criticality Index Bands

Bandings used for the reporting of the Overall Consequence of Failure for
individual assets, relative to the Reference Costs of Failure for assets in the
same Asset Register Category.

Current Health Score

The Health Score calculated for an asset that represents the Asset Health at the
time (i.e. in the year) of calculation.

Degraded Failure

A functional failure of an asset (or a subcomponent), from which the asset (and/
or subcomponent) can be restored, but it may not be cost effective to do so.

DGA Test Modifier

A Condition Modifier applied to HV Transformer, EHV Transformer and 132 kV
Transformer assets, based on the results of dissolved gas analysis.

Duty Factor

A Factor representing the effect that duty has on the Expected Life of an asset.

Expected Life

The time (in years) in an asset’s life when it would be expected to first observe
significant deterioration (Health Score 5.5), taking into consideration location or
duty, in addition to the asset type.

Factor

A multiplication value, varying around unity.

FFA Test Modifier

A Condition Modifier applied to HV Transformer, EHV Transformer and 132 kV
Transformer assets, based on measurements of furfuraldehyde (FFA) in oil.

Future Health Score

The Health Score(s) calculated for an asset that represents the Asset Health in
any year beyond the current year.

A generic term to describe the Asset condition and indicate its level of

Health degradation.
A framework for collating information on the Asset Health of distribution assets.
This framework shall enable:
tracking of changes in Asset Health over time; and

Health Index

identification of the Probability of Failure associated with the asset condition.

For a particular asset, the reported Health Index is provided by the location of
the asset within the Health Index Bands.

Health Index Asset
Category

Asset categorisations, used within the Network Assets Workbook, for which
DNOs have agreed Secondary Deliverables. Health Index Asset Categories are
used as Asset Categories within this document, where appropriate.
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Term

Definition

Health Index Banding
Criteria

The criteria used to define the Health Index Bands.

Health Index Bands

Bandings used for the reporting of the Health Indices for individual assets,
based on the Probability of Failure indicated by each asset’s health and
condition.

Health Score

A numerical value representing a measure of Asset Health.

Health Score Cap

A maximum limit applied to the Health Score, associated with a particular
condition point.

Health Score Collar

A minimum limit applied to the Health Score, associated with a particular
condition point.

Health Score Factor

A Factor based on one or more Condition Modifiers.

Health Score Modifier

A Modifier applied to the Initial Health Score of assets.

Incipient Failure

A functional failure of an asset (or a subcomponent), which if unaddressed may
lead to a degraded or catastrophic failure.

Initial Health Score

The Health Score calculated for an asset, based solely on age-based criteria.

Location Factor

A Factor representing the effect that the environment, in which the asset is
installed, has on its Expected Life.

Long Term Risk

A monetised value of risk that represents the total discounted value of risk
based on the predicted Probability of Failure and Consequence of Failure over
the period of 30 years of an asset.

Measured Condition
Input

A Condition Input associated with the measured condition of an asset

Methodology

For the purposes of this document, the Methodology means the Common
Network Asset Indices Methodology.

Modifier

A value derived from factors, used to modify a base value within the Asset
Health calculation.

Network Asset Risk
Metric (NARM)

The measure by which Ofgem will measure the effectiveness of the asset
intervention programmes as directed in its RIIO-ED2 price control determination.

Network Asset
Secondary
Deliverables

Secondary Deliverables relating to Asset Health, criticality and risk, as defined
for the RIIO-ED1 period in Standard Condition 51 of the electricity distribution
licence.

Normal Expected Life

The time (in years) in an asset’s life when it would be expected to first observe
significant deterioration (Health Score 5.5), based on consideration of the asset
type alone.

Observed Condition
Input

A Condition Input associated with the observed condition of an asset

Oil Test Modifier

A Condition Modifier applied to HV Transformer, EHV Transformer and 132 kV
Transformer assets, based on oil test measurements.

Overall Consequence
of Failure

The total Consequence of Failure for an asset, taking account of the
Consequences of Failure in all Consequence Categories.

Probability of Failure

The likelihood of a Condition-based Functional Failure occurring (per annum).
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Term Definition
Reference Costs of A base evaluation of the Consequences of Failure in a particular Consequence
Failure Category.
A one-off activity, defined in Ofgem’s RIIO-ED2 Business Plan Data Template —
Refurbishment Glossary [Ref. N1] that is undertaken on an asset that is deemed to be close to
end of life or is otherwise not fit for purpose that extends the life of that asset or
restores its functionality.
Reliability Collar A minimum limit of Health Score, which forms part of a Reliability Modifier.
Reliability Factor A Factor, which forms part of a Reliability Modifier.
Reliability Modifier A Modifier applied (at individual DNO discretion) to the Current Health Score of
assets.
: Has the meaning given in Standard Condition 51 of the electricity distribution
Risk Index .
licence.
Risk Matrix The 4x5 matrix formed by the Health Index and Criticality Index respectively
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5 Overview of Common Network Asset Indices Methodology

This section gives a high-level overview of the Common Network Asset Indices Methodology.
Detailed explanations are given in Sections 7 and 8, with accompanying worked examples in
Annex F.

5.1 Key Outputs

The two key outputs from the Methodology are:

a) an evaluation of PoF (the likelihood of condition-based failure per annum) for
individual assets; and

b) an evaluation of the CoF associated with condition-based failures for individual
assets (i.e. the impact of a failure, expressed as a monetised value, in £).

The risk of condition-based failure, associated with an individual asset, is the product of the
PoF and the CoF. Therefore, the two key outputs from the Methodology, when used together,
provide information relating to condition-based risk.

PoF and CoF are calculated for all individual assets within those Health Index Asset Categories
where a DNO has agreed Network Asset Secondary Deliverables. An overview of the
calculation process is shown in Figure 1.

Location ) Financial
Factor Consequences
Key: Input

Process

Output

| Safety
Consequences

Health Score
&

L SRR | Comseauencesof |
Probability of Failure

Health Score Environmental
Modifier Consequences

T Network
Reliability
Modifier Performance

Consequences

rre

Figure 1 — Process Overview
The regulatory reporting framework for Network Asset Indices comprises three components:

a) the Health Index, summarised in five bands HI1-5;
b) the Criticality Index, summarised in four bands C1-4; and
c) the Risk Index.
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For regulatory reporting purposes, individual assets are assigned to a Health Index Band
based on the Health Score that has been determined for the asset under the Methodology.

The evaluation of PoF is dependent on:

a) firstly, assessing Asset Health; and
b) then deriving PoF from Asset Health.

Assets are assigned to a Criticality Index Band based on the relative magnitude of their Overall
CoF, when compared to a common reference value for the Asset Register Category (the
Reference Costs of Failure).

The Risk Index is a monetised risk measure that is calculated from the reported Health Index
and Criticality Index information by assigning each cell in the Risk Matrix a reference risk value
in £. Given the assessments above, an individual asset can be assigned a position within the
Risk Matrix for that asset type.

The allocation of assets to Health Index Bands and Criticality Index Bands, and derivation of
Risk Index, is described further in Section 6.

The regulatory reporting of Network Asset Indices includes the reporting of forecast future
Health Index and Criticality Index for each asset, as well as the current position. This requires
that the Methodology includes assessment of:

a) current PoF and CoF; and

b) forecast future PoF and CoF (including the assessment of changes arising from
Interventions). This requires a common assessment of deterioration and a
consistent view of which actions impact health and/or criticality.

5.2 Definition of Failure

The evaluation of PoF and CoF within the Methodology may be viewed as two separate distinct
calculations. However, they are both based on consideration of the same set of condition-
based failure modes (i.e. the same definition of what is a failure) to ensure the same set of
potential events is being considered in the assessment of probabilities and consequences.

The Methodology considers Functional Failures in the derivation of PoF and CoF. These relate
to the inability of an asset to adequately perform its intended function and therefore are not
solely limited to failures that result in an interruption to supply.

Functional failures have been split into three sub-categories (Functional Failure Types), these
are described as follows.
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Table 4 — Description of functional failure types

Functional failure type Description
. A sudden and total failure from which recovery of the asset (and or sub
Catastrophic . :
component) is not feasible.
Degraded A significant failure associated with advanced degradation.
Incipient A minor failure associated with early stage degradation.

The Functional Failures considered in the Methodology are defined for each Asset Category,
in Annex A. These relate only to Functional Failures directly resulting from the condition of the
asset itself. Failures of function due to third party activities are not included.

5.3 Evaluation of Current Asset Health and Probability of Failure
5.3.1 Overview

This section describes how current Asset Health is calculated and used to derive an associated
PoF. Worked examples of this calculation can be found in Annex F.

5.3.2 Current Health Score

The current health of an asset is represented by a Health Score (the Current Health Score)
using a continuous scale between 0.5 and 10.

A value of 0.5 on this scale represents an asset where the health is the same as would be
expected for a new asset. A Health Score of 5.5 represents the point in an asset’s life beyond
which significant deterioration may begin to be observed. This is where the PoF of the asset
is approximately double that of a new asset. A Health Score of 10 represents an asset in
extremely poor condition, where the PoF is 10 times that of a new asset.

The Current Health Score for an individual asset is derived from information relating to:

a) the age of the asset;

b) the Normal Expected Life for an asset of its type;

c) factors relating to aspects of the environment in which the asset is installed that
may impact on its Expected Life (Location Factors);

d) factors relating to the usage of the asset at its specific location that may impact on
its Expected Life (Duty Factors);

e) factors relating to the observed condition of the asset (Observed Condition Inputs);

f) factors relating to the condition/health of the asset determined by measurements,
tests or functional checks (Measured Condition Inputs); and

g) a factor relating to generic reliability issues associated with the individual make and
type of an asset (Reliability Modifier).

The calculation of Current Health Score is performed in two main steps:

a) calculation of an initial age-based Health Score (the Initial Health Score) using an
age-based degradation model; then

b) maodification of the Initial Health Score using:
¢ known condition information for the asset;
o a Reliability Modifier, if appropriate.
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These two steps are described in more detail below:

5.3.21 Calculation of the Initial Health Score

The Initial Health Score is calculated from the age of the asset and its Expected Life. The
Expected Life for the asset is the Normal Expected Life for an asset of its type, adjusted to
take account of the Location Factors and Duty Factors relating to the individual asset’s location
and usage.

A generic exponential relationship between age and health is used to determine the Initial
Health Score. The shape of the exponential curve is dependent on the Expected Life of the
asset.

The Initial Health Score is capped at a value of 5.5, so that an asset is not assigned a Current
Health Score that implies that it has reached the end of its useful life purely on the basis of its
age.

The Methodology defines the calculation of Initial Health Score for all Asset Categories. This
includes definitions of the Location Factor and Duty Factor to be applied, and their calibration
parameters. Therefore, an asset in any DNO Licence Area with the same age, type, location
and duty attributes will be assigned the same Initial Health Score using the Methodology.

The steps to calculate the Initial Health Score are detailed in Sections 7.1.3 to 7.1.6.

5.3.2.2 Modification of the Initial Health Score

The Current Health Score is determined by application of a Health Score Modifier, and
separate Reliability Modifier, to the Initial Health Score.

A Health Score Modifier is determined for each individual asset, using information relating to
the asset’s condition. This information can be broadly categorised as either:

¢ Observed Condition Inputs; or
o Measured Condition Inputs.

Observed Condition Inputs relate to condition information that can be gathered by the
inspection of an asset. However, it is not always possible to gather observed condition data
without undertaking intrusive inspection.

Alternatively, diagnostic tests, measurements or functional checks may be undertaken to
ascertain the health of the asset. Measured Condition Inputs relate to condition information
that is collected in this way.

The Methodology defines various Observed Condition Inputs and Measured Condition Inputs
that can be used to determine the Health Score Modifier for an asset, including their calibration
parameters.

These Condition Inputs and the methodology for determining the values for the Health Score
Modifier are detailed in Sections 7.8 to 7.15.

The application of the Health Score Modifier to the Initial Health Score to determine the Current
Health Score is described in Section 7.1.7.



ENA Engineering Report 144
Issue 0, 2026
Page 33

It may be appropriate to apply a Reliability Modifier in the derivation of the Current Health
Score (as detailed in Section 7.15). This is applied to take account of assets, where in individual
DNO or industry experience, there are asset type or make issues leading to material
differences in the reliability of the asset. where a DNO applies a Reliability Modifier to an asset,
this shall be described within their own Network Asset Indices Methodology.

In recognition that different inspection and assessment approaches exist between DNOs, there
is no requirement for data to be collected to apply all the Condition Inputs specified within the
Methodology.

Where DNOs have collected the same condition information for an asset, application of the
Methodology shall result in the same Health Score Modifier values being determined for the
asset. As there is commonality in the derivation of the Initial Health Score, an asset in any
DNO with the same age, type, location, duty and collected condition information will be
assigned the same Current Health Score using the Methodology, except where a Reliability
Modifier is applied.

The Reliability Modifier is applied at the final stage of the calculation of Current Health Score
so that its effect on the Current Health Score can be directly observed.

The Current Health Score is capped at a value of 10.

5.3.3 Current Probability of Failure

For each Asset Category, the relationship between Health Score and PoF is defined within the
Methodology. The current PoF is derived from the Current Health Score. This is described in
Section 7.

As this relationship and its calibration values are defined, the PoF for assets will be identical
where the Health Score and Asset Category are the same. This means that an asset in the
same health is considered to have the same likelihood of condition-based failure irrespective
of which DNO it is installed in.

5.4 Evaluation of Future Asset Health and Probability of Failure
5.4.1 Overview

The evaluation of future PoF assumes that as an asset ages in the future then its health will
deteriorate and consequently the PoF will increase. This is performed by evaluating the
forecast future Asset Health for the asset and then deriving the associated PoF.

5.4.2 Future Health Score

The Future Health Score is derived using similar age-based deterioration assumptions to those
used in the calculation of the Initial Health Score. It is derived by forecasting forwards from the
Current Health Score using a simple exponential relationship as detailed in Section 7.1.10.

The rate of deterioration used for forecasting the Future Health Score is informed by the
amount of deterioration in Asset Health that has already been observed for the asset from its
current state (i.e. Current Health Score) and age. This is detailed in Section 7.1.7.

The Future Health Score is capped at a value of 15, which is higher than the cap that is applied
to the Current Health Score. This is to enable modelling of further deterioration of all assets.
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5.4.3 Future Probability of Failure

The calculation of future PoF uses the same relationship between Health Score and PoF that
is used in the derivation of the current PoF (see Section 5.3.3 above).

The future PoF for an asset is derived by applying this relationship to the Future Health Score.

5.4.4 Interventions

The reporting of Health Index and Ciriticality Index requires the effect of investment activities
that are aimed at managing the risk of condition-based failures to be evaluated. This is
described in Section 7.1.11.

5.5 Evaluation of Consequences of Failure

The Methodology separately evaluates the CoF for each individual asset, in four specified
Consequence Categories:

a) Financial (incorporating repair & replacement costs);
b) Safety;

c) Environmental; and

d) Network Performance.

A monetised value in £ (at 2020/21 prices) is assessed for each of these Consequence
Categories. The Overall Consequence of Failure for an asset can therefore be derived by the
summation of the CoF in each of these categories. These represent the impact of a failure and
the societal cost of that impact.

The methodology for the calculation of CoF in each of the Consequence Categories is based
on the use of Reference Costs of Failure. These are defined in Section 8 of the Methodology
and are common, using accepted societal costs where available.

For an individual asset, the CoF associated with the asset is driven by the localised situation
of the asset. For example, the Network Performance impact will be driven by the number of
customers, or amount of load, that is affected by failure of the asset. Similarly, the
environmental impact may be dependent on the proximity of the asset to an environmentally
sensitive area (such as a watercourse).

To reflect this, the CoF associated with each individual asset is determined by application of
asset-specific modifying factors to the appropriate reference cost. These factors represent the
variation to the reference costs that results from the localised situation of the individual asset.

The Methodology specifies the asset-specific factors that shall be applied in the derivation of
the CoF and also the associated calibration values. As a result, application of the Methodology
results in a consistent evaluation of the CoF, across DNOs, which also reflects the localised
situation of individual assets.

Section 8 provides details for the methodology for determining CoF. Worked examples of this
calculation can be found in Annex F.
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5.6 Assimilating innovation in operation and maintenance

The Methodology has been designed such that it can seamlessly incorporate future innovation
in operation and maintenance. Innovation in condition monitoring in particular has been a key
driver in the development of health scores across electricity distribution over the last two
decades. We envisage continual development and improvement in this field.

There are two key mechanisms that allow new developments to be assimilated:

a) Much innovation consists of improving ways of understanding existing aspects of
DNO assets better. Input factors have therefore been designed so that they are
broad enough in description to allow the mapping of new techniques to existing
factors. For example, partial discharge is one of the measured Condition Modifiers
in many Asset Categories, but how partial discharge is measured is non-prescribed.
As better techniques are developed, they can be used without requiring revision of
the Methodology; and

b) Occasionally innovation might produce a new technology which would allow a
brand-new Condition Modifier to be used. In such an instance, the agreed change
process with Ofgem would be invoked to determine the appropriate weightings for
inclusion of the new factor. The Methodology combines multiple Condition Inputs
using an approach that ensures that such a change is easy to implement and also
that it can be incorporated into the Methodology without causing knock-on effects
on the existing set of Modifiers.

Another area of innovation is in the development of new interventions. The process of scoring
assets post intervention is described in Annex C to this document which is in turn governed
under the RIGs Annex A and referenced in the RIIO-ED2 Business Plan Data Template —
Glossary [Ref. N1]. Subject to any change in the RIGs, the agreed change process with Ofgem
would apply to enable instruction as to how the change should be applied to Health Scores.
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6 Risk

6.1 Overview

This section covers the methodology which will be applied by DNOs to calculate the PoF and
CoF of an asset, as well as the banding for mapping these outputs to the Health Index and
Criticality Index within the Risk Matrix for each Asset Register Category.

6.2 Risk Evaluation

For each asset, the Methodology determines:

a) the current PoF (per annum);
b) a forecast of the PoF (per annum) in any given future year; and
c) the Overall CoF (£).

For either the current year, or any given future year, the risk of failure associated with each
individual asset can be evaluated in £ (at 2020/21 prices) from the product of the PoF (for the
relevant year) and the Overall Consequence of Failure values for that asset. However, the
asset-specific actual risk of failure is not used for regulatory reporting. Instead, a typical value
of monetised risk, the Risk Index, is derived from the reported Health Index and Criticality Index
for each asset. The Risk Index represents the Long Term Risk associated with asset failure
and is the present value (£) of the current and future risk associated with a typical asset within
the relevant Health Index and Criticality Index Bands 1. This is explained further in Section 6.5.

6.3 Representation of Assets Within Risk Matrices

For the regulatory reporting of Asset Health and criticality, Risk Matrices are used. These show
the population of assets within a given Asset Register Category that have the same Health
Index and Criticality Index. This is illustrated in Figure 2.

1 1n CNAIM v1.1, the Risk Index was related to the risk of failure in a given year and did not consider the value of
risk associated with future years within the monetised risk measure.
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Figure 2 — Risk Reporting Matrices

The Methodology evaluates the current health of an asset using a Health Score with a
continuous scale between 0.5 and 10 (this scale is extended up to 15 for the forecasting of
future health). The relationship between this Health Score and PoF is defined by the
Methodology and is explained in Section 7. The Health Index subsequently groups assets into
one of the five bandings (HI1 to HI5) based on their Health Score as shown in Table 5.

Table 5 — Health Index banding criteria

Health Index banding criteria
Health Index Band
Lower limit of Health Score Upper limit of Health Score
HI1 =0.5 < 3.0
HI2 3.0 <55
HI3 255 < 6.5
Hl4 26.5 < 8.0
HI5 >8.0 <15.0
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These Health Index Bands are subsequently translated to PoF values. Figure 3 illustrates
where the Health Index Bands lie on a typical Asset Health / PoF curve.

HI1 HI2 HI3 Hl4 HIS

PoF

05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10
Health Score

Figure 3 — HI banding

The Criticality Index groups assets into bandings based on their CoF. Each asset shall be
placed in a Criticality Index Band, based on the relative magnitude of the Overall CoF of the
asset, compared to the Reference Costs of Failure that are used in the determination of CoF
for all assets in the Asset Register Category. The Reference Costs of Failure are defined in
Section 8 of the Methodology and are common for all DNOs.

There are four Criticality Index Bands:

a) C1 - ‘Low criticality;

b) C2 - ‘Average’ criticality;
c) C3 - ‘High’ criticality;

d) C4 - ‘Very High’ criticality.

The ‘C2’ Criticality Index Band represents assets where the Overall CoF are approximately the
same as the Reference Costs of Failure for the Asset Register Category.

For each Asset Register Category, the Criticality Index Banding Criteria are expressed as a
percentage of the Reference Costs of Failure for the Asset Register Category. These are
shown in Table 6.
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Table 6 — Criticality Index banding criteria

Criticality Index banding criteria
Criticality
Index Lower limit of overall CoF (as % of Upper limit of Overall CoF (as % of
Band reference Costs of Failure for the Asset | reference Costs of Failure for the Asset
Register Category) Register Category)
C1 - < 75%
Cc2 > 75% <125%
C3 2 125% < 200%
Cc4 > 200% -

Using the approach outlined above, the outputs from the Methodology can facilitate population
of Risk Matrices for the regulatory reporting of the Health Index and Criticality Index for each
asset.

6.4 Evaluating In-Year Risk Using Risk Matrices
By assigning:

a) atypical value of PoF (per annum) to all assets within the same Health Index Band
(for a given Asset Register Category); and

b) a typical value of Consequence of Failure to all assets within the same Ciriticality
Index Band (for a given Asset Register Category)

it is possible for the risk of failure (per annum) associated with each asset to be approximated
by reference to its position within the Risk Matrix. This provides an evaluation of the ‘in-year’
risk of failure of an asset, enabling the asset risk at a point in time to be quantified.

The typical value of PoF is calculated from a typical Health Score for each Health Index Band
using the relationship defined in Section 7.1.1 of the Methodology. Table 7 provides the input
data for the derivation of typical PoF values.

Table 7 — Health Score used to derive typical PoF

Health Index Band Health Score to be used to derive typical PoF
HI1 1.23
HI2 425
HI3 6.00
Hi4 7.25
HI5 9.00

For the HI2 — HI4 bands, the use of the midpoint Health Score to derive the Average PoF
produces a reasonable approximation of the average value that would be observed for a
uniform distribution of assets within that Health Index Band. The typical Health Scores for the
HI1 and HI5 bands take account of the expected typical distribution of assets within these
bands.

The resulting typical PoF weightings for each Health Index Band, for each Asset Register
Category, can be found in Section E.2 of Annex E.
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For each Criticality Index Band, the typical value of Consequence of Failure is determined by
application of the percentage factors shown in Table 8, below, to the Reference Costs of
Failure (see Section 8 of the Methodology) for the relevant Asset Register Category.

Table 8 — Percentage factors used to derive typical consequences of failure

Percentage Factor to Be
Criticality Applied to The
Index Band Reference Costs of
Failure
C1 70%
C2 100%
C3 150%
C4 250%

The resulting typical values of Consequence of Failure for each Criticality Index Band, for each
Asset Register Category, can be found in Section E.1 of Annex E.

The ‘in-year’ risk of failure of an asset (£ at 2020/21 prices) is the product of the typical PoF
for its Health Index Band and the typical Consequences of Failure for its Criticality Band. The
resulting value of ‘in-year’ risk of failure for each Health Index/ Criticality Index combination,
for each Asset Register Category, can be found in Section E.2 of Annex E.

During RIIO-ED1, ‘in-year’ risk was used in regulatory reporting for defining targets for, and
measuring performance, against Network Asset Secondary Deliverables.

For RIIO-ED2 and subsequent Price Control Periods, ED3, etc. the measure of risk used for
regulatory processes shall be based on consideration of the future risk associated with an
asset and consequently a Long Term measure of risk shall be used for defining targets and
measuring delivery against the NARM outputs. This is described in Section 6.5 of the
Methodology.

6.5 Evaluating Long Term Risk Using Risk Matrices

DNOs’ investment decisions do not just address the asset risk in the current year but also
address the cumulative risk across all future years. It is therefore important to evaluate the
asset risk that is forecasted for future years when considering the justification for investment
decisions that are aimed at managing the condition-based risk associated with assets. This
enables the impact of interventions upon the Long Term Risk of the asset to be considered
against the cost of intervention. For the cumulative risk over future years to be compared with
the cost of intervention, it is necessary to quantify the future risk in terms of its present value
(i.e. in discounted terms). The methodology calculates this risk which is termed as the Long
Term Risk.

Recognising that the risk in future years needs to be considered when evaluating the outcome
of interventions, for RIIO-ED2, a Long Term measure of risk shall be used to define the targets
for the NARM and measure delivery against these targets. The Long Term Risk measure shall
therefore provide the Risk Index for regulatory reporting.

The Methodology can be used to determine the risk associated with an asset in the current
year and forecast how the risk in each subsequent individual future year will be affected by
degradation of the asset. This is achieved by considering how PoF will change in future years
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over a given period. The calculation of PoF, including PoF in each future year, is described in
Section 6 of the Methodology. A discount factor can be applied to the risk calculated for each
future year, so that the risk in each year can be considered at its present value. This can then
be summated for each year across the future period under consideration to determine the
present value of future (whole life) risk in the period.

By treating Consequence of Failure as a constant, the present value of future Long Term Risk
can be expressed as shown in EQ. 1:

(Present value of future risk)_(0 —n)
n

Z(POF,- x (1+ r)-i)‘ x CoF

EQ.1

Where:

e i =number of years subsequent to current year ( where current year is year
0);

n = number of future years considered;

PoF; = the expected number of functional failures in year i;

CoF = the Consequence of Failure (£ at 2020/21 prices);

r is the discount rate.

It is appropriate when considering future risk of an asset, to consider the Consequence of
Failure to be a constant, as changes to the factors that influence the Consequence of Failure,
for an individual asset, are infrequent and cannot be reasonably predicted.

This equation separates the present value of future Long Term Risk into two components:

o Consequence of Failure;

¢ a ‘cumulative discounted PoF’ term, which represents the POF and the
financial discounting elements of the equation for present value of future
Long Term Risk (EQ. 2) such that:

Cumulative discounted PoF,_, =

(PoF; x (1+ r)—i)]

i=0
EQ.2
By assigning:

a) a typical value of ‘cumulative discounted PoF’ to all assets within the same Health
Index Band (for a given Asset Register Category); and

b) a typical value of Consequence of Failure to all assets within the same Criticality
Index Band (for a given Asset Register Category),



ENA Engineering Report 144
Issue 0, 2026
Page 42

it is possible for the Long Term Risk associated with each asset to be approximated by
reference to its position within the Risk Matrix. The Risk Index for each Health Index/Criticality
Index Band is the product of the typical ‘cumulative discounted PoF’ for the Health Index Band
and typical Consequence of Failure for the Criticality Index Band.

For each Asset Register Category, a typical value of ‘cumulative discounted PoF’ can be
assigned to each Health Index Band by considering all assets within the same Health Index
Band (for the given Asset Register Category) to have:

a) the same typical value of Health Score for the current year (year 0); and
b) the same typical value of Forecast Ageing Rate.

From the typical value of current year Health Score and typical Forecast Ageing Rate, the
Future Health Score for each future year can be evaluated as described in Section 7.1.10 of
the Methodology and the associated value of PoF determined using the relationship defined in
Section 7.1.1 of the Methodology.

The typical value of current year Health Score for each Health Index Band (for all Asset
Register Categories) shall be the same value as shown in Table 7 in Section 6.4 for the
determination of Typical PoF weightings.

The typical Forecast Ageing Rates for each Asset Register Category, which are used in the
determination of the Future Health Scores for each future year, are shown in Section E.3 of
Annex E. These are the same as the Initial Ageing Rate that would be determined, using the
approach shown in Section 7.1.5 of the Methodology, if the Expected Life of the asset was
considered as being the same as a typical Normal Expected Life for the Asset Register
Category.

In determining the ‘cumulative discounted PoF’, the current year PoF and future PoF for a
period of 30 years shall be considered. A discount rate of 3.5% shall be applied for each year.
This discounting rate is consistent with the Social Time Preference Rate in the HM Treasury
Green Book (2020) [Ref. N2] and Ofgem CBA methodology for RIIO-ED2.

For each Asset Register Category, the discounted PoF for each year, of the 30 year period, is
summated to create a typical ‘cumulative discounted PoF’ for each Health Index Band. The
resulting values of typical ‘cumulative discounted PoF’ are shown in Section E.3 of Annex E.
These are the values used to multiply out the Risk Matrices.

For each Criticality Index Band, the typical value of Consequence of Failure is determined by
application of the percentage factors to the Reference Costs of Failure, as described in Section
6.4 of the Methodology. The resulting typical values of Consequence of Failure for each
Criticality Index Band, for each Asset Register Category, can be found in Section E.1 of Annex
E. These are the values used to multiply out the Risk Matrices.

The Risk Index (£ at 2020/21 prices) is determined from the product of the relevant typical
‘cumulative discounted PoF’ and typical Consequences of Failure for each Health Index Band/
Criticality Index Band combination, for each Asset Register Category, and can be found in
Section E.3 of Annex E.

The monetisation of risk is consistent across all Asset Register Categories and therefore
enables risk trading within and across Asset Register Categories.
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7 Probability of Failure

7.1 PoF Calculation (General)
7.1.1 Overview

The Health Index (HI) is derived from the Health Score and PoF. The PoF of an asset is a
function of the asset’s Health Score, with the Health Score being a function of Normal Expected
Life, location, duty, reliability, observed condition and measured condition.

For the majority of assets, a single Health Score is calculated, which is then converted into a
PoF. However, for HV, EHV and 132 kV Transformers and steel Towers, it is necessary to
calculate a Health Score for each component and then combine these into an overall Health
Score. These multi-component assets are special cases which are covered in more detail in
Sections 7.2, 7.3 and 7.3. Figure 4 shows the process to be followed to calculate the PoF of
an asset (or component):

Normal Expected Lives Health Score <-> PoF

5 rr________ relationship
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Figure 4 — Probability of Failure

The PoF per annum shall be calculated using the cubic curve shown in EQ. 3. This is based
on the first three terms of the Taylor series for an exponential function. This implementation
has the benefit of being able to describe a situation where the PoF rises more rapidly as asset
health degrades, but at a more controlled rate than a full exponential function would describe.

(C x H)? +(CxH)3

PoF =K x |1+ (CxH) +——, T

EQ. 3
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Where:

e His a variable equal to Health Score (Current or Future), unless Health
Score<4thenH=4

e Kand C are constants
The constants and variables in the above equation are described in Section 7.1.2.

7.1.2 K-Value, C-Value and Constants in PoF

A generic and common PoF curve as described by EQ. 3 is used to define the relationship
between asset Health Score and PoF. The curve is one commonly used in reliability theory. It
shows constant PoF for low values of Health Score and an exponential increase in PoF for
higher values of Health Score, representing where increasing health degradation results in an
escalating likelihood of failure. The shape of a typical PoF curve can be seen in Figure 3.

For a common curve, the parameters used to construct the curve need to be common. The
common parameters are the C-Value that defines the shape of the curve, the K-Value that
scales the PoF to a failure rate, and the Health Score limit at which there is a transition from
constant PoF to an exponential relationship. The values for the C-Values, the K-Values and
the constant Health Score limit are shown in Table 23 in Annex B.

The C-Value is the same for all Asset Categories and has been selected such that the PoF for
an asset in the worst state of health is ten times higher than the PoF of a new asset.

