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1.0 Executive Summary  

1.1 Scope 

This document details the drivers of UK Power Networks’ BT21CN Mitigation 

programme, the intervention policies applied and its expenditure 

requirements. 

There are 156 rented BT private wires in use for 132kV and 33kV 

Teleprotection. With BT’s migration to an IP-based communication protocol 

by 2018, the electricity network will be at risk due to the non-deterministic 

nature of IP networks. Malfunction of protection systems, due to 

Teleprotection failure, may result in extended outages to an otherwise healthy 

network, increased damage at the point of fault, overstressing of other plant 

and equipment, risk to personnel and members of the public, and potential 

non-compliance with ESQC regulation. 

The BT21CN programme installs a fibre communication platform to provide 

the Teleprotection paths currently serviced by BT private wires. A mixture of 

self-build and leased fibre has been identified as the most effective strategy 

on the 132kV network, delivering a technically compliant solution with the 

lowest whole life cost. Radio frequency communications have been identified 

as potential solutions for 33kV Teleprotection, pending trials. 

Fibre installation costs are held in the following locations in Ofgem’s and UK 

Power Networks’ investment planning documents: 

Investment type NAMP 

line 

RIGs 

Expenditure 

RIGs  

Volumes 

Installation of 
optical fibre 
schemes in DPCR5 

1.26.10 CV9a rows 9-13 

CV9a rows 87-90 (km of pilot wire) 
 
V4a rows 103 104 (additions and 
disposals of overhead and 
underground pilot wire) 

Installation of 
optical fibre 
schemes in ED1 
2016-2018 

1.26.10 CV10 row 6 

CV10 row 6  (number of schemes) 
 
V4a rows 103 104 (additions and 
disposals of overhead and 
underground pilot wire) 

Installation of 
optical fibre 
schemes in ED1 
2019-2023 

1.26.10 CV105 row 7 

No volume entries in CV105 row7 
 
V4a rows 103 104 (additions and 
disposals of overhead and 
underground pilot wire) 

Operations, 
maintenance and 
monitoring of fibre 
network 

2.28.31.
6781 

CV10 row 7 CV10 row 7  (number of schemes) 

Table 1 – Mapping of BT21CN Mitigation costs 
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1.2 Investment Strategy 

Investment in a communication platform that will replace existing BT private 

wires by the end of 2017 will fully mitigate the risk to the network before BT’s 

withdrawal of service in 2018.  

 

Continued installation of fibre in alignment with asset replacement projects is 

planned beyond 2018 to increase resilience in the fibre network and gradually 

reduce reliance on third-party leased fibre. 

 

1.3 ED1 Proposals 

Investment forecast (£m) 

 
Table 2 – Investment in the ED1 period 

 

1.4 Innovation 

An SPN-wide fibre optic communication system could assist in enabling a 

smart grid-ready network and more distributed generation, thus helping the 

UK deliver on its commitment to reducing carbon emissions. 

 

1.5 Risks and Opportunities 

 

 

Description of similar likely 

opportunities or risks arising in 

Ed1 period 

Level of 

uncertainties/cost 

growth (£m) 

Risk 
Unexpected overhead line 

condition 
0.645 

Table 3 – Risks and opportunities 

  

BT21 Investment (£'m)

Year end 2016 2017 2018 2019 2020 2021 2022 2023 Total

Capital 3.9 3.9 3.6 0.5 0.5 0.1 0.0 0.2 12.8

Operational 0.3 0.5 0.7 0.7 0.7 0.7 0.7 0.7 5.0

ED1
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1.6 Glossary 

 

Alignment 

Installation of fibre as part of a non-BT21 condition-based or load-
driven asset replacement project (referred to as an asset 
replacement project), where the corresponding BT21 scheme 
provides only the incremental cost of fibre 

AS&P 
Asset Strategy and Performance: a department of asset 
management at UK Power Networks that manages the condition-
based asset replacement programmes 

Asset 
replacement 
project 

A non-BT21 condition-based or load-based project to replace 
conductors or underground cables (see Alignment) 

Blocking 
protection 
schemes 

Transfer of a signal from one site to another remote site to prevent 
or change the characteristics of an operation 

BT British Telecom 

BT21CN British Telecom 21
st
 Century Networks 

BT21CN 
Mitigation 
programme 

UK Power Networks programme to mitigate the risk of BT21CN by 
deploying optical fibre and radio frequency communication 

BT21CN 
scheme or 
BT21 scheme 

A component within the BT21CN Mitigation programme to install 
optical fibre or radio frequency communication paths between two 
specified sites 

Capital 
expenditure 

Referred to as either capital expenditure or installation cost, this is 
the cost of end-to-end installation, testing, and commissioning of an 
optical fibre scheme 

Cormon 
An overhead line corrosion detector used to test steel-cored 
aluminium conductors at 33kV and above for signs of corrosion 

Fibre wrap 
Fibre cable that is wrapped around an existing earth or phase 
conductor 
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Installation cost See Capital Expenditure. 

Intertripping 
protection 
schemes 

Protection scheme where the trip signal is transferred from one 
location to another remote location to effect the operation of a piece 
of plant or other action 

Leased dark 
fibre 

A dedicated fibre route rented from a third-party provider who owns 
the route 

OHL Overhead line 

Operational 
costs 

The cost of testing, monitoring, and maintaining an optical fibre 
scheme following complete installation. 

OPGW Optical Ground Wire (earth conductor with embedded fibre) 

OPPC Optical Phase Conductor (phase conductor with embedded fibre) 

Self-build 
optical fibre 

Any fibre solution that is built and owned by UK Power Networks, 
including OPGW, OPPC, fibre wrap and underground fibre 

Unit protection 
schemes 

Protection scheme where the protection zone is defined by location 
of current transformers forming part of the overall scheme 
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2.0 Description of British Telecom Private Wire Population  
 

2.1 BT Private Wires 

A number of protection schemes isolate and protect large items of electrical 

plant under fault conditions, including Intertripping, blocking and unit 

protection on the 132kV and 33kV distribution systems.  

The protection schemes rely upon Teleprotection signalling, which is 

delivered over a variety of telecommunications circuits with clearly defined 

characteristics.  

Within SPN, circuits leased from BT, known as BT private wires, provide the 

communication paths for an estimated 90% of 132kV Intertripping schemes 

and 10% of 33kV Intertripping schemes. As a consequence, SPN is currently 

dependent on the continued availability of leased services for the safe, secure 

and compliant operation of the distribution network. 

 

2.2 Population 

In SPN, 156 BT circuits are currently leased by UK Power Networks for 

protection signalling on the 132kV and 33kV distribution networks.  

 

2.3 Withdrawal of Current Service 

The Electricity Networks Association (ENA) was advised by BT in 2004 that 

current Teleprotection services would be withdrawn in 2018 following an 

upgrade of BT’s telecoms network to an IP-based system known as BT21CN. 

  



Asset Stewardship Report 2013       Working draft v0.1 
SPN BT21 
Version 2 
All of the cost numbers displayed in this document are before the application of on-going efficiencies and real price effects. 

  10 
UK Power Networks (Operations) Limited. Registered in England and Wales. Registered No. 3870728. Registered Office: Newington House, 237 Southwark Bridge Road, London, SE1 6NP  

3.0 Investment Drivers 

3.1 Mitigation of Network Risk 

 

3.1.1 Network risk 

Due to the non-deterministic performance of IP networks, it was established 

that the current UK Power Networks’ protection schemes are unlikely to 

function in accordance with requirements when migrated to the BT21CN 

alternatives. Additionally, the protection schemes will not be compliant with 

ENA TS48.6.7 (Communications for Teleprotection Systems), which states 

the parameters of telecommunications circuits to be used for Teleprotection. 

The results of non-compliance could be severe. Malfunction of protection 

systems due to failure of BT communication links may result in extended 

outages to an otherwise healthy network, increased damage at the point of 

fault, overstressing of other plant and equipment, risk to personnel and 

members of the public, and potential non-compliance with ESQC regulation. 

 

3.1.2 Mitigation 

Due to the severity of the potential failure, a communication platform must be 

created to replace every BT communication link currently in place in SPN. 

There are no existing owned or leased telecoms network platforms capable of 

supporting an appropriate solution to fully mitigate the risk of BT21CN. The 

only way to ensure a timely mitigation of the identified risk is to programme 

communication infrastructure deployment during both the DPCR5 and ED1 

periods.  

As a result, a UK Power Networks’ BT21 team was established in 2008 to 

evaluate all viable options for mitigation of BT21CN, along with the associated 

risks and costs. 

The recommendation of the team was a combination of a self-build optical 

fibre telecoms network and leased dark fibre with alignment. This was 

calculated to be the most cost-effective way to deliver a fibre network to 

mitigate BT21CN (refer to section 5.2). It provides 66% of the proposed 

overall network infrastructure as self-build by 2020 if all alignment works go 

ahead. If some alignment projects are postponed, e.g. after asset condition 

testing, there is flexibility to rearrange BT21 project dates or to deploy dark 

fibre instead. However, continued alignment is also highly recommended 

beyond 2020 as this serves to gradually reduce reliance on third parties. 

Ref NAMP Lines  

Capital investment/installation  

1.26.10.0021/5235/5238/5239/5243/5252/5254/5255/5278/5282/5286/5287/5

289/5291/5295/5308/5309/5310/5311/5315/5316/5317/5318/5349/5350/5352/
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5354/5355/5366/5370/5434/5442/7979/7980/7981/7982/7983/7984/7985/798

6/7987/7988/7989/7990/7991/7992/7993/7994/7995/7996/7997/7998/7999 

Operational requirements 

2.28.31.6781 

 

Ref RIGs code 

CV9a, CV10, CV105, V4a 
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4.0 Asset Assessment 

4.1 Asset Health 

Not applicable. Health indices data does not apply to BT private wires.  

 

4.2 Asset Criticality of Existing BT Private Wires 

BT private wires currently provide the communication paths for a significant 

proportion of 132kV and some 33kV protection signalling schemes. SPN is 

dependent on their continued and reliable functioning for the safe, secure and 

compliant operation of its distribution network. 

 

4.3 Network Risk 

The risk posed to the network is the migration from the current service to a 

non-deterministic IP-based service. Teleprotection schemes functioning on 

BT21CN networks have been established to be non-compliant and unlikely to 

function in accordance with requirements.  

This risk is the investment driver for the BT21CN Mitigation project. Refer to 

section 3.1. 

 

4.4 Data Validation  

Not applicable. 

 

4.5 Data Verification 

Not applicable. 

 

4.6 Data Completeness 

Due to the severity of a Teleprotection circuit failure, every communication 

path provided by BT private wires must be migrated to the proposed fibre 

communication platform. 

An audit of BT private wires in SPN was carried out, and the list of circuits to 

be mitigated was updated in June 2012. 

The audit was carried out by UK Power Networks’ Teleprotection engineers 

and ensures the communication paths affected by BT21CN have been 

identified, enabling deployment of a solution that fully mitigates the risk. 
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5.0 Intervention Policies 

5.1 Interventions: Description of 132kV Intervention Options 

 

UK Power Networks’ BT21 team explored the viability of a variety of 

technologies for the mitigation of BT21CN on 132kV Teleprotection schemes. 

Of these, the following were rejected: 

 

 Copper cables 

 Radio systems 

 Circuit breakers 

 Power Line Carriers. 

The following were identified as suitable technical solutions: 

 Self-build fibre 

 Leased third-party dark fibre. 

 

The suitable options are summarised in Table 4.  

 

Table 4 – Comparison of the viable fibre optic solutions for BT21 on the 
132kV network 

The following sub-sections provide more information on all the options 

considered. 

 

Description Resilience CAPEX OPEX Estimated Asset Life

Self build - 

OPGW

Earth Wire with 48 

fibre embedded 

core

Fully resilient end 

to end solution

High unless 

installed in 

alignment with 

reconductoring

Low 40 years

Self build - 

OPPC

Phase Conductor 

with 48 fibre 

embedded core

Fully resilient end 

to end solution

High unless 

installed in 

alignment with 

reconductoring

Low 40 years

Self build - 

Fibre wrap

A 48-fibre optical 

fibre cable 

wrapped on 

conductor

Not a fully resilient 

solution Low

Low (but higher 

than OPGW and 

OPPC)

15 years

Self build - 

Under-

ground 

Fibre

2 underground 

ducts of 24 fibres 

each

Fully resilient end 

to end solution

Very high unless 

installed in 

alignment with 

cabling

Low 40 years

Leased 

Dark Fibre

One pair of fibres 

leased from a third 

party network 

owner

Not a fully resilient 

solution, unless 

two completely 

diverse dark fibre 

routes

Dependent on 

extent of new dig 

required to 

connect into grid 

site

High

10, 7, or 5 year 

renewable rental 

contract. 

Comaprison of the viable optical fibre solutions for BT21CN Mitigation on the 132kV Network
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5.1.1 Self-build fibre installation 

This is the creation of fibre routes using existing overhead line 

infrastructure or, where this is not available, underground fibre routes. 

This solution is wholly owned by UK Power Networks.  

 

 OPGW (optical ground wire) 

Earth wire with a 48-fibre embedded optical core. 

Direct replacement to conventional earth wires. 

Tried and tested method of installing fibre. 

This is the most reliable solution, as the fibre cores are well 

protected at the central core of the conductor and wire breakage is 

very rare. 

Can be used in a ‘flattened ring’ architecture, where a single 

conductor provides a fully resilient fibre link. 

High installation cost, but cost effective when installed in 

alignment with earth wire reconductoring projects. 

As long as the conductor is intact, the fibres will continue to 

function. Asset life is taken to be the estimated lifetime of the 

overhead conductor: 40 years. 

 

 OPPC (optical phase conductor) 

Phase conductor with a 48-fibre embedded optical core. 

Direct replacement to conventional phase conductors. 

May require replacement of all three phase conductors due to the 

differing sag of old and new conductors. 

High installation cost, but cost effective when installed in 

alignment with phase conductor reconductoring projects. 

As long as the conductor is intact, the fibres will continue to 

function. Asset life is taken to be the estimated lifetime of the 

overhead conductor: 40 years.  
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 Fibre wrap (on both earth and phase conductors) 

A 48-fibre optical cable helically applied on existing earth or phase 

conductors, using a purpose-built wrapping machine. 

Lower installation cost than OPGW or OPPC. 

Faster installation than OPGW or OPPC, thus requiring shorter 

outages. 

Fibre wrap is exposed to the environment and particularly 

vulnerable to shotgun damage, especially with reduced clearance 

of 132kV. 

Therefore, a single fibre wrap route is not a point-to-point resilient 

solution. 

The fibre wrapping machine is heavy. Due to health and safety 

reasons, the BT21 policy states that only conductors with Cormon 

condition one or two can be fibre wrapped; condition three and 

four conductors are considered too corroded to safely support the 

weight of the machine.  

Based on a history of failures in other DNOs, members of the 

Electricity Networks Association Next Generation Networks (ENA 

NGN) group agreed that 15 years is the expected asset life of fibre 

wrap. 

 

 Underground fibre 

Expensive as an end-to-end solution.  

Cost effective when installed with other excavations, such as 

cable reinforcement schemes, or where spare ducts are available. 

Underground installation is used to connect fibre from the 

overhead network into substation relay rooms, or to connect from 

relay rooms to a dark fibre hand-off point. 

Usually installed as two ducts containing 24 fibres each, with 

vertical separation between ducts; therefore, this is a fully resilient 

solution because of the separation and protection afforded by 

underground installation. 

Due to the protection provided by underground installation, 

especially when installed with HV cables, the asset life is 

estimated to be equal to that of cable installations: 40 years. 
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Figure 1 – Fibre wrap installed on an overhead line 

 
Figure 2 – The fibre wrapping machine at work 

 
Figure 3 – OPGW 

Images credits: AFL Global 
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5.1.2 Leased third-party dark fibre  

This is technically viable for BT21CN as the use and installation of 

terminal equipment for the optical fibre circuit will be under the control 

of UK Power Networks across a dedicated fibre circuit.  

However, the dedicated route consists of only one pair of optical 

fibres. This suffices for Teleprotection requirements, so long as 

multiplexers are employed. 

A single dark fibre pair is not considered a fully resilient solution due to 

the reliance on third-party services. However, two fully diverse dark 

fibre routes between two points provide a fully resilient fibre solution 

between those two points. 

Subject to agreement by the supplier, dark fibre could potentially be 

presented at any location, such as a substation wall or 132kV tower, 

as long as the demarcations are clearly identified. The leased fibre 

cables can then be spliced to the self-owned fibre cable and provide 

short- or medium-term solutions until such a time as a complete self-

build solution can be installed. 