The Health Score limit represents the point at which there starts to be a direct relationship
between the Health Score and an increasing PoF. The PoF associated with Health Scores
below this limit relate to installation issues or random events.

The K-Value for each Asset Category has been derived by consideration of:

a) the observed number of Functional Failures per annum, considering the number of
failures in each of the three failure modes that are identified in Annex A (i.e. Incipient
Failures, Degraded Failures and Catastrophic Failures for each Asset Category);

b) the Health Index distribution for the asset population; and
c) volumes of assets within the population.

By calibrating K using the overall number of Functional Failures across all the failure modes,
the resulting PoF represents the combined PoF for all considered failure modes.

The calibration of K has been undertaken using data representing the national population of
assets and ensures that in each Asset Category the total GB expected number of Functional
Failures, derived from the relative PoF contribution of every asset in the GB Health Index
distribution, matches the number of GB Functional Failures.

For linear assets (Cables and Tower Conductor) the K-Value was calculated using the GB
number of Functional Failures per kilometre per annum. The PoF reported for these Asset
Categories is therefore the PoF per km per annum. The number of kilometres reported per
Health Index Band is the sum of the length of the assets falling within that band.
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The national failure rate figures used were the sum of all DNO functional failures (five-year
annualised average) in accordance with the Condition-based Functional Failure definition.
These are shown in Annex A.

7.1.3 Normal Expected Life

The Normal Expected Life depends on the Asset Register Category and its sub-category. It is
defined as the time (in years) in an asset’s life when the first significant signs of deterioration
would be expected. This corresponds to a Health Score of 5.5. The value is specified in the
Normal Expected Lives calibration table (Table 22, Annex B) and is expressed in years.

7.1.4 Expected Life

Expected Life is derived from Normal Expected Life, considering two degradation factors:
Location Factor (which represents the effects of the surrounding environment on the asset)
and Duty Factor (which represents any additional ageing due to the way in which the asset is
being used). Expected Life is calculated using EQ. 4.

Normal Expected Life
(Duty Factor x Location Factor)

Expected Life =

EQ. 4

Location and Duty Factors are described in more detail in Sections 7.5 - 7.7.

7.1.5 B4 (Initial Ageing Rate)

The rate of change of the health of a distribution asset is modelled exponentially, as it is
assumed that the processes involved as the asset deteriorates (e.g. corrosion, oil oxidation,
insulation breakdown, etc.) are accelerated by the products of the deterioration process.

The Ageing Rate of the asset is determined from the natural logarithm of the asset’s Health
Score when new and the Health Score that corresponds to the Expected Life of the asset,
using EQ. 5.

In (Hexpected life)

Hnew

Expected Life

B, =

EQ.5
Where:

e Hrnewis the Health Score of a new asset, equal to 0.5;

o Hexpected Life iS the Health Score of the asset when it reaches its Expected
Life, equal to 5.5;

o Expected Life is described in Section 7.1.4.
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7.1.6 Initial Health Score

The Initial Health Score is obtained by defining the generic relationship between Asset Health
and age using the Expected Life of the asset.

Initial Health Score = H,,,, x e(®1*2ge)

EQ. 6

Where:

Hrew is the Health Score of a new asset, equal to 0.5;
Initial Health Score is capped at a value of 5.5;

B1 is the initial Ageing Rate as described is Section 7.1.5;
age is the current age of the asset in years.

This relationship gives an initial estimate of Asset Health but does not take into account any
actual health measurement or assessment that may have been carried out. This stage
provides an initial age-based indication of health up to a maximum Health Score of 5.5, which
needs to be modified in the next stage to take account of available data regarding the health
of the asset.

For the following Asset Register Categories, the Initial Health Score will be capped at a value
of 8.0 or 7.5 for Pole Mounted Transformers, rather than the value of 5.5 as all other categories
to allow the asset age to have a greater bearing on the Asset Health than the other Asset
Categories when there is less availability of visual or measured assessment criteria.

Table 9 - Initial Health Score Cap for specific Asset Categories only

Asset Register Category Initial Health Score Cap
33kV Switchgear — Other 8.0
66kV Switchgear — Other 8.0
132kV Switchgear — Other 8.0
6.6/11kV CB (PM) 8.0
6.6/11kV Switch (PM) 8.0
6.6/11kV Switchgear - Other (PM) 8.0
20kV CB (PM) 8.0
20kV Switch (PM) 8.0
20kV Switchgear - Other (PM) 8.0
33kV Switch (PM) 8.0
Batteries at GM HV Substations 8.0
Batteries at 33kV Substations 8.0
Batteries at 66kV Substations 8.0
Batteries at 132kV Substations 8.0
LV Main OHL Conductor (Pole Lines) 8.0




ENA Engineering Report 144

Issue 0, 2026
Page 47
Asset Register Category Initial Health Score Cap

HV OHL Conductor (Pole Lines) 8.0
EHV OHL Conductor (Pole Lines) 8.0
132kV OHL Conductor (Pole Lines) 8.0
6.6/11kV Transformer (PM) 7.5
20kV Transformer (PM) 7.5
33kV Transformer (PM) 7.5

7.1.7 Current Health Score

The Initial Health Score is modified according to available data using the Health Score Modifier
and, where appropriate, a Reliability Modifier (see Section 7.15).

The Health Score Modifier consists of three components:

a) Health Score Factor, which determines how the Initial Health Score is to be
modified;

b) Health Score Cap, which specifies the maximum value of Current Health Score
(used in situations where a good result from a condition inspection or measurement
implies that the Health Score should be no more than the specified value); and

¢) Health Score Collar, which specifies the minimum value of Current Health Score
(used in situations where a poor result from a condition inspection or measurement
implies that the Health Score should be at least the specified value).

The Reliability Modifier may consist of two components:

a) A Reliability Factor; and
b) A Reliability Collar.

Current Health Score = Initial Health Score x Health Score Factor x Reliability Factor

EQ.7
The Current Health Score is calculated initially as follows.
The Current Health Score is then compared with Health Score Cap as follows.
IF Current Health Score > Health Score Cap
THEN Current Health Score = Health Score Cap
EQ.8

Where Current Health Score is capped at 10.
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The Current Health Score is then compared with Health Score Collar as follows.

IF Current Health Score < MAX (Health Score Collar, Reliability Collar)
THEN Current Health Score = MAX (Health Score Collar, Reliability Collar)

EQ.9

Note that the order of calculation is important; the calculation must be done in the order
specified to ensure that poor condition measurements override good ones; i.e. the Current
Health Score must be compared with the Health Score Cap and assigned a result before
comparing this result to the Health Score Collar.

Typically, the Health Score Collar is 0.5 and Health Score Cap is 10, implying no overriding of
the Health Score. However, in some instances these parameters are set to other values in the
Health Score Modifier calibration tables. These overriding values are shown in Table 37 to

Table 250 and
Table 255 in Annex B.

7.1.8 B2 (Forecast Ageing Rate)

In order to forecast a Future Health Score from the Current Health Score, the Ageing Rate
needs to be re-calculated so that the effects of the Health Score Modifier and Reliability
Modifier are taken into account. This is undertaken so that the forecast ageing reflects the
Ageing Rate implied by the asset’s actual condition. For assets where no ageing has been
observed (i.e. the Current Health Score is 0.5) no re-calculation of the Ageing Rate is
performed.

The Forecast Ageing Rate [, is derived from the Current Health Score and the current age of
the asset using EQ. 10 when the Current Health Score > 0.5. where the Current Health Score
= 0.5, Bz = [31.

In (Current Health Score)
BZ = Hnew
Age

EQ. 10
Where:
e Age is the current age of the asset (i.e. the age used in the calculation of

the Initial Health Score);
e [2is capped such that:

B <2 X By

EQ. 11
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B2 is capped to prevent unrealistically high rates of deterioration being applied to relatively new
assets where reliability issues have been identified early on in their life.

This Forecast Ageing Rate 32 formula does include a minimum value and as such, there are
circumstances where the value can be too low to adequately reflect the Health Score of an
asset.

For assets that are young and in excellent condition, the calculated Health Score Factor can
achieve a value of <1 which can negate the impact of any aging thus far. Due to the calculation
of Forecast Ageing Rate (2, there is negligible increase of the Future Health Score from the
new position (Health Score 0.5). This is especially so when considering 10 or more years
hence. To ensure that a reasonable value of the Forecast Ageing Rate B2 is achieved a collar
of the value of Initial Ageing Rate 31 can be used for assets up to and including 10 years old.
From about 10 years old, assets tend to age in predictably with Health Score Factors indicating
a better-than-expected result where appropriate.

A further phenomenon within the asset populations occurs for old assets which have
surpassed their expected life. In the current year, there is a cap on the Current Health Score.
In the future, as these assets age the Forecast Ageing Rate 32 becomes smaller leading to
increasingly lower Health Scores and longer overall predicted lifespans. To ensure that a
reasonable value of the Forecast Ageing Rate B2 is achieved a collar of the value of 0.5 * Initial
Ageing Rate 31 can be applied.

The combined approach for the Forecast Ageing Rate B2 is to set a collar with a minimum
value of 31 x 0.5 for assets > 10 and 31 for assets <= 10.

7.1.9 Ageing Reduction Factor

The use of the exponential curve results in an escalating acceleration effect once assets reach
a high Health Score. For assets that are approaching end of life, this can result in a run-away
effect in the forecast future PoF, which would not reflect the deterioration that would be
observed in real life.

The cause of the runaway effect is due to the imperfect match of the selected curve once the
asset reaches high values of health and hence resultant PoF. To minimise the potential for
overstatement of the forecast future PoF, an Ageing Reduction Factor is introduced to modify
the asset’s rate of deterioration. This slows down the Ageing Rate of the asset by flattening
the exponential curve especially (although not exclusively) where the Health Score is greater
than 5.5.

In young assets of unproven reliability, there may be a higher PoF when compared to assets
of a higher age. Therefore, as an asset has reached the higher age with no identified issues,
the probability is that it will continue to provide good service and hence its life expectancy is
longer than the younger asset. Therefore, the old asset’s PoF can be reduced in relative terms
from the value calculated.

The ageing reduction technique as described above is used to reduce the forecast increase in
PoF with time for assets where the Current Health Score represents any significant level of
degradation. The Ageing Reduction Factor acts by reducing the original ageing factor. This
practice is in keeping with the common use by engineers of P-F interval reliability concepts
[Ref. N3] which set:

a) P as the point where a potential failure can be detected; and
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b) F as where the functional failure occurs.

In such concepts, a curve is drawn between the two points, P and F, to produce a forecast of
time to failure and the reduction effect is capped so that the accelerated ageing that occurs as
the asset approaches failure is correctly reflected.

In the Methodology, the Ageing Reduction Factor applied will vary, depending on the Current
Health Score for the asset:

a) for assets where the Current Health Score is greater than 5.5, the Ageing Reduction
Factor is set to its maximum permissible value; and

b) for assets where the Current Health Score is less than 2, the Ageing Reduction
Factor is set to unity.

In order to prevent low Health Score assets deteriorating more quickly than high Health Score
assets when forecasting, there must be no significant step change in the factor value. The
Ageing Reduction Factor therefore varies linearly between unity and its maximum permissible
value, for Health Scores between 2 and 5.5.

The maximum permissible value of the Ageing Reduction Factor is set to 1.5.

The Ageing Reduction Factor calibration table can be seen in Table 265 in Annex B and is
illustrated in Figure 5.
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Figure 5 — Ageing Reduction Factor

The effects of the changes to the ageing assumptions that arise from re-calculation of the
Ageing Rate for forecasting future health (as described in Section 7.1.8) and the application of
an Ageing Reduction Factor are shown in Figure 6. This shows three deterioration curves
based on:

i) the initial Ageing Rate, B1;

ii) the “trued-up” Ageing Rate which would have been necessary for the asset to
be in its current condition; and

iii) the application of an Ageing Reduction Factor.
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Figure 6 — Effect of Ageing Reduction Factor on Asset Deterioration

Future Health Score — Deterioration

The Future Health Score is calculated using the same exponential based methodology as the
Initial Health Score. This in detail in Equation 12 below:

Where:

71.11

B2 )
qe*x== *1
Future Health Score; = Current Health Score;_ * e<< ‘ T)

EQ. 12

t is the number of future years;

Current Health Score is as described in Section 7.1.7;

B2 is the Forecast Ageing Rate as described in Section 7.1.8;

r is the Ageing Reduction Factor as described in Section 7.1.9;

q:= qe-1) * Co+r), qo=1, Health Scoreo = Current Health Score and y is the
current year: as described in Annex B.11 Ageing Rate Adjustment Sets.
This acts as a multiplier to the ageing rate that is a function of time, to reflect
changing deterioration rates due to incremental climate change effects over
time. i.e. the ageing rate changes for each future year considered.

Future Health Score is capped at 15.

Interventions

Interventions are activities that are undertaken to manage the risk of condition-based failure.
In the RIIO-ED price control periods, DNOs have Network Asset Secondary Deliverables that
relate to the improvement in risk that is delivered by Asset Replacement, as well as some
Refurbishment activities. Such activities are primarily aimed at managing risk by reducing the

PoF.
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The effect of these activities is calculated by modifying the input data used in the Methodology.
This approach shall be used for the calculation of either the Current Health Score or Future
Health Score.

For Asset Replacement interventions, this is simply a recalculation of Asset Health and
Criticality (and hence risk) taking account of the changes in the asset population that have
resulted from the Intervention (i.e. removal of assets and the addition of new assets).

For Refurbishment interventions, the Asset Health and Criticality are recalculated using revised
input data for the asset that is subject to the Refurbishment activity. This revised input data
should take account of the change in input data that has resulted from the Refurbishment
activity e.g. changes to the Health Score Modifier to reflect the observed or measured condition
following completion of the Refurbishment.

Only certain Refurbishment activities contribute to the delivery of the Network Asset Secondary
Deliverables. These are defined in Ofgem’s RIIO-ED Regulatory Instructions and Guidance —
Annex A.

Annex C identifies these Refurbishment activities and also the input data that should be re-
evaluated in order to account for the improvement in risk delivered by such activity.

7.2 PoF Calculation (HV, EHV and 132 kV Transformers — Ground Mounted only)

The PoF for Ground Mounted HV Transformers, EHV Transformers (33 kV & 66 kV
Transformers) and 132 kV Transformers is derived by separate consideration of the health of
two distinct subcomponents:

a) the main transformer; and
b) the tapchanger (EHV and 132 kV Transformers only).

This recognises the degree of independence between the health of these components.

The Health Score for the overall transformer asset is derived from the combination of the
Health Scores for both of these components.

Health Scores for the main transformer and tapchanger components are separately
determined, using broadly the same approach as outlined in Section 7.1. This is summarised
below:

a) A separate Initial Health Score is calculated for the main transformer subcomponent
and the tapchanger subcomponent, using EQ. 6, as described in Section 7.1.6. For
each component different Normal Expected Lives and age information shall be used.
However, the same Location Factor is applied to both the main transformer and the
tapchanger but they each have a different duty factor. The Normal Expected Life of the
tapchanger subcomponent and main transformer subcomponent are shown in Table
22 in Annex B.

To calculate the Initial Health Scores using EQ. 6:

¢ for the main transformer, the Normal Expected Life for a transformer is used and
the age is taken as being the age of the main transformer component;
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e for the tapchanger, the Normal Expected Life for a tapchanger is used and the age
is taken as being the age of the tapchanger component.

Where the age of the tapchanger and the age of the main transformer component are
not separately known, it is assumed that both components have the age that is
recorded for the overall transformer asset.

b) Separate Health Score Modifiers are calculated for both the main transformer and the
tapchanger components. The calculation of these Health Score Modifiers is discussed
in Section 7.8.

For both the main transformer and tapchanger components, the Health Score Modifier
is derived using an Observed Condition Modifier, a Measured Condition Modifier and
an Qil Test Modifier. The determination of these Modifiers is described in Sections 7.9,
7.10, 7.11.

For the main transformer subcomponent, a DGA Test Modifier and FFA Test Modifier
are also used in addition to the Observed Condition Modifier, Measured Condition
Modifier and Oil Test Modifier. These additional Modifiers are described in Sections
7.12 and 7.13.

c) Separate Current Health Scores are calculated for both components using the Health
Score Modifier and the Initial Health Score calculated for the relevant component, e.g.
the Health Score Modifier for the tapchanger component is applied to the Initial Health
Score for the tapchanger component to calculate the Current Health Score for the
tapchanger component.

d) A Forecast Ageing Rate, B2, is separately calculated for each component, using the
approach described in Section 7.1.8. For each component, the age used in the
calculation of 2 is the same age that was used in the calculation of the Initial Health
Score.

e) The Future Health Score is calculated for each component using EQ. 12, as described
in Section 7.1.10. For each component the Current Health Score and value of B2,
relating to that component, is used in the determination of the Future Health Score.

The Current Health Score of the overall transformer asset is taken as the maximum of the
Current Health Score of the main transformer component and the Current Health Score of the
tapchanger component.

Similarly, the Future Health Score of the overall transformer asset is taken as the maximum of
the Future Health Score of the main transformer component and the Future Health Score of
the tapchanger component.

The PoF for the overall transformer asset is determined by application of EQ. 3 (Section 7.1.1)
to the overall Health Score (i.e. the maximum Health Score of the subcomponents).

7.3 PoF Calculation (Steel Towers)

Steel Towers are made up of individual steel members bolted together to form a lattice
arrangement above ground. Tower foundations are the interlinking component between the
support and the ground (soil and/or rock).
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The life of a steel Tower is primarily dependent on the rate of deterioration of this steelwork
both above and below ground.

New steelwork is protected from corrosion by zinc galvanising. Under normal circumstances
galvanising would be expected to provide protection against the onset of corrosion, for the
steelwork above ground, for a period of up to 30 years.

A paint system would normally be applied to the steelwork above ground, in order to provide
a secondary form of protection against corrosion. The paintwork, itself, will deteriorate over
time (typically providing protection for up to 20 years) and will require reapplication in order to
maintain its protective function. The first application of a paint system to a Tower normally
takes place after 30 years once the zinc galvanising has expired.

For Towers, once corrosion has set in the intervention requirement changes considerably from
low cost piecemeal steel member replacement and the application of a protective paint system,
to much more expensive full Tower replacement. Therefore, with regards to the above ground
steelwork, the typical strategy adopted by DNOs is to paint/refurbish before significant
corrosion sets in. The typical effect of such a strategy on the Health Score of a Tower, through
its life, is illustrated in Figure 7.
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Figure 7 — Steel Tower Health Score

Therefore, within this framework the overall life cycle (Health Score) for a steel Tower is defined
as a function of three discrete elements of the Tower:

a) the paintwork;
b) the steelwork; and
c) the foundations.
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Health Scores for each of these three components are separately determined, using broadly
the same approach as outlined in Section 7.1. This is summarised below:

a)

b)

d)

A separate Initial Health Score is calculated for each of the three components, using
EQ. 6, as described in Section 7.1.6. For each component different Normal
Expected Lives and age information shall be used. However, the same Location
and Duty Factors are applied to all three components. The Normal Expected Life
of the paint system (rather than the Tower), foundations and steelwork are shown
in Table 22 in Annex B. To calculate the Initial Health Scores using EQ. 6:

o for the Tower steelwork: The Normal Expected Life of steelwork shall be
used?;
o for the paintwork:

o if the Tower is unpainted: The Normal Expected Life of the
galvanising is used, and the age is taken as being the age of the
Tower steelwork;

o if the Tower is painted: The Normal Expected Life of paint is used,
and the age is taken as time that has elapsed since the Tower was
last painted;

o forthe Tower foundation: The Normal Expected Life of the Tower foundation
is used, and the age is taken as being the age of the foundation.

Where the age of the Tower steelwork and the age of the Tower foundation are not
separately known, it is assumed that both the steelwork and foundation have the
age that is recorded for the overall Tower.

Separate Health Score Modifiers are calculated for each of the three components.

Separate Current Health Scores are calculated for each of the three components
using the Health Score Modifier and the Initial Health Score calculated for the
relevant component, e.g. the Health Score Modifier for the paintwork component is
applied to the Initial Health Score for the paintwork component to calculate the
Current Health Score for the paintwork component. The Current Health Score for
the paintwork component is capped at 6.4 to reflect the limited effect of paintwork,
alone, on the overall health of a tower.

A forecast Ageing Rate, B. is separately calculated for each of the three
components, using the approach described in Section 7.1.8. For each component,
the age used in the calculation of 32 is the same age that was used in the calculation
of the Initial Health Score.

A Future Health Score is calculated for each of the three components using EQ.
12, as described in Section 7.1.10. For each component the Current Health Score
and value of B2, relating to that component, shall be used in the determination of
the Future Health Score. The Future Health Score for the paintwork component is
capped at 6.4 to reflect the limited effect of paintwork, alone, on the overall health
of a tower.

2 The primary age of the Tower steelwork will be that of the Tower itself, accepting that some of the steelwork may
have been replaced piecemeal in later years.
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The Current Health Score of the Tower is taken as the maximum of the Current Health Score
of the steelwork, the Current Health Score of the paintwork and the Current Health Score of
the foundations. As Paintwork condition on its own does not instigate replacement of a steel
tower, a cap of 6.4 is applied to the Current Health Score of the paintwork component (as
described in (c) above). This has been done to match the impact and importance of the
paintwork condition on the overall score of a Tower to reality.

Similarly, the Future Health Score of the Tower is taken as the maximum of the Future Health
Score of the steelwork, the Future Health Score of the paintwork and the Future Health Score
of the foundations. Again, the effect of the paintwork component upon the Future Health Score
of the Tower is limited by application of a cap on the value of the Future Health Score of the
paintwork (as described in (e) above).

The PoF for the overall Tower is determined by application of EQ. 3 (Section 7.1.1) to the
overall Health Score (i.e. the maximum Health Score across the three subcomponents).

7.4 PoF Calculation (Battery Systems)

The PoF for Battery Systems is derived by separate consideration of the health of two distinct
subcomponents:

a) the charger; and
b) the battery.
This recognises the degree of independence between the health of these subcomponents.

The Health Score for the overall Battery System asset is derived from the combination of the
Health Scores for both of these subcomponents.

Health Scores for the charger and battery subcomponents are separately determined, using
broadly the same approach as outlined in Section 7.1. This is summarised below:

A separate Initial Health Score is calculated for the charger subcomponent and the battery
subcomponent, using EQ. 6, as described in Section 7.1.6 but capped at a value of 8. For each
subcomponent, different Normal Expected Lives and age information shall be used. However,
the same Location Factor is applied to both. The Normal Expected Life of the charger
subcomponent and battery subcomponent are shown in Table 22 in Annex C.

To calculate the Initial Health Scores using EQ. 6:

a) for the charger, the Normal Expected Life for a charger is used and the age is taken as
being the age of the charger subcomponent;

b) for the battery, the Normal Expected Life for a battery is used and the age is taken as
being the age of the battery subcomponent.

Separate Health Score Modifiers are calculated for both the charger and the battery
subcomponents.

For both the charger and battery subcomponents, the Health Score Modifier is derived using
an Observed Condition Modifier and a Measured Condition Modifier separately.
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Separate Current Health Scores are calculated for both subcomponents using the Health
Score Modifier and the Initial Health Score calculated for the relevant subcomponent, e.g. the
Health Score Modifier for the battery subcomponent is applied to the Initial Health Score for
the battery subcomponent to calculate the Current Health Score for the battery subcomponent.

A forecast Ageing Rate, B2, is separately calculated for each subcomponent, using the
approach described in Section 7.1.8. For each subcomponent, the age used in the calculation
of B2 is the same age that was used in the calculation of the Initial Health Score.

The Future Health Score is calculated for each subcomponent using EQ. 12, as described in
Section 7.1.10. For each subcomponent, the Current Health Score and value of 32, relating to
that subcomponent, is used in the determination of the Future Health Score.

The Current Health Score of the overall Batteries asset is taken as the maximum of the Current
Health Score of the main charger subcomponent and the Current Health Score of the battery
subcomponent.

Similarly, the Future Health Score of the overall Batteries asset is taken as the maximum of
the Future Health Score of the charger subcomponent and the Future Health Score of the
battery subcomponent.

The PoF for the overall Batteries asset is determined by application of EQ. 3 (Section 7.1.1) to
the overall Health Score (i.e. the maximum Health Score of both the subcomponents).

7.5 Location Factor (General)
7.5.1 Overview

The Expected Life of an asset is affected by the environment in which the asset is installed.
For example, assets exposed to higher levels of moisture or pollution may be expected to
degrade quicker than assets of the same type exposed to lower levels of moisture or pollution.
The levels of exposure will depend on the location of the asset and also whether or not it is
installed within an enclosure that affords protection from the weather.

This effect is recognised by the use of an asset-specific Location Factor, as shown in Figure
8, in the determination of the Expected Life for individual assets. For all Asset Categories,
except LV UGB and Cable, this Factor is influenced by:

a) distance from coast;

b) altitude;

c) corrosion category; and

d) environment (indoor / outdoor).

Where it is not known whether an asset is located indoor or outdoor, a default assumption
based on the Asset Register Category shall be applied as per Table 28 in Annex B.

Different factors are considered in the derivation of an asset-specific Location Factor for sub
cable assets. These are explained in Section 7.6.

For LV UGB assets and all non-sub cable assets (i.e. cables installed on land), a Location
Factor of 1 is assigned to all assets.
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Figure 8 — Location Factor

7.5.2 Distance from Coast Factor

The Distance from Coast Factor is determined based on the distance of the asset (or its
substation location) from the coast, measured in km. The Distance from Coast Factor is applied
as shown in Table 24 in Annex B.

7.5.3 Altitude Factor

An Altitude Factor is determined based on the altitude of the asset (or its substation location,
measured in metres). The derivation of Altitude Factor is based on a look up table using
bandings of altitude. The Altitude Factor is applied as shown in Table 25 in Annex B.

7.5.4 Corrosion Factor

A Corrosion Factor is determined based on the Corrosion Category Index (1-5) for the location
of the asset.[Ref. N9] The Corrosion Factor is applied as shown in Table 26 in Annex B.

7.5.5 Determining the Location Factor for assets in an outdoor environment

Where an asset is installed in an outdoor environment, the Location Factor is determined as
follows.

a) Ifthe maximum of the Distance from Coast Factor, Altitude Factor and Corrosion Factor
is greater than 1:



ENA Engineering Report 144
Issue 0, 2026
Page 59

Location Factor
= MAX(Distance From Coast Factor, Altitude Factor, Corrosion Factor)

+ (((COUNT of factors greater than 1) — 1) X INC)

EQ. 13
Where INC is the increment constant for the asset type (shown in Table 27).

b) If the maximum of the Distance from Coast Factor, Altitude Factor and Corrosion Factor
is not greater than 1:

Location Factor = MIN(Distance From Coast Factor, Altitude Factor, Corrosion Factor)

EQ. 14

7.5.6 Determining the Location Factor for assets in an indoor environment

Where an asset is installed in an indoor environment, the Location Factor is determined as
follows.

a) If the maximum of the Distance from Coast Factor, Altitude Factor and Corrosion
Factor is greater than 1:

Initial Location Factor
= MAX(Distance From Coast Factor, Altitude Factor, Corrosion Factor)

+ (((COUNT of factors greater than 1) — 1) x INC)
EQ. 15

where INC is the increment constant for the asset type (shown in Table 27)

b) If the maximum of the Distance from Coast Factor, Altitude Factor and Corrosion
Factor is not greater than 1:

Initial Location Factor
= MIN(Distance From Coast Factor, Altitude Factor, Corrosion Factor)

EQ. 16

c) Steps (a) and (b) are the same as for an asset in an outdoor environment. This
additional step recognises the shielding effect of the indoor environment on the
asset in question. The Location Factor is calculated from the Initial Location Factor
using EQ. 17.
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Location Factor
= 0.25 X (Initial Location Factor — Minimum Initial Location Factor)
+ Minimum Initial Location Factor

EQ. 17

Where Minimum Initial Location Factor is the value of Initial Location Factor that would be
determined if all location factors (i.e. Distance From Coast Factor, Altitude Factor and
Corrosion Factor) were at their minimum possible value for the asset type, from the calibration
Table 24 to Table 26.

7.6 Location Factor (Sub Cables)
7.6.1 Overview

The Location Factor for Sub Cable, as shown in Figure 9, is made up of four factor inputs:

a) Sub Cable Route Topography Factor;

b) Situation Factor;

¢) Wind/Wave Factor; and

d) Combined Wave & Current Energy Factor.
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Figure 9 — Location Factor - Sub Cables

7.6.2 Sub Cable Route Topography Factor

The route topography factor considers the nature of the cable route in which the submarine
cable has been laid. This considers the seabed makeup, landscape and the potential for cable
to be suspended above the seabed.

The value for this factor is applied as shown in Table 29 in Annex B.
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7.6.3 Sub Cable Situation Factor

The Sub Cable Situation factor takes into account its installed situation: laid on bed, covered
and buried.

The value for this factor is applied as shown in Table 30 in Annex B.

7.6.4 Wind/Wave Factor

The wind and wave environment that sub cables are subjected to has been identified as directly
affecting the severity of mechanical movement (action) on the shore ends. This is captured by
the wind/wave factor.

The value for this factor is applied as shown in Table 31 in Annex B.

7.6.5 Combined Wave & Current Energy Factor

The rate at which fretting (abrasion of the cable armour) takes place is heavily dependent on
the amount of energy exerted on both the cable and the seabed due to waves, tidal currents,
or their combined effects. The combined wave and current energy factor take this into account.

The value for this factor is applied as shown in Table 32 in Annex B.

7.6.6 Determining the Location Factor for Sub Cables

If the maximum of the Sub Cable Route Topography Factor, Situation Factor, Wind/Wave
Factor, Combined Wave & Current Energy Factor is greater than 1:

Location Factor
= MAX(Submarine Cable Route Topography Factor, Situation Factor, Wind
/Wave Factor, Combined Wave & Current Energy Factor)

+ (((COUNT of factors greater than 1) — 1) X INC)

EQ. 18

Where INC is the increment constant for the asset type (Table 27, Annex B) .

If the maximum of the Sub Cable Route Topography Factor, Situation Factor, Wind/Wave
Factor, Combined Wave & Current Energy Factor is not greater than 1:

Location Factor
= MIN(Submarine Cable Route Topography Factor, Situation Factor, Wind
/Wave Factor, Combined Wave & Current Energy Factor)

EQ. 19

7.7 Duty Factor

The Expected Life of an asset varies depending on the duty to which it is subjected.
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Figure 10 — Duty Factor

For electrical assets, the duty factor is a function of loading, number of operations, design
voltage and operating voltage. Table 10 — Duty Factor shows how these factors are to be
applied to the different Asset Categories:

Table 10 — Duty Factor Methodology

Asset Category Duty Factor 1 (DF1) Dut)&l::g)tor 2

Operating

Cables % Utilisation \églst%gne *
Voltage

Poles No asset-specific Duty Factor 1 (i.e. DF1=1) N/A

Batteries No asset-specific Duty Factor 1 (i.e. DF1 = 1) N/A

LV UGB No asset-specific Duty Factor 1 (i.e. DF1=1) N/A

Switchgear - LV No asset-specific Duty Factor 1 (i.e. DF1=1) N/A

Switchgear - HV Distribution No asset-specific Duty Factor 1 (i.e. DF1=1) N/A

Switchgear - HV Primary Number of Operations N/A

Switchgear - EHV & 132 kV Number of Operations N/A

HV & EHV Switchgear (PM) Number of Operations N/A

EHV & 132kV Switchgear Other | No asset-specific Duty Factor 1 (i.e. DF1 = 1) N/A

Steel Tower No asset-specific Duty Factor 1 (i.e. DF1=1) N/A

Conductor Tower Lines No asset-specific Duty Factor 1 (i.e. DF1=1) N/A
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Asset Category Duty Factor 1 (DF1) Dut;;gla:lg)tor 2
OHL Conductor Pole Lines No asset-specific Duty Factor 1 (i.e. DF1 = 1) N/A
Fittings No asset-specific Duty Factor 1 (i.e. DF1 = 1) N/A
Transformer (PM) % Utilisation N/A
HV Transformer (GM) % Utilisation N/A
Transformer: % Utilisation N/A
Transformers - EHV & 132 kV Tapchanger: Average Number of Daily N/A
Tapping Operations
Duty Factor = DF1
EQ. 20
Where there is only a single Duty Factor, then:
Where two Factors are combined to create the Duty Factor, then:
Duty Factor = 0.5 X DF1 + 0.5 X DF2
EQ. 21

The Duty Factor lookup tables which are applied to the respective Asset Categories are shown
in Table 33 to

Table 36.