Cost of installation depends heavily on distance of new digs required 

to connect dark fibre into UK Power Networks’ grid sites. 

Dark fibre routes have significant rental costs compared to self-build 

fibre maintenance costs, and rental costs are dependent on route 

length. 

A dark fibre lease contract can be five, seven or 10 years. Whole life 

cost calculations for schemes delivered so far demonstrate that a 10-

year contract provides the most cost-effective solution. Therefore, five- 

and seven-year dark fibre rental schemes have never been 

implemented. 

 

5.1.3 Copper telecoms cables (rejected option) 

UK Power Networks owns and operates a small number of pilot and 

twisted pair copper telecoms cables in certain areas of SPN. These 

were traditionally laid with HV cables and are found more in urban 

than rural areas. However, in most cases, these cables are already in 

use for Teleprotection services and a BT circuit provides the required 

separacy (N-1 resilience). Therefore, these cables cannot form a 

major component of the overall BT21CN Mitigation strategy. 

Lease of third-party managed services over copper have been 

considered by UK Power Networks. However, only BT and Cable & 

Wireless have offered a managed copper solution and neither could 

provide assurance of the required level of contractual compliance. 
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5.1.4 Radio systems (rejected option) 

Although microwave and other radio spectrum options offer potential 

solutions for standby protection bearer services, due to concerns 

expressed by protection engineers regarding this technology being 

used for primary protection, it was recommended that a 

microwave/radio-only option is rejected.  

Furthermore, the electricity industry protection and telecoms 

managers are in agreement that 132kV and above protection 

schemes should not use a radio bearer service as its primary 

Teleprotection solution.  

However, where ENA TS 48.6.7 Category 3 circuits are considered 

suitable Teleprotection schemes, radio frequency communication can 

provide a very cost-effective solution. Therefore, such schemes used 

for 33kV Intertripping could benefit from this solution. 

 

5.1.5 Circuit breakers (rejected option) 

In the case of ‘simple’ transformer feeders, which are radial to the 

main network, installation of transformer HV circuit breakers has been 

considered an alternative to establishing communications to the 

substation. This option was initially proposed where installation of 

132kV circuit breakers is feasible at the substation site and provides 

the most economical solution to maintain existing network security and 

reliability. However, dark fibre options are more cost effective and 

therefore circuit breakers are no longer recommended by the BT21 

team. 

 

5.1.6 Power line carrier (rejected option) 

Legacy PLC systems are in service on the UK transmission network, 

but the power levels are restricted, as are the number of available 

channels. 

There are a limited number of 132kV feeders where PLCs could be 

installed. However, due to network configuration and space 

constraints within the grid substation sites for the very expensive 

terminal equipment, this option is only suitable at specific sites and it 

was recommended that this option is rejected. 

Currently there are no PLC systems in use on the UK Power 

Networks’ network and the introduction of this technology will create 

additional issues in asset management, network operation and staff 

familiarisation and training.  
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5.2 Policies: Selecting Preferred 132kV Interventions 

 

Following BT’s announcement of the withdrawal of current communication 

services, the Electricity Networks Associations Next Generation Networks 

(NGN) Group has held regular meetings to discuss the mitigation options.  

The consensus from these meetings was that a wholly OPGW and 

underground fibre network would provide the most reliable and longest lasting 

solution for mitigation of BT21CN. This stemmed from the experience of 

OPGW and underground fibre across the UK and Europe. Embedded fibres 

will last as long as the conductors are in place to protect them, and 

underground fibre, though at higher risk of damage, is easily and cheaply 

repaired. 

Following the initial evaluation of technologies by UK Power Networks’ BT21 

team (refer to section 5.1); a self-build fibre deployment strategy was 

considered, along with a number of other options, as detailed in Table 5. 

Option 

number 

Description 

1 Self-build without alignment 

2 Self-build with alignment 

3 Leased dark fibre with alignment 

4 Leased dark fibre without alignment 

5 Self-build and leased dark fibre with alignment 

Table 5 – Fibre deployment strategies 

Cumulative NPV analyses of these options, summed across both EPN and 

SPN distribution networks, are shown in the graph below.  

The cumulative cost is calculated over the ‘implementation’ period (2010-

2018) and the ‘in-service’ period (2018-2058) of 40 years. This period was 

chosen as this is the expected lifetime of OPGW and OPPC – the longest 

lasting of the options. 
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Figure 4 – Cumulative NPV whole life costs (options 1-5) 

 

 

Option five is the strategy with the lowest whole life cost, on account it 

considers all technically viable options for each optical fibre scheme and 

determines the lowest whole life cost solution for that scheme. Therefore, 

Option five was the chosen strategy for BT21CN Mitigation in DPCR5 and it is 

the recommended strategy for continuation of the programme in ED1. 

Although a wholly self-built fibre network (options one and two) provides the 

most technically reliable and robust solution, the additional reliability is 

marginal in relation to the additional cost compared to option five. 

A wholly dark fibre solution (option three) and a dark fibre plus alignment 

solution (option four) were rejected due to their cost and the high reliance on 

third-party services. 

In implementing option five each BT21 scheme, i.e. each end-to-end fibre 

route, needs to be evaluated under the following considerations, in order: 

1. Alignment and OHL condition 

2. Resilience 

3. Whole life cost calculation 

4. Feasibility studies. 

This decision-making process is explained in the following sub-sections and 

the intervention flowcharts at the end of this section. 
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5.2.1 Alignment and OHL condition 

Alignment is the installation of optical fibre in conjunction with an 

existing conductor or cable replacement project, known as an asset 

replacement project. 

For example, where the earth wire is being replaced due to its 

condition, OPGW will be installed instead of the standard HORSE 

conductor. Another example is where 132kV underground cables are 

being replaced as part of a reinforcement programme, telecoms ducts 

and optical fibres will be installed (in the configuration described in 

section 5.1 Interventions: Description of 132kV Intervention Options). 

Alignment is the most cost-effective method of fibre roll-out because 

the BT21 scheme pays for only the incremental cost of fibre and 

therefore it is the first possibility to be considered. 

The incremental costs of fibre for alignment projects are given in the 

table below. 

Type of installation 

Incremental 
cost for 
alignment 
works (£/metre) 

OPGW (over standard HORSE) 4.797 

OPPC (over LYNX, SYCAMORE, UPAS) 5.954 

UG (install duct only) coincident with main cable-
laying works. 

5.180 

UG (install duct and fibre) coincident with main 
cable-laying works. 

13.320 

Table 6 – Incremental cost of fibre in alignment schemes 

The first consideration is whether there is an existing asset 

replacement project scheduled before 2018 which the corresponding 

BT21 scheme can align with. If so, fibre installation via alignment can 

go ahead. 

If not, the next consideration is whether there is an asset replacement 

project scheduled for post-2018 with which alignment can happen. If 

there is, the possibility of bringing forward this project prior to 2018 

must be evaluated. However, this may be unviable because: 

 An NPV analysis demonstrates there is not an overall cost benefit 

(i.e. considering both BT21 and the asset replacement 

programme). 

 It is unsure if the project will go ahead. For example, a cable 

reinforcement project may be dependent on a potential future 
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event, such as the connection of a large housing development or 

generation scheme, which may only be confirmed after 2018.  

If there is no project to align with, or if bringing forward a project is 

shown to be unviable, the next consideration is OHL condition. 

Existing Cormon (corrosion monitoring) data is consulted to determine 

whether the conductors can be fibre wrapped.  

If no recent (less than six years old) Cormon data is available, Cormon 

tests must be carried out and the results will have implications on 

whether a line can be fibre wrapped or not. The decision on this, along 

with the corresponding asset replacement strategy, is shown in Table 

7. 

Cormon 

condition  

Fibre wrap 

possibility 

Condition-based asset 

replacement strategy 

1 Can be fibre wrapped Healthy conductor 

2 Can be fibre wrapped Healthy conductor 

3 

Partially corroded. 

Cannot be fibre 

wrapped 

Increased frequency of Cormon 

testing to every five years to 

monitor the line 

4 

Severely corroded. 

Cannot be fibre 

wrapped 

The line shall be considered for 

restringing (EDS 01-003 

Refurbishment and Replacement 

Standard for Broad Based 

Towers) 

Table 7 – Cormon condition 

If the conductor is found to be condition four, this will be brought to the 

attention of UK Power Networks’ Asset Strategy and Performance 

team, which manages the condition-based replacement programme. 

The strategy will be to schedule the route for reconductoring and, as it 

is critical for BT21CN Mitigation, will be scheduled for pre-2018 so that 

the corresponding BT21 scheme can install OPGW optical fibre in 

alignment. 

If the line is measured to be condition one, two or three, there is no 

justification for considering alignment in the BT21 scheme, so the next 

step is to assess the resilience requirements of the scheme (refer to 

section 5.2.2). 
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5.2.2 Resilience 

All 132kV Teleprotection circuits require (N-1) resilience, and the 

configuration of a BT21 scheme will determine how this is provided. 

A fibre link is configured as either a segment of a main self-healing 

fibre ring where alternate routing is available in the event of a fibre 

break, or as part of a spur extending off a main ring. 

 

Figure 5 – Ring architecture with a single spur 

For a ring route, the resilience requirements are fulfilled by: 

 Fibre wrap (provided Cormon condition one or two) 

 Single leased dark fibre pair 

 OPGW 

 OPPC 

 UG fibre 

For a spur route, the resilience requirements are fulfilled by: 

 OPGW 

 OPPC 

 Two fully diverse leased dark fibre pairs 

 One leased dark fibre pair plus fibre wrap (provided Cormon 

condition one or two) 

 Two fibre wraps (provided Cormon condition one or two) (can be 

on earth and phase conductor; or both on phase conductor with 

one on each circuit, assuming dual circuit overhead line)  
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 UG fibre 

As explained in section 5.1.1, a single OPGW, OPPC or underground 

fibre link is considered to be a fully resilient solution with flattened-ring 

architecture. 

It is often difficult to obtain two fully diverse dark fibre routes as there 

are often pinch points in the network (e.g. across bridges) that present 

a single point of failure.  

Fibre wrap in combination with a single dark fibre pair has not been 

applied in previous solutions as the whole life cost analysis favours 

OPGW. 

It must also be noted that an end-to-end self-build underground fibre 

solution is very rare, and is never viable between sites that are 

connected predominantly by overhead line, and so is not considered 

for such schemes. 

It does become an option between sites connected by underground 

cable, or where the overhead route is long because it follows an 

indirect path, but these instances are rare.  

Underground installation becomes more viable if spare ducts are 

available on an existing cable route between the sites.  

 
 

5.2.3 Whole life cost calculation 

Once resilience has been accounted for and the options for fibre 

installation shortlisted, the next step is the comparison of the options 

via a whole life cost model.  

A whole life cost evaluation is required to account for the significant 

operational cost requirements of fibre links, hence ensuring that the 

most cost-efficient long-term solution is identified.  

The whole life cost model is further broken down to provide estimates 

of the component costs that make up the installation cost of a BT21 

scheme. These models are based on the pricing of the 2012 

programme and consultation with contractors and equipment suppliers 

on resourcing and installation rates.  

The inputs to these models are scheme data collected via desktop 

route studies (route length, underground lengths, crossings, etc.). 

High-level quotes from the dark fibre service provider are used in this 

model to calculate the installation cost and rental of a dark fibre 

option. 
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The capital investment and operational cost for each option are then 

fed into a Net Present Value (NPV) analysis, which produces the 

whole life cost of each option over 40 years (the expected lifetime of 

OPGW and OPPC). The expected lifetime of fibre wrap is 15 years; 

therefore the whole life cost analysis factors in the expenditure for re-

wrapping in years 15 and 30. It is also assumes that dark fibre rental 

increases by 10% at every renewal of contract (whether a five-, seven- 

or 10-year contract). 

The option with the lowest whole life cost is put forward for feasibility 

study and detailed costing. 

 

 
5.2.4 Feasibility studies 

Each year, a programme of BT21 schemes, each with their proposed 

solution obtained from whole life cost analysis, is taken forward for 

feasibility studies and detailed costing by an appointed contractor. The 

results of the studies may affect the proposed options in terms of 

highlighting more cost-efficient solutions. 

For a visual representation of the intervention evaluation process 

and whole life cost models, please see the flowcharts below. 

For case studies of how the intervention process has been 

applied for actual schemes, see Appendix 4 WLC Case Studies. 
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Figure 6 – BT21 scheme intervention flowchart 
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Figure 7 – Self-build fibre whole life cost calculation 
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Figure 8 – Leased dark fibre whole life cost calculation 
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5.3 Interventions: Description of 33kV Intervention Options 

 

5.3.1 Radio frequency solutions 

Trials with radio frequency Teleprotection have been conducted by 

other UK energy utility companies, and it has been deemed a suitable 

solution for Category 3 class of Teleprotection circuits which includes 

33kV Teleprotection. 

Long-term trials are to be carried out on three SPN 33kV schemes in 

2013-2015 to evaluate their day-to-day radio link reliability and fault 

performance (fault noise is a concern). 

 

5.3.2 Leased third-party dark fibre  

As a Category 3 Teleprotection system, 33kV circuits require a single 

path, i.e. not a self-healing ring network. Hence, a single leased dark 

fibre pair would suffice as a BT21CN Mitigation solution, making it 

attractive in the event that radio frequency communication is not 

feasible due to obstructions or grazing paths. 

 

5.3.3 Overhead and underground optical fibre self-build options 

Most of the SPN 33kV network consists of underground cables and so 

the opportunities for OHL self-build fibre installation are limited.  

Underground installation is often costly, unless installed in alignment 

with an asset replacement scheme.  

 

Mitigation of BT21CN on the 33kV network will occur in 2015-2018, once 

radio trials are completed. 
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5.4 Policies: Selecting Preferred 33kV Interventions 

 

When evaluating the options for a 33kV Teleprotection system for BT21CN 

Mitigation, the following shall be considered in order: 

 Alignment 

 Feasibility 

 Whole life cost comparison 

 

5.4.1 Alignment 

For cost effectiveness, the first option to be considered is the 

installation of fibre in alignment with a condition-driven or load-driven 

asset replacement project. 

 

5.4.2 Feasibility 

Consideration must be given to the limitations of each potential 

intervention option. 

Radio frequency solutions may not be suitable due to obstructions, 

grazing paths, or as a result of poor communication performance in 

the trials. 

Because most of the 33kV network is underground, overhead line self-

build fibre may not be an option.  

Underground fibre installation is often an expensive solution, but may 

be cost effective on some routes, especially where spare ducts are 

available. 

Large parts of the SPN area are not serviced by independent fibre 

network operators, and this could rule out dark fibre as a feasible 

option for some schemes. 

 

5.4.3 Whole life comparison 

A whole life cost comparison (similar to that for evaluating options for 

the 132kV fibre network) is required to compare feasible options 

identified for 33kV Teleprotection.  

An adaptation of the 132kV whole life cost model will be employed to 

carry out these analyses. 
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6.0 Innovation 
 

While outside the scope of the BT21CN Mitigation programme, the fibre communication 

platform produced by the programme will be an enabler of active network management and 

improved network capacity to connected distributed generation via duplicate Intertripping 

instead of Directional Over Current protection.  

An SPN-wide fibre optic communication system will therefore assist in enabling a smart grid-

ready network, helping the UK deliver on its commitment to reducing carbon emissions. 

 

7.0 ED1 Expenditure Requirements for BT21CN Mitigation 

7.1 Method 

In anticipation of BT’s withdrawal of service in March 2018, an optical fibre 

network must be in place by the end of 2017 to provide 100% of the 

communication paths currently provided by the BT private wires. 

 

7.2 Constructing the Plan 

Deployment of the first optical fibre routes under the BT21CN Mitigation 

programme commenced in 2012. 

The pricing schedules provided by contractors for the programme led to the 

creation of new models for cost forecasting. 

These models have been applied to forecast the expenditure of the BT21CN 

programme for 2013 onwards. 

The programme is constructed to ensure full mitigation of BT21CN by the end 

of 2017.  

For each 132kV BT21 scheme, a high-level options evaluation has been 

carried out, as described in section 5.2, with the exception of the feasibility 

study, as this needs to be carried out by the contractor at the beginning of 

each annual programme. This process only highlights the most likely fibre 

solution for the scheme. 