7.8 Health Score Modifier
7.8.1 Overview

Asset-specific Health Score Modifiers are calculated for each individual asset. The Health
Score Modifier is determined from observed condition and measurement results. The Health
Score Modifier is used to inform the Current Health Score, such that it reflects the observed
health of the asset.

For all Health Index Asset Categories, except for EHV Towers, 132 kV Towers, HV
Transformers, EHV Transformers and 132 kV Transformers, a single Health Score Modifier is
calculated for each asset. The calculation of Health Score for assets in the EHV Towers, 132
kV Towers, HV Transformers, EHV Transformers and 132 kV Transformers Asset Categories
requires separate evaluation of the Health Score for several subcomponents. Consequently,
for these Asset Categories, separate Health Score Modifiers are evaluated for each
subcomponent. In such cases, the appropriate Health Score Modifier is applied to determine
the Current Health Score for each subcomponent of the asset.

The Health Score Modifier consists of three elements:
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a) a Health Score Factor, which is a multiplication factor, derived from Condition
Modifiers, that is applied to the Initial Health Score;

b) a Health Score Cap, which is a maximum limit that is applied to the product of the
Initial Health Score and the Health Score Factor; and

¢) a Health Score Collar, which is a minimum limit that is applied to the product of the
Initial Health Score and the Health Score Factor.

Where a cap or a collar is applied an explanation for the application is provided in the
associated table values in the appropriate appendices.

4 A

Observed

Condition Health Score Collar
Modifier

P! Health Score Factor

Health Score Modifier

Measured
Condition Health Score Cap

Modifier

Figure 11 — Health Score Modifier

For assets, other than those in the HV, EHV and 132 kV Transformer Health Index Asset
Categories, the Health Score Modifier is determined by combining:

a) an Observed Condition Modifier, based on Observed Condition Inputs (such as
condition assessment observations); and
b) a Measured Condition Modifier, based on Measured Condition Inputs.

The derivation of the Observed Condition Modifier and Measured Condition Modifier are
described in Sections 7.10 and 7.11. Like the Health Score Modifier, each of these Condition
Modifiers is comprised of three elements, i.e.:

a) a Condition Factor, which is a value associated with an observation or
measurement, used to derive the Health Score Factor;

b) a Condition Cap, which is a maximum limit that is used to derive the Health Score
Cap; and

¢) a Condition Collar, which is a minimum limit that is used to derive the Health Score
Collar.
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The derivation of the Health Score Modifier for the HV, EHV and 132 kV Transformer Asset
Categories is described separately in Section 7.9.

In determining the Health Score Modifier, only the Condition Modifiers (and associated
Condition Inputs) specified within the Methodology are applied. In recognition of different
inspection and assessment approaches between DNOs:

a) There is no requirement for data to be collected to apply all the Condition Inputs
specified within the Methodology. Where DNOs do not have data available to
determine a specific Condition Input, the default values for that Condition Input (as
specified in the calibration table for that Condition Input) are applied.

b) The calibration tables for each Condition Input (Annex C.5and C.6) are defined in
terms of the outcomes or conclusions drawn from the relevant condition
assessments or tests and are common to all DNOs. Where required, DNOs shall
map data from their own systems against the relevant criteria shown on the
calibration tables. This enables common Condition Inputs to be determined for all
DNOs without specifying the exact format of data that is collected in each individual
DNOs inspection and assessment regimes.

c) It will be permissible for DNOs to combine multiple measurements or observations
from their own data set (or adjust for elapsed time since the condition data was
collected) in their mapping to an individual Condition Input.

DNOs shall be required to record all mappings of their data to the Methodology’s Condition
Inputs within their own Network Asset Indices Methodology.

7.8.2 Combining Factors Using a Maximum and Multiple Increment (MMI) Technique

The Condition Factors, which form part of the Condition Modifiers, are combined together to
derive the Health Score Factor using a technique that is referred to as “maximum and multiple
increment”. The calculation of the Health Score Factor is described in Section 7.8.3.

Each specific Condition Factor is derived from multiple Condition Input Factors, which come
from associated lookup tables that map the observed or measured condition to a Condition
Input Factor.

The combination of Condition Inputs to create the Observed Condition Modifier and the
Measured Condition Modifier is described in Sections 7.10 and 7.11. This also uses an MMI
approach.

By using the MMI approach throughout, this ensures that the Health Score Factor is primarily
driven by the strongest observed or measured Condition Input Factor, supplemented to a
lesser and controlled degree by any additional Condition Input Factors (depending on their
strength).

This approach enables a single methodology to be applied to all asset groups, with the
variation between asset groups captured through calibration factors.

Whilst multiple Factors may be considered in the derivation of a single combined Factor using
the MMI technique, there will be instances where not all of the multiple Factors affect the
resulting Factor. This is because:
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a) where all of the multiple Factors are less than, or equal to 1, the resulting combined
single Factor is determined from only the lowest and second lowest of the multiple
Factors; and

b) where any of the multiple Factors are greater than 1, the resulting combined single
Factor will be determined from consideration of the highest of the multiple Factors
and a given number of the next highest Factors. The total number of Factors
considered in each case will be no greater than the Max. No. of Combined Factors,
which is a calibration parameter that is specified for each instance that the MMI
technique is applied. The Max. No. of Combined Factors describes the total number
of Factors that may be considered in the derivation of the combined single Factor,
which is a count of Factors that includes the maximum Factor and any additional
Factors that may be used to supplement it.

The combination of multiple Factors into a single Factor using the MMI technique is described
below:

If any of the Factors is greater than 1

e Var_1 =Maximum of Factors
e Var_2 = Excluding Var_1,
o For remaining Factors where (Factor - 1) > 0

o Sum (Factor - 1) for the highest n-1 of these; where n = Max. No. of Combined
Factors

e Var_3 =Var_2/ Factor Divider 1

e Combined Factor = Var_1 + Var_3

e Var_1 = Minimum of Factors
e Var_2 = Second Lowest of Factors
e Var_3 = (Var_2- 1)/ Factor Divider 2

e Combined Factor = Var_1 + Var_3

¢ Max. No. of Combined Factors specifies how many Factors are able to
simultaneously affect the Combined Factor.

e Factor Divider 1 and Factor Divider 2 are constants that specify the degree
to which additional “good” or “bad” Factors are able further drive the
Combined Factor.

A case statement description of this algorithm is demonstrated below.

Case 1: one or more Factors > 1

e Factors=1.2,1.0, 1.1, 1.02, 0.9, Max. No of Combined Factors = 4, Factor
Divider 1 and Factor Divider 2 = 2
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Var 1 = maximum of Factors = Max(1.2, 1.0, 1.1, 1.02, 0.9) = 1.2

Var 2 = sum remaining Factors where Factor-1>0=(1.1-1) + (1.02-1) =
0.12

Var 3 = Var 2 / Factor Divider 1 =0.12/2 =0.06
Combined Factor=Var1+Var3=1.2+0.06=1.26

Case 2: all Factors < 1

Factors =1, 1, 0.8, 1, 0.9, Max. No of Combined Factors = 4, Factor Divider
1 and Factor Divider 2 = 2

Var 1 = minimum of Factors = Min(1, 1, 0.8, 0.9) = 0.8

Var 2 = Second minimum of Factors = 2""Min(1, 1, 0.8, 0.9) = 0.9
Var 3 = (Var 2 - 1) / Factor Divider 2=(0.9-1)/2 =-0.05
Combined Factor = Var 3 + Var 1 =0.8 +-0.05=0.75

7.8.3 Health Score Factor Calculation

The Health Score Factor is a multiplier that is applied to the Initial Health Score.

The Observed and Measured Condition Factors are combined to derive the Health Score
Factor using the MMI technique described in Section 7.8.2.

For assets, other than those in the HV, EHV Transformer and 132 kV Transformer Health Index
Asset Categories, Factor Divider 1 and Factor Divider 2 have a value of 1.5 and the Max. No.
of Combined Factors is 2. This means that the description of the combination method can be

simplified to:

a) The Health Score Factor for an individual asset is determined by evaluating:
¢ the maximum of the Observed Condition Factor and the Measured Condition
Factor for the asset; and
¢ the minimum of the Observed Condition Factor and the Measured Condition
Factor for the asset.
b) The calculation used to determine the Health Score Factor is dependent on the
magnitudes of the maximum and minimum Condition Factors. The Health Score
Factor is calculated as shown in Table 11.

Table 11 — Health Score Factor

b = Minimum of (Observed

a = Maximum of (Observed
Condition Factor, Measured
Condition Factor)

Condition Factor,
Measured Condition

Health Score Factor

Factor)
>1 >1 =a+ ((b-1)/1.5)
>1 <1 =a
<1 <1 =b + ((a-1)/1.5)

The derivation of the Health Score Factor for the HV, EHV Transformer and 132 kV

Transformer Asset Categories is described separately in Section 7.9.
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7.8.4 Health Score Cap

For assets, other than those in the HV, EHV and 132 kV Transformer Health Index Asset
Categories, the Health Score Cap is the minimum of:

a) The Observed Condition Cap associated with the Observed Condition Modifier; or
b) The Measured Condition Cap associated with the Measured Condition Modifier.

The derivation of the Condition Caps associated with the Observed and Measured Condition
Modifiers is described in Sections 7.10.3 and 7.11.3 respectively.

The derivation of the Health Score Cap for the HV, EHV and 132 kV Transformer Asset
Categories is described in Section 7.8.4.

7.8.5 Health Score Collar

For assets, other than those in the HV, EHV and 132 kV Transformer Health Index Asset
Categories, the Health Score Collar is the maximum of:

a) The Observed Condition Collar associated with the Observed Condition Modifier;
or
b) The Measured Condition Collar associated with the Measured Condition Modifier.

The derivation of the Condition Collars associated with the Observed and Measured Condition
Modifiers is described in Sections 7.10.4 and 7.11.4 respectively.

The derivation of the Health Score Collar for the HV, EHV and 132 kV Transformer Asset
Categories is described in Section 7.8.5.

In all cases, the Health Score Collar shall be limited to a value of no greater than 10.
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7.9 Health Score Modifier for HV, EHV and 132 kV Transformers — Ground Mounted
only

7.9.1 Main Transformer

Observed

Condition
Modifier

Measured
Condition
Modifier

Health Score Collar

Oil Test o [MMI with Max/

Modifier e Min

A\ 4

Health Score Factor

Health Score Modifier

DGA T_est
Modifier Health Score Cap

FFA Test

Modifier

Figure 12 — Health Score Modifier - Main Transformer

The Health Score Modifier for HV, EHV and 132 kV Transformers is derived in exactly the
same way as for a generic Health Score Modifier, apart from the following differences:

a) There are three additional Condition Modifiers to the model: the Oil Test Modifier,
the DGA Test Modifier and the FFA Test Modifier;

b) The parameters used to combine the Factors associated with these Condition
Modifiers in order to derive the Health Score Factor are as shown in

c) Table 12.
Table 12 — Health Score Factor For Transformers
Parameters for Combination Using MMI Technique
Factor Divider 1 Factor Divider 2 Max. No. of Condition Factors

1.5 1.5 4
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These additional inputs enable the Health Score of the Main Transformer component to be
determined with greater accuracy.

7.9.2 Tapchanger for EHV and 132 kV Transformers only

Observed

Condition P Health Score Collar
Modifier

Measured m
Condition > MMI V;\/AltI: Max,
Modifier U

A 4

Health Score Factor

Health Score Modifier

Oil Test
Modifier

Health Score Cap

N J

Figure 13 — Health Score Modifier - Tapchanger

A 4

The Health Score Modifier for a Transformer Tapchanger (where the Health Score needs to
be separately determined) is derived in the same way as for a generic Health Score Modifier,
apart from the following differences:

a) There is an additional Condition Modifier to the model: the QOil Test Modifier;

b) The parameters used to combine the Factors associated with these Condition
Modifiers in order to derive the Health Score Factor are as shown in Table 13.

Table 13 — Health Score Factor For Tapchangers

Parameters for Combination Using MMI Technique

Factor Divider 1 Factor Divider 2 Max. No. of Condition Factors

1.5 1.5 2

This additional input enables the Health Score of the Tapchanger to be determined with greater
accuracy.

7.10 Observed Condition Modifier
7.10.1 Overview

The Observed Condition Modifier is used in the determination of the Health Score Modifier.
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An asset-specific Observed Condition Modifier is determined for each individual asset. For all
Health Index Asset Categories, except for Battery System, EHV Towers, 132 kV Towers, HV
Transformers, EHV Transformers and 132 kV Transformers, a single Observed Condition
Modifier is calculated for each asset.

The calculation of Health Score for assets in the EHV Towers, 132 kV Towers, HV
Transformers, EHV Transformers and 132 kV Transformers Health Index Asset Categories
requires separate evaluation of the Health Score for subcomponents of these assets.
Consequently, for these Asset Categories, separate Observed Condition Modifiers are
evaluated for each subcomponent associated with each asset.

This Condition Modifier is based on observed condition.
The Observed Condition Modifier consists of three components:

a) an Observed Condition Factor, which used in the derivation of the Health Score
Factor;

b) an Observed Condition Cap, which is a maximum limit of Health Score that is used
in the derivation of the Health Score Cap; and

¢) an Observed Condition Collar, which is a minimum limit of Health Score that is used
in the derivation of the Health Score Collar.

Multiple Observed Condition Inputs are used to derive the Observed Condition Modifier. Each
Observed Condition Input consists of three elements:

a) a Condition Input Factor;
b) a Condition Input Cap; and
c) a Condition Input Collar.

The Condition Input Factors are used to derive the Observed Condition Factor using the MMI
technique described in Section 7.8.2. Each Condition Input Cap is used in the derivation of the
Observed Condition Cap and each Condition Input Collar is used in the derivation of the
Observed Condition Collar.

The calibration tables relating to each of the Observed Condition Inputs are shown in
Annex C.5. The values assigned to each Condition Input, for an asset, are determined by
looking up the relevant Condition Input values that correspond to the DNO’s data for that asset.
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Asset register category
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Figure 14 — Observed Condition Modifier

/

Table 14 shows the Observed Condition Inputs that are included in the determination of the
Observed Condition Modifier for each Health Index Asset Category.

Table 14 — Observed Condition Inputs

Health Index Asset

Subcomponent Observed Condition Input
Category

1.Visual condition

Batteries 2. Environment temperature

Battery Systems

Chargers 1.Visual condition

. Steel Cover and Pit condition
. Water/Moisture

. Bell Condition

. Insulation Condition

. Signs of heating

. Phase Barriers

LV UGB N/A

OO WN -

LV Circuit Breaker N/A

—_—

. Switchgear external condition

1. Switchgear external condition

2. Compound Leaks

3. Switchgear internal condition and
LV Board (WM) N/A operation

4. Insulation

5. Signs of Heating

6. Phase Barriers
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Health Index Asset
Category

Subcomponent

Observed Condition Input

LV Pillar

N/A

1. Switchgear external condition

2. Compound Leaks

3. Switchgear internal condition and
operation

4. Insulation

5. Signs of Heating

6. Phase Barriers

HV Switchgear (PM)

N/A

. Switchgear external condition
. Oil leaks / gas pressure (insulation leaks)

N —

HV Switchgear (GM) -
Primary

N/A

. Switchgear external condition

. Cable boxes condition

. Oil leaks/ Gas pressure

. Thermographic Assessment

. Switchgear internal condition and
operation

6. Indoor Environment

AR WON -

HV Switchgear (GM) -
Distribution

N/A

1. Switchgear external condition

2. Cable boxes condition

3. Oil leaks/ Gas pressure

4. Thermographic Assessment

5. Switchgear internal condition and
operation

6. Indoor Environment

EHV Switchgear (GM)

N/A

1. Switchgear external condition

2. Cable boxes condition

3. Oil leaks/ Gas pressure

4. Thermographic Assessment

5. Switchgear internal condition and
operation

6. Indoor Environment

7. Support Structures

EHV Switchgear (PM)

N/A

—_

. Switchgear external condition
2. Oil leaks / gas pressure (insulation leaks)

EHV Switchgear — Other

N/A

. Switchgear external condition
. Thermographic assessment
. Support structures

WN =

132 kV Switchgear (GM)

N/A

. Switchgear external condition

. Cable boxes condition

. Oil leaks/ Gas pressure

. Thermographic Assessment

. Switchgear internal condition and
operation

6. Indoor Environment

7. Support Structures

8. Air systems

AP wWN -




ENA Engineering Report 144
Issue 0, 2026
Page 74

Health Index Asset
Category

Subcomponent

Observed Condition Input

132 kV Switchgear — Other

N/A

WN =

. Switchgear external condition
. Thermographic assessment
. Support structures

HV & EHV Transformer (PM)

N/A

N —

. Transformer external condition
. Bushing condition

HV Transformer (GM)

N/A

N =

. Transformer external condition
. Cable boxes condition

EHV Transformer (GM)

Main Transformer

. Main tank condition

. Coolers/Radiator condition
. Bushings condition

. Kiosk condition

. Cable boxes condition

Tapchanger

. Tapchanger external condition

. Internal Condition

. Drive Mechanism Condition

. Condition of Selector & Diverter Contacts
. Condition of Selector & Diverter Braids

132 kV Transformer (GM)

Main Transformer

. Main tank condition

. Coolers/Radiator condition
. Bushings condition

. Kiosk condition

. Cable boxes condition

Tapchanger

AP WON_2  ARWON_ [ ARWON_2{ AORRWN -

. Tapchanger external condition

. Internal Condition

. Drive Mechanism Condition

. Condition of Selector & Diverter Contacts
. Condition of Selector & Diverter Braids

EHV Cable (Non
Pressurised)

N/A

None

EHV Cable (Oil)

N/A

1.

Presence of Crystalline Lead

EHV Cable (Gas)

N/A

1.

Presence of Crystalline Lead

132 kV Cable (Non
Pressurised)

N/A

None

132 kV Cable (Oil)

N/A

1.

Presence of Crystalline Lead

132 kV Cable (Gas)

N/A

1.

Presence of Crystalline Lead

Sub Cable

N/A

A ON -

. External Condition

. Shore End* — Cable Erosion

. Shore End* — Cable Protection
. Cable Suspensions

LV Poles

N/A

AR WN -

. Visual Pole Condition
. Pole Fittings Condition
. Pole Top Rot

. Pole Leaning

. Bird / Animal Damage




ENA Engineering Report 144
Issue 0, 2026
Page 75

Health Index Asset
Category

Subcomponent

Observed Condition Input

LV Main OHL Conductor
(Pole Lines)

N/A

N —

. Visual Condition
. Midspan joints

HV Poles

N/A

AL WON -

. Visual Pole Condition
. Pole Fittings Condition
. Pole Top Rot

. Pole Leaning

. Bird / Animal Damage

HV OHL Conductor (Pole
Lines)

N/A

—_

. Visual Condition
. Midspan joints

EHV Poles

N/A

AR WN -

. Visual Pole Condition
. Pole Fittings Condition
. Pole Top Rot

. Pole Leaning

. Bird / Animal Damage

EHV OHL Conductor (Pole
Lines)

N/A

—_

. Visual Condition
. Midspan joints

132 kV Poles

N/A

AaArOON -

. Visual Pole Condition
. Pole Fittings Condition
. Pole Top Rot

. Pole Leaning

. Bird / Animal Damage

132 kV OHL Conductor (Pole
Lines)

N/A

N —

. Visual Condition
. Midspan joints

EHV Towers

Tower Steelwork

AOWON -

. Tower Legs
. Bracings

. Crossarms
. Peak

Tower Paintwork

. Paintwork Condition

132 kV Towers

Foundations 1. Foundation Condition
1. Tower Legs

Tower Steelwork 2. Bracings
3. Crossarms
4. Peak

Tower Paintwork 1. Paintwork Condition

Foundations 1. Foundation Condition
. Tower fittings
EHV Fittings N/A . Conductor fittings

AWN -

. Insulators - Electrical
. Insulators - Mechanical
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Health Index Asset Subcomponent Observed Condition Input
Category
1.Tower fittings
132 kV Fittings N/A 2.Conductor fittings

3.Insulators - Electrical
4. Insulators - Mechanical

1. Visual Condition

EHV Tower Line Conductor N/A 2. Midspan joints

132 kV Tower Line N/A 1. Visual Condition
Conductor 2. Midspan joints

*Shore End refers to cable section which is above water level as defined by the Mean Low
Water Springs, which is the average height of low tides during spring tides. It's a long-term
average of two successive low tides that occur during the period of greatest tidal range.

7.10.2 Observed Condition Factor

The Observed Condition Factor is used in the derivation of the Health Score Factor.

For each asset, multiple Observed Condition Input Factors are combined to create the
Observed Condition Factor. These Observed Condition Input Factors are combined using the
MMI technique that is described in Section 7.8.2.

Table 15 shows the parameters that are used when combining the Observed Condition Input
Factors using the MMI technique.

Table 15 — Observed Condition Modifier - MMI Calculation Parameters

Parameters for Combination Using
MMI Technique
Asset Category Subcomponent Max. No. of
Factor Factor Cor;1bin'e d
Divider 1 Divider 2
Factors
Batteries 1.5 1.5 2
Battery Systems
Chargers 1.5 1.5 1
LV UGB N/A 1.5 1.5 3
LV Circuit Breaker N/A 1.5 1.5 1
LV Board (WM) N/A 1.5 1.5 3
LV Pillar N/A 1.5 1.5 3
HV Switchgear (PM) N/A 1.5 1.5 2
HV Switchgear (GM) - Distribution N/A 1.5 1.5 3
HV Switchgear (GM) - Primary N/A 1.5 1.5 3
EHV Switchgear (PM) N/A 1.5 1.5 2
EHV Switchgear (GM) N/A 1.5 1.5 3
EHV Switchgear (Other) N/A 1.5 1.5 3
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Parameters for Combination Using

MMI Technique

Asset Category Subcomponent Max. No. of
I_=a.ctor I_=a.ctor Combined
Divider 1 Divider 2 Factors

132 kV Switchgear (GM) N/A 1.5 1.5 3
132 kV Switchgear (Other) N/A 1.5 1.5 3
HV & EHV Transformer (PM) N/A 1.5 1.5 2
HV Transformer (GM) N/A 1.5 1.5 2
EHV Transformer (GM) Main Transformer | 1.5 1.5 3

Tapchanger 1.5 1.5 3
132 KV Transformer (GM) Main Transformer | 1.5 1.5 3

Tapchanger 1.5 1.5 3
EHV Cable (Non Pressurised) N/A - - -
EHV Cable (Oil) N/A 1.5 1.5 1
EHV Cable (Gas) N/A 1.5 1.5 1
132 kV Cable (Non Pressurised) N/A - - -
132 kV Cable (Qil) N/A 1.5 1.5 1
132 kV Cable (Gas) N/A 1.5 1.5 1
Sub Cable N/A 1.5 1.5 4
LV Poles N/A 1.5 1.5 2
Ilzi\r/ml\g?m OHL Conductor (Pole N/A 15 15 >
HV Poles N/A 1.5 1.5 2
HV OHL Conductor (Pole Lines) N/A 1.5 1.5 2
EHV Poles N/A 1.5 1.5 2
EHV OHL Conductor (Pole Lines) N/A 1.5 1.5 2
132 kV Poles N/A 1.5 1.5 2
|1_I?:12els<;/ OHL Conductor (Pole N/A 15 15 5

Tower Steelwork | 1.5 1.5 3
EHV Towers Tower Paintwork | 1.5 1.5 1

Foundations 1.5 1.5 1

Tower Steelwork | 1.5 1.5 3
132 kV Towers Tower Paintwork | 1.5 1.5 1

Foundations 1.5 1.5 1
EHV Fittings N/A 1.5 1.5 3
EHV Tower Line Conductor N/A 1.5 1.5 1
132 kV Fittings N/A 1.5 1.5 3
132 kV Tower Line Conductor N/A 1.5 1.5 1
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7.10.3 Observed Condition Cap

The Observed Condition Cap for an asset is the minimum value of Condition Input Cap
associated with each of the Observed Condition Inputs relating to that asset (as shown in the
calibration tables for Observed Condition Inputs in Annex B).

7.10.4 Observed Condition Collar

The Observed Condition Collar for an asset is the maximum value of Condition Input Collar
associated with each of the Observed Condition Inputs relating to that asset (as shown in the
calibration tables for Observed Condition Inputs in Annex B).

7.10.5 Observed Condition Modifier for EHV Cable (Non Pressurised) and 132 kV
Cable (Non Pressurised)Assets

As shown in Table 15, EHV Cable (Non Pressurised) and 132 kV Cable (Non Pressurised) are
the only asset categories where no Observed Condition Inputs are applicable. For these asset
categories:

a) the Observed Condition Factor is set to 1;
b) the Observed Condition Cap is 10; and
c) the Observed Condition Collar is 0.5.

7.11 Measured Condition Modifier
7111 Overview

The Measured Condition Modifier is used in the determination of the Health Score Modifier.
An asset-specific Measured Condition Modifier is determined for each individual asset.

For all Health Index Asset Categories, with the exception of EHV Towers, 132 kV Towers, EHV
Transformers and 132 kV Transformers, a single Measured Condition Modifier is calculated
for each asset.

The calculation of Health Score for assets in the Battery System, EHV Towers, 132 kV Towers,
EHV Transformers and 132 kV Transformers Health Index Asset Categories requires separate
evaluation of the Health Score for subcomponents of these assets. Consequently, for these
Asset Categories, separate Measured Condition Modifiers are evaluated for each
subcomponent associated with each asset.

This Condition Modifier is based on measured condition.
The Measured Condition Modifier consists of three components:

a) a Measured Condition Factor, which is used in the derivation of the Health Score
Factor;

b) a Measured Condition Cap, which is a maximum limit of Health Score that is used
in the derivation of the Health Score Cap; and
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c) a Measured Condition Collar, which is a minimum limit of Health Score that is used
in the derivation of the Health Score Collar.

Multiple Measured Condition Inputs are used to derive the Measured Condition Modifier. Each
Measured Condition Input consists of three elements:

a) a Condition Input Factor;
b) a Condition Input Cap; and
¢) a Condition Input Collar.

The Condition Input Factors are used to derive the Measured Condition Factor using the MMI
technique described in Section 7.8.2. Each Condition Input Cap is used in the derivation of the
Measured Condition Cap and each Condition Input Collar is used in the derivation of the
Measured Condition Collar.

The calibration tables relating to each of the Measured Condition Inputs are shown in
Annex C.6. The values assigned to each Condition Input for a particular asset are determined
by looking up the relevant Condition Input values that correspond to the DNO’s data for that
asset.

Measured Condition
calibration

Asset register category
Measurement

Result
Factor
Min HI
Max HI

Asset register category

Measured Condition
Collar

A 4

Measurement 1

Measurement 2

Measurement 3

Measurement 4

Measured
Condition
Inputs

Measurement 5

» [MMI with Max, »| Measured Condition
'w d Factor

Measurement 6

Measurement 7

Measurement 8

Measurement 9 o] Measured Condition
»

Cap

btk

Measurement 10

N

Figure 15 — Measured Condition Modifier

/

Table 16 shows the Measured Condition Inputs that are included in the determination of the
Measured Condition Modifier for each Asset Category.

Measured Condition

Modifier
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Table 16 — Measured Condition Inputs
Asset category Subcomponent Measured Condition Input
1.Load/Conductance test
Batteries 2. Impedance test
Battery System 3. Specific gravity test
Chargers 1.Low/No Output
LV UGB N/A 1. Operational Adequacy
LV Circuit Breaker N/A 1. Operational Adequacy
LV Board (WM) N/A 1. Operational Adequacy
LV Pillar N/A 1. Operational Adequacy
HV Switchgear (PM) N/A 1. Operational Adequacy
N/A 1. Partial Discharge
2. Ductor Test
HV Switchgear (GM) - Distribution 3. Oil Tests
4. Temperature Readings
5. Trip Test
N/A 1. Partial Discharge
2. Ductor Test
: . 3. IR Test
HV Switchgear (GM) - Primary 4. Oil Tests
5. Temperature Readings
6. Trip Test
EHV Switchgear (PM) N/A 1. Operational Adequacy
N/A 1. Partial Discharge
2. Ductor Test
. 3. IR Test
EHV Switchgear (GM) 4. Oil Tests/ Gas Tests
5. Temperature Readings
6. Trip Test
EHV Switchgear (Other) N/A 1. Operational Adequacy
N/A 1. Partial Discharge
2. Ductor Test
: 3. IR Test
132 kV Switchgear (GM) 4. QOil Tests/ Gas Tests
5. Temperature Readings
6. Trip Test
132 KV Switchgear (Other) N/A 1. Operational Adequacy
HV & EHV Transformers (PM) N/A None
1. Partial Discharge
HV Transformer (GM) N/A 2. Temperature Readings
Main Transformer 1. Partial Discharge .
EHV Transformer (GM) 2. Temperature Readings
Tapchanger 1. Tapchanger Partial Discharge
. 1. Partial Discharge
Main Transformer 2. Temperature Readings

132 kV Transformer (GM)

Tapchanger

1. Tapchanger Partial Discharge
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Asset category Subcomponent Measured Condition Input
N/A 1. Sheath Test
EHV Cable (Non Pressurised) 2. Partial Discharge
3. Fault history
EHV Cable (Oil) N/A 1. Leakage
EHV Cable (Gas) N/A 1. Leakage
N/A 1. Sheath Test
132 kV Cable (Non Pressurised) 2. Partial Discharge
3. Fault history
132 kV Cable (Oil) N/A 1. Leakage
132 kV Cable (Gas) N/A 1. Leakage
N/A 1. Sheath Test
Sub Cable 2. Partial Discharge
3. Fault history
LV Poles N/A 1. Pole decay / deterioration
LV Main OHL Conductor (Pole N/A N
. one
Lines)
HV Poles N/A 1. Pole decay / deterioration
HV OHL Conductor (Pole Lines) N/A 1.Conductor sampling
EHV Poles N/A 1. Pole decay / deterioration
EHV OHL Conductor (Pole Lines) N/A 1.Conductor sampling
132 kV Poles N/A 1. Pole decay / deterioration
132 kV OHL Conductor (Pole Lines) | N/A 1.Conductor sampling
Tower Steelwork None
EHV Towers Tower Paintwork None
Foundations None
Tower Steelwork None
132 kV Towers Tower Paintwork None
Foundations None
- N/A 1. Thermal Imaging
EHV Fittings 2. Ductor Tests
-~ N/A 1. Thermal Imaging
132 kV Fittings 2. Ductor Tests
EHV Tower Line Conductor N/A 1. Condugtor Sa”?p”.“g
2. Corrosion Monitoring Survey
132 kV Tower Line Conductor N/A 1. Condugtor Sa”?p".“g
2. Corrosion Monitoring Survey
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7.11.2 Measured Condition Factor

The Measured Condition Factor is used in the derivation of the Health Score Factor.

For each asset, multiple Measured Condition Input Factors are combined to create the
Measured Condition Factor. These Measured Condition Input Factors are combined using the
MMI technique that is described in Section 7.8.2.

Table 17 shows the parameters that are used when combining the Measured Condition
Factors using the MMI technique.

Table 17 — Measured Condition Modifier - MMI calculation parameters

Parameters for combination using MMI
technique
Asset Category Subcomponent Max. No. Of
Factor Factor con.1bin.e d
divider 1 divider 2
factors

Batteries 1.5 1.5 1
Battery System

Chargers 1.5 1.5 1
LV UGB N/A 1.5 1.5 1
LV Circuit Breaker N/A 1.5 15 1
LV Board (WM) N/A 1.5 1.5 1
LV Pillar N/A 1.5 1.5 1
HV Switchgear (PM) N/A 1.5 1.5 1
Hy Swﬂghgear (GM) - N/A 15 15 3
Distribution
HV Switchgear (GM) - Primary | N/A 1.5 1.5 3
EHV Switchgear (PM) N/A 1.5 1.5 1
EHV Switchgear (GM) N/A 1.5 1.5 3
EHV Switchgear (Other) N/A 1.5 1.5 1
132 kV Switchgear (GM) N/A 1.5 1.5 3
132 kV Switchgear (Other) N/A 1.5 1.5 1
HV Transformer (PM) N/A N/A N/A N/A
HV Transformer (GM) N/A 1.5 1.5 2
EHV Transformer (PM) N/A N/A N/A N/A

Main Transformer 1.5 1.5 2
EHV Transformer (GM)

Tapchanger 1.5 1.5 1

Main Transformer 1.5 1.5 2
132 kV Transformer (GM)

Tapchanger 1.5 1.5 1
EHV Cable (Non Pressurised) N/A 1.5 1.5 2
EHV Cable (Qil) N/A 1.5 1.5 1




ENA Engineering Report 144

Issue 0, 2026
Page 83
Parameters for combination using MMI
technique
Asset Category Subcomponent Max. No. Of
Factor Factor cor;ubin.e d
divider 1 divider 2
factors
EHV Cable (Gas) N/A 1.5 1.5 1
132 kV Qable (Non N/A 15 15 5
Pressurised)
132 kV Cable (Qil) N/A 1.5 1.5 1
132 kV Cable (Gas) N/A 1.5 1.5 1
Sub Cable N/A 1.5 1.5 3
LV Poles N/A 1.5 1.5 1
Ly Main OHL Conductor (Pole N/A N/A N/A N/A
Lines)
HV Poles N/A 1.5 1.5 1
HV OHL Conductor (Pole N/A 15 15 1
Lines)
EHV Poles N/A 1.5 1.5 1
E.HV OHL Conductor (Pole N/A 15 15 1
Lines)
132 kV Poles N/A 1.5 1.5 1
1§2kV OHL Conductor (Pole N/A 15 15 1
Lines)
Tower Steelwork - - -
EHV Towers Tower Paintwork - - -
Foundations - - -
Tower Steelwork - - -
132 kV Towers Tower Paintwork - - -
Foundations - - -
EHV Fittings N/A 1.5 1.5 1
132 kV Fittings N/A 1.5 1.5 1
EHV Tower Line Conductor N/A 1.5 1.5 1
132 kV Tower Line Conductor N/A 1.5 1.5 1

7113

Measured Condition Cap

The Measured Condition Cap for an asset is the minimum value of Condition Input Cap
associated with each of the Measured Condition Inputs relating to that asset (as shown in the

calibration tables for Measured Condition Inputs in Annex B).
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7.11.4 Measured Condition Collar

The Measured Condition Collar for an asset is the maximum value of Condition Input Collar
associated with each of the Measured Condition Inputs relating to that asset (as shown in the
calibration tables for Measured Condition Inputs in Annex B).

7.11.5 Measured Condition Modifier for Steel Towers (Structure Only)

There are no Measured Condition Inputs for Steel Towers (Steelwork, Paint or Foundation
components). For these assets:

a) the Measured Condition Factor is set to 1;
b) the Measured Condition Cap is 10; and
c) the Measured Condition Collar is 0.5.

7.12 Oil Test Modifier

The Oil Test Modifier is derived from the oil condition information (moisture content, acidity and
breakdown strength) [Section 3.1 Standards publications]. It provides additional information
to determine the Health Score when oil condition test data is available. This test data can be
used to identify defects or degradation within the asset and is therefore used to increase the
Health Score when necessary.

The Oil Test Modifier consists of three components:

a) an Oil Test Factor, which used in the derivation of the Health Score Factor;

b) an Oil Test Cap, which is a maximum limit of Health Score that used in the
derivation of the Health Score Cap; and

c) an Qil Test Collar, which is a minimum limit of Health Score that is used in the
derivation of the Health Score Collar.

4 A

Oil Test Collar

A 4

> Oil Test

—

> Oil Test Factor

Qil Test Cap

N J

Figure 16 — Oil Test Modifier

Oil Test Modifier
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The process for converting the results into a score and subsequently into an Oil Test Factor,
an Oil Test Cap and an Qil Test Collar is as follows.

a)

b)

d)

The moisture, acidity and breakdown strength results are standardised by converting
them into scores using the Condition State calibration tables; respectively Table 251,
Table 252 and Table 253 in Annex B. Note that these tables consider oil types, i.e.
mineral oil, synthetic ester and natural ester. In the absence of oil type used in the
transformer, the default oil type to be selected is mineral oil.

0il Condition Score
= 80 X Moisture Score + 125 X Acidity Score
+ 80 X Breakdown Strength Score

EQ. 22

The scores for the three condition points (moisture, breakdown strength and acidity)
are then multiplied by the values relative to the importance of the measured condition
point and summed to create an Oil Condition Score as shown in EQ. 22.

The Oil Condition Factor and Oil Test Collar value are then derived using the lookup
values shown in Table 254 and Table 255 in Annex B.

The Oil Test Cap is always set to 10: because oil can be renewed, oil tests are unable
to determine the absence of degradation in an asset - only its presence. Therefore, the
Oil Test Cap cannot be set to less than 10, regardless of the Oil Test result.

7.13 DGA Test Modifier

The DGA Test Modifier is derived from the dissolved gas content in the oil [Section 3.1
Standards publications]. It provides additional information to determine the Health Score
when DGA test data is available. This test data can be used to detect abnormal electrical or
thermal activity within the asset and is therefore used to increase the Health Score when
necessary.

The DGA Test Modifier consists of three components:

a) a DGA Test Factor, which is used in the derivation of the Health Score Factor;

b) a DGA Test Cap, which is a maximum limit of Health Score that is used in the
derivation of the Health Score Cap; and

c) a DGA Test Collar, which is a minimum limit of Health Score that is used in the
derivation of the Health Score Collar.
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Test Date

Hydrogen (H2) - ppm

»| DGA Test Collar

Methane (CH4) - ppm

DGA Test

Acetylene (C2H2) - ppm

A 4

DGA Test Factor

Ethylene (C2H4) - ppm

Ethane (C2H6) - ppm

A

DGA Test Cap

N /

Figure 17 — DGA Test Modifier

The diagnostic process described here was developed by EA Technology in conjunction with
a number of GB Distribution Network Operators within Module 4 of the Strategic Technology
Programme [Ref. N5]. Of nine gases measured during DGA (namely oxygen, nitrogen, carbon
monoxide, carbon dioxide, hydrogen, methane, ethylene, ethane and acetylene) only the latter
five were recognised as providing an indication of transformer condition.

Therefore, only the levels of the following gases are used to derive the DGA Test Modifier:
a) Hydrogen;
b) Methane;
c) Ethylene;
d) Ethane; and
e) Acetylene.

The gas levels used to produce this modifier are calibrated based on the 90% typical gas
concentration values in the international standards [Section 3.1 Standards publications].

The results for each of the five gases are standardised by converting them into scores using
condition state calibration tables; these are shown in Table 256 - Table 260 in Annex B.

The condition state scores for the five gases (hydrogen, methane, ethane, ethylene and
acetylene) are then multiplied by values relative to the importance of the quantity of each gas
measured and summed to create a DGA Score as shown in EQ. 23.

DGA Score = 50 X Hydrogen Score + 30 X Methane Score
+ 30 x Ethylene Score + 30 x Ethane Score + 120 X Acetylene Score

EQ. 23

DGA Test Modifier
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In order to create a DGA Test Collar that can be considered in the Health Score Factor
calculation, in the range of 0.5 to 10, the DGA Score is divided by a DGA divider value as
shown in EQ. 24.

DGA Test Collar = DGA Score - DGA Divider

EQ. 24

The DGA Divider is set to 260 regardless of oil type. This corresponds to a DGA Test Collar of
4. If this is the Health Score, it represents the tipping point where PoF starts to change (note
that PoF is constant for a Health Score < 4 as shown in Figure 3: HI Banding). The total DGA
Score at this point is 1040, derived from having a condition state score of 4 for all five gases,
multiplied by their respective importance values (i.e. 50 for hydrogen, 30 for methane, 30 for
ethane, 30 for ethylene and 120 for acetylene). In the absence of DGA records a default DGA
Test Collar of 0.5 is used.

The DGA Test Factor is then created by considering the trend with historical results
(annualised) for the same asset. The annualised percentage change is derived as shown in
EQ. 25. For assets where DGA tests are not routinely undertaken or in the absence of two
valid time stamped DGA tests, the DGA Test Factor is always set to 1. This prevents
comparison with previous results.

DGA Scorejatest—DGA Scoreprevious X 100 x -

DGA Scoreprevious |Days between Latest and Prev DGA Test+1|

% Change =

EQ. 25

This is used to categorise the trend into one of five categories or bands (negative, neutral,
small, significant or large), as depicted in calibration Table 261 in Annex B.

The category or band is then used to assign the DGA Test Factor, using the calibration Table
262 in Annex B.

The DGA Test Cap is always set to 10: because oil can be renewed, DGA tests are unable to
determine the absence of degradation in an asset - only its presence. Therefore, the DGA Test
Cap cannot be set to less than 10, regardless of the DGA test result.

7.14 FFA Test Modifier

The FFA Test Modifier is derived from the level of furfuraldehyde (FFA) in oil. It provides
additional information to determine the Health Score when FFA test data is available. This test
data can be used to detect degradation of cellulose paper, and hence residual mechanical
strength of insulation within the asset. It is used to increase the Health Score when necessary.

The FFA Test Modifier consists of three components:

a) an FFA Test Factor, which is used in the derivation of the Health Score Factor;
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b) an FFA Test Cap, which is a maximum limit of Health Score that is used in the
derivation of the Health Score Cap; and

c) an FFA Test Collar, which is a minimum limit of Health Score that is used in the
derivation of the Health Score Collar.

p{ FFA Test Collar

> FFA Test

-  FFATest Factor FFA Test Modifier

FFA Test Cap

N /

Figure 18 — FFA Test Modifier

Hefgi

The FFA Test Collar is derived from the furfuraldehyde (FFA) value.

Furfuraldehyde is one of a family of compounds (furans) produced when cellulose (paper)
degrades. As the paper ages, the cellulose chains progressively break, reducing the
mechanical strength. The average length of the cellulose chains is defined by the degree of
polymerisation (DP) which is a measure of the number of Carbon-Carbon bonds or the length
of chains making up the paper fibres. In a new transformer, the DP value is approximately
1000. “When this is reduced to approximately 350, the paper is aged; and when it is further
reduced to approximately 250, it has very little remaining strength and is at risk of failure during
operation. “

There is an approximate relationship between the value of furfuraldehyde in the oil and the DP
of the paper, which has been established experimentally. Using Chendong’s equation that
relates DP to FFA as a reference, the FFA Test Collar is calibrated to give a value of 8 for a
FFA value of 2, which corresponds to a DP of approximately 350; This empirical relationship
has been mathematically described as shown in EQ. 26.

FFA Test Collar = 10 x e(~2:9957xe™129%6*5)

EQ. 26

Where S is the FFA value in ppm.
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The FFA Test Factor is determined from the FFA value using the calibration FFA test modifier
in Annex B. The default value for the FFA Test Factor is 1. The FFA Test Cap is always set to
10.

The FFA Test Factor is then created by considering the trend with historical results
(annualised) for the same asset. The annualised percentage change is derived as shown in
EQ. 27. For assets where FFA tests are not routinely undertaken or in the absence of two valid
time stamped FFA tests, the FFA Test Factor is always set to 1. This prevents comparison
with previous results.

FFA Score — FFA Score 365
Latest Prev X 100 X

FFA Scorepyey |Days between Latest and Prev FFA Test+1]|

% Change =

EQ. 27

This is used to categorise the trend into one of five categories or bands (negative, neutral,
small, significant or large), as depicted in calibration Table 263 in Annex B.

The category or band is then used to assign the FFA Test Factor, using the calibration Table
264 in Annex B.

7.15 Reliability Modifier

P Reliability Collar

Asset Reliability

Criteria

Reliability Modifier

Reliability Factor

G _/

Figure 19 — Reliability Modifier

An additional Reliability Modifier may be applied (at individual DNO discretion) to the Current
Health Score of those assets that the individual DNO believes have a materially different PoF
than would be expected for a typical asset within the same Asset Category with the same
Health Score, because of generic issues that affect health/reliability associated with:

a) the make and type of the asset; and
b) the construction of the asset (e.g. material used, or treatment applied).

Typically, these issues would have been identified from manufacturer notifications, failure
investigations, forensic analysis or because of inspections from assets of the same make or
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type. This recognises that there are wider sources of knowledge about the condition and
performance of individual assets.

Where a DNO applies a Reliability Modifier to an asset, this shall be documented within their
own Network Asset Indices Methodology.

The Reliability Modifier may comprise of two separate components:

a) a multiplication factor applied in the calculation of the Current Health Score (the
Reliability Factor); and

b) a Health Score Collar applied as a minimum limit to the Current Health Score (the
Reliability Collar).

The Reliability Factor shall be applied as a multiplier to the Current Health Score that is derived
from the initial age-based Health Score and the Health Score Modifier.

The Reliability Collar shall be applied as a minimum limit to the Health Score that is derived
from the initial age-based Health Score, the Health Score Modifier and the Reliability Factor
(where applied).

The Reliability Factor shall have a value between 0.6 and 1.5 with a default value of 1. The
default value for the Reliability Collar shall be 0.5. Each DNO has discretion over whether the
Reliability Modifier applied to individual asset types comprises:

a) only a Reliability Factor,;
b) only a Reliability Collar; or
c) both.

When applying Reliability Modifiers, individual DNOs may use any appropriate data they have
relating to the asset or assets. This will include their own defect databases as well as
information gathered as part of the national notification process for:

a) National Equipment Defect Reports (NEDeRs);
b) Dangerous Incident Notifications (DINSs); or
c) Suspension of Operational Practice notices (SOPs).
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8 Consequences of Failure

8.1 Overview

The second key dimension of the Methodology is a consideration of the consequences of asset
failure. This is used in combination with an assessment of the probability of asset failure to
derive a single value for network risk.

The Methodology breaks the effects of failure down into four Consequence Categories:

a) Financial;

b) Safety;

c) Environmental; and
d) Network Performance.

Each of these is quantified in terms which allow for the monetisation within each Consequence
Category. The four values are then simply added to produce an overall CoF value. All quoted
values are in £ (at 2020/21 prices).

Financial
Consequences

Current
Consequences (£)

Safety
Consequences

) < g % > Sum ) Future Co(r;s)equences

Future Consequences
with Intervention (£)

Environmental
Consequences

Network
Performance
Consequences

Figure 20 — Consequences of Failure

These are the only Consequence Categories considered within the Methodology.
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CoF is generally assumed to remain static over time, unless affected by investment or third-
party actions, hence current consequence and forecast future consequence values will
generally be the same.

The calculation of CoF is based on the same failure modes as PoF, i.e. Incipient Failure,
Degraded Failure and Catastrophic Failure.

The Methodology is based on the production of a Reference Cost of Failure for each asset
type which represents the ‘typical’ effects of a failure based on DNO experience. Asset-specific
costs are based on the application of specific modifying factors to these reference costs to
reflect the costs associated with a condition-based failure of the asset in question. The
reference costs and factors used within the Methodology are common for all DNOs. This
process is shown in Figure 21.

CONSEQUENCE
INPUT DATA FACTORS

e.g. type or access issues

—

Step 1_: Step 2:
Establish the Modify for asset

Reference Cost specific data

PROPORTION
COST OF
OF FAILURES MODIFIER
CONSTANTS
BY ASSET FAILURE BY WEIGHTINGS
i ASSET TYPE

Figure 21 — CoF Methodology

The interdependence of assets in terms of Network Performance is considered at EHV and
132 kV (typically N-1 assets) by including a factor for coincident failure in deriving the
Reference Network Performance Cost of Failure. This is done by considering the Probability
of a Coincident Outage (see Table 286). Other assets are assumed to be independent of one
another, reflecting the radial nature of distribution networks. However, the impact of the failure
of one asset on the propensity of another asset to fail is implicitly included in the observable
failure rate and hence the PoF parameters (e.g. K-Value in Table 23).
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8.2 Reference Costs of Failure

The following sections set out the process to produce the Reference Costs of Failure and
modifying factors for each of the four Consequence Categories within the Methodology. These
costs are shown in Table 18.

Table 18 — Reference Costs of Failure

Environ- Network
Asset Register Category Financial” | Safety" 1 Perform- Total?
mental 1)
ance

Batteries at GM HV Substations £896 £5 £24 £16 £941
Batteries at 33 kV Substations £3765 £5 £38 £0 £3 808
Batteries at 66 kV Substations £3 765 £5 £38 £0 £3 808
Batteries at 132 kV Substations £3 896 £5 £38 £2 £3 941
LV Poles £1 337 £601 £90 £542 £2 570
LV Main (OHL) Conductor £3132 £26 561 £24 £3 037 £32 754
6.6/11 kV Poles £1913 £200 £90 £1 930 £4 133
6.6/11 kV OHL (Conventional £4 386 £34 153 £24 £17 680 £56 243
Conductor)

6.6/11 kV OHL (BLX or similar £6 902 £34 153 £24 £17 680 £58 760
Conductor)

20 kV Poles £2 295 £200 £90 £2 895 £5 480
20 kV OHL (Conventional £5678 £34 153 £24 £26 520 £66 375
Conductor)

20 kV OHL (BLX or similar £8 763 £34 153 £24 £26 520 £69 460
Conductor)

33 kV Pole £2 466 £200 £90 £92 £2 847
33 kV OHL (Pole Line) £8 437 £56 784 £24 £706 £65 951
Conductor

66 kV Pole £3718 £200 £90 £183 £4 191
66 kV OHL (Pole Line) £9,855 £56 784 £24 £1 830 £68 493
Conductor

132 kV Pole £4 589 £200 £90 £608 £5 487
132 kV OHL (Pole Line) £14 948 | £102 047 £24 £5164 | £122 158
Conductor

33 kV Tower £6 749 £377 £186 £580 £7 893
66 kV Tower £12 647 £377 £186 £1663 £14 873
132 kV Tower £14 623 £377 £186 £4 157 £19 343
33 kV Fittings £227 £1 508 £96 £267 £2 098
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. . . Environ- Network
Asset Register Category Financial” | Safety" mental? Pg:g;gl- Total?
66 kV Fittings £202 | £1508 £96 £533 | £2420
132 KV Fittings £485 |  £1508 £96 £1333| £3423
23 K&y OHL (Tower Line) £17793 |  £1508 £96 £1333 | £20731
66 kV OHL Conductor £23600 | £1508 £96 £2667 | £27 871
Doz kv OriL (Tower Line) £20408 | £1508 £96 £6667 | £28680
HV Sub Cable £181 996 £2 |  £3600| £190344 | £375942
g?eks\;uggegfb'e (Non £31 644 £2 £726 £3530 | £35901
33 kV UG Cable (Oil) £129 £2 |  £5885 £a|  £6019
33 kV UG Cable (Gas) £317 £2 £54 £35 £407
E,?eks\;uggegfb'e (Non £64 021 £2 £726 £7059 | £71808
66 kV UG Cable (Oil) £140 £2|  £5885 £7|  £6033
66 kv UG Cable (Gas) £519 £2 £54 £71 £645
g,?gs';\érig’ d?ab'e (Non £109 244 £2| £1086| £17648| £127 980
132 KV UG Cable (Oil) £154 £2 | £7410 £18| £7583
132 KV UG Cable (Gas) £802 £2 £81 £176 | £1060
EHV Sub Cable £285 322 £2 |  £3600 £3530 | £202 453
132 KV Sub Cable £480 542 g2 |  £3600| £17648 | £501792
LV Circuit Breaker £4070 |  £9109 £22 | £11085| £24 285
LV Pillar (ID) £5669 |  £9109 £22 £8243 | £23042
LV Pillar (OD at Substation) £6170 |  £9109 £22 £8243 | £23543
LV Pillar (OD not at Substation) £3429 |  £9622 £22 £8243 | £21316
LV UGB £3429 |  £9622 £85 £2748 | £15884
LV Board (WM) £7833 | £9109 £22 £8243 | £25206
'('V\\//,\'i)oard (X-type Network) £9244 |  £9109 £22 £8243 | £26617
6.6/11 kV CB (PM) £8 358 £5 |  £1192 £4825| £14379
6.6/11 KV CB (GM) Secondary £9510 | £4823| £1486| £13524| £29343
6.6/11 KV CB (GM) Primary £14483 | £23502| £1547| £47334| £86865
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. Network
. - . 1) 1) EnVIrOh- 1)
Asset Register Category Financial Safety 1 Perform- Total
mental® 1
ance
6.6/11 kV Switch (GM) £9 317 £4 823 £1 486 £13 524 £29 149
6.6/11 kV RMU £9 839 £4 823 £1 486 £13 524 £29 672
6.6/11 kV X-type RMU £13 314 £4 823 £1486 £13 524 £33 147
6.6/11kV Switchgear - Other £8 358 £1 030 £1192 £4 825 £15 405
(PM)
20 kV CB (PM) £9 753 £1038 £1192 £7 238 £19 221
20 kV CB (GM) Primary £18 144 £23 502 £1 547 £47 334 £90 527
20 kV CB (GM) Secondary £9702 £4 823 £1 486 £20 286 £36 297
20 kV Switch (GM) £9 575 £4 823 £1 486 £20 286 £36 170
20 kV RMU £10 024 £4 823 £1 486 £20 286 £36 618
20 kV Switchgear - Other (PM) £4 785 £1038 £1192 £7 238 £14 253
33 kV Switch (PM) £4 012 £1233 £2 346 £1798 £9 389
33 kV CB (Air Insulated £27 707 £23 502 £4 356 £29 120 £84 685
Busbars)(ID)(GM)
33 kV CB (Air Insulated £17 870 £23 502 £4 356 £14 740 £60 467
Busbars)(OD)(GM)
33 kV CB (Gas Insulated £41 968 £23 502 £4 356 £29 120 £98 946
Busbars)(ID)(GM)
33 kV CB (Gas Insulated
Busbars)(OD)(GM) £21 984 £23 502 £4 356 £14 740 £64 581
33 kV Switch (GM) £10 257 £23 502 £4 356 £14 740 £52 854
33 kV RMU £25 347 £23 502 £4 356 £14 740 £67 944
33 kV Switchgear - Other £4 788 £3 £8 £3 811 £8 610
66 kV CB (Air Insulated £55 230 £23 502 £4 356 £29120 | £112 207
Busbars)(ID)(GM)
66 kV CB (Air Insulated £46 252 £23 502 £4 356 £14 740 £88 849
Busbars)(OD)(GM)
66 kV CB (Gas Insulated £99 608 £23 502 £4 356 £29 120 | £156 586
Busbars)(ID)(GM)
66 kV CB (Gas Insulated
Busbars)(OD)(GM) £52 176 £23 502 £4 356 £14 740 £94 773
66 kV Switchgear - Other £5218 £3 £8 £3 811 £9 041
132 kV CB (Air Insulated £154 812 £36 171 £21 756 £134 693 | £347 432

Busbars)(ID)(GM)
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Environ- Network
Asset Register Category Financial” | Safety" 1 Perform- Total?
mental 1)
ance

132 kV CB (Air Insulated £38 181 £36 171 £21 756 £34 033 | £130 140
Busbars)(OD)(GM)

132 kV CB (Gas Insulated £322 430 £36 171 £21 756 £134 693 | £515 050
Busbars)(ID)(GM)

132 kV CB (Gas Insulated £168 892 £36 171 £21 756 £34 033 | £260 852
Busbars)(OD)(GM)

132 kV Switchgear - Other £10 587 £3 £29 £8 532 £19 151
6.6/11 kV Transformer (PM) £3 107 £1 038 £2 063 £430 £6 639
6.6/11 kV Transformer (GM) £13 413 £4 823 £3 809 £5 072 £27 117
20 kV Transformer (PM) £4 004 £1 038 £2 063 £565 £7 670
20 kV Transformer (GM) £15 272 £4 823 £3 809 £5072 £28 976
33 kV Transformer (PM) £2 649 £1 038 £2 169 £565 £6 421
33 kV Transformer (GM) £87 698 £23 502 £17 048 £28 940 | £157 188
66 kV Transformer (GM) £134 796 £23 502 £17 048 £28 940 | £204 285
132 kV Transformer (GM) £263 015 £36 171 £35 095 £230441 | £564 721

) values rounded to nearest £ for presentation in this table
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8.3 Financial Consequences
8.3.1 Overview

The Financial CoF is the cost of repair or replacement to return an asset to its pre-fault state.
In the context of the Methodology, it is derived using an Asset Category Reference Financial
Cost of Failure, which is then modified based on asset-specific data.

The overall process for deriving the Financial CoF is shown in Figure 22.

Refe e cost of p
— ¢ er?:“curg ° Reference cost of failure
EEEEEEEEEE—— Asset register category
Incipient cost of failure £

Degraded cost of failure £
A Catastrophic cost of failure £

T F | fact | Proportion incipient failure %
———— P Type Financial factor : !
e ‘ I Proportion degraded failure %

Proportion catastrophic failure %

Type Financial
Category
Rating
Factor

Access Financial

Financial

- Financial
Rating > consequences factor Consequences
Factor

> Access Financial

factor

Figure 22 - Financial CoF

8.3.2 Reference Financial Cost of Failure

The Reference Financial Cost of Failure is based on an assessment of the typical replacement
and repair costs incurred by a failure of the asset in each of its three failure modes; incipient,
degraded and catastrophic. This assessment considers the cost of a repair in each case, and
the relative proportions of failures that are associated with each failure mode, to derive a
weighted average financial cost.

Reference Financial Cost of Failure =
(Proportion of Failures that are Incipient Failure X Likely Cost of Incipient Failure)

+ (Proportion of Failures that are Degraded Failures x
Likely Cost of Degraded Failure)

+ (Proportion of Failures that are Catastrophic Failures x
Likely Cost of Catastrophic Failure)
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EQ. 27

The financial consequences framework has been built with reference to historic reported costs
for repairs and replacement such that the values used represent the actual typical costs
incurred by a DNO in returning a faulted asset to pre-fault serviceability.

Further detail, including the relative proportions of failures by failure type (incipient, degraded
and catastrophic), used in the derivation of the Reference Financial Cost of Failure can be
found in Table 268 in Annex D. The Reference Financial Cost of Failure shown in this table,
for the relevant Asset Category, shall be used to calculate the Financial CoF, for each asset.

8.3.3 Financial Consequences Factor

The Financial CoF can then be derived for individual assets by applying a Type Financial
Factor and/or an Access Financial Factor to the Reference Financial Cost of Failure. This
results in a Financial CoF that reflects the consequence characteristics of an individual asset
of that type which may materially affect the cost of returning the asset to its pre-fault state, in
comparison to what would be considered typical for the Asset Category.

Financial Consequences of Failure
= Reference Financial Cost of Failure X Financial Consequences Factor

EQ. 28

where:

Financial Consequences Factor = Type Financial Factor X Access Financial Factor

EQ. 29

8.3.31 Type financial factor

This Factor allows for an adjustment to be made based on considerations specific to an asset
or group of assets at a sub-level of the Asset Register Category. This will typically be applied
to reflect industry experience with operating specific subcategories of asset where repair and
replacement costs vary from the reference cost. Lookup tables containing the criteria and
values for the Type Financial Factor can be found in Table 269 in Annex D.

8.3.3.2 Access financial factor

This Factor allows for an adjustment to be made based on a consideration of access to the
faulted asset, insofar as issues of access will have a direct and material influence on the scale
of Financial Consequences, e.g. access to constrained sites/confined spaces. Lookup tables
containing the criteria and values for the Access Financial Factor can be found in Table 270
and Table 271 in Annex D.
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8.4 Safety Consequences
8.4.1 Overview

The Safety Consequences have been derived with reference to appropriate safety regulations
and guidance. The guidance for the components comprising safety consequences comes from
the Electricity Safety, Quality and Continuity Regulations (ESQCR) 2002 [Ref. N6] and
associated guidance from the Health and Safety Executive (HSE) [Ref. N7]. (See Section 3)

The overall process for deriving the Safety CoF is shown in Figure 23.

—I— Reference safety cost

Reference safety cost Cost of accident

Cost of death/serious injury
Disproportion factor

A 4
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> Reference safety cost| Asset register category ‘
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Probability of death/serious injury to public
Probability of death/serious injury to staff

———p| Type Safety factor I

Location Safety
Rating P safety cfoar;:?uences ) ¢ Safety Consequences
Factor

+———Ppf ocation Safety factor

Figure 23 — Safety Consequences of Failure

8.4.2 Reference Safety Cost of Failure

The Reference Safety Cost of Failure is derived initially by applying the probability that a failure
could result in an accident, serious injury or fatality to the cost of a Lost Time Accident (LTA)
or Death or Serious Injury (DSI) as appropriate.

Reference Safety Cost of Failure =
((Probability of LTA x Cost of LTA) +
((Probability of DSI to the Public + Probability of DSI to the Staff)) X

(Cost of DSI)) x Disproportion Factor

EQ. 280
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where:

e Cost of LTA is the Reference Cost of a Lost Time Accident as shown in
Table 272 in Annex D;

o Cost of DSl is the Reference Cost of a Death or Serious Injury as shown in
Table 272 in Annex D;

o Disproportion Factor is explained later in this section.

Each Asset Category has an associated reference safety probability based on applying the
appropriate value (of preventing a LTA or DSI) to the corresponding probability that each of
these events occurs, categorised as follows.

a) LTA;
b) DSI to member of staff; and
c) DSI to member of the public.

These values have been derived from an assessment of both disruptive and non-disruptive
failure probabilities for these events based on bottom up assessments of faults. These have
been evaluated for each Asset Category and are:

a) probability that event could be hazardous;
b) probability that person who is present suffers the effect; and
c) probability that affected person is present when fault occurs.

The Reference Safety Cost of Failure uses costs for ‘death or serious injury’ and ‘accident’ that
are based on the HSE’s GB cross-industry wide appraisal values for fatal injuries and for non-
fatal injuries [Ref. N7]. These represent a quantification of the societal value of preventing a
fatality or lost time accident. The same valuation of costs for ‘death or serious injury’ and
‘accident’ has been used in the derivation of the Reference Safety Cost of Failure for all Asset
Categories.