Where dark fibre quotes are not available, the route length is compared with 

that of other routes for which quotes are available to produce an estimate of 

installation and rental costs. 
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Where recent (less than six years old) Cormon data is not available for a 

scheme, existing data is used. Therefore, if the scheme is evaluated to be a 

fibre wrap solution, there exists a risk that this option might not be feasible if 

the Cormon condition has deteriorated significantly since the last test. The 

schemes at risk have been identified and the impact of the risk has been 

calculated in Appendix 8 Risk Assessments: Overhead Line Condition. 

As part of the intervention policy, all opportunities are explored to align with 

condition- or load-based 132kV conductor or cable replacement projects. 

Although several schemes have already been delivered via alignment, the 

level of alignment up until 2018 is expected to be low (based on current 

132kV refurbishment and reinforcement programmes). 

Alignment with asset replacement projects will continue beyond 2018 to 

increase resilience on the network and reduce reliance on third-party leased 

fibre. Although not all post-2018 schemes have been identified, allowances 

are required to ensure that any future opportunities to install fibre are utilised. 

When other major works are planned to occur before 2018 where the 

conductor is not being replaced, e.g. insulator and fittings replacement, the 

corresponding self-build BT21CN scheme is planned to occur alongside it to 

achieve potential efficiencies in outages, mobilisation, and resource. 

Effort is made to ensure routes in geographical proximity and involving the 

same substations are completed simultaneously to achieve efficiencies in 

cabling works and resource.  

 

7.3 Additional Considerations 

Strategic infrastructure proposals in the pipeline could affect the 132kV 

network structure. Close liaison with UK Power Networks’ Infrastructure 

Planning is on-going to keep abreast of these proposals and ensure any 

effect on BT21CN schemes are identified and assessed.  
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7.4 BT21CN Mitigation Volumes and Expenditure  

 

Full mitigation of BT21CN is not driven by scheme volumes, i.e. not 

dependent on a target number of schemes being completed. BT21CN 

Mitigation can be completed with slightly more or fewer schemes, depending 

on costs of dark fibre links and the options available for strategic links that 

complete the (N-1) resilient fibre rings. However, scheme volumes are 

included in this business plan, representing the current understanding of how 

the fibre network will be deployed. 

For the figures behind these graphs, refer to Appendix 5 NLRE Expenditure 

Plan. 

 

  
Figure 9 – BT21CN Mitigation investment (£m) 

 

  
Figure 10 – BT21CN Mitigation scheme volumes 
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7.5 Commentary  

 

7.5.1 The FBPQ submission 

The FBPQ submission by UK Power Networks for the SPN BT21CN 

Mitigation programme forecast a requirement of £22.4m in DPCR5 to 

install optical fibre links. This forecast contained the following:  

- 34 schemes to be done in DPCR5  

- 22 schemes which had no DPCR5 forecast requirements as they 

were programmed for deployment in the following regulatory 

period (now known as ED1). 

The allowance provided by Ofgem for DPCR5 was £17.9m. 

 

7.5.2 DPCR5 forecast 

 The forecast for DPCR5 as presented in this business plan is to 

complete 40 schemes at a capital cost of £12.2m, with an average of 

£306k per scheme. A further £0.3m of operational costs is also 

forecast for DPCR5, which comprises mostly of rental costs of third 

party leased dark fibre links. 

The composition of the schemes is as follows: 

- 27 of these are from the original 34 schemes programmed for 

DPCR5 in the FBPQ submission. Of the seven schemes deferred 

to ED1, two have been deferred due to outage constraints, two 

have been deferred due to further surveys required on trident pole 

sections through environmentally sensitive zones, and two have 

been deferred due to strategic network changes and further 

studies of teleprotection requirements. One scheme has been 

removed from the programme altogether as it can be mitigated as 

part of another. All the deferrals have been for reasons of cost 

efficiency and risk minimisation. 

- 9 of these are from the 22 schemes that were programmed post-

DPCR5 in the FBPQ submission, where subsequent updates to 

the programme have taken the opportunity to bring them forward 

to DPCR5. The reason for this is to mitigate the deferrals stated 

above, to align with asset replacement projects, and to prevent 

excessive delivery pressure on ED1 as it is apparent that new 

schemes are required to complete the programme. 

- 4 of these were not listed in the FBPQ submission, but have been 

added in subsequent updates to the programme once their 

requirement became apparent. 



Asset Stewardship Report 2013       Working draft v0.1 
SPN BT21 
Version 2 
All of the cost numbers displayed in this document are before the application of on-going efficiencies and real price effects. 

  35 
UK Power Networks (Operations) Limited. Registered in England and Wales. Registered No. 3870728. Registered Office: Newington House, 237 Southwark Bridge Road, London, SE1 6NP  

As of Q1 2014, 17 schemes are completed or expecting imminent 

completion. 

Also, there are 8 self build schemes currently at risk of non-delivery in 

DPCR5 due to outage issues, environmental consents, and 

dependencies on asset replacement plans. 

With regards to dark fibre schemes, the third party provider has a 

proven delivery track record thus far. However, with the high level of 

dark fibre delivery planned for late DPCR5, it is prudent to assume 

that a further 3 dark fibre schemes are at risk of delivery slip into ED1. 

It must be noted that this forecast is subject to the sensitivities outlined 

in section 0. The same applies to ED1 and ED2 delivery. 

 

7.5.3 DPCR5 forecast versus FBPQ submission 

In the DPCR5 forecast, there is a reduction in average cost per 

scheme compared to original allowance of 34 schemes at £17.9m 

(£526k per scheme). The main reason for this is that several high 

investment self-build schemes were completed with low BT21 

expenditure as a result of asset replacement projects on those 

overhead and underground routes circuits with which BT21 was able 

to align, paying for only the incremental cost of fibre. 

Examples of schemes delivered (or forecast for delivery) as such are 

Sheerness/Kemsley, Southern Cross/Fishersgate, Hastings/ 

Rye/Appledore/Ruckinge, and West Weybridge/Guildford. 

Furthermore, the cost estimation process behind the FBPQ plan had 

little visibility of the extent of dark fibre possible for BT21. Discussions 

with third party fibre providers have since allowed for inclusion of dark 

fibre solutions in the plan, and analysis has shown it to be the most 

cost effective solution (over the whole life of 40 years) for some 

schemes that were originally planned for self build. 

For example, consider the schemes for Kingston/Chessington. In the 

FPBQ submission, this was planned for self build underground fibre 

solution in DPCR5 for £3.1m. Planning discussions with the third party 

fibre provider revealed that they have fibre routes in the area which 

run very close to these grid sites. The subsequent dark fibre prices 

provided then rendered it to be the most cost effective option over the 

40 year analysis period, hence reducing the DPCR5 forecast 

significantly to just £0.10m. Similar changes to the programme took 

place in Chessington/Leatherhead/West Weybridge. 

Note that the level of dark fibre delivery results in a significant 

operational cost (rental) forecast commencing in DPCR5 and 
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extending to ED1 and beyond. However, the whole life cost analysis 

takes into account this rental element for each scheme (or group of 

schemes) to ensure that the overall solution for BT21 is the most cost 

effective one over the 40 year period. (See section 5.2 for more details 

on the fibre deployment strategy) 

 

7.5.4 ED1 forecast 

The forecast for ED1 as presented in this business plan is to complete 

46 schemes at a capital cost of £12.8m, with an average of £279k per 

scheme. A further £5.0m of operational costs is also forecast for ED1, 

which comprises mostly of rental costs of third party leased dark fibre 

links. 

The composition of the schemes is as follows: 

- 13 of these are from the 22 schemes that were programmed for 

post-DPCR5 in the FBPQ submission. 

- 6 of these are from the 34 schemes programmed for DPCR5 in the 

FBPQ submission,  which have subsequently been deferred to 

ED1 (see DPCR5 Forecast section above) 

- 27 of these were not listed in the FBPQ submission. These have 

been added as subsequent data collection activities have resulted 

in new BT Private Wires being recorded, requiring the BT21CN 

Mitigation programme to add in new schemes to mitigate the loss 

of service on these wires. 

 

7.5.5 ED1 forecast versus DPCR5 forecast 

The forecast average capital cost per scheme in ED1 is £279k, 

whereas that in DPCR5 is £306k. This slight decrease in cost per 

scheme in ED1 compared to DPCR5 is a result of the slightly higher 

level of dark fibre deployment in ED1; dark fibre tends to have lower 

capital requirement than self build. 

 

7.5.6 ED2 

In ED1, expenditure and scheme volumes are expected to remain 

relatively steady from 2016 to 2018, producing a fibre network that 

fully mitigates BT21CN by 2018. 

Continued alignment beyond 2018 and into ED2 is expected and 

recommended to increase resilience on the network and reduce 

reliance on third-party leased fibre. In ED1, specific schemes have 

been identified with which alignment can take place. In ED2, specific 
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schemes have not been identified, but a residual capital allowance is 

required to ensure any alignment opportunities are realised. 

With delivery of schemes and the level of dark fibre deployment 

expected, operational cost requirements will increase gradually and 

plateau in 2018, beyond which increases in operational costs will be 

minimal and solely caused by installation of fibre in alignment projects. 

 

7.5.7 Comparison with EPN expenditure 

The EPN expenditure levels are significantly higher than those in SPN 

because more substation-to-substation schemes need to be delivered 

in EPN to fully mitigate the risk of BT21CN. 

 

7.6 Sensitivity Analysis and Plan Validation 

 

7.6.1 Assumptions taken in the development of the BT21CN cost models: 

 The BT21 self-build fibre construction costs have been developed 

based on pricing provided in the 2012 programme and through 

consultation with equipment suppliers and contractors on 

resourcing and installation rates for the project. Therefore, it is 

assumed that these will be available.  

 The BT21 leased dark fibre installation and rental costs are based 

on high-level costs, where obtained from the fibre network 

operator. Where high-level costs are not available, estimates 

based on route length are applied, pending a costing exercise by 

the fibre network operator. 

The above assumptions apply to both the DPCR5 and ED1 forecasts. 

7.6.2 Details of the forecast’s sensitivity. 

For the recommended BT21CN Mitigation solution, the DPCR5 and 

ED1 project forecast is subject to the following sensitivities:  

 Increase in costs or variation of spend profile due to the 

assumptions above not being correct. 

 

 On-going development and assessment of all communication 

options may provide further cost reduction. 

 

 Engineering difficulties including traffic management of work sites 

and transport infrastructure crossings may result in increased 

costs on self-build fibre projects.  
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 The BT21 self-build fibre and equipment costs are based on 

quotations from suppliers. Equipment costs and order lead time 

may be subject to change. 

 

 Additional costs may be incurred on self-build fibre projects due to 

unforeseen land compensation and Wayleave payments. 

 

 Additional costs may be incurred on leased dark fibre projects due 

to longer cabling works and capacity upgrades. 

 

 Sections of the self-build fibre network are exposed to the 

environment and third-party interference, which may result in 

damage. Since this type of damage is difficult to predict, the costs 

allocated for maintenance and/or repair may vary. 

 

 Before the commencement of each annual programme, a full 

feasibility study will be undertaken. The results of the studies may 

affect the chosen options in terms of highlighting more efficient 

solutions on particular links. It should also be noted that the 

progress of alignment projects and unforeseen network issues 

may affect the chosen solution as the project develops. 

Consequently, there may be a change to the forecast costs. 

 

 

There is sensitivity to overhead line condition; however this has been 

treated as risk and can be found in Appendix 8 Risk Assessments. 
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7.7 Deliverability  

 

7.7.1 Network access and outage availability 

Liaison is on-going with UK Power Networks’ Outage Planning 

regarding all BT21 schemes, with a particular focus on those planned 

for latter stages of the programme (2017 and 2018). This is to 

minimise the effect of outage withdrawals on those schemes in light of 

the 2018 deadline. 

Where possible, fibre installation via alignment is carried out, 

minimising outage requirements on overhead routes. 

 

7.7.2 Delivery volumes 

BT21CN Mitigation is carried out as a series of calendar year 

programmes. UK Power Networks’ SPN Capital Programme Delivery 

has confirmed that the annual volumes are deliverable, provided the 

required engineering, financial and contractual approvals are obtained 

prior to commencement of the calendar year. As this is the approach 

to be applied throughout the programme, the scheme volumes are 

considered deliverable. 

Delays in the programme could increase pressure on contractor(s) 

and UK Power Networks’ delivery, resulting in risk of non-completion 

by 2018. However, there is sufficient float in each year’s programme 

to ensure that delayed schemes, if any, can be accommodated.  
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Appendices 

 

Appendix 1 Age Profiles 

Not relevant: intentionally left blank. 

Appendix 2 HI Profiles 

Not relevant: intentionally left blank. 

Appendix 3 Fault Data  

Not relevant: intentionally left blank. 
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Appendix 4 WLC Case Studies 

 
Understanding whole life cost analyses 

 

Whole life cost analysis factors both initial (year 0) capital expenditure along with 

subsequent expenditure over 40 years for maintenance of the fibre route to determine the 

cumulative NPV of the whole life cost. 

The two graphs below illustrate the cumulative NPV curves over 40 years for two different 

BT21 schemes. Both schemes do not need resilience as they are part of a self-healing fibre 

ring, and both overhead routes are in suitable condition to be wrapped. Hence, the final four 

options are OPGW, OPPC, fibre wrap and single dark fibre pair with 10-year rental. 

 
Figure 11 – Scheme 1: cumulative whole life cost 

 

 
Figure 12 – Scheme 2: cumulative whole life cost 

As expected, of the self-build options, OPPC is the most capital-intensive (year 0), followed 
by OPGW and fibre wrap. Dark fibre installation costs depend heavily on the proximity of 
third-party fibre routes to UK Power Networks’ grid sites.  

OPPC and OPGW operational requirements are low, as expected, and hence there is very 

little increase in cumulative NPV over the 40-year analysis. 

Fibre wrap has higher maintenance costs, but the primary contributor to the marked increase 

in cumulative NPV is the cost of re-wrapping the fibre every 15 years (years 15 and 30). 

Dark fibre requires high rental costs in comparison to self-build maintenance costs, hence 

the significant rise in cumulative NPV over 40 years. 
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For a breakdown of the year 0 capital outlay and subsequent annual operational requirement 

for each option, see Table 8. 

 

 
Table 8 – Fibre solutions capital and operational cost compositions 

  

OPGW OPPC Fibre Wrap Dark Fibre

Feasibility studies by 

contractor

Feasibility studies by 

contractor

Feasibility studies by 

contractor

High Level feasibility and costing, 

followed by detailed design, by 

third party fibre network owner

Installation by contractor Installation by contractor Installation by contractor
Installation cost by third party 

fibre network owner

Terminal tower to relay 

room cabling by 

contractor

Terminal tower to relay 

room cabling by 

contractor

Terminal tower to relay 

room cabling by 

contractor

Hand off point (usually substation 

wall) to relay room cabling by 

contractor

Wayleaves Wayleaves Wayleaves Wayleaves 

Environmental Costs Environmental Costs Environmental Costs Environmental Costs

Internal Project 

Management and Design

Internal Project 

Management and Design

Internal Project 

Management and Design

Internal Project 

Management and Design

Other (vegetation 

clearance, line patrols, 

etc…)

Other (vegetation 

clearance, line patrols, 

etc…)

Other (vegetation 

clearance, line patrols, 

etc…)

n/a

Substation Building Fibre 

Works (Multiplexers and 

cabinets supply, splicing, 

and telecoms testing)

Substation Building Fibre 

Works (Multiplexers and 

cabinets supply, splicing, 

and telecoms testing)

Substation Building Fibre 

Works (Multiplexers and 

cabinets supply, splicing, 

and telecoms testing)

Substation Building Fibre 

Works (Multiplexers and 

cabinets supply, splicing, 

and telecoms testing)

Protection 

Commissioning

Protection 

Commissioning

Protection 

Commissioning

Protection 

Commissioning

OPGW OPPC Fibre Wrap Dark Fibre

General Maintnance of 

£0.0266 per metre

General Maintnance of 

£0.0266 per metre

General Maintnance of 

£0.0266 per metre

Rental Cost of Dark Fibre as 

charged by third party network 

owner

Specific maintenance 

and testing of £0.0403 

per metre

Specific maintenance 

and testing of £0.0436 

per metre

Specific maintenance 

and testing of £0.1151 

per metre

Testing costs of £250 

Composition of Year 0 capital expenditure of each option

Composition of annual opex of each option



Asset Stewardship Report 2013       Working draft v0.1 
SPN BT21 
Version 2 
All of the cost numbers displayed in this document are before the application of on-going efficiencies and real price effects. 