In addition, a Disproportion Factor recognising the high-risk nature of the electricity distribution
industry is applied. Such factors are described by the HSE guidance when identifying
reasonably practicable costs of mitigation [Ref. N4]. This value is not mandated by the Health
and Safety Executive (HSE), but they state that they believe that “the greater the risk, the more
should be spent in reducing it, and the greater the bias should be on the side of safety”. They
also suggest that the extent of the bias must be argued in the light of all the circumstances and
that the factor is unlikely to be higher than 10. In the Methodology, the factor is set to 6.25
(see Table 273), which serves to cap the current value of preventing a fatality at around £11m.

This work aligns to risk analysis carried out within the HSE’s “Tolerability of Risk” (ToR)
framework [Ref. N8].

Further detail including the probabilities of Lost Time Accidents and Death or Serious Injury
and the values for Reference Safety Cost can be found in Annex D. The cost of an LTA and
the cost of a DSI are common for all asset types.

8.4.3 Safety Consequences Factor

The Methodology includes the ability to vary the Safety CoF for an individual asset around the
Reference Safety Cost of Failure for its type, based on a consideration of two additional factors;
the Type Safety Factor and the Location Safety Factor. These are designed to capture the
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specific circumstances of individual assets insofar as they are likely to have a material impact
on the safety consequences of any failure of the asset and are applied as a combined Safety
Consequences Factor to the Reference Safety Cost of Failure. This is shown in EQ. 31.

Safety Consequences of Failure =

Reference Safety Cost of Failure X Safety Consequences Factor
X Safety Risk Reduction Factor

EQ. 31

Where:

o The Safety Consequences Factor is derived using a lookup value from the
location/type matrix shown in Table 275 & Table 276, applying the criteria shown in
Section D.2 of Annex D and an additional Safety Risk Reduction Factor is applied as
shown in Table 277.

The requirement to undertake assessments of this type is stated in the ESQCR and the
guidance below is adapted from the guidance associated with the regulations.

8.4.3.1 Type safety factor

This addresses the principal characteristics of the equipment and its siting.

This can include reflection of the “Nature and situation of equipment” category within the
ESQCR risk assessment. Generally, equipment comprising exposed conductors will be higher
risk in view of the consequences of persons coming into contact with that equipment. Plant
which is fully insulated, or metal enclosed will generally be lower risk. Equipment or plant which
is likely to be attractive to vandals or thieves (e.g. terminal Towers) will generally be higher risk
than plant which is less attractive to such persons (e.g. single wood poles).

Another characteristic considered for switchgear is the interruption medium and arc flash
protection as oil filled switchgear failures can be explosive.

8.4.3.2 Location safety factor

This is taken from the “Nature and situation of surrounding land” test in the ESQCR risk
assessment. Here duty holders are required to take a view of the risk of danger from
interference with the equipment - whether wilful or accidental - in consideration of the
environment in which the equipment is placed.

There are two aspects to this test: firstly, the geography of the land and its features (for
example forests, rivers, flat fields, motorway, city streets) and secondly the use of the land (for
example agricultural machinery, recreational areas, schools, housing estate).

For example, electrical equipment in housing estates or in close proximity to unsupervised
recreational playing fields will generally be at higher risk of danger from interference than
equipment situated on sparsely populated land or contained within occupied premises.
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8.5 Environmental Consequences

8.5.1 Overview

The Environmental Consequences have been derived with reference to appropriate

environmental regulations and stakeholders.

The overall process for deriving the Environmental CoF is shown in Figure 24.
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Figure 24 — Environmental Consequences of Failure

8.5.2 Reference Environmental Cost of Failure

Consequences

The Environmental CoF value for an asset is derived using a Reference Environmental Cost
of Failure, which is modified for individual assets using asset-specific factors. This is based on
an assessment of the typical environmental impacts of a failure of the asset in each of its three
failure modes; incipient, degraded and catastrophic. The Reference Environmental Cost of
Failure that shall be used for each Asset Category is shown in Table 278 in Annex D.

This assessment considers four factors:

a) Volume of oil lost;
b) Volume of SFe lost;

c) Probability of the event leading to a fire; and
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d) Quantity of waste produced.

Reference Environmental Cost of Failure = (% of Incipient Failures) X

((Volume of oil lost per Incipient failure X Environmental cost per litre oil (£/litre)) +
(Volume of SFg lost per Incipient failure X Environmental cost per kg of SFg lost (£/kg)) +
(Probability of failure leading to a fire per Incipient failure x

Environmental cost of fire) + (Quantity of waste produced per incipient failure X
Environmental cost per tonne waste (£/t))) + (% of Degraded Failures) x

((Volume of oil lost per Degraded failure X Environmental cost per litre oil (£/litre)) +
(Volume of SFg lost per Degraded failure X Environmental cost per kg of SF¢ lost (£/kg)) +
(Probability of failure leading to a fire per Degraded failure x

Environmental cost of fire) + (Quantity of waste produced per Degraded failure x
Environmental cost per tonne waste (£/t))) + (% of Catastrophic Failures) x

((Volume of oil lost per Catastrophic failure X Environmental cost per litre oil (£/litre)) +
(Volume of SFg lost per Catastrophic failure X Environmental cost per kg of SF¢ lost (£/
kg)) + (Probability of failure leading to a fire per Catastrophic failure x

Environmental cost of fire) + Quantity of waste produced per Catastophic failure X
Environmental cost per tonne waste (£/t))))

EQ. 32

where:

e Environmental cost per litre oil = £43.35/litre;
e Environmental cost per kg of SFe lost = £1,723/kg;
which is derived from:

o Traded carbon price = £72.10/tonne;

o Cost of SFs loss c/w cost of carbon = 23,900kg(CO2)/kg.
e Environmental cost of fire = £6,007;
o Environmental cost per tonne waste = £180/tonne.
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The sources for the above costs are shown in Table 19.

Table 19 — Sources of Information for Environmental Reference Case

Fixed value Source

This is derived from the EU trading value for carbon
emissions and is consistent with the value used in
Ofgem's RIIO-ED2 Cost Benefit Analysis template (used
for the RIIO-ED2 submissions) (at 2020/21 prices)

Environmental cost per litre oil (£/litre)

Traded carbon price for 2028 from central scenario in
Department for Business, Energy & Industrial Strategy's
published 'Updated Short-Term Traded Carbon Values
Traded carbon price (£/t) used for UK public policy appraisal (2018)' document
(inflated to 2020/21 prices) — see

https://www.gov.uk/government/publications/updated-short-term-traded-
carbon-values-used-for-uk-policy-appraisal-2018

Conversion factor for cost of SFe loss

c/w cost of carbon (kg COze/kg) 2011/12 Defra conversion factor

8.5.3 Environmental Consequences Factors

The Methodology includes the ability to vary the Environmental Consequences value for an
individual asset around the Reference Environmental Cost of Failure for its type, based on a
consideration of three additional factors; the Type Environmental Factor, the Size
Environmental Factor and the Location Environmental Factor. These are designed to capture
the specific circumstances of individual assets insofar as they are likely to have a material
impact on the Environmental Consequences of any failure of the asset and are applied as a
combined Environmental Consequences Factor on the Reference Environmental Cost of
Failure.

Environmental Consequences of Failure =

Reference Environmental Cost of Failure X Environmental Consequences Factor

EQ. 33
Where:
Environmental Consequences Factor
= Type Environmental Factor X Size Environmental Factor
X Location Environmental Factor
EQ. 34

8.5.3.1 Type environmental factor

This Factor allows for an adjustment to be made based on considerations specific to an asset
or group of assets at a sub-level of the Asset Register Category. As the Reference
Environmental Cost of Failure is built up using the impact from oil & SFs the Type
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Environmental Factor is used to temper the effects for each switchgear type. The modifier
values for the Type Environmental Factor can be found in Table 279 in Annex D.

8.5.3.2 Size environmental factor

This Factor allows for an adjustment to be made based on a consideration of the size of the
asset in question, insofar as the size has a direct and material influence on the scale of
Environmental Consequences, e.g. a larger than average transformer holding a greater
quantity of oil than that assumed in the reference case for that asset type. The modifier values
for the Size Environmental Factor can be found in Table 280 in Annex D.

8.5.3.3 Location environmental factor

This Factor allows for an adjustment to be made based on an assessment of the environmental
sensitivity of the site on which an asset is located. The specific concerns will vary by asset type
but include proximity to watercourses and other environmentally sensitive areas. The Factor
also recognises any mitigation associated with the asset. The modifier values for the Location
Environmental Factor can be found in

Table 281 in Annex D. This Factor is derived by combining separate Factors relating to proximity
to a watercourse (Proximity Factor) and the presence of a bund (Bunding Factor) as shown in
EQ. 35.

Location Environment Factor = Proximity Factor X Bunding Factor

EQ. 35

Where no data is available to determine both the Proximity Factor and the Bunding Factor then
the default values of 1 should be used. In the case where data is available to produce a
Proximity Factor, but no data is available to determine the Bunding Factor (or vice-versa) then
again a default value of 1 will be used to calculate the Location Environmental Factor.

8.6 Network Performance Consequences
8.6.1 Overview

The Network Performance CoF for an asset is derived from one of two approaches, depending
on the voltage of the asset considered. For all assets operating at 20 kV and below, the LV &
HV Asset Consequences process is followed. For all assets operating above 20 kV, the EHV
& 132 kV Asset Consequences process is followed. The one exception to this is the EHV
Transformers (PM) which follow the LV & HV Asset Consequences process. This is due to
their typical position on the OHL circuit which means they are not secure assets (i.e. do not
have N-1 capability).
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Figure 25 — Network Performance Consequences of Failure

8.6.2 Network Performance Consequences (LV & HV) and Transformer (PM) at HV &
EHV)

For LV and HV assets, and Transformers (PM) at EHV, a Reference Network Performance
Cost of Failure appropriate to the Asset Category is initially applied. The resulting value can
then be modified for individual assets in two ways:

a) directly, based on the ratio of customers connected to an individual asset to the
equivalent figure used in the average value; and/or

b) via the application of a Customer Sensitivity Factor to reflect customer
characteristics (if appropriate).

Applying these Factors results in an LV or HV (or Transformer (PM) at HV & EHV) Asset
Consequence value that reflects the network consequence characteristics of an individual
asset of that type.

The overall process for deriving the Network Performance CoF is shown in Figure 26.
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Figure 26 — Network Performance Asset Consequences of Failure (LV & HV)

8.6.2.1 Reference Network Performance Cost of Failure (LV & HV) and Transformer
(PM) at HV & EHV)

The Reference Network Performance Cost of Failure is based on an assessment of the typical
network costs incurred by a failure of the asset as measured through its impact in relation to
the number of customers interrupted and the duration of those interruptions. For regulatory
purposes, this is captured via the 1IS mechanism.

An assessment is made of the typical numbers of customers interrupted by a failure, and the
typical time to restore all supplies. This is based on a typical number of customers being
connected to the section of distribution network that would be affected by failure of the asset
(the Reference Number of Connected Customers).

The numbers of customers interrupted and customer minutes without supply are evaluated
and multiplied by the relevant cost of a customer interruption (Cost of Cl) and cost of a
customer minute lost (Cost of CML) to produce a typical cost per failure for a given Reference
Number of Connected Customers.
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Reference Network Performance Cost of Failure =

[(Cost of CML x 60 x Reference Number of CC X Switching Time X (100%
— % of CC restored through immediate switching))

+ (Cost of CML X 60 x Reference Number of CC X Restoration Time X
(100% — % of CC restored after manual switching))

+ (Cost of CI X Reference Number of CC X
(100% — % of CC restored through immediate switching))] x % of failures that result in
interruption to supply

EQ. 36
Where:

e CC = Connected Customers;
e Switching Time and Restoration Time are durations (in hours).

Further explanation on the derivation of the values for the Reference Network Performance
Cost of Failure (LV & HV) can be found in section D.4.1 in Annex D. The values of Reference
Network Performance Cost of Failure (LV & HV) by Asset Category can be found in Annex D.

8.6.2.2 Network Performance Factors (LV & HV) and Transformer (PM) at HV & EHV)

The Reference Network Performance Cost of Failure can then be modified on an asset by
asset basis as shown in EQ. 37.

Network Performance Cost of Failure
= Reference Network Performance Cost of Failure
X Network Performance Consequence Factor

EQ. 37
where:
Network Performance Consequence Factor
= Customer Factor x Customer Sensitivity Factor x Network Protection Factor
EQ. 38

Note: The Network Protection Factor is only applicable for Transformers (PM) at HV & EHV
otherwise it is not applicable, see Table 285 for reference Network Protection Factors.
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Customer Factor

This Factor is used to reflect the number of customers impacted by failure of an individual
asset, relative to the reference number of customers used in the derivation of the Reference
Network Performance Cost of Failure.

This is applied as a direct Factor, i.e. not via a lookup table. For example, if the number of
customers used in the derivation of the Reference Network Performance Cost of Failure is
100, but for a specific example it is 80 (or 120), then a modifying factor of 0.8 (or 1.2) would
be applied.

No. of Customers

Customer Factor =
Reference No. of Customers

EQ. 39

Where a DNO identifies that the customers fed by an individual asset have an exceptionally
high demand per customer, then the No. of Customers used in the derivation of EQ. 39 may
be derived by applying an adjustment to the actual number of customers fed by the asset as
shown in Table 20. This adjustment recognises that for high demand customers the cost of a
customer interruption and a customer minute lost may not reflect the value of lost load to the
customer. DNOs can elect whether to apply this adjustment within their implementation of the
Methodology.

Table 20 — Customer number adjustment for LV & HV assets with high demand customers

Maximum demand on asset/total . Ny
No. of customers to be used in the derivation of
number of customers fed by the asset
customer factor
(kVA per Customer)

<50 1 x actual number of customers fed by the asset

=50 and <100 25 x actual number of customers fed by the asset
=100 and < 500 100 x actual number of customers fed by the asset
=500 and < 1000 250 x actual number of customers fed by the asset
= 1000 and < 2000 500 x actual number of customers fed by the asset
= 2000 1000 x actual number of customers fed by the asset

The default value for the Customer Factor is 1.

Customer Sensitivity Factor

The Customer Sensitivity Factor is used to reflect circumstances where the customer impact
is increased due to customer reliance on electricity (e.g. vulnerable customers). DNOs may
use this factor at their discretion in order to modify the Network Performance Consequence
Factor.
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The default value for the Customer Sensitivity Factor is 1. Individual DNOs are provided with
the freedom within the Methodology to apply a Customer Sensitivity Factor, other than the
default, to the Network Performance Consequences (LV & HV) for any asset, provided that:

a) the individual DNO documents all instances where a Customer Sensitivity Factor
different from the default is applied within their individual Network Asset Indices
Methodology; and

c) The Customer Sensitivity Factor shall not be less than 1, nor greater than 2.
Network Protection Factor (Transformers (PM))

The Network Protection Factor assumes a transformer failure that is locally protected for HV
& EHV networks only. However, this may not always be the case and therefore impacts on
circuits network performance cost should a failure occur.

As a result, the Network Protection Factor enables the impact for each assets configuration to
be reflected by way of an additional factor.

8.6.3 Network Performance Consequences (EHV & 132 kV)

Similarly, for EHV and 132 kV assets, asset-specific Network Performance Consequence
Factors are applied to the Reference Network Performance Cost of Failure in order to calculate
the Network Performance Consequences associated with an individual asset.

For these assets, the Methodology reflects the fact that redundancy is usually designed into
networks at these voltages due to the size of demand group they supply.

A significant proportion of these networks are constructed so that the supply to customers is
secure for a single outage of any circuit within the network. For the purposes of the
Methodology a network shall be considered secure if, in the event of a first circuit outage, there
is either no interruption of supply to customers or supply is restored immediately through
automatic switching as defined in ENA Engineering Recommendation P2/8 (‘Security of

Supply’).

Once a first circuit outage has occurred within a secure network, there may be parts of the
network that would experience a loss of supply if a further circuit outage were to occur. The
load that could be expected to be impacted (i.e. would experience a loss of supply) during such
a further circuit outage is referred to as Load at Risk.

Within EHV and 132 kV networks, there may also be some parts of the network where the
supply to customers is not secure for a first circuit outage event. In such cases, a first circuit
outage will directly impact any connected customers and restoration is achieved via switching
in line with the timescales specified in Engineering Recommendation P2/8 for that demand

group.

The methodology for determining Network Performance Consequences for EHV and 132 kV
assets enables both these types of networks to be recognised.

The overall process for deriving the Network Performance Cost of Failure is shown in Figure
27.
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Figure 27 — Network Performance Consequences of Failure (EHV & 132 kV)

8.6.3.1 Reference Network Performance Cost of Failure (EHV & 132 kV)

The Reference Network Performance Cost of Failure is based on an assessment of the amount
of Load at Risk during three stages of failure, and the typical duration of each stage:

a) During fault (T1): this is the time-period between initial circuit protection trip
operation and automatic switching to reconfigure the network;

b) During initial switching (T2): this is the time-period during which further manual
network switching is undertaken to reconfigure the network to minimise the risk
associated with a further circuit outage; and

¢) During repair time (T3).

The Load at Risk is evaluated based on a typical value of maximum demand under normal
running conditions.

The load at risk is then multiplied by the relevant Value of Lost Load (VoLL) figure to derive a
typical Reference Network Performance Cost of Failure for these assets, taking account of the
probability of a further circuit outage.
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Reference Network Performance Cost of Failure =

((Load atrisk in T1 x Duration of T1) + (Load atrisk in T2 x Duration of T2) +
(Load at risk in T3 x Duration of T3)) x

% of failures that result in an unplanned outage x
Probability of further coincident outage X VoLL

EQ. 40

The value of VoLL used is consistent with the values for Cost of Cl and Cost of CML used in
the evaluation of the Reference Network Performance Cost of Failure for LV and HV assets.
Therefore, the evaluation of the Reference Network Performance Cost of Failure for EHV and
132 kV assets is consistent with the evaluation of the impact in distribution assets.

Further explanation of the derivation of the Reference Network Performance Cost of Failure
for EHV and 132 kV assets can be found in Section D.4.3 in Annex D.

8.6.3.2 Network Performance Factors (EHV & 132 kV)

The Network Performance CoF is derived on an asset by asset basis as shown in EQ. 41.

Network Performance Consequences of Failure =

Reference Network Performance Cost of Failure X Load Factor X
Network Type Factor

EQ. 41
Load Factor
This Factor allows for the Network Performance CoF to reflect the actual load at risk associated
with the failure of the asset under consideration, relative to the value of maximum demand

used to create the reference value.

The Load Factor is determined as shown in EQ. 42 (i.e. not via a lookup table).

Load Factor =

Actual Load at Risk Associated with the Failure of the Asset Under Consideration
Maximum Demand Used To Derive Reference Network Performance Cost of Failure

EQ. 42
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For example, if the Reference Network Performance Cost of Failure has been derived using a
reference maximum demand of 12MVA, but for a specific asset the actual load at risk was
6MVA then a Load Factor of 0.5 would be applied.

The values of maximum demand used in derivation of the Reference Network Performance
Cost of Failure can be found in Table 286 in Annex D.

Where the actual load is not known, the default value for Load Factor is dependent on the
security of supply of the associated network.

A default Load Factor of 0.5 shall be applied where an individual asset is located in a network
that is not secure for a first circuit outage event that would result from failure of the asset (i.e.
the network would be considered not secure if the load normally supplied by the asset would
be interrupted and not restored automatically, in such an event).

A default Load Factor of 1 shall apply to assets in secure networks or where the security of the
network is unknown.

Network Type Factor

This Network Performance CoF is derived on an asset by asset basis by the application of a
Network Type Factor to take account of the security of supply afforded by the topology of the
network in which the individual asset is located.

A Network Type Factor of 2.5 shall be applied where an individual asset is located in a network
that is not secure for a first circuit outage event that would result from failure of the asset (i.e.
the network would be considered not secure if the load normally supplied by the asset would
be interrupted and not restored automatically, in such an event).

A Network Type Factor of 1 shall apply to assets in secure networks.

The default value for Network Type Factor is 1.
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9 References

9.1 A Note on Referencing

The content in many of the tables consists of factors and values which were decided (by
agreement or by calculation) by internal working group agreement. There are also a number
of table values determined by the RIGs. where the values have been dictated otherwise or by
external sources there is an associated numbered reference.

This section of the document lists the external references and explains which tables require
an external reference. It also describes, where that is not the case, what is meant by the
reference to an “internal working group agreement”.

9.2 Reference to Internal Working Group Agreement

Decisions governing these values were made during a model calibration exercise first agreed
in 2015 which pragmatically captured engineering experience and reliability-based concepts
and subsequently reviewed through each iteration of CNAIM including this one based on best
available industry data available at the time of review. Every table in the document was fully
examined and discussed by the group.

The choice of the factors themselves came from DNO shared information about what factors
existed in ethe models that DNOs were using in-house at that time. These models were built
within the DNOs over the previous two decades. The principles guiding the decision included
ensuring that DNOs collecting more information than others were not held back from continuing
to do so, and to avoid duplication of factors that in essence indicated the same degradation
mechanism.

The parameters for combination were also agreed collectively based on similar principles, so
that while DNOs collecting more information than others should not be prevented from using
their better information, DNOs collecting less should not be put in a position of not being able
to achieve the kinds of Health Scores that accurately described their poorest assets. Hence
the use of an MMI approach. The number of factors that can be combined also related to the
number of existing factors for an asset category.

In terms of calibrating the weightings, experience with current models was drawn upon in
situations where the combination method was the same as that for common methodology. The
results of testing were then used so that if entire populations were tending to bias at one
extreme, the weightings were revised to make sure that they resulted in a spread that was
reasonable.

9.3 Table Reference Breakdown

Table 1, Table 2 and Table 3 summarise asset categories governed by the RIGs. This is
referred to in the descriptive text above the tables.

The failure type descriptions in Table 4 were agreed by the working group.

Table 5 and Table 6 show the PoF bandings and were agreed by the working group. The
calibration exercise for these considered the speed at which an asset moves through each
band and judged that against engineering experience.
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Table 7 shows the CoF bandings. It is governed by the RIGs and comes out of previous work
by the Asset Health and Criticality working group that was incorporated in the RIGs for the
RIIO-ED1 business plan submissions.

Table 8 to Table 17 show PoF factors for each of location, duty and condition; and parameter
information for combining these factors within the methodology. These values were agreed by
the working group.

Table 18 to Table 20 relate to CoF. Table 18 is merely a summary of the Reference Costs of
Failure which are described in detail in the Annex D tables. As CoF values are very much
governed by external sources of information there are appropriate references to these in the
descriptive text along with Table 19 which explicitly lists the environmental sources. Table 20
shows customer bandings agreed by the working group.

Table 21 shows Functional Failure Definitions agreed by the working group. In this case
agreement was based on an information gathering exercise across the DNOs of failure
information derived from risk management over many years, including failure modes and
effects analysis and a familiarity with the history of defects and faults for each asset category.

Table 22 summarises asset lives as agreed by the working group following an information
sharing exercise. where there was a wide range in the same asset category the group looked
at the mix of asset types that was driving the difference and determined appropriate sub-types
accordingly. Work on asset lives was carried out in substantial detail in DNOs going back to
before DPCR4 and they have been used and updated in annual RRP submissions during
DPCRS5 and RIIO-ED1.

Table 23 shows PoF curve parameters which were calculated by the working group. Their
derivation is described in Section 7.1.2 and they come from shared DNO data consisting of the
observed number of functional failures for each asset category per annum, considering
Incipient, Degraded and Catastrophic Failures; from the 2014/15 Health Index distributions;
and from the total volumes of assets within the population.

Table 24 to
Table 36 show location and Duty Factors and calibrations agreed by the working group.

Table 37 to Table 250 show Observed Condition and Measured Condition Factors and
calibrations which were agreed by the working group. The decisions for these were based on
a combination of obvious logical rules, engineering experience, and testing using the common
methodology spreadsheet models. The obvious logical rules are that:

a) The maximum factor value will not push the Current Health Score above its cap of
10;

b) Weightings reflect condition so that, for example, a poor state will have a higher
weighting than a moderate state for example;

c) The distance between two states describes the engineering conditions so for
example, if corrosion indicating structural damage is much more serious than
corrosion indicating cosmetic damage then the weightings have a proportionate
distance between them.
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d) The number of states is calculable and meaningful and in sync with DNO data
collection.

e) Improvement factors are also appropriate in situations where signs of wear would
have been expected indicating a Health Score better than initially indicated from
age and expected life.

f) There should be a spread across Health Index bands within a representative asset
population.

For the measured condition factor values it was also recognised that the condition criteria tend
to be a function of how results from the test equipment are categorised in practice. For
example, partial discharge typically might have a high, medium and low result.

Table 251 to Table 264 relate to transformer oil sampling and are covered by external
reference [N5].

Table 265 is for the Ageing Reduction Factor and the basis for these is covered by reference
[N3].

Table 266 is the Ageing Rate Adjustment Sets to reflect changing deterioration rates due to
incremental climate change effects over time.

Table 267 in Annex C is covered by the RIGs working group for the categories and the working
group agreed what HI factors were affected by the intervention.

Table 268 to Table 287 in Annex D show the Criticality Factors, their Reference Cost of Failure
values, and how asset specific factors are weighted. Environmental, Safety and Network
Performance Consequence Factors and criteria reference external sources as is already well
described in Section 8. Financial Consequence Factors came from working group agreement
based on an understanding of the Financial Factors at play in practice in the different DNOs.

The reference values are derived as described in Section 8, so the tables just show the results
of calculations carried out using the externally given costs and the working group agreed
assumptions about derivation.

Calibration decisions for the asset specific factors were made collectively by the working group,
based on the logic that as things get more critical their weightings increase in a way that is
proportionate to the underlying engineering criticality being described.

Table 288 to Table 293 in Annex E show the reference values associated with the CoF and
PoF weightings for the Criticality Index and Health Index bands as well as the Risk Matrix
weightings, typical forecast ageing rates all referenced in Section 5 with regard to the
calculated Risk Index associated with the Long Term Risk.
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Annex A
(normative)
Functional Failure Definitions
Table 21 — Functional Failure Definitions
Asset Function Failure modes Catas_trophlc Degraded Failures | Incipient Failures . Functional
Category Failure failures excluded
Aged, deteriorated Ancillaries associated
batteries. Failure of charger to with Batteries and
. . High impedance, poor charge batteries. Reduced capacity
Provide an electrical supply ., . . Chargers systems,
Battery : Specific Gravity Failure of battery to and/or voltage but . :
to load in the event of a . . NA. including supply and
System . . batteries. operate switchgear does not prevent .
mains power failure. ; . . . cabling to these
Defective chargers with | and/or protection operation. assets
limited to no electrical systems. B ) link
output. attery links.
Failing to open on a
fault.
Failing to close reliably. Nuisance tripping or
Failing to open during failure to operate
Measure and break unsafe manual operation. Failure of Housing. when required due to: i .
LV Gircuit levels of current (over Failure to supply load Disruptive Failure - damage to contacts | Nuisance tripping or | £4jjyre of protection
Breaker current), make load current, | current (i.e. failure Resulting from - loose internal failure to operate | module.
and provide a point of during normal operating | Insulation connections when required due to: | £aijyre of SCADA.
electrical isolation. conditions). Breakdown. -Damage to - Maladjusted linkage.
Opens Spuriously under mechanism and drive
normal conditions. rods.
Opens Intermittently
(Faulty).
Contact damage due
LV Pillar (ID) to incorrect operation
of board.
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Asset Function Failure modes Catas.trophlc Degraded Failures | Incipient Failures . Functional
Category Failure failures excluded

Provide a number of points
of access to LV Cable
Systems for electrical
connection, isolation and
flexibility with network
reconfiguration. Depending
on the complexity of pillar
they may also offer
monitoring and protection
(fuse or circuit breaker)
capabilities.

LV Pillar (OD
at Substation
/ LV Pillar
(OD not at a
Substation)

Failing to close reliably.
Failing to open during
manual operation.
Failure to supply load
current (i.e. failure
during normal operating
conditions).

Failure of Housing.
Disruptive Failure
Resulting from
Insulation Breakdown
requiring the
replacement of one or
all ways.

Failure of Housing
requiring repair.
Nuisance tripping or
Failure of an LV
Pillar's Fuse, MCB or
RCBO to operate
when required due to:
- deteriorated fuse
carriers

- breaker stuck
closed.

Nuisance tripping or
Failure of an LV
Pillar's Fuse, MCB or
RCBO to operate
when required due to:
- incorrect
fuse/breaker rating

- breaker not latching
closed.

Provide a number of points
of access to LV Cable
Systems for electrical
connection, isolation and
flexibility with network
reconfiguration. Depending
on the complexity of the LV
Box, they may also offer
monitoring and protection
(fuse or circuit breaker)
capabilities.

LV UGB

Failing to open on a
fault (if used in this
mode.

Failing to close reliably.
Failing to open during
manual operation.
Failure to supply load
current (i.e. failure
during normal operating
conditions).

Opens Spuriously under
normal conditions.
Opens Intermittently
(Faulty).

Disruptive Failure
Resulting from
Insulation
Breakdown.

Failure to be operable
when required due to:
- damage to contacts

- moisture ingress

- deteriorated links.

Failure to be operable
when required due to:
- damage to contacts
- loose internal
connections.

Failure of housing.
Contact Damage due
to Incorrect operation
of Box.
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Asset Function Failure modes Catas_trophlc Degraded Failures | Incipient Failures . Functional
Category Failure failures excluded
Failing to open on a
Provide a number of points fault.
of access to LV Cable Failing to close reliably. Nuisance trioping or
Systems for electrical Failing to open during Nuisance tripping or failure to o gfateg
connection, isolation and manual operation. . . . failure to operate P . . .
L . . Disruptive Failure ; . | when required due to: | Failure of housing.
flexibility with network Failure to supply load . when required due to:
LV Board ) . . ; ) Resulting from - damage to contacts | Contact Damage due
reconfiguration. Depending | current (i.e. failure . - damage to contacts - .
(WM) . - . Insulation . : - loose internal to Incorrect operation
on the complexity of LV during normal operating - moisture ingress .
e Breakdown. . connections of Board.
Board, they may also offer conditions). - deteriorated fuse . .
L . . . - failure of protection
monitoring and protection Opens Spuriously under carriers.
2 o module.
(fuse or circuit breaker) normal conditions.
capabilities. Opens Intermittently
(Faulty).
Ability to carry fault current.
Ability to carry load current.
Make or break continuous Failure to operate
load or fault current, where Does not open or close SOP preventing when required due to:
appropriate to its on command (Where operation. - Low Gas Lockout or | Unable to withstand
design/function. this is associated with Failure to operate Vacuum bottle impulse voltage.
HY Maintain or interrupt voltage | the Breaker and not the | Disruptive Failure when required due to: | condition. Unable to contain the
. on all three phases, where control system). Resulting from - Failure of Heavy contamination | insulating medium
Switchgear . . ! . . . 9 :
(PM) designed. Mechgnlcal Eallure. Insulation Mechanl_sm of insulators Does not allow switch
Measurement of current and | Electrical Failure Breakdown. - Protection module Contacts degraded tank to breath.
voltage, where designed. (Auxiliary & Control). - CT Failure (able to be dressed)
Provide isolation, where Electrical Failure (Main - VT Failure Contact misalignment
designed. Circuit). - Stuck Breaker. Mechanism
Open and close when performance/ stiction
required to provide specific
function, where designed.
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Asset Function Failure modes Catas_trophlc Degraded Failures | Incipient Failures . Functional
Category Failure failures excluded

Carry, make or break

HV continuous load or fault
Switchgear current.
(GM) — Maintain or interrupt voltage

Does not open or close
on command ( where
this is associated with
the Breaker and not the
control system).