  43 
UK Power Networks (Operations) Limited. Registered in England and Wales. Registered No. 3870728. Registered Office: Newington House, 237 Southwark Bridge Road, London, SE1 6NP  

A. Kemsley – Grovehurst 

 

Desktop route study: 

Site A 
Route 
name 

Site B 
Terminal 
tower to 

site A 

Nature 
of 

cabling 
route 

OHL 
Distance 

UG 
distance 
en route 

Terminal 
tower to 

site B 

Nature 
of 

cabling 
route 

Kemsley PWM Grovehurst 179m 

NG 
shared 
site with 
simple 

dig 

555m 335m 66m 

Simple 
dig to 

terminal 
tower 

 

Number of towers Minor crossings Major crossings 

4 0 1 

 

ADSS tower-suspended fibre optic cable has already been installed on this route. ADSS is 

not considered a fully resilient solution and an alternative fibre path is still required. 

Terminal tower to relay room at Kemsley       Terminal tower to relay room at Grovehurst  
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Major crossing                                                 Underground section en route 

    

 

Asset replacement programmes 

There are no planned asset replacement programmes on this route with which fibre can be 

installed in alignment. 

 

Condition data 

OHL was constructed in 1989 and is less than 25 years old. Based on asset age and 

condition profiles, this line will be Cormon condition one or two.  

 

Dark fibre installation and rental costs 

This is a spur route. However, existing ADSS provides a fibre communication path, and 

hence only a single dark fibre pair is required. 

Installation Rental 10Y Rental 7Y Rental 5Y 

 Single pair 
DF 

installation 

Two 
diverse 
pairs DF 

installation 

Single 
pair 

rental 

Two 
diverse 
pairs 
rental 

Single 
pair 

rental 

Two 
diverse 
pairs 
rental 

Single 
pair 

rental 

Two 
diverse 
pairs 
rental 

£175,240 N/A £12,861 N/A £13,538 N/A £14,250 N/A 

 

Whole life cost analysis 

For an understanding of the composition of the Installation and Operational costs below, 

refer to Table 8. 

 
Installation Operational NPV whole life cost 

OPGW £241,957 £37 £242,461 

OPPC £255,567 £39 £256,096 

DF 10Y £214,914 £13,111 £406,682 
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WRAP £188,347 £79 £223,153 

 

 

Fibre wrap was identified as lowest whole life cost, and recommended for feasibility 

study.  
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Options evaluation flowchart 

Red lines illustrate how the intervention evaluation process was applied to this scheme. 
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Is the route part of a pre-2018 

asset replacement project 

NO

YES

Is the route part of a post-2018 

asset replacement project 
YES

Is it viable to bring it forward 

to pre 2018

YES

Is the route part of a fibre 

ring or is it a spur?

Obtain leased 

dark fibre quotes 

for a single fibre 

pair

Obtain leased 

dark fibre quotes 

for both a single 

pair and two fully 

diverse pairs

Treat as ring due to existing ADSS

SPUR

Install fibre in alignment

Whole Life Cost 

comparison of:

- OPGW

- OPPC

- single DF pair 

- fibre wrap

Whole Life Cost 

comparison of:

- OPGW

- OPPC

- 2 DF pairs

- single DF pair + 

fibre wrap

- 2 fibre wraps

Propose fibre wrap as lowest whole life cost option

Kemsley – Grovehurst scheme intervention flowchart

CORMON 

condition

NO

4

NO

1 OR 2

Is the route part of a fibre 

ring or is it a spur?

Obtain leased 

dark fibre quotes 

for a single fibre 

pair

Obtain leased 

dark fibre quotes 

for two fully 

diverse pairs

RING

SPUR

Whole Life Cost 

comparison of:

- single DF pair 

- OPGW

- OPPC

(must consider that 

condition-based line 

replacement is likely, 

post 2018)

Whole Life Cost 

comparison of:

- 2 DF pairs

- OPGW

- OPPC

(must consider that 

condition-based line 

replacement is likely, 

post 2018)

3

OHL installed 

in 1989 (less 

than 25 years 

old)

Report to AS&P for 

inclusion in pre-2018 

asset replacement 

programme

No asset 

replacement 

programme on 

this route

Propo
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B. Betteshanger – Richborough 

 

Desktop route study  

Site A 
Route 

name 
Site B 

Terminal 

tower to 

Site A 

Nature of 

cabling 

route 

OHL 

distance 

Terminal 

tower to 

Site B 

Nature 

of 

cabling 

route 

Betteshanger PHA Richborough 76m 

Simple dig 

to terminal 

tower 

10892m 27m 

Simple 

dig to 

terminal 

tower 

 

Number of towers Minor crossings Major crossings 

39 9 3 

 

Terminal tower to relay room at Betteshanger      Terminal tower to relay room at Richborough 

      

Examples of major crossings 
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Examples of minor crossings 

  

 

Asset replacement programmes 

There are no planned asset replacement programmes on this route with which fibre can be 

installed in alignment. 

 

Condition data 

Cormon test results 

Circuit 
ID 

Circuit route 
(from) 

Circuit route 
(to) 

Year 
tested 

Span: 
from/to 

Conductor 
type 

Circuit Condition 
point  

PHA Betteshanger  Folkestone 2010 029-030 Lynx Earth 2 

PHA Betteshanger  Folkestone 2010 024-025 Lynx  Earth 2 

PHA Betteshanger  Folkestone 2010 035-036 Lynx Earth 3 

PHA Betteshanger  Folkestone 2010 035-034 Lynx Earth 2 

PHA Betteshanger  Folkestone 2010 029-030 Zebra Circuit 1 1 

PHA Betteshanger  Folkestone 2010 030-031 Zebra Circuit 1 1 

PHA Betteshanger  Folkestone 2010 035-036 Zebra Circuit 1 1 

 

Earth wire is condition three, hence it cannot be fibre wrapped. Phase wire is condition one, 

therefore fibre wrap on the phase wire is an option. 
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Dark fibre installation and rental costs 

Ring route, so single dark fibre pair considered. 

Installation Rental 10Y Rental 7Y Rental 5Y 

 Single pair DF 
installation 

Single pair rental Single pair rental Single pair rental 

£622,107 £11,403 £12,003 £12,635 

 

Whole life cost analysis 

For an understanding of the composition of the Installation and Operational costs below, 

refer to Table 8. 

 
Installation Operational NPV whole life cost 

OPGW £552,447 £729 £562,334 

OPPC £632,306 £765 £642,681 

WRAP £363,475 £1,544 £536,451 

DF 10Y £665,822 £11,653 £1,039,355 

 

 

Fibre wrap on phase conductor was identified as the lowest whole life cost, and 

recommended for feasibility study. 
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Options evaluation flowchart 
 
Red lines illustrate how the intervention evaluation process was applied to this scheme 
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flowchart
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C. Canterbury South – Herne Bay 

 

Desktop route study 

Site A 
Route 

name 
Site B 

Terminal 

Tower to 

Site A 

Nature of 

cabling 

route 

OHL 

Distance 

Terminal 

Tower to 

site B 

Nature 

of 

cabling 

route 

Canterbury 

South 
PKC 

Herne 

Bay 
637m 

Site with 

fields, 

roads, 

crossings 

6527m 67m 

Simple 

dig to 

terminal 

tower 

 

Number of towers Minor crossings Major crossings 

25 0 1 

 

Terminal tower to relay room at Canterbury South              Terminal tower to relay room at Herne Bay 
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Example of a major crossing 

 

 

Asset replacement programmes 

There are no planned asset replacement programmes on this route with which fibre can be 

installed in alignment. 

 

Condition data 

Cormon test results 

Circuit 
ID 

Circuit route 
(from) 

Circuit 
route (to) 

Year 
tested 

Span: 
from/to 

Conductor 
type 

Circuit Condition 
point  

PKC 
Canterbury 
South Herne Bay  2011 014-013 Lynx  Circuit 1 2 

PKC 
Canterbury 
South Herne Bay  2011 014-013 Lynx Circuit 1 2 

PKC 
Canterbury 
South Herne Bay  2011 014-013 Lynx Circuit 1 2 

PKC 
Canterbury 
South Herne Bay  2011 014-013 Lynx Earth 2 

PKC 
Canterbury 
South Herne Bay  2011 014-015 Lynx Earth 2 

 

Earth and phase conductors are condition two, so it is possible to fibre wrap on both earth 

and phase conductors. 
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Dark fibre installation and rental costs 

Herne Bay is of considerable distance from the coverage area of the third-party fibre 

network, so dark fibre is not a viable option for this scheme. 