Disruptive Failure
Resulting from

SOP preventing
operation.

Failure to operate
when required due to:
- Failure of

Failure to operate
when required due to:

Unable to withstand
impulse voltage.
Unable to contain the
insulating medium.
Does not allow switch

Primary / HV | on all three phases. Isolation Mechanical Failure Insulation Mechanism - Low Gas Lockout or | tank to breath.
Switchgear & Earthing of Cables & ; - ) : Vacuum bottle Unable to support its
Electrical Failure Breakdown. - Protection module e .
(GM) - Plant. s : condition. own weight.
SR (Auxiliary & Control). - CT Failure .
Distribution Measurement of current and . : . . Does not provide a
Electrical Failure (Main - VT Failure .
voltage. S connection to the
Circuit). - Stuck Breaker. .
substation earth mat.
Ability to carry fault current.
Ability to carry load current.
Make or break continuous Failure to operate
load or fault current, where Does not open or close SOP preventing when required due to:
appropriate to its on command (Where operation. - Low Gas Lockout or | ynable to withstand
design/function. this is associated with Failure to operate Vacuum bottle impulse voltage.
EHV Maintain or interrupt voltage | the Breaker and not the | Disruptive Failure when required due to: | condition. Unable to contain the
. on all three phases, where control system). Resulting from - Failure of Heavy contamination | insulating medium
Switchgear . i ’ . : i 9 :
(PM) designed. Mechgnlcal Eallure. Insulation Mechanism of insulators Does not allow switch
Measurement of current and | Electrical Failure Breakdown. - Protection module Contacts degraded tank to breath.
voltage, where designed. (Auxiliary & Control). - CT Failure (able to be dressed)
Provide isolation, where Electrical Failure (Main - VT Failure Contact misalignment

designed.

Open and close when
required to provide specific
function, where designed.

Circuit).

- Stuck Breaker.

Mechanism
performance/ stiction
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Asset Function Failure modes Catas_trophlc Degraded Failures | Incipient Failures . Functional
Category Failure failures excluded
Unable to withstand
impulse voltage.
Unable to contain the
insulating medium.
Carry, make or break Does not open or close SOP p.reventing Does not allow switch
contir{uous load or fault on command ( where operation. tank to breath.
current this is associated with Failure to operate Failure to operate Unable to support its
EHV Maintai.n or interrupt voltage the Breaker and not the | Disruptive Failure when required due to: when required due to: own weight.
Switchgear on all three phases. Isolation control system). Resulting from - Failure of - Low Gas Lockout or- Does not provide a
. ) Mechanical Failure. Insulation Mechanism connection to the
(GM) & Earthing of Cables & ; . . Vacuum bottle .
Plant. Elect_r.|cal Failure Breakdown. - Proteqtlon module condition. sut_)statlon _ea_rth mat.
Measurement of current and (Auxiliary & Control). - CT Failure Failure of civil
voltage Electrical Failure (Main - VT Failure structures or
) Circuit). - Stuck Breaker. associated
disconnectors.
Any asset classed by
RIG definition as EHV
Switchgear Other.
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Asset Function Failure modes Catas_trophlc Degraded Failures | Incipient Failures . Functional
Category Failure failures excluded

Ability to carry fault current.
Ability to carry load current,
where designed.

Provide isolation, where
designed.

Maintain or interrupt voltage
on all three phases, where

EHV designed.
Switchgear Provide earthing, where
Other designed.

To close when instructed by
protection system to apply
short onto a live busbar,
where designed.

Open and close when
required to provide specific
function.

Does not open or close
correctly on command.
Mechanical failure.
Electrical failure
(auxiliary & control).
Electrical failure (main
circuit).

Failure of civil support
structure.

Disruptive failure
resulting from

insulation breakdown.

Civil support
unsuitable to allow
operation of main
asset.

Failure of locking
mechanism.
Cracked metallic
components i.e. U
clamps.

Loss of galvanization/
corrosion on metallic
parts.
Obsolescence.
Contacts not fit for
service (beyond
repair).

Civil support
unsuitable for long
term operation of the
asset.

Electrical failure of
replaceable
component - i.e. pot
insulators.

SOP preventing
designed operation.

Heavy contamination
of insulators.
Contacts degraded
(able to be dressed).
Contact
misalignment.
Mechanism poor

performance/ stiction.

N/A
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Asset Function Failure modes Catas_trophlc Degraded Failures | Incipient Failures . Functional
Category Failure failures excluded
Unable to withstand
impulse voltage.
Unable to contain the
insulating medium.
Does not open or close SOP preventing Does not allow switch
Carry, make or break .
; on command ( where operation. tank to breath.
continuous load or fault s : . ) .
this is associated with Failure to operate . Unable to support its
current. . . . X . | Failure to operate .
L . the Breaker and not the | Disruptive Failure when required due to: - . | own weight.
Maintain or interrupt voltage . . when required due to: .
132 kV ; control system). Resulting from - Failure of Does not provide a
. on all three phases. Isolation . ! . . - Low Gas Lockout or .
Switchgear . Mechanical Failure. Insulation Mechanism connection to the
& Earthing of Cables & ; : . Vacuum bottle .
Electrical Failure Breakdown. - Protection module s substation earth mat.
Plant. o : condition. - g
(Auxiliary & - CT Failure Failure of civil
Measurement of current and I Electrical VT Eail
voltage Co.ntro )- gctnga . - ailure structL_Jres or
’ Failure (Main Circuit). - Stuck Breaker. associated
disconnectors.
Any asset classed by
RIG definition as EHV
Switchgear Other.
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Asset Function Failure modes Catas_trophlc Degraded Failures | Incipient Failures . Functional
Category Failure failures excluded

Ability to carry fault current.
Ability to carry load current,
where designed.

Provide isolation, where
designed.

Maintain or interrupt voltage
on all three phases, where

Does not open or close
correctly on command
Mechanical failure

Disruptive failure
resulting from

Failure of locking
mechanism.

Cracked metallic
components i.e. U
clamps.

Loss of galvanization/
corrosion on metallic
parts.

Obsolescence.
Contacts not fit for

Heavy contamination
of insulators.
Contacts degraded

132kV designed. Electrical failure insulation breakdown. service (beyond (able to be dressed)
Switchgear Provide earthing, where (auxiliary & control) Civil support repair) Y Contact ' N/A
Other designed. Electrical failure (main unsuitable to allow Cif’/il sﬁ ort misalignment

To close when instructed by | circuit) operation of main unsuitaglzz for lon Meche?nism bor

protection system to apply Failure of civil support asset. . g poor

short onto a live busbar, structure term operation of the performance/ stiction.

where designed. asset.l .

Open and close when Elelctrlcalbll‘allure of

required to provide specific replaceable

function _component - i.e. pot

' insulators.
SOP preventing
designed operation.

Step up or step down and

provide a secondary output Failure of the main Civil or support

voltage which is within Bushing, windings, tank or internal PP
Transformer o X . . . . structure related
(PM) statutory limits. Carry fu_II core, tank or insulation cc_)mponents - Failure of the bushing | Insulation Leaks failures. Downleads

load current when required. failure windings, core or or connéctors

Carry through fault current insulation. '

when required.
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Asset Function Failure modes Catas_trophlc Degraded Failures | Incipient Failures . Functional
Category Failure failures excluded
Oil condition
Step up or step down and corrected by an oil
provide a secondary output . change and not re-
e . . Failure of the =2
voltage which is within . Failure of the main . conditioning, levels
HV . Tapchanger, bushing, . bushing, cable .
statutory limits. o internal components - L9 T . Failure of the and leaks.
Transformer windings, core, tank or S termination, including .
Carry full load current when | . : . windings, core or Tapchanger. Cable connection to
(GM) ’ insulation failure. ; h box and conservator .
required. insulation. tank controlling
Carry through fault current ) switchgear.
when required. Civil structure related
failures.
Oil condition
corrected by an oil
change and not re-
conditioning, levels
and leaks.
CT's, VT's and on
EHV Step up or step down and tank unit auxiliary
Transformer \F/)L(I)t\;ldee \?vr?iiﬁﬂgdv?i%i?]mpm Tapchanger, bushing, Failure of the tank or Failure of the transf(')r;rngrs ith th
(GM) / 9 . windings, core, tank, main internal bushing, cable . associa e: wi € ,
statutory limits. ; h L2 Failure of the unit NER's and NEX's
Carry full load current when insulation or cqmponents ) termination Tapchanger Neutral displacement
132 kV required control/monitoring windings, core or conservator tank and : VT
Transformer Cq th. h fault t failure. insulation. associated radiator. S.
(GM) arry through fauft curren Cable and busbar

when required.

connection to
controlling
switchgear.

Civil structure related
failures.

Buchholz.
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Asset Function Failure modes Catas.trophlc Degraded Failures | Incipient Failures . Functional
Category Failure failures excluded

Support electrical equipment
in compliance with the

Decayed Pole

Any structure whose
components have
either failed (broken)
or whose residual
strength has

Any structure whose
components have a
residual strength such

Vermin Damage
resulting in Factor of

Broken Conductor.
Broken or damaged
fittings.

Damaged or non-
functioning plant.
Broken or damaged
insulation.

Missing or degraded

Poles ESQCR and Construction Decayed Struts decreased 1o a level that replacgrr)ent is Safe_ty reduction safety signs and anti-
Regulations Snapped Stays where immediate required within the requiring an climbing fixtures.
’ timescale defined by intervention. .
replacement of all or the Compan Leaning poles where
part of the structure is pany. statutory clearances
required. are not impacted.
Cable boxes and
platforms, including
sealing ends.
Anv structure whose Any component of the Broken Conductor.
cor¥1 onents have structure whose Broken or damaged
Ompon condition is such that . . fittings.
either failed (broken) it prevents normal Corrosion to minor Broken or damaaed
. . Corrosion or distortion or whose residual preve Tower components . . 9
Support electrical equipment ) operation of the insulation.
T . . - of the structure, i.e. strength has and land movements s
owers in compliance with the Tower, or degrades Missing or degraded

ESQCR.

bent member, failing
foundations.

decreased to a level
where immediate
replacement of all or
part of the structure is
required.

the residual strength
of the Tower,
requiring an
intervention with in a
defined period.

degrading the
potential of the
Towers stability.

safety signs and anti-
climbing fixtures.
Cable boxes and
platforms, including
sealing ends.
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Asset Function Failure modes Catas_trophlc Degraded Failures | Incipient Failures . Functional
Category Failure failures excluded
Loss of protection.
Loss of plant.
. . Earthing.
;Lglégizﬁitlgtegnty Of | | oss of integrity of the ﬁ\]ny |ssuest relaftlrt19 to
Carry load and fault current excluding any conductor, excluding ei.suppord, sat.e y
within the ESQCR clearance associated P)(/)Ie any associated Pole n|9 I(E?S an ag -
OHL Pole levels Flashover mounted plant, such mounted plant, such Loss / damage of %Imdlngt guaras. hich
Line Maintain continuity under Corroded Conductor that the residual that the residual covering don uctor 'C'Ttg_w Ic
Conductor normal and fault conditions. | Corroded Jumper strenath of the strength of the : oes notresuitin
Provide phase-phase and 9 . component required permanent damage to
. . component required . . s the conductor.
phase-earth insulation. . diate intervention within a
immediat prescribed timescale. Cable boxes and
intervention. platforms (including
sealing ends).
Loss of Insulators /
Fittings
Loss of structural Loss of structural Loss of protection.
integrity of any integrity of any Loss of plant.
component component Earthing.
Carry load and fault current aSSOCiated. with an associated. with an Any issues relating to
. . . overhead line overhead line the support, safety
without annealing or sagging | Flashover. supported on Steel supported on the ’ d anti
Fittings / below the ESQCR limit. Insulation failure. Tower. excluding anv | Tower. excluding an ”l‘? '%e,s an ag I-
OHL Maintain continuity under Corroded Conductor associated Towgr y associated Towgr Y| Cracked insulator glmdlng guards. hich
Conductor normal and fault conditions. | Corroded Jumper ounted blant such | mounted olant. such onductor icing whic
Provide phase-phase and Corroded Fitting h u h P idual u h u h P ual u does not result in
phase-earth insulation. that the residua that the residua permanent damage to
strength of the strength of the the conductor.
component required component required Cable boxes and
immediate intervention within a platforms (including
intervention. prescribed timescale. sealing ends).
Carry load and fault current Oil or Gas leak / Top Accessory or ioint Sheath d q
Pressurised | safely and reliably, without up. Cable Fault. failure cal}:sinj loss of | Pressure gauges. eath damage an
Cable overheating or causing Cable Fault. Joint Fault. fuid 9 Sheath deterioration. | O fepair.
damage to the environment. | Joint Failure. uid. Third party damages.
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Asset Function Failure modes Catas.trophlc Degraded Failures | Incipient Failures . Functional
Category Failure failures excluded
Carry load and fault current
safely and reliably, without Cable Fault Cable Fault Sheath.damage and
Sub Cables - - . - . N/A N/A or repair.
overheating or causing Joint Failure Joint Fault .
) Third party damages.
damage to the environment.
Carry load and fault current
Non safely and reliably, without | Cable fault Cable Fault Sheath damage and
Pressurised . . . ; . N/A N/A or repair.
overheating or causing Joint failure Joint Fault .
Cable . Third party damages.
damage to the environment.
Carries a piece of Failure of the
switchgear and is an integral structure resulting in Loss of section.
part of the plant. the plant item Cracking and spilling Plinths
This excludes plinths for Loss of residual becoming unstable, of the concrete such Loss of chemical e
Concrete S . . . . ; Auxiliary structures
plant which is designed with | strength or loss of the plant tilts or in any | that the residual structure and hence
Structures not made of concrete.

legs or other types of
support for the operable
parts of the plant and all
power transformers

stability.

other way cannot be
operated as a result
of the condition of the
concrete.

strength is between
80 and 100% of
current condition.

reduction in strength.

Busbar supports.
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Annex B
(informative)

Calibration — probability of failure

B.1 Normal Expected Life

Table 22 — Normal expected life

Normal Ageing Rate

Asset Register Category Sub-division Expected | Adjustment
Life Set
Batteries - Dry Cells 6 Set 1
Batteries at GM HV Substations Batteries - Wet Cells 17 Set 1
Chargers 17 Set 1
Batteries at 33kV Substations Batteries - Dry Cells 6 Set 1
Batteries - Wet Cells 17 Set 1
Chargers 17 Set 1
Batteries at 66kV Substations Batteries - Dry Cells 6 Set 1
Batteries - Wet Cells 17 Set 1
Chargers 17 Set 1
Batteries at 132kV Substations Batteries - Dry Cells 6 Set 1
Batteries - Wet Cells 17 Set 1
Chargers 17 Set 1
PVCA 50 Set 1
PVCCu 50 Set 1
AL 60 Set 1
LV Main (OHL) Conductor Cad Cu o0 Set
Cu 70 Set 1
ABC 50 Set 1
Other (FE) 50 Set 1
Unknown 60 Set 1
Concrete 60 Set 1
Steel 50 Set 1
Wood (water soluble Set 1
LV Poles copper salt treated; 25
excluding CCA)
Wood (other) 55 Set 1
Other (e.g. fibreglass) 80 Set 1

LV Circuit Breaker - 60 Set 1
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Normal Ageing Rate
Asset Register Category Sub-division Expected | Adjustment
Life Set
LV Pillar (ID) - 60 Set 1
LV Pillar (OD at Substation) - 60 Set 1
LV Pillar (OD not at a Substation) - 60 Set 1
LV Board (WM) - 60 Set 1
LV UGB - 55 Set 1
LV Board (X-type Network) (WM) - 60 Set 1
Concrete 60 Set 1
Steel 50 Set 1
Wood (water soluble Set 1
6.6/11 kV Poles copper salt treated; 25
excluding CCA)
Wood (other) 55 Set 1
Other (e.g. fibreglass) 80 Set 1
ACSR - greased 55 Set 1
PVCA 50 Set 1
PVCCu 50 Set 1
6.6/11 kV / 20 kV OHL (Conventional AAAC 60 Set 1
Conductor) Cad Cu 60 Set 1
Cu 70 Set 1
Other (FE) 50 Set 1
Unknown 60 Set 1
6.6/11 kV / 20 kV OHL (BLX or similar | BLX- XLPE 55 Set 1
Conductor) Unknown 60 Set 1
Concrete 60 Set 1
Steel 50 Set 1
Wood (water soluble Set 1
20 kV Poles copper salt treated; 25
excluding CCA)
Wood (other) 55 Set 1
Other (e.g. fibreglass) 80 Set 1
ACSR - greased 55 Set 1
ACSR - non-greased 45 Set 1
AAAC 60 Set 1
33 kV /66 kV /132 kV OHL (Pole Line) Cad Cu 60 Set 1
Conductor
Cu 70 Set 1
PVCA 50 Set 1
PVCCu 50 Set 1
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Normal Ageing Rate
Asset Register Category Sub-division Expected | Adjustment
Life Set

Other (FE, XLPE, PVCA, 0 Set 1
33KV /66 kV /132 kV OHL (Pole Line) | AL) 5
Conductor

Unknown 60 Set 1

Submarine Single Wire Set 1

70

Armour

Submarine Double Wire 80 Set 1
HV Sub Cable Armour

Non-Marine cable 60 Set 1

Default 60 Set 1
6.6/11 kV CB (PM) - 40 Set 1
6.6/11 kV Switch (PM) - 40 Set 1
6.6/11 kV Switchgear - Other (PM) - 40 Set 1
20 kV CB (PM) - 40 Set 1
20 kV Switch (PM) - 40 Set 1
20 kV Switchgear - Other (PM) - 40 Set 1
33 kV Switch (PM) - 40 Set 1
6.6/11 kV CB (GM) Primary - 551) Set 1
6.6/11 kV CB (GM) Secondary - 551 Set 1
6.6/11 kV Switch (GM) - 55 Set 1
6.6/11 kV RMU - 55 Set 1
6.6/11 kV X-type RMU - 55 Set 1
20 kV CB (GM) Primary - 551 Set 1
20 kV CB (GM) Secondary - 551) Set 1
20 kV Switch (GM) - 55 Set 1
20 kV RMU - 55 Set 1
6.6/11 kV Transformer (GM) - 60 Set 1

Transformer 55 Set 1
6.6/11 kV Transformer (PM)

Reactors & Regulators 40 Set 1
20 kV Transformer (GM) - 60 Set 1

Transformer 55 Set 1
20 kV Transformer (PM)

Reactors & Regulators 40 Set 1

Concrete 60 Set 1
33 kV Pole

Steel 50 Set 1
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Normal Ageing Rate
Asset Register Category Sub-division Expected | Adjustment
Life Set
Wood (water soluble Set 1
copper salt treated; 25
excluding CCA)
Wood (other) 55 Set 1
33 kV Pole Other (e.g. fibreglass) 80 Set 1
Concrete 60 Set 1
Steel 50 Set 1
Wood (water soluble Set 1
66 kV Pole copper salt treated; 25
excluding CCA)
Wood (other) 55 Set 1
Other (e.g. fibreglass) 80 Set 1
ACSR - greased 55 Set 1
ACSR - non-greased 50 Set 1
AAAC 60 Set 1
33 kV OHL (Tower Line) Conductor
Cad Cu 50 Set 1
Cu 70 Set 1
Other 50 Set 1
Steelwork 80 Set 1
Foundation - Fully Encased 5 Set 1
Concrete
33 kV Tower Foundation - Earth Grillage 60 Set 1
Paint System - Galvanising 30 Set 1
Paint System - Paint 20 Set 1
Set 1
33 kV Fittings - 40
ACSR - greased 55 Set 1
ACSR - non-greased 50 Set 1
AAAC 60 Set 1
66 kV OHL (Tower Line) Conductor
Cad Cu 50 Set 1
Cu 70 Set 1
Other 50 Set 1
Steelwork 80 Set 1
Foundation - Fully Encased 5 Set 1
Concrete
66 kV Tower Foundation - Earth Grillage 60 Set 1
Paint System - Galvanising 30 Set 1
Paint System - Paint 20 Set 1
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Normal Ageing Rate
Asset Register Category Sub-division Expected | Adjustment
Life Set
66 KV Fittings - 40 Set 1
Aluminium sheath - Set 1
. 100
Aluminium conductor
Aluminium sheath - Copper Set 1
100
conductor
33 kV UG Cable (Non Pressurised)
Lead sheath - Aluminium Set 1
100
conductor
Lead sheath - Copper Set 1
100
conductor
Aluminium sheath - Set 1
. 75
Aluminium conductor
Aluminium sheath - Copper Set 1
75
conductor
33 kV UG Cable (Qil)
Lead sheath - Aluminium 80 Set 1
conductor
Lead sheath - Copper Set 1
80
conductor
Aluminium sheath - Set 1
o 65
Aluminium conductor
Aluminium sheath - Copper Set 1
70
conductor
33 kV UG Cable (Gas)
Lead sheath - Aluminium Set 1
75
conductor
Lead sheath - Copper Set 1
75
conductor
Aluminium sheath - Set 1
o 100
Aluminium conductor
Aluminium sheath - Copper Set 1
100
conductor
66 kV UG Cable (Non Pressurised)
Lead sheath - Aluminium Set 1
100
conductor
Lead sheath - Copper Set 1
100
conductor
Aluminium sheath - Set 1
. 75
Aluminium conductor
Aluminium sheath - Copper Set 1
75
conductor
66 kV UG Cable (Qil)
Lead sheath - Aluminium Set 1
80
conductor
Lead sheath - Copper 80 Set 1
conductor
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Normal Ageing Rate
Asset Register Category Sub-division Expected | Adjustment
Life Set
Aluminium sheath - Set 1
- 65
Aluminium conductor
66 kV UG Cable (Gas)
Aluminium sheath - Copper Set 1
70
conductor
Lead sheath - Aluminium Set 1
75
conductor
66 kV UG Cable (Gas)
Lead sheath - Copper Set 1
75
conductor
Submarine Single Wire Set 1
70
Armour
Submarine Double Wire 80 Set 1
EHV Sub Cable Armour
Non-Marine cable 60 Set 1
Default 60 Set 1
33 kV CB (Air Insulated ) 60" Set 1
Busbars)(ID)(GM)
33 kV CB (Air Insulated ) 501) Set 1
Busbars)(OD)(GM)
33 kV CB (Gas Insulated ) 60" Set 1
Busbars)(ID)(GM)
33 kV CB (Gas Insulated ) 50 Set 1
Busbars)(OD)(GM)
33 kV Switch (GM) - 55 Set 1
33 kV RMU - 55 Set 1
Non-motorised 50 Set 1
33 kV Switchgear - Other
Motorised 45 Set 1
66 kV CB (Air Insulated ) 55 Set 1
Busbars)(ID)(GM)
66 kV CB (Air Insulated ) 50 Set 1
Busbars)(OD)(GM)
66 kV CB (Gas Insulated ) 55 Set 1
Busbars)(ID)(GM)
66 kV CB (Gas Insulated ) 50 Set 1
Busbars)(OD)(GM)
Non-motorised 50 Set 1
66 kV Switchgear - Other
Motorised 45 Set 1
Transformer 55 Set 1
33kV Transformer (PM)
Reactors & Regulators 40 Set 1
Transformer - Pre 1980 60 Set 1
33 kV Transformer (GM) Transformer - Post 1980 50 Set 1
Tapchanger 60 Set 1
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Normal Ageing Rate
Asset Register Category Sub-division Expected | Adjustment
Life Set
66 kV Transformer (GM) Transformer - Pre 1980 60 Set 1
Transformer - Post 1980 50 Set 1
66 kV Transformer (GM)
Tapchanger 60 Set 1
Concrete 60 Set 1
Steel 50 Set 1
Wood (water soluble Set 1
132 kV Pole copper salt treated; 25
excluding CCA)
Wood (other) 55 Set 1
Other (e.g. fibreglass) 80 Set 1
ACSR - greased 55 Set 1
ACSR - non-greased 50 Set 1
AAAC 60 Set 1
132 kV OHL (Tower Line) Conductor
Cad Cu 50 Set 1
Cu 70 Set 1
Other 50 Set 1
Steelwork 80 Set 1
Foundation - Fully Encased Set 1
95
Concrete
132 kV Tower Foundation - Earth Grillage 60 Set 1
Paint System - Galvanising 30 Set 1
Paint System - Paint 20 Set 1
132 kV Fittings - 40 Set 1
Aluminium sheath - Set 1
- 100
Aluminium conductor
Aluminium sheath - Copper Set 1
100
conductor
132 kV UG Cable (Non Pressurised)
Lead sheath - Aluminium Set 1
100
conductor
Lead sheath - Copper Set 1
100
conductor
Aluminium sheath - Set 1
- 75
Aluminium conductor
132 kV UG Cable (Oil) Aluminium sheath - Copper 75 Set 1
conductor
Lead sheath - Aluminium 80 Set 1
conductor
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Normal Ageing Rate
Asset Register Category Sub-division Expected | Adjustment
Life Set
Lead sheath - Copper 80 Set 1
conductor
Aluminium sheath - Set 1
132 kV UG Cable (Gas) Aluminium conductor 65
Aluminium sheath - Copper 70 Set 1
conductor
132 kV UG Cable (Gas) tgﬁguiﬁgfth - Aluminium 75 Set1
Lead sheath - Copper 75 Set 1
conductor
Submarine Single Wire 70 Set 1
Armour
Submarine Double Wire 80 Set 1
132 kV Sub Cable Armour
Non-Marine cable 60 Set 1
Default 60 Set 1
132 kV CB (Air Insulated ) 60 Set 1
Busbars)(ID)(GM)
132 kV CB (Air Insulated ) 50 Set 1
Busbars)(OD)(GM)
132 kV CB (Gas Insulated ) 60 Set 1
Busbars)(ID)(GM)
132 kV CB (Gas Insulated ) 55 Set 1
Busbars)(OD)(GM)
Non-motorised 50 Set 1
132 kV Switchgear - Other
Motorised 45 Set 1
Transformer - Pre 1980 60 Set 1
132 kV Transformer (GM) Transformer - Post 1980 50 Set 1
Tapchanger 60 Set 1

) The Normal Expected Life will be increased where applicable in accordance with Table 267 for assets that have

been refurbished as specified in Annex C.




ENA Engineering Report 144

Issue 0, 2026
Page 137
B.2 PoF Curve Parameters
Table 23 — PoF curve parameters
Health
Functional Failure Category K-Value C-Value Score
Limit
Battery System 0.0500% 1.087 4
LV UGB 0.0077% 1.087 4
LV Circuit Breaker 0.0041% 1.087 4
LV Pillar (ID)
LV Pillar (OD at Substation) / LV Pillar (OD not at a 0.0046% 1.087 4
Substation)
LV Board (WM) 0.0069% 1.087 4
HV Switchgear (PM) 0.0067% 1.087 4
HV Switchgear (GM) - Distribution (GM) 0.0067% 1.087 4
HV Switchgear (GM) - Primary 0.0052% 1.087 4
EHV Switchgear (PM) 0.0067% 1.087 4
EHV Switchgear (GM) (33 kV & 22 kV assets only) 0.0223% 1.087 4
EHV Switchgear - Other (33 kV and 22 kV assets only) 0.0167% 1.087 4
EHV Switchgear (GM) (66 kV assets only) 0.0512% 1.087 4
EHV Switchgear - Other (66 kV assets only) 0.0167% 1.087 4
132 kV Switchgear 0.0431% 1.087 4
132kV Switchgear - Other 0.0167% 1.087 4
Transformer (PM) 0.0078% 1.087 4
HV Transformer (GM) 0.0078% 1.087 4
EHV Transformer (GM)/ 132 kV Transformer (GM) 0.0454% 1.087 4
Poles LV /HV 0.0086% 1.087 4
EHV /132 kV 0.0143% 1.087 4
Towers 0.0545% 1.087 4
Fittings 0.0096% 1.087 4
OHL Pole Conductor 0.0080% 1.087 4
OHL Tower Conductor 0.0080% 1.087 4
(P:;ebslzu(r(i)si(la)()j Cable (EHV UG Cable (Oil) and 132 kV UG 2 0944% 1087 4
g;ebslzu(rci;‘s:s))Cable (EHV UG Cable (Gas) and 132 kV UG 4.5036% 1087 4
Sub Cables 0.0202% 1.087 4
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Health
Functional Failure Category K-Value C-Value Score
Limit
Non Pressurised Cable 0.0658% 1.087 4
B.3 Location Factor
B.3.1 General
Table 24 — Distance from coast factor lookup table
Distance Poles Poles Towers | Towers Towers
from Switch- | Trans- (Wood Poles irer & Poles
(Con- (Struc- | (Fitting
coast gear formers or (Steel) crete) ture) s) (Con-
banding other) ductor)
< 1km 1.35 1.35 1.00 1.50 1.25 1.80 2.00 2.00
> 1km
and < 1.10 1.10 1.00 1.20 1.10 1.45 1.50 1.50
5km
> 5km
and < 1.05 1.05 1.00 1.10 1.05 1.20 1.20 1.20
10km
> 10km
and < 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
20km
>20km 0.90 0.90 1.00 1.00 1.00 0.85 1.00 1.00
Default 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Table 25 - Altitude factor lookup table
Altitude Poles Poles Towers | Towers Towers
from sea | Switch- | Trans- (Wood Poles ties & Poles
(Con- (Struc- | (Fitting
level gear formers or (Steel) crete) ture) s) (Con-
banding other) ductor)
<100m 0.90 0.90 1.00 1.00 1.00 0.90 0.95 0.95
>100m
and < 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
200m
> 200m
and < 1.05 1.05 1.00 1.00 1.00 1.15 1.05 1.05
300m
> 300m 1.10 1.10 1.00 1.00 1.00 1.30 1.15 1.15
Default 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Table 26 — Corrosion category factor lookup table
Corrosion Poles Poles | Towers | Towers Towers
Switch- | Trans- | (Wood Poles (Con- (Struc- | (Fittin & Poles
Category gear | formers or (Steel) g (Con-
Index other) crete) ture) s) ductor)
1 0.90 0.90 1.00 0.90 0.90 0.75 0.95 0.95
2 0.95 0.95 1.00 0.95 0.95 0.90 0.95 0.95
3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
4 1.10 1.10 10 1.15 1.05 1.30 1.05 1.05
5 1.25 1.25 1.00 1.35 1.10 1.60 1.20 1.20
Default 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Table 27 - Increment constants
Tower
Trans- Poles Poles Tower Tower s &
Increment | Switch Sub (Wood | Poles s . Poles
former (Con- s (Fitt-
Constant -gear s cables or (Steel) crete) (Struc- ings) (Con-
other) ture) 9 ductor
)
INC 0.05 0.05 0.05 0 0 0 0 0

Table 28 — Default environment (indoor/outdoor)

Asset Register Category

Default ‘environment' to be assumed when
deriving Location Factor

Batteries at GM HV Substations Indoor
Batteries at 33 kV Substations Indoor
Batteries at 66 kV Substations Indoor
Batteries at 132 kV Substations Indoor
LV Poles Outdoor
LV Main (OHL) Conductor Outdoor
LV Circuit Breaker Indoor
LV Pillar (ID) Indoor
LV Pillar (OD at Substation) Outdoor
LV Pillar (OD not at a Substation) Outdoor
LV Board (WM) Indoor
LV UGB N/A

LV Board (X-type Network) (WM) Indoor
6.6/11 kV OHL (BLX or similar Conductor) Outdoor
6.6/11 kV OHL (Conventional Conductor) Outdoor




ENA Engineering Report 144
Issue 0, 2026
Page 141

Asset Register Category

Default ‘environment' to be assumed when

deriving Location Factor

6.6/11 kV Poles Outdoor
20 kV OHL (BLX or similar Conductor) Outdoor
20 kV OHL (Conventional Conductor) Outdoor
20 kV Poles Outdoor
HV Sub Cable N/A
6.6/11 kV CB (PM) Outdoor
6.6/11 kV CB (GM) Secondary Indoor
6.6/11 kV CB (GM) Primary Indoor
6.6/11 kV Switch (PM) Outdoor
6.6/11 kV Switch (GM) Indoor
6.6/11 kV Switchgear - Other (PM) Outdoor
6.6/11 kV RMU Indoor
6.6/11 kV X-type RMU Indoor
20 kV CB (PM) Outdoor
20 kV CB (GM) Secondary Indoor
20 kV CB (GM) Primary Indoor
20 kV Switch (PM) Outdoor
20 kV Switch (GM) Indoor
20 kV Switchgear - Other (PM) Outdoor
20 kV RMU Indoor
6.6/11kV Transformer (PM) Outdoor
6.6/11 kV Transformer (GM) Indoor
20 kV Transformer (PM) Outdoor
20 kV Transformer (GM) Indoor
33 kV OHL (Pole Line) Conductor Outdoor
33 kV Pole Outdoor
66 kV OHL (Pole Line) Conductor Outdoor
66 kV Pole Outdoor
33 kV OHL (Tower Line) Conductor Outdoor
33 kV Tower Outdoor
33 kV Fittings Outdoor
66 kV OHL (Tower Line) Conductor Outdoor
66 kV Tower Outdoor
66 KV Fittings Outdoor
33 kV UG Cable (Non Pressurised) N/A
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Asset Register Category Default 'envi_rqnment' to_ be assumed when
deriving Location Factor

33 kV UG Cable (Qil) N/A

33 kV UG Cable (Gas) N/A

66 kV UG Cable (Non Pressurised) N/A

66 kV UG Cable (Oil) N/A

66 kV UG Cable (Gas) N/A
EHV Sub Cable N/A

33 kV CB (Air Insulated Busbars)(ID)(GM) Indoor
33 kV CB (Air Insulated Busbars)(OD)(GM) Outdoor
33 kV CB (Gas Insulated Busbars)(ID)(GM) Indoor
33 kV CB (Gas Insulated Busbars)(OD)(GM) Outdoor
33 kV Switch (PM) Outdoor
33 kV Switch (GM) Indoor
33 kV Switchgear Other Outdoor
33 kV RMU Indoor
66 kV CB (Air Insulated Busbars)(ID)(GM) Indoor
66 kV CB (Air Insulated Busbars)(OD)(GM) Outdoor
66 kV CB (Gas Insulated Busbars)(ID)(GM) Indoor
66 kV CB (Gas Insulated Busbars)(OD)(GM) Outdoor
66 kV Switchgear Other Outdoor
33 kV Transformer (PM) Outdoor
33 kV Transformer (GM) Outdoor
66 kV Transformer (GM) Outdoor
132 kV OHL (Pole Line) Conductor Outdoor
132 kV OHL (Tower Line) Conductor Outdoor
132 kV Pole Outdoor
132 kV Tower Outdoor
132 kV Fittings Outdoor
132 kV UG Cable (Non Pressurised) N/A

132 kV UG Cable (Oil) N/A

132 kV UG Cable (Gas) N/A

132 kV Sub Cable N/A

132 kV CB (Air Insulated Busbars)(ID)(GM) Indoor
132 kV CB (Air Insulated Busbars)(OD)(GM) Outdoor
132 kV CB (Gas Insulated Busbars)(ID)(GM) Indoor
132 kV CB (Gas Insulated Busbars)(OD)(GM) Outdoor
132 kV Switchgear Other Outdoor
132 kV Transformer (GM) Outdoor
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Table 29 — Sub cable topography factor
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Topography Score (Sea) Score (Land locked)
Low Detrimental Topography 1.25 0.5
Medium Detrimental Topography 1.50 0.6
High Detrimental Topography 2.25 0.9
Very High Detrimental Topography 3.00 1.2
Default 1.25 0.5
Table 30 — Sub cable situation factor
Situation Score
Laid on bed 1.00
Covered Surface Laid - Self Buried 0.95
Surface Laid - Stabilised 0.90
Partially Buried 0.85
Partially Buried -Stabilised 0.80
Buried 0.80
Default 1.00
Table 31 — Sub cable wind/wave factor
Rating Description Score
1 Sheltered sea loch, Wind <200 W/m2 1.0
2 Wave <15kW/m, Wind 200-800 W/m2 1.2
3 Wave >15kW/m, Wind > 800 W/m2 14
Default 1.0

Table 32 - Combined wave & current energy factor

Intensity Score (Sea) Score (Landlocked)
Low 1.10 1.00
Moderate 1.25 1.15
High 1.50 1.40
Default 1.10 1.00




ENA Engineering Report 144
Issue 0, 2026
Page 144

B.4 Duty Factor

Table 33 — Duty Factor lookup tables - Cables

Duty Factor 1 (DF1)

Maximum % utilisation under normal operating Duty Factor Duty Factor
conditions (HV) (EHV & 132 kV)
< 50% 0.8 1.0
> 50% and = 70% 0.9 1.1
>70% and < 100% 1.0 1.3
> 100% 1.8 20
Default 1.0 1.0

Duty Factor 2 (DF2)

Operating Voltage / Design Voltage Duty Factor
<40% 0.7
> 40% and < 55% 0.8
>55% and < 70% 0.9
>70% 1.0
Default 1.0
Table 34 — Duty Factor lookup table - Switchgear
Number of operations Duty Factor
Normal/Low 1.0
High (e.g.: Auto-reclosers) 1.2
Default 1.0

Note: not applicable to EHV & 132kV Switchgear Other

Table 35 — Duty Factor Lookup Table - Distribution Transformers

Max % Utilisation under normal
operating conditions

Duty Factor

< 50% 0.90
> 50% and = 70% 0.95
>70% and < 100% 1.00
>100% 1.40

Default 1.00
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Table 36 — Duty Factor Lookup Tables - Grid & Primary Transformers

Transformer
Max % utilis_ation unt_:lt_ar normal Duty Factor
operating conditions
< 50% 1.00
> 50% and £ 70% 1.05
>70% and < 100% 1.10
>100% 1.40
Default 1.00
Tapchanger
Average number of daily taps Duty Factor
<7 0.9
>7and <14 1
>14 and < 28 1.2
> 28 1.3
Default 1

The above transformer and tapchanger duty factors will not be combined into a single factor,
as separate Health Scores will be calculated for each element.

B.5 Observed Condition Factors

B.5.1 Overview

The following calibration tables shall be used to determine the value of each Observed
Condition Input for individual assets.

The Observed Condition Inputs consist of three elements:

a) A Condition Input Factor, which is used in the derivation of the Observed Condition
Factor;

b) a Condition Input Cap, which specifies a Health Score value that is used in the
derivation of the Observed Condition Cap;

c) a Condition Input Collar, which specifies a Health Score value that is used in the
derivation of the Observed Condition Collar.

The use of Observed Condition Inputs to create the Observed Condition Modifier is described
in Section 7.10.
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DNOs shall map their own observed condition data to the criteria shown in these calibration
tables, in order to determine the appropriate values for each of the Observed Condition Inputs.
Where no data is available the default values for the Observed Condition Inputs shall be

applied.

B.5.2 Battery Systems
Table 37 — Observed condition input — Battery System: Batteries visual condition
Condition Criteria: . Condition Condition Condition
i Description Input
observed condition Input Factor | Input Cap
Collar
] o No observed deterioration,
No or.Manr/SuperflmaI minor/superficial. 10 10 05
Deterioration .
Fit for purpose
Asset is compromised —
damage / degradation / end of
Substantial life. E.g. Case bulging / 15 10 8.0
Deterioration deformed, visible cracks or ’ ’
evidence of acid escape.
Mossing on the plates.
Default No data available 1.0 10 0.5
Table 38 — Observed Condition Input - Battery System: Batteries environment temperature
Condition Criteria: Description Condition Condition Col:dljlton
Observed Condition P Input Factor | Input Cap P
Collar
Acceptable Ambient temperature is at or
below the rated value for the 1.0 10 0.5
battery
Not Acceptable Ambient temperature is
persistently above the rated 1.5 10 0.5
value for the battery
Default No data available 1.0 10 0.5
Table 39 — Observed Condition Input - Battery System: Chargers visual condition
Condition Criteria: Description Condition Condition Colgd:'ton
Observed Condition P Input Factor | Input Cap P
Collar
No Deterioration No obsgrved deterlorat|on, 1.0 10 0.5
performing as designed
The asset is fit for continued
Some Deterioration service. T_here IS little . 1.2 10 0.5
deterioration, minor corrosion
etc
Asset is compromised. External
Substantial housing has severe corrosion,
. . , . 1.5 10 8.0
Deterioration rust and/or signs of overheating
observed
Default No data available 1.0 10 0.5
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B.5.3 LV UGB
Table 40 — Observed condition input - LV UGB: steel cover & pit condition
Condition Criteria: i Condition Condition Condition
o Description Input
observed condition Input Factor | Input Cap
Collar
No deterioration No observed deterioration 0.9 10 0.5
Superficial/minor The asset component is fit for
pel . continued service. There is little 1.0 10 0.5
deterioration . .
deterioration
Some Deterioration e.g. Minor corrosion 1.2 10 0.5
Substantial Deterioration | e.g. Major corrosion 14 10 0.5
Default No data available 1.0 10 0.5
Table 41 — Observed Condition Input - LV UGB: Water / Moisture
Condition Criteria: Description Condition Condition Colrrl‘dljlton
Observed Condition P Input Factor | Input Cap P
Collar
None Dry 1.0 10 0.5
Present in Pit _Ev@ence of moisture observed 11 10 05
in pit
Present in Bell Housing Ewdence of moisture observed 1.3 10 0.5
in bell housing
Default No data available 1.0 10 0.5
Table 42 — Observed Condition Input - LV UGB: Bell Condition
Condition Criteria: Description Condition Condition Colrrl‘dljlton
Observed Condition P Input Factor | Input Cap P
Collar
No Deterioration No observed deterioration 0.9 10 0.5
Some Deterioration e.g. Minor corrosion 1.2 10 0.5
Substantial Deterioration | e.g. Major corrosion 14 10 0.5
Default No data available 1.0 10 0.5
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Table 43 — Observed Condition Input - LV UGB: Insulation Condition

Condition Criteria: Description Condition Condition Col:dlutlton
Observed Condition P Input Factor | Input Cap Coﬁlar
No deterioration No observed deterioration 0.9 10 0.5
Some deterioration Chips and advanced aging 1.0 10 0.5
Evidence of flashover or
Substantial deterioration | damage, or degradation of 1.3 10 8.0
insulation material
Default No data available 1.0 10 0.5
Table 44 — Observed Condition Input - LV UGB: Signs of Heating
Description Input
Observed Condition Input Factor | InputCap | -
No Deterioration No observed deterioration 0.9 10 0.5
Some Deterioration Obsgrved running higher than 1.0 10 0.5
ambient
SUbSt.ant'e.'l Evidence of overheating 1.5 10 55
Deterioration
Default No data available 1.0 10 0.5
Table 45 — Observed Condition Input - LV UGB: Phase Barriers
Condition Cr!terla: o Condition Condition Condition
Phase barriers Description Inout Factor | Input Ca Input
present? P P P Collar
Yes Phase barriers present 1.0 10 0.5
Missing Phase barriers not present (in 13 10 05
whole or part)
Default No data available 1.0 10 0.5
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Condition Criteria:
Observed Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

No deterioration:

Visual assessment gives a
positive indication of asset
condition. There are no obvious
signs of any deterioration such
as corrosion, stains or markings.

0.9

10

0.5

Superficial/minor
deterioration

There is little deterioration. The
asset (or a sub component) may
exhibit signs of ageing, surface
level scratches, moss or lichen
that can be brushed off. This has
no material impact on the
probability of failure for the asset.

1.0

10

0.5

Some deterioration

There is evidence of some
degradation such as surface
corrosion or minor compound
leaks. The level of degradation
may affect the operation of the
asset if left untended (e.g. large
patches of rust on the metalwork,
door-hinges heavily rusted).

1.3

10

0.5

Substantial
deterioration

The switchgear is corroded to the
point that it can no longer hold its
oil / SF6 insulation, one or more
metalwork supports are rusted
through, or the switchgear
housing is damaged beyond
economical repair.

1.6

10

5.5

Default

No data available

1.0

10

0.5
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B.5.5

LV Board (WM)

Table 47 — Observed Condition Input - LV Board (WM): Switchgear External Condition

Condition Criteria: Describtion Condition Condition Colrrl‘dljlton
Observed Condition P Input Factor | Input Cap CoFI'Iar
Visual assessment gives a
positive indication of asset
No deterioration: condition. There are no obvious 0.9 10 0.5
signs of any deterioration such
as corrosion, stains or markings.
There is little deterioration. The
asset (or a sub component) may
Superficial/minor exhibit signs of ageing, surface
detpc’arioration level scratches, moss or lichen 1.0 10 0.5
that can be brushed off. This has
no material impact on the
probability of failure for the asset.
There is evidence of some
degradation such as surface
corrosion or minor compound
Some deterioration leaks. The level of degradation 12 10 0.5
may affect the operation of the
asset if left untended (e.g. large
patches of rust on the metalwork,
door-hinges heavily rusted).
The switchgear is corroded to the
point that one or more metalwork
Substantial supports are rusted through, or
o . C 14 10 5.5
deterioration the switchgear housing is
damaged beyond economical
repair.
Default No data available 1.0 10 0.5
Table 48 — Observed Condition Input - LV Board (WM): Compound Leaks
Condition Criteria: Description Condition Condition Col:d'ut'ton
Observed Condition P Input Factor | Input Cap Co'TIar
No Deterioration No leakage 1.0 10 0.5
Superficial/minor Evidence of slight compound
o 1.1 10 0.5
deterioration leak
. Significant compound leak or
SubsFantlgI multiple compound leaks on the 1.3 10 5.5
deterioration
same board.
Default No data available 1.0 10 0.5
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Table 49 — Observed Condition Input - LV Board (WM): Switchgear Internal Condition & Operation

Condition Criteria: Description Condition Condition Cc>l:d|ut|ton
Observed Condition P Input Factor | Input Cap Coﬁlar
No deterioration No observed deterioration 0.9 10 0.5
Superficial/minor The asset component is fit for
perticia continued service. There is little 1.0 10 0.5
deterioration . )
deterioration
Minor corrosion (e.g. light rust) or
Some deterioration evidence of a minor mechanism 1.2 10 3.0
defect.
Evidence of significant corrosion,
missing, defective or damaged
Substantial internal insulation (e.g. evidence
. . of severe discharge activity or 14 10 8.0
deterioration . i
breakdown of insulation) or a
severe mechanism defect that
affects the operation of the asset.
Default No data available 1.0 10 0.5
Table 50 — Observed Condition Input - LV Board (WM): Insulation Condition
Condition Criteria: Describtion Condition Condition Colrrl‘dljlton
Observed Condition P Input Factor | Input Cap CoFI'Iar
Satisfactory No observed deterioration 0.9 10 0.5
The asset component is fit for
Some deterioration continued service. There is little 1.0 10 0.5
deterioration
SubsFantlgI Degradatlon of insulation 13 10 05
deterioration material
Default No data available 1.0 10 0.5
Table 51 — Observed Condition Input - LV Board (WM): Signs of Heating
Condition Criteria: Describtion Condition Condition Colrrl‘dlutlton
Observed Condition P Input Factor | Input Cap Coﬁlar
No Deterioration No obvious degradation 1.0 10 0.5
Minor Deterioration Obsgrved running higher than 1.2 10 0.5
ambient
Major Deterioration Evidence of overheating 1.5 10 5.5
Default No data available 1.0 10 0.5
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Table 52 — Observed Condition Input - LV Board (WM): Phase Barriers

Condition Criteria:
phase barriers
present?

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

Yes

Phase barriers present

1.0

10

0.5

Missing

Phase barriers not present (in
whole or part)

1.3

10

0.5

Default

No data available

1.0

10

0.5

B.5.6 LV Pillar

Table 53 — Observed Condition Input - LV Pillar: Switchgear External Condition

Condition Criteria:
Observed Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

No deterioration:

Visual assessment gives a
positive indication of asset
condition. There are no obvious
signs of any deterioration such
as corrosion, stains or markings.

0.9

10

0.5

Superficial/minor
deterioration

There is little deterioration

The asset (or a sub component)
may exhibit signs of ageing,
surface level scratches, moss or
lichen that can be brushed off.
This has no material impact on
the probability of failure for the
asset.

1.0

10

0.5

Some deterioration

There is evidence of some
degradation such as surface
corrosion or minor compound
leaks. The level of degradation
may affect the operation of the
asset if left untended (e.g. large
patches of rust on the metalwork,
door-hinges heavily rusted).

1.2

10

0.5

Substantial
deterioration

The switchgear is corroded to the
point that one or more metalwork
supports are rusted through, or
the switchgear housing is
damaged beyond economical
repair.

1.4

10

5.5

Default

No data available

1.0

10

0.5
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Table 54 — Observed Condition Input - LV Pillar: Compound Leaks
Condition Criteria: Description Condition Condition Col:d'ut'ton
Observed Condition P Input Factor | Input Cap Co'TIar
No deterioration No leakage 1.0 10 0.5
Superficial/minor Evidence of slight compound
. . 1.1 10 0.5
deterioration leak
. Significant compound leak or
SubsFantlgI multiple compound leaks on the 1.3 10 5.5
deterioration .
same pillar.
Default No data available 1.0 10 0.5
Table 55 — Observed Condition Input - LV Pillar: Switchgear Internal Condition & Operation
Condition Criteria: Describtion Condition Condition Colrrl‘dljlton
Observed Condition P Input Factor | Input Cap CoFI'Iar
No deterioration No observed deterioration 0.9 10 0.5
Superficial/minor The asset component is fit for
pel . continued service. There is little 1.0 10 0.5
deterioration . .
deterioration
Minor corrosion (e.g. light rust) or
Some deterioration evidence of a minor mechanism 1.2 10 3.0
defect.
Evidence of significant corrosion,
missing, defective or damaged
Substantial internal insulation (e.g. evidence
deteriorati of severe discharge activity or 1.4 10 8.0
eterioration . .
breakdown of insulation) or a
severe mechanism defect that
affects the operation of the asset.
Default No data available 1.0 10 0.5
Table 56 — Observed Condition Input - LV Pillar: Insulation Condition
Condition Criteria: Description Condition Condition Col:d'ut'ton
Observed Condition P Input Factor | Input Cap Co'TIar
Satisfactory No observed deterioration 0.9 10 0.5
The asset component is fit for
Some deterioration continued service. There is little 1.0 10 0.5
deterioration
SubsFantlgI Degrgdatlon of insulation 13 10 05
deterioration material
Default No data available 1.0 10 0.5
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Table 57 — Observed Condition Input - LV Pillar: Signs of Heating

Condition Criteria: Description Condition Condition Col:d'ut'ton
Observed Condition P Input Factor | Input Cap P
Collar
No Deterioration No obvious degradation 1.0 10 0.5
Minor Deterioration Observed running higher than 12 10 0.5
ambient
Major Deterioration Evidence of overheating 1.5 10 55
Default No data available 1.0 10 0.5
Table 58 — Observed Condition Input - LV Pillar: Phase Barriers
Condition Criteria: i ies Condition
phase barriers Description |ncci.r:dplggt2r ﬁ‘or:::t"g:n Input
Present? P P P Collar
Yes Phase Barriers Present 1.0 10 0.5
Missing Phase Barriers Not Present (in 13 10 05
whole or part)
Default No data available 1.0 10 0.5
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B.5.7  HV Switchgear (PM)

Table 59 — Observed Condition Input — HV Switchgear (PM): Switchgear External Condition

Condition Criteria: Condition

Observed
Condition

Description

Condition
Input Factor

Condition
Input Cap

Input
Collar

Superficial/minor
deterioration

There is little deterioration. The
asset may exhibit signs of
ageing, surface level scratches,
moss or lichen that can be
brushed off. This has no material
impact on the probability of
failure for the asset.

10

0.5

Some deterioration

There is evidence of some
degradation such as surface
corrosion or minor compound
leaks. The level of degradation
may affect the operation of the
asset if left untended (e.g. large
patches of rust on the metal clad
switchgear). Evidence of minor
mechanism defects.

1.2

10

3.0

Substantial
deterioration

The switchgear is corroded to the
point that it can no longer hold its
oil / SF6 insulation, one or more
metalwork supports are rusted
through. Evidence of severe
mechanism defects.

1.4

10

8.0

Default

No data available

10

0.5

Table 60 — Observed Condition Input — HV Switchgear (PM): Oil Leaks / Gas Pressure

Condition
Criteria:
Observed
Condition

Description

Condition
Input
Factor

Condition
Input Cap

Condition
Input
Collar

No deterioration

Oil: No Qil appears to be actively
leaking from the component in
question. This may include assets
with minor stains or marks.

Gas: Gas pressure reading is within
the expected limit and no or negligible
levels of historical leakage.

0.9

10

0.5

Superficial/minor
deterioration

Oil: There is evidence of a small leak,
but this is limited to staining of the
asset or the ground around the asset
AND oil still visible in the sight glass
where fitted.

1.0

10

0.5
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Condition
Criteria:
Observed
Condition

Description

Condition
Input
Factor

Condition
Input Cap

Condition
Input
Collar

Repairs / intervention to the asset is
not expected to be required between
now and the next planned
maintenance.

Gas: Requires occasional
intervention; OR minimal historical
leakage.

Some
deterioration

Oil: There is evidence of a small
active oil leak from the switchgear
e.g. droplets or weeping beneath the
fixed portion. Minor maintenance or
refurbishment activities (as a
minimum) are required to address the
identified issue(s)

Gas: Gas pressure outside of
acceptable range; Requires regular
intervention; OR some historical
leakage.

1.1

10

3.0

Substantial
deterioration

Oil: There is evidence of a significant
oil leak from the switchgear e.g. pool
of oil under/around the equipment, the
switchgear may be draining or
completely drained of oil and / or
compound.

Gas: Severe unrepairable leak;
Requires frequent intervention; OR
substantial historical leakage

1.3

10

8.0

Default

No data available

1.0

10

0.5

B.5.8

HV Switchgear (GM) - Distribution

Table 61 — Observed Condition Input - HV Switchgear (GM) - Distribution: Switchgear External Condition

deterioration

may exhibit signs of ageing,
surface level scratches, moss

Condition Criteria: - Condition | Condition | Ondition
Description Input
Observed Condition Input Factor | Input Cap Collar
Visual assessment gives a
positive indication of asset
No deterioration: cpnd|t|on. There are no obvious 0.9 10 0.5
signs of any deterioration such
as corrosion, stains or
markings.
o . There is little deterioration. The
Superficial/minor asset (or a sub component) 10 10 05
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Condition Criteria:

Observed Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

or lichen that can be brushed
off. This has no material impact
on the probability of failure for
the asset.

Some deterioration

There is evidence of some
degradation such as surface
corrosion or minor compound
leaks. The level of degradation
may affect the operation of the
asset if left untended (e.g. large
patches of rust on the
metalwork, door-hinges heavily
rusted).

1.2

10

3.0

Substantial
deterioration

The switchgear is corroded to
the point that it can no longer
hold its oil / SF6 insulation, one
or more metalwork supports
are rusted through, or the
switchgear housing is damaged
beyond economical repair.

1.4

10

8.0

Default

No data available

1.0

10

0.5

Table 62 — Observed Condition Input - HV Switchgear (GM) - Distribution: Oil Leaks / Gas Pressure

Condition Condition
Criteria: Description Condition Condition Input
Observed Input Factor | Input Cap c P
o ollar
Condition
Oil: No Oil appears to be actively
leaking from the component in
question. This may include assets
No deterioration | With minor stains or marks. 0.9 10 0.5
Gas: Gas pressure reading is within
the expected limit and no or
negligible levels of historical leakage.
Oil: There is evidence of a small
leak, but this is limited to staining of
the asset or the ground around the
asset AND oil still visible in the sight
glass where fitted. Repairs /
o i intervention to the asset (or a sub
Superficial/minor ( 10 10 05

deterioration

component) is not expected to be
required between now and the next
planned maintenance.

Gas: Requires occasional
intervention; OR minimal historical
leakage.
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Condition Condition
Criteria: Description Condition Condition Input
Observed Input Factor | Input Cap c
i ollar
Condition
Oil: There is evidence of a small
active oil leak from the switchgear
e.g. droplets or weeping beneath the
fixed portion. Minor maintenance or
refurbishment activities (as a
Some minimum) are required to address 1.1 10 30
Deterioration the identified issue(s)
Gas: Gas pressure outside of
acceptable range; Requires regular
intervention; OR some historical
leakage.
Oil: There is evidence of a significant
oil leak from the switchgear e.g. pool
of oil under/around the equipment,
) the switchgear may be draining or
Substantial completely drained of oil and / or 13 10 8.0
Deterioration compound. | |
Gas: Severe unrepairable leak;
Requires frequent intervention; OR
substantial historical leakage
Default No data available 1.0 10 0.5

Table 63 — Observed Condition Input - HV Switchgear (GM) - Distribution: Thermographic Assessment

Condition Criteria: Description Condition Condition Colrrl‘dljlton
Observed Condition P Input Factor | Input Cap P
Collar

Ambient or Below At or below ambient 0.9 10 0.5
temperature

Above Ambient Above ambient temperature 1.0 10 0.5

. Operating above the

Subgtantlally Above manufacturer’s recommended 1.1 10 0.5

Ambient .
maximum temperature

Default No data available 1.0 10 0.5
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Table 64 — Observed Condition Input - HV Switchgear (GM) - Distribution: Switchgear Internal Condition & Operation

Condition Criteria: Description Condition Condition Col:dlutlton
Observed Condition P Input Factor | Input Cap Coﬁlar
No deterioration No observed deterioration 0.9 10 0.5
Superficial/minor The asset component is fit for

perticia continued service. There is little 1.0 10 0.5
deterioration . )
deterioration
Minor corrosion (e.g. light rust)
Some deterioration or evidence of a minor 1.2 10 3.0
mechanism defect.
Evidence of significant
corrosion, missing, defective or
damaged internal insulation
Substantial (e.g. evidence of severe 14 10 8.0
deterioration discharge activity or breakdown ' '
of insulation) or a severe
mechanism defect that affects
the operation of the asset.
Default No data available 1.0 10 0.5
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Table 65 — Observed Condition Input - HV Switchgear (GM) - Distribution: Indoor Environment

Condition Criteria:
Observed Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

Better than expected

Air conditioned

0.9

10

0.5

As expected

This is an environment
which is typified as dry
and has a degree of
background heating or
dehumidification which
maintains this year
round.

1.0

10

0.5

Deteriorated
environment

Heating or
dehumidification faulty;
room temperature is
hotter than
recommended by
environmental policy;
condensation evident in
switch room etc.

1.3

10

0.5

Severely deteriorated
environment

The substation is
showing major signs of
dampness such as
definite water marks
around the building,
significant amount of
flaking paint and/or
mould growth. No
environmental controls
(such as heating or
dehumidification) are
installed, or the installed
environmental controls
are not functioning
adequately; room
temperature is
excessively hot; roof or
structure permits water
ingress; water stands in
trenches or free water is
observed in the switch
room.

1.5

10

0.5

Default

No data available

1.0

10

0.5
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Table 66 — Observed Condition Input - HV Switchgear (GM) - Distribution: Cable Boxes Condition

Condition Criteria: Description Condition Condition | Condition
Observed Condition Input Factor | Input Cap Input
Collar

No deterioration There are no signs of any 1.0 10 0.5
deterioration such as corrosion,
stains, markings, compound
leaks, discharge etc.

The cable box may exhibit 1.0 10 0.5
minor exterior stains or marks
(e.g. surface level scratches,
moss or lichen that can be
brushed off), but no damage or
corrosion should be evident. No
evidence of compound leaks,
discharge, signs of heating, or
deterioration of insulation.

Superficial / minor
deterioration

Some deterioration Minor corrosion (e.g. surface 1.1 10 0.5
corrosion spots) or
deterioration (e.g. minor
breakthrough of paintwork but
no loss of galvanising).

Substantial Evidence of significant 1.3 10 0.5
deterioration corrosion and perforation (e.g.
holes). Severe breakthrough of
paintwork with some loss of
galvanising.

Major compound leaks.

Evidence of discharge, signs of
heating, deterioration/ damage
of insulation.

Default No data available 1.0 10 0.5

NOTE: as both the ‘No deterioration’ and ‘Superficial/minor deterioration’ Condition Criteria for this Condition
Input are treated in the same way by the Methodology, the categorisations for these two Condition Criteria
may be combined in individual implementations of the Methodology.
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B.5.9 HV Switchgear (GM) — Primary

Table 67 — Observed Condition Input — HV Switchgear (GM) — Primary: Switchgear External Condition

Condition Criteria:
Observed Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

No deterioration:

Visual assessment gives a
positive indication of asset
condition. There are no obvious
signs of any deterioration such
as corrosion, stains or markings.

0.9

10

0.5

Superficial/minor
deterioration

There is little deterioration. The
asset (or a sub component) may
exhibit signs of ageing, surface
level scratches, moss or lichen
that can be brushed off. This has
no material impact on the
probability of failure for the asset.

1.0

10

0.5

Some deterioration

There is evidence of some
degradation such as surface
corrosion or minor compound
leaks. The level of degradation
may affect the operation of the
asset if left untended (e.g. large
patches of rust on the metalwork,
door-hinges heavily rusted).

1.2

10

3.0

Substantial
deterioration

The switchgear is corroded to the
point that it can no longer hold its
oil / SF6 insulation, one or more
metalwork supports are rusted
through, or the switchgear
housing is damaged beyond
economical repair.

1.4

10

8.0

Default

No data available

1.0

10

0.5
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Table 68 — Observed Condition Input — HV Switchgear (GM) — Primary: Oil Leaks / Gas Pressure

Condition
Criteria:
Observed
Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

No deterioration

Qil: No Oil appears to be actively
leaking from the component in
question. This may include assets
with minor stains or marks.

Gas: Gas pressure reading is within
the expected limit and no or negligible
levels of historical leakage.

0.9

10

0.5

Superficial/minor
deterioration

Oil: There is evidence of a small leak,
but this is limited to staining of the
asset or the ground around the asset
AND oil still visible in the sight glass
where fitted. Repairs / intervention to
the asset (or a sub component) is not
expected to be required between now
and the next planned maintenance.

Gas: Requires occasional
intervention; OR minimal historical
leakage.

1.0

10

0.5

Some
deterioration

Oil: There is evidence of a small
active oil leak from the switchgear
e.g. droplets or weeping beneath the
fixed portion. Minor maintenance or
refurbishment activities (as a
minimum) are required to address the
identified issue(s)

Gas: Gas pressure outside of
acceptable range; Requires regular
intervention; OR some historical
leakage.

1.1

10

3.0

Substantial
deterioration

Oil: There is evidence of a significant
oil leak from the switchgear e.g. pool
of oil under/around the equipment, the
switchgear may be draining or
completely drained of oil and / or
compound.

Gas: Severe unrepairable leak;
Requires frequent intervention; OR
substantial historical leakage

1.3

10

8.0

Default

No data available

1.0

10

0.5
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Table 69 — Observed Condition Input — HV Switchgear (GM) — Primary: Thermographic Assessment

Condition Criteria: Description Condition Condition Col:dlutlton
Observed Condition P Input Factor | Input Cap P
Collar

Ambient or below At or below ambient 0.9 10 0.5
temperature

Above ambient Above ambient temperature 1.0 10 0.5

. Operating above the

Subs_tantlally above manufacturer's recommended 1.1 10 0.5

ambient .
maximum temperature

Default No data available 1.0 10 0.5

Table 70 — Observed Condition Input — HV Switchgear (GM) — Primary: Switchgear Internal Condition & Operation

Condition Criteria: Describtion Condition Condition Colrrl‘dljlton
Observed Condition P Input Factor | Input Cap CoFI'Iar
No deterioration No observed deterioration 0.9 10 0.5
Superficial/minor The asset component is fit for
pel . continued service. There is little 1.0 10 0.5
deterioration . .
deterioration
Minor corrosion (e.g. light rust) or
Some deterioration evidence of a minor mechanism 1.2 10 3.0
defect.
Evidence of significant corrosion,
missing, defective or damaged
Substantial internal insulation (e.g. evidence
d . ) of severe discharge activity or 14 10 8.0
eterioration . .
breakdown of insulation) or a
severe mechanism defect that
affects the operation of the asset.
Default No data available 1.0 10 0.5
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Table 71 — Observed Condition Input — HV Switchgear (GM) — Primary: Indoor Environment

Condition Criteria:
Observed Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

Better than expected

Air conditioned

0.9

10

0.5

As expected

This is an environment which is
typified as dry and has a degree
of background heating or
dehumidification which
maintains this year round.

1.0

10

0.5

Deteriorated
environment

Heating or dehumidification
faulty; room temperature is
hotter than recommended by
environmental policy;
condensation evident in switch
room etc.

1.3

10

0.5

Severely deteriorated
environment

The substation is showing major
signs of dampness such as
definite water marks around the
building, significant amount of
flaking paint and/or mould
growth. No environmental
controls (such as heating or
dehumidification) are installed,
or the installed environmental
controls are not functioning
adequately; room temperature
is excessively hot; roof or
structure permits water ingress;
water stands in trenches or free
water is observed in the switch
room.

1.5

10

0.5

Default

No data available

1.0

10

0.5




ENA Engineering Report 144

Issue 0, 2026
Page 166

Table 72 — Observed Condition Input — HV Switchgear (GM) — Primary: Cable Boxes Condition

Condition Criteria:
Observed Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

No deterioration

There are no signs of any
deterioration such as corrosion,
stains, markings, compound
leaks, discharge etc.

1

10

0.5

Superficial/minor
deterioration

The cable box may exhibit
minor exterior stains or marks
(e.g. surface level scratches,
moss or lichen that can be
brushed off), but no damage or
corrosion should be evident. No
evidence of compound leaks,
discharge, signs of heating, or
deterioration of insulation.

10

0.5

Some deterioration

Minor corrosion (e.g. surface
corrosion spots) or
deterioration (e.g. minor
breakthrough of paintwork but
no loss of galvanising).

1.1

10

0.5

Substantial
deterioration

Evidence of significant
corrosion and perforation (e.g.
holes). Severe breakthrough of
paintwork with some loss of
galvanising.

Major compound leaks.

Evidence of discharge, signs of
heating, deterioration/ damage
of insulation.

1.3

10

0.5

Default

No data available

1

10

0.5

NOTE: as both the ‘No deterioration’ and ‘Superficial/minor deterioration’ Condition Criteria for this Condition
Input are treated in the same way by the Methodology, the categorisations for these two Condition Criteria
may be combined in individual implementations of the Methodology.
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Table 73 — Observed Condition Input — EHV Switchgear (PM): Switchgear External Condition

Condition
Criteria:
Observed
Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

Superficial/minor
deterioration

There is little deterioration. The
asset may exhibit signs of
ageing, surface level scratches,
moss or lichen that can be
brushed off. This has no material
impact on the probability of
failure for the asset.

10

0.5

Some
deterioration

There is evidence of some
degradation such as surface
corrosion or minor compound
leaks. The level of degradation
may affect the operation of the
asset if left untended (e.g. large
patches of rust on the metal clad
switchgear). Evidence of minor
mechanism defects.

1.2

10

3.0

Substantial
deterioration

The switchgear is corroded to the
point that it can no longer hold its
oil / SF6 insulation, one or more
metalwork supports are rusted
through. Evidence of severe
mechanism defects.

1.4

10

8.0

Default

No data available

10

0.5

Table 74 — Observed Condition Input — EHV Switchgear (PM): Oil Leaks / Gas Pressure

Condition " .
Criteria: - Condition Condition Condition
Description Input Input
Observed F Input Cap Coll
Condition actor oftar
Oil: No Qil appears to be actively
leaking from the component in
question. This may include assets
No deterioration | With minor stains or marks. 0.9 10 05
Gas: Gas pressure reading is within
the expected limit and no or negligible
levels of historical leakage.
Qil: There is evidence of a small leak,
Superficial/minor but this is limited to staining of the
det?arioration asset or the ground around the asset 1.0 10 0.5
AND oil still visible in the sight glass
where fitted.
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Condition
Criteria:
Observed
Condition

Description

Condition
Input
Factor

Condition
Input Cap

Condition
Input
Collar

Repairs / intervention to the asset is
not expected to be required between
now and the next planned
maintenance.

Gas: Requires occasional
intervention; OR minimal historical
leakage.

Some
deterioration

Oil: There is evidence of a small
active oil leak from the switchgear
e.g. droplets or weeping beneath the
fixed portion. Minor maintenance or
refurbishment activities (as a
minimum) are required to address the
identified issue(s)

Gas: Gas pressure outside of
acceptable range; Requires regular
intervention; OR some historical
leakage.

1.1

10

3.0

Substantial
deterioration

Oil: There is evidence of a significant
oil leak from the switchgear e.g. pool
of oil under/around the equipment, the
switchgear may be draining or
completely drained of oil and / or
compound.

Gas: Severe unrepairable leak;
Requires frequent intervention; OR
substantial historical leakage

1.3

10

8.0

Default

No data available

1.0

10

0.5
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Table 75 — Observed Condition Input — EHV Switchgear (GM): Switchgear External Condition

Condition
Criteria:
Observed
Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

No deterioration:

Visual assessment gives a
positive indication of asset
condition. There are no obvious
signs of any deterioration such
as corrosion, stains or markings.

0.9

10

0.5

Superficial/minor
deterioration

There is little deterioration. The
asset (or a subcomponent) may
exhibit signs of ageing, surface
level scratches, moss or lichen
that can be brushed off. This has
no material impact on the
probability of failure for the asset.

10

0.5

Some
deterioration

There is evidence of some
degradation such as surface
corrosion or minor compound
leaks. The level of degradation
may affect the operation of the
asset if left untended (e.g. large
patches of rust on the metalwork,
door-hinges heavily rusted).

1.2

10

3.0

Substantial
deterioration

The switchgear is corroded to the
point that it can no longer hold its
oil / SF6 insulation, one or more
metalwork supports are rusted
through, or the switchgear
housing is damaged beyond
economical repair.

1.4

10

8.0

Default

No data available

10

0.5
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Table 76 — Observed Condition Input — EHV Switchgear (GM): Oil Leaks / Gas Pressure

Condition Condition
Criteria: Description Condition Condition Input
Observed P Input Factor | Input Cap P

ies Collar
Condition

Qil: No Oil appears to be actively
leaking from the component in
question. This may include
assets with minor stains or

No deterioration | marks. 0.9 10 0.5

Gas: Gas pressure reading is
within the expected limit and no
or negligible levels of historical
leakage.

Oil: There is evidence of a small
leak, but this is limited to staining
of the asset or the ground around
the asset AND oil still visible in
the sight glass where fitted.
o Repairs / intervention to the asset
Superficial/minor | (or a sub component) is not 1.0 10 05
deterioration expected to be required between ' '
now and the next planned
maintenance.

Gas: Requires occasional
intervention; OR minimal
historical leakage.

Oil: There is evidence of a small
active oil leak from the
switchgear e.g. droplets or
weeping beneath the fixed
portion. Minor maintenance or
Some refurbishment activities (as a
deterioration minimum) are required to 11 10 3.0
address the identified issue(s)

Gas: Gas pressure outside of
acceptable range; Requires
regular intervention; OR some
historical leakage.

Oil: There is evidence of a
significant oil leak from the
switchgear e.g. pool of oil
under/around the equipment, the

Substantial switchgear may be draining or
deterioration completely drained of oil and / or 1.3 10 8.0
compound.

Gas: Severe unrepairable leak;
Requires frequent intervention;
OR substantial historical leakage

Default No data available 1.0 10 0.5
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Table 77 — Observed Condition Input — EHV Switchgear (GM): Thermographic Assessment

Condition Criteria: Description Condition Condition Col:d'ut'ton
Observed Condition P Input Factor | Input Cap Co'TIar

Ambient or below At or below ambient 0.9 10 0.5
temperature

Above ambient Above ambient temperature 1.0 10 0.5

. Operating above the

Subs_tantlally above manufacturer's recommended 1.1 10 0.5

ambient .
maximum temperature

Default No data available 1.0 10 0.5

Table 78 — Observed Condition Input — EHV Switchgear (GM): Switchgear Internal Condition & Operation

Condition Criteria: Description Condition Condition Colrrl‘dljlton
Observed Condition Input Factor | Input Cap c P
ollar
No deterioration No observed deterioration 0.9 10 0.5
Superficial/minor The asset component is fit for
. . continued service. There is 1.0 10 0.5
deterioration ; . .
little deterioration
Minor corrosion (e.g. light
Some deterioration rust) or evidence of a minor 1.2 10 3.0
mechanism defect.
Evidence of significant
corrosion, missing, defective
or damaged internal
Substantial insulation (e.g. evidence of
d . ) severe discharge activity or 1.4 10 8.0
eterioration . \
breakdown of insulation) or a
severe mechanism defect that
affects the operation of the
asset.
Default No data available 1.0 10 0.5
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Table 79 — Observed Condition Input - EHV Switchgear (GM): Indoor Environment

Condition Criteria:
Observed Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

Better than expected

Air conditioned

0.9

10

0.5

As expected

This is an environment
which is typified as dry and
has a degree of background
heating or dehumidification
which maintains this year
round.

1.0

10

0.5

Deteriorated
environment

Heating or dehumidification
faulty; room temperature is
hotter than recommended
by environmental policy;
condensation evident in
switch room etc.

1.3

10

0.5

Severely deteriorated
environment

The substation is showing
maijor signs of dampness
such as definite water marks
around the building,
significant amount of flaking
paint and/or mould growth.
No environmental controls
(such as heating or
dehumidification) are
installed, or the installed
environmental controls are
not functioning adequately;
room temperature is
excessively hot; roof or
structure permits water
ingress; water stands in
trenches or free water is
observed in the switch
room.

1.5

10

0.5

Default

No data available

1.0

10

0.5
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Table 80 — Observed Condition Input — EHV Switchgear (GM): Support Structures
Condition Criteria: Description Condition Condition Col:dlut'ton
Observed Condition P Input Factor | Input Cap Co'TIar

Visual assessment gives a
positive indication of asset
No Deterioration con_dltlon._There are no 0.9 10 0.5
obvious signs of any
deterioration such as

corrosion or cracks.

Concrete Structures: Surface
Superficial/minor Deterioration

deterioration Metal Structures: Minor
localised surface corrosion

Concrete Structures:
Evidence of previous
concrete repairs, repairs have
o begun to fail in places. This

loss of section.

Metal structures: some
surface level corrosion.

The support structure is
corroded or damaged to the
point that it can no longer fulfil
its mechanical load carrying
capacity. This may include:

Concrete structures:
extensive cracking, areas of
concrete spalled exposing 1.5 10 55
reinforcement causing
corrosion.

Substantial
Deterioration

Metal structures: evidence of
widespread or significant
corrosion (e.g. perforation,
holes in steelwork) or major
physical damage.

Default No data available 1 10 0.5
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Table 81 — Observed Condition Input - EHV Switchgear (GM): Cable Boxes Condition

Condition ‘e Condition
A Condition

Description Input Inout Ca Input

Factor P P Collar

Condition Criteria:
Observed Condition

No Deterioration There are no signs of any 1.0 10 0.5
deterioration such as
corrosion, stains, markings,
compound leaks, discharge
etc.

The cable box may exhibit 1.0 10 0.5
minor exterior stains or marks
(e.g. surface level scratches,
moss or lichen that can be
brushed off), but no damage or
corrosion should be evident.
No evidence of compound
leaks, discharge, signs of
heating, or deterioration of
insulation.

Superficial/minor
deterioration

Some deterioration Minor corrosion (e.g. surface 1.1 10 0.5
corrosion spots) or
deterioration (e.g. minor
breakthrough of paintwork but
no loss of galvanising).

Substantial Evidence of significant 1.3 10 0.5
deterioration corrosion and perforation (e.g.
holes). Severe breakthrough of
paintwork with some loss of
galvanising.

Major compound leaks.

Evidence of discharge, signs
of heating, deterioration/
damage of insulation.

Default No data available 1.0 10 0.5

NOTE: as both the ‘No Deterioration’ and ‘Superficial/minor deterioration’ Condition Criteria for this Condition
Input are treated in the same way by the Methodology, the categorisations for these two Condition Criteria
may be combined in individual implementations of the Methodology.
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B.5.12 EHV Switchgear (Other)

Table 82 — Observed Condition Input — EHV Switchgear (Other): Switchgear External Condition

Condition Criteria:

Observed
Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

No deterioration:

Visual assessment gives a
positive indication of asset
condition. There are no obvious
signs of any deterioration such
as corrosion, stains or markings.

0.9

10

0.5

Superficial/minor
deterioration

There is little deterioration. The
asset (or a subcomponent) is fit
for continued service.

10

0.5

Some deterioration

There is evidence of some
degradation such as surface
corrosion. The level of
degradation may affect the
operation of the asset if left
untended (e.g. large patches of
rust on the metalwork or handle
or evidence of a minor
mechanism defect).

1.2

10

3.0

Substantial
deterioration

The switchgear is corroded to the
point that it affects the operation
of the asset, or the switchgear
operating mechanism is
damaged beyond economical
repair.

1.4

10

8.0

Default

No data available

10

0.5

Table 83 — Observed Condition Input — EHV Switchgear (Other): Thermographic Assessment

Condition Criteria: L . Condition
. Condition Condition

Observed Description Inout Factor | Inout Ca Input

Condition P P P Collar
Ambient or below At or below ambient temperature 0.9 10 0.5
Above ambient Above ambient temperature 1.0 10 0.5

. Operating above the
Subs_tantlally above manufacturer’'s recommended 1.1 10 0.5
ambient .
maximum temperature

Default No data available 1.0 10 0.5
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Table 84 — Observed Condition Input — EHV Switchgear (Other): Support Structures

Condition
Criteria:
Observed
Condition

Description

Condition
Input
Factor

Condition
Input Cap

Condition
Input
Collar

No Deterioration

Visual assessment gives a positive
indication of asset condition. There are no
obvious signs of any deterioration such as
corrosion or cracks.

0.9

10

0.5

Superficial/minor
deterioration

Concrete Structures: Surface
Deterioration

Metal Structures: Minor localised surface
corrosion.

Wood Pole Structures: No significant
defects observed. May include poles with
slight damage including (but not limited
to) splits and general wear where no
material impact on residual strength of
pole.

10

0.5

Some
Deterioration

Concrete Structures: Evidence of
previous concrete repairs, repairs have
begun to fail in places. This may include
minor cracks and loss of section.

Metal structures: some surface level
corrosion.

Wood Pole Structures: Minor wear on
pole or physical damage that will lead to
loss of strength, but the short-term
integrity of the pole is not compromised.

1.3

10

0.5

Substantial
Deterioration

The support structure is corroded or
damaged to the point that it can no longer
fulfil its mechanical load carrying capacity.
This may include:

Concrete structures: extensive cracking,
areas of concrete spalled exposing
reinforcement causing corrosion.

Metal structures: evidence of widespread
or significant corrosion (e.g. perforation,
holes in steelwork) or major physical
damage.

Wood Pole Structures: Severe damage to
pole. Parts may be chipped off, rotten or
disfigured. E.g. visible splits, cracks,
major physical damage affecting strength.

1.5

10

5.5

Default

No data available

10

0.5
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Table 85 — Observed Condition Input — 132 kV Switchgear (GM): Switchgear External Condition

Condition
Criteria:
Observed
Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

No deterioration:

Visual assessment gives a
positive indication of asset
condition. There are no obvious
signs of any deterioration such
as corrosion, stains or
markings.

0.9

10

0.5

Superficial/minor
deterioration

There is little deterioration. The
asset (or a sub component)
may exhibit signs of ageing,
surface level scratches, moss
or lichen that can be brushed
off. This has no material impact
on the probability of failure for
the asset.

1.0

10

0.5

Some
deterioration

There is evidence of some
degradation such as surface
corrosion or minor compound
leaks. The level of degradation
may affect the operation of the
asset if left untended (e.g. large
patches of rust on the
metalwork, door-hinges heavily
rusted).

1.2

10

3.0

Substantial
deterioration

The switchgear is corroded to
the point that it can no longer
hold its oil / SF6 insulation, one
or more metalwork supports
are rusted through, or the
switchgear housing is damaged
beyond economical repair.

1.4

10

8.0

Default

No data available

1.0

10

0.5

Table 86 — Observed Condition Input — 132 kV Switchgear (GM): Oil Leaks / Gas Pressure

Condition Condition
Criteria: Description Condition Condition Inout
Observed P Input Factor | Input Cap P

I Collar
Condition

o Qil: No Oil appears to be

No deterioration | actively leaking from the 0.9 10 0.5
component in question. This
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Condition
Criteria:
Observed
Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

may include assets with minor
stains or marks.

Gas: Gas pressure reading is
within the expected limit and no
or negligible levels of historical
leakage.

Superficial/minor
deterioration

Qil: There is evidence of a small
leak, but this is limited to
staining of the asset or the
ground around the asset AND oil
still visible in the sight glass
where fitted. Repairs /
intervention to the asset (or a
sub component) is not expected
to be required between now and
the next planned maintenance.

Gas: Requires occasional
intervention; OR minimal
historical leakage.

1.0

10

0.5

Some
deterioration

Oil: There is evidence of a small
active oil leak from the
switchgear e.g. droplets or
weeping beneath the fixed
portion. Minor maintenance or
refurbishment activities (as a
minimum) are required to
address the identified issue(s)

Gas: Gas pressure outside of
acceptable range; Requires
regular intervention; OR some
historical leakage.

1.1

10

3.0

Substantial
deterioration

Oil: There is evidence of a
significant oil leak from the
switchgear e.g. pool of ol
under/around the equipment, the
switchgear may be draining or
completely drained of oil and / or
compound.

Gas: Severe unrepairable leak;
Requires frequent intervention;
OR substantial historical
leakage

1.3

10

8.0

Default

No data available

1.0

10

0.5
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Table 87 — Observed Condition Input — 132 kV Switchgear (GM): Thermographic Assessment

Condition Condition
Criteria: Description Condition Condition Input
Observed P Input Factor | Input Cap P
I Collar
Condition
Ambient or At or below ambient temperature 0.9 10 0.5
below
Above ambient | Above ambient temperature 1.0 10 0.5
. Operating above the
Substantlal!y manufacturer’s recommended 1.1 10 0.5
above ambient .
maximum temperature
Default No data available 1.0 10 0.5

Table 88 — Observed Condition Input — 132 kV Switchgear (GM): Switchgear Internal Condition & Operation

Condition Condition .. | Condition
Criteria: oy Condition
Description Input Input
Observed Input Cap
o Factor Collar
Condition
No deterioration | No observed deterioration 0.9 10 0.5
Superficial/minor The asset component is fit for
pel . continued service. There is little 1.0 10 0.5
deterioration . .
deterioration
Some Minor corrosion (e.g. light rust) or
. . evidence of a minor mechanism 1.2 10 3.0
deterioration
defect.
Evidence of significant corrosion,
missing, defective or damaged
Substantial internal insulation (e.g. evidence
deteriorati of severe discharge activity or 14 10 8.0
eterioration . -
breakdown of insulation) or a
severe mechanism defect that
affects the operation of the asset.
Default No data available 1.0 10 0.5
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Table 89 — Observed Condition Input — 132 kV Switchgear (GM): Indoor Environment

Condition
Criteria:
Observed
Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

Better than
expected

Air conditioned

0.9

10

0.5

As expected

This is an environment which is
typified as dry and has a degree
of background heating or
dehumidification which
maintains this year round.

1.0

10

0.5

Deteriorated
environment

Heating or dehumidification
faulty; room temperature is
hotter than recommended by
environmental policy;
condensation evident in switch
room etc.

1.3

10

0.5

Severely
deteriorated
environment

The substation is showing major
signs of dampness such as
definite water marks around the
building, significant amount of
flaking paint and/or mould
growth. No environmental
controls (such as heating or
dehumidification) are installed,
or the installed environmental
controls are not functioning
adequately; room temperature is
excessively hot; roof or structure
permits water ingress; water
stands in trenches or free water
is observed in the switch room.

1.5

10

0.5

Default

No data available

1.0

10

0.5
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Table 90 — Observed Condition Input — 132 kV Switchgear (GM): Support Structures
Condition Condition .| condition
Criteria: e Condition
Description Input Input
Observed Input Cap
ioe Factor Collar
Condition

Visual assessment gives a
positive indication of asset
No deterioration | condition. There are no obvious 0.9 10 0.5
signs of any deterioration such
as corrosion or cracks.

Concrete Structures: Surface
Superficial/minor | Deterioration

deterioration Metal Structures: Minor localised
surface corrosion

1.0 10 0.5

Concrete Structures: Evidence
of previous concrete repairs,
repairs have begun to fail in
Some places. This may include minor 13 10 05
deterioration cracks and loss of section.

Metal structures: some surface
level corrosion.

The support structure is
corroded or damaged to the
point that it can no longer fulfil
its mechanical load carrying
capacity. This may include:

Concrete structures: extensive
Substantial cracking, areas of concrete
deterioration spalled exposing reinforcement
causing corrosion.

1.5 10 5.5

Metal structures: evidence of
widespread or significant
corrosion (e.g. perforation, holes
in steelwork) or major physical
damage.

Default No data available 1.0 10 0.5
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Table 91 — Observed Condition Input — 132 kV Switchgear (GM): Air Systems
Condition Condition .| Condition
Criteria: i Condition
Description Input Input
Observed Input Cap
oo Factor Collar
Condition
No deterioration | No observed deterioration 0.9 10 0.5
Superficial/minor Minor surface corrosion
d pel . observed on observable pipe 1.0 10 0.5
eterioration
work
Some Minor Air Losses - System runs
; . excessively to maintain 1.3 10 0.5
deterioration
pressure
Major Air Losses - Loss of
. pressure pipe section observed.
ggtt;fs:‘;'tfgn Air leaks can be found by 15 10 0.5
inspection; Certification notes
defects. Etc.
Default No data available 1.0 10 0.5
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Table 92 — Observed Condition Input — 132 kV Switchgear (GM): Cable Boxes Condition
Condition Condition .| Condition
Criteria: e Condition
Description Input Input
Observed Input Cap
L Factor Collar
Condition
No deterioration | There are no signs of any 1.0 10 0.5
deterioration such as corrosion,
stains, markings, compound
leaks, discharge etc.
The cable box may exhibit 1.0 10 0.5
Superficial/minor minor exterior stains or marks
det%rioration (e.g. surface level scratches,
moss or lichen that can be
brushed off), but no damage or
corrosion should be evident. No
evidence of compound leaks,
discharge, signs of heating, or
deterioration of insulation.
Some Minor corrosion (e.g. surface 1.1 10 0.5
deterioration corrosion spots) or
deterioration (e.g. minor
breakthrough of paintwork but
no loss of galvanising).
Substantial Evidence of significant 1.3 10 0.5
deterioration corrosion and perforation (e.g.
holes). Severe breakthrough of
paintwork with some loss of
galvanising.
Major compound leaks.
Evidence of discharge, signs of
heating, deterioration/ damage
of insulation.
Default No data available 1.0 10 0.5
NOTE: as both the ‘No deterioration’ and ‘Superficial/minor deterioration’ Condition Criteria for this
Condition Input are treated in the same way by the Methodology, the categorisations for these two
Condition Criteria may be combined in individual implementations of the Methodology.
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B.5.14

132 kV Switchgear (Other)

Table 93 — Observed Condition Input — 132 kV Switchgear (Other): Switchgear External Condition

Condition Condition
Criteria: Description Condition Condition Inout
Observed P Input Factor | Input Cap P
L. Collar
Condition
Visual assessment gives a
positive indication of asset
No deterioration: | condition. There are no obvious 0.9 10 0.5
signs of any deterioration such
as corrosion, stains or markings.
Superficial/minor There is little deterioration. The
perticia asset (or a subcomponent) is fit 1 10 0.5
deterioration . .
for continued service.
There is evidence of some
degradation such as surface
corrosion. The level of
Some degradation may affect the
- . operation of the asset if left 1.2 10 3.0
deterioration
untended (e.g. large patches of
rust on the metalwork or handle
or evidence of a minor
mechanism defect).
The switchgear is corroded to the
point that it affects the operation
Substantial of the asset, or the switchgear
. ) ) S 1.4 10 8.0
deterioration operating mechanism is
damaged beyond economical
repair.
Default No data available 1 10 0.5

Table 94 — Observed Condition Input — 132 kV Switchgear (Other): Thermographic Assessment

Condition Condition
Criteria: Describtion Condition Condition Input
Observed P Input Factor | Input Cap P
. Collar
Condition
Ambient or At or below ambient temperature 0.9 10 0.5
below
Above ambient | Above ambient temperature 1.0 10 0.5
. Operating above the
Substannal!y manufacturer’'s recommended 1.1 10 0.5
above ambient .
maximum temperature
Default No data available 1.0 10 0.5
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Condition
Criteria:
Observed
Condition

Description

Condition
Input
Factor

Condition
Input Cap

Condition
Input
Collar

No Deterioration

Visual assessment gives a positive
indication of asset condition. There are
no obvious signs of any deterioration
such as corrosion or cracks.

0.9

10

0.5

Superficial/minor

deterioration

Concrete Structures: Surface
Deterioration

Metal Structures: Minor localised
surface corrosion.

Wood Pole Structures: No significant
defects observed. May include poles
with slight damage including (but not
limited to) splits and general wear where
no material impact on residual strength
of pole.

10

0.5

Some
Deterioration

Concrete Structures: Evidence of
previous concrete repairs, repairs have
begun to fail in places. This may include
minor cracks and loss of section.

Metal structures: some surface level
corrosion.

Wood Pole Structures: Minor wear on
pole or physical damage that will lead to
loss of strength, but the short-term
integrity of the pole is not compromised.

1.3

10

0.5

Substantial
Deterioration

The support structure is corroded or
damaged to the point that it can no
longer fulfil its mechanical load carrying
capacity. This may include:

Concrete structures: extensive cracking,
areas of concrete spalled exposing
reinforcement causing corrosion.

Metal structures: evidence of
widespread or significant corrosion (e.g.
perforation, holes in steelwork) or major
physical damage.

Wood Pole Structures: Severe damage
to pole. Parts may be chipped off, rotten
or disfigured. E.g. visible splits, cracks,
major physical damage affecting
strength.

1.5

10

5.5

Default

No data available

10

0.5
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B.5.15 HV Transformer (PM)

Table 96 — Observed Condition Input — HV Transformer (PM): Transformer External Condition

C0|_1d|t_|o.n Condition L Condition
Criteria: s Condition
Description Input Input
Observed Input Cap
e Factor Collar
Condition
The transformer may exhibit signs of
ageing or marks (e.g. surface level
Superficial/minor | Scratches, moss or lichen). This has no
deterioration material impact on the probability of 1.0 10 0.5
failure for the asset.
OR no recorded defects
The asset shows a level of deterioration
such as surface corrosion spots. The
level of degradation may affect the
Some operation of the asset if left untended
deterioration (e.g. large patches of rust on the metal 1.25 10 3.0
work); and/or there is evidence of a
small active oil leak (e.g. droplets or
weeping).
Substantial There is evidence of major corrosion or
S L . 14 10 8.0
deterioration historical oil leakage.
Default No data available 1.0 10 0.5
Table 97 — Observed Condition Input - HV Transformer (PM): Bushing Condition
Condition L .
Criteria: s Condition Condition Condition
Description Input Input
Observed Input Cap
.. Factor Collar
Condition
There are no signs of any deterioration 1.0 10 0.5
Superficial/minor | such as cracks, markings, compound
deterioration leaks, discharge etc.
The bushings may exhibit minor exterior
stains or marks (e.g. surface level
scratches, moss or lichen), but no
damage or corrosion should be evident.
No evidence of compound leaks,
discharge, or deterioration of insulation.
OR no recorded defects.
Some The bushings may exhibit minor damage 1.1 10 0.5
deterioration or corrosion. No evidence of compound
leaks, discharge, or deterioration of
insulation.
Substantial Evidence of cracks, markings on 1.4 10 0.5
deterioration bushings. Evidence of discharge,
deterioration/ damage of insulation.
Default No data available 1.0 10 0.5




B.5.16 HV Transformer (GM)

ENA Engineering Report 144

Issue 0, 2026
Page 187

Table 98 — Observed Condition Input — HV Transformer (GM): Transformer External Condition

Condition
Criteria:
Observed
Condition

Description

Condition
Input Factor

Condition
Input Cap

Condition
Input
Collar

No deterioration

Condition as new

0.9

10

0.5

Superficial/minor
deterioration

The transformer may exhibit
signs of ageing or marks (e.g.
surface level scratches, moss or
lichen that can be brushed off).
This has no material impact on
the probability of failure for the
asset.

1.0

10

0.5

Slight
deterioration

Minor localised surface
corrosion. There may be
evidence of a small leak, but it
does not present a significant
impact to the overall probability
of failure for the asset, for
example:

There is a small active leak
from a sub component but this
can be addressed through
intervention of the sub
component

A small inactive leak which is
limited to staining of the asset
or the ground around the asset.

1.1

10

0.5

Some
deterioration

The asset shows a level of
deterioration such as surface
corrosion spots. The level of
degradation may affect the
operation of the asset if left
untended (e.g. large patches of
rust on the metalwork); and/or
there is evidence of a small
active oil leak (e.g. droplets or
weeping).

1.25

10

3.0

Substantial
deterioration

There is evidence of major
corrosion or a significant active
oil leak (e.g. pools of oil
collecting on the ground or
plinth).

1.4

10

8.0

Default

No data available

1.0

10

0.5
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Table 99 — Observed Condition Input - HV Transformer (GM): Cable Boxes Condition
Condition Condition
Criteria: Description Condition Condition Input
Observed P Input Factor | Input Cap P
I Collar
Condition
No deterioration There are no signs of any 1.0 10 0.5
deterioration such as corrosion,
stains, markings, compound
leaks, discharge etc.
The cable box may exhibit 1.0 10 0.5
Superficial/minor minor exterior stains or marks
det%rioration (e.g. surface level scratches,
moss or lichen that can be
brushed off), but no damage or