 

Whole life cost analysis 

For an understanding of the composition of the Installation and Operational costs below, 

refer to Table 8. 

 
Installation Operational NPV whole life cost 

OPGW £ 498,325 £437 £504,249 

OPPC £544,917 £458 £551,134 

WRAPx2 £491,065 £1,851 £685,731 

  

 

OPGW was identified as the lowest whole life cost, and recommended for feasibility 

study. 
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Options evaluation flowchart 
 
Red lines illustrate how the intervention evaluation process was applied to this scheme. 
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Appendix 5 NLRE Expenditure Plan 

 
Number 
of 
schemes 

         
No. of BT21 Schemes DPCR4 

   
Year end 2006 2007 2008 2009 2010 Total 

   
132kV Schemes 0 0 0 0 0 0 

   
33kV Schemes 0 0 0 0 0 0 

   

          
No. of BT21 Schemes DPCR5 

   
Year end 2011 2012 2013 2014 2015 Total 

   
132kV Schemes 0 0 11 11 17 39 

   
33kV Schemes 0 0 1 0 0 1 

   

          
No. of BT21 Schemes ED1 

Year end 2016 2017 2018 2019 2020 2021 2022 2023 Total 

132kV Schemes 6 5 7 2 3 1 0 1 25 

33kV Schemes 8 8 5 0 0 0 0 0 21 

  

Expenditure 
         

BT21 Investment (£'m) DPCR4 
   

Year end 2006 2007 2008 2009 2010 Total 
   

Capital 0.0 0.0 0.0 0.0 0.1 0.1 
   

Operational 0.0 0.0 0.0 0.0 0.0 0.0 
   

          
BT21 Investment (£'m) DPCR5 

   
Year end 2011 2012 2013 2014 2015 Total 

   
Capital 0.1 0.1 1.4 5.2 5.5 12.2 

   
Operational 0.0 0.0 0.0 0.1 0.2 0.3 

   

          
BT21 Investment (£'m) ED1 

Year end 2016 2017 2018 2019 2020 2021 2022 2023 Total 

Capital 3.9 3.9 3.6 0.5 0.5 0.1 0.0 0.2 12.8 

Operational 0.3 0.5 0.7 0.7 0.7 0.7 0.7 0.7 5.0 
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Appendix 6 Sensitivity Analyses 

The forecast programme and cost sensitivities are non-calculable, except for the 

sensitivity to overhead line condition. This has been treated as risk and can be found 

in Appendix 8 Risk Assessments. 

 

Appendix 7 Named Schemes  

Case studies of named schemes are found in Appendix 4 WLC Case Studies. 
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Appendix 8 Risk Assessments 

 
Overhead line condition 
 
For each 132kV BT21 scheme, a high-level options evaluation has been carried out as 

described in section 5.2. This process only highlights the most likely fibre solution for the 

scheme. 

Where recent (less than six years old) Cormon data is not available for a scheme, existing 

data is used. Therefore if it is judged to be condition one or two, the scheme might be 

evaluated to be a fibre wrap solution. Nevertheless, there exists a risk that fibre wrap will not 

be feasible if a new Cormon test shows that line condition has unexpectedly deteriorated to 

condition three or four since the last test. Additional expenditure will then be required to 

deploy OPGW or dark fibre as alternatives. The schemes at risk have been identified and 

the total impact of the risk has been calculated. 

As the project’s goal is to fully mitigate all BT private wires by end 2017, the impact of 

unexpected overhead line condition in the 2015-2017 BT21CN programmes is analysed. 

The capital investment impact is calculated over 2015-2017 whilst the operational cost 

impact is extended over 10 years (the expected rental period for dark fibre).  
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Cost impact of 

2015/16 programme £43 £43 £43 £43 £43 £43 £43 £43 £43 £43 £434

Cost impact of 

2016/17 programme £38 £38 £38 £38 £38 £38 £38 £38 £38 £38 £377

Cost impact of 

2017/18 programme £52 £52 £52 £52 £52 £52 £52 £52 £52 £52 £522

Total Impact of ED1 

programmes
£0 £43 £81 £133 £133 £133 £133 £133 £133 £133 £133 £90 £52 £1,333 33% £440
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Appendix 9 Full Optimised Plan 

ED1 BT21CN Mitigation is phased into calendar year programmes (Jan-Dec), so the plans 

presented below cover calendar years. 

 
2014 programme 

Kemsley - Sittingbourne 

Richborough - Canterbury South 

Sellindge - Ruckinge 

Ashford - Ruckinge 

Southern Cross - Worthing 

Smallfield - Three Bridges 

Tunbridge Wells Grid - Pembury 

West Weybridge - Guildford 

Chessington - Leatherhead 

Chessington - West Weybridge 

West Weybridge - Leatherhead 

Kingston - West Weybridge 

Kingston - Beddington 

Kingston - Chessington 

Beddington - Addington 

Ashburton - Addington 

Beddington - Ashburton 

 

2015 programme 

Stangate Quarry - Maidstone 

Canterbury North - Canterbury South 

Bolney - Southern Cross 

PYA TEE - Pembury 

Northfleet East - Stangate Quarry 

Pembury - Stangate Quarry 

A.R.C. Offham - Wrotham 33kV/11kV 

Ashington 33/11kV - Windmill Quarry 

Betteshanger 33kV - Richborough Pfizers 

Bolney 33kV - Storrington P.Gen 

Canterbury South 33kV - Shelford Farm P.Gen 

Chelsfield 33kV cct1 - Sundridge 33kV/11kV 

Croydon 'B' 33kV - Ashburton Grid 

Grain 33/11kV - Shakespeare Farm 

 

2016 programme 

Hartley - Hastings 
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Lewes - Willingdon Tee 

Ninfield - Polegate 

Lewes - Newhaven 

Southern Cross - Lewes 

Kingston 33kV - Surbiton 33kV/11kV 

Leatherhead 33kV OLD - Leatherhead Town 

Medway 33kV - Townsend Hook T2 33kV 

Reigate 33kV - Biffa Redhill 

Rye 33kV - Northiam 

Rye 33kV - Tenterden 

Shalford 33kV/11kV - Cairn Energy Gasfield 

Sundridge 33kV - Chelsfield Grid 

 

2017 programme 

Maidstone (PT7) - PG tee 

PG tee - Sittingbourne 

Kemsley Ridham dock tee - Ridham Dock 

Thanet - Richborough (PY23) 

Sellindge - Folkestone, via eurotunnel 

PW TEE - Dormansland 

PW TEE - Three Bridges 

Sutton 33kV - North Cheam Cct 1 

Thanet 33kV - Richborough 33kV/11kV 

Townsend Hook T2 33kV/1kV - Medway 33kV 

West Weybridge 33kV - Chertsey33kV/11kV cct 1 

Worthing Town 33kV - Worthing Grid 

 

2018 programme 

Northfleet East - Hartley 

Guildford – Effingham (alignment with asset replacement scheme) 

 

2019 programme 

Sellindge - Ashford 

Hartley - Hastings 

Tunbridge Wells Grid - Pembury 

 

2020 programme 

Betteshanger – Folkestone (alignment with asset replacement scheme) 
 

2021 programme 
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No schemes programmed 
 

2022 programme 

Effingham – Leatherhead (alignment with asset replacement scheme) 
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Appendix 10 RIGs mapping for ED1 volumes and expenditure 

 

 

 

 

Note regarding operational volumes:  
In this document, BT21 operational volumes are not stated in the narrative. 
In the RIGs, BT21 operational volumes are given as number of schemes on which 
operational expenditure is required. This is an annual requirement for each delivered 
scheme, and hence the volume against it is expressed as a cumulative running total of the 
number of schemes delivered. 

ASR

Asset Type  Asset Name RIGs 

Table

RIGs 

Row

Total 2015/

16

2016/

17

2017/

18

2018/

19

2019/

20

2020/

21

2021/

22

2022/

23

Total

BT21CN Mitigation (1.26.10) 

2016-2018
CV10 6 11.41 3.91 3.88 3.62 0.00 0.00 0.00 0.00 0.00 11.41

BT21CN Mitigation (1.26.10)

2019-2023
CV105 7 1.40 0.00 0.00 0.00 0.51 0.51 0.14 0.02 0.22 1.40

BT21 Operational

BT21: Operations, Maintenance 

and Monitoring of SDH Fibre 

Network (2.28.31)

CV10 7 5.01 0.30 0.47 0.66 0.71 0.72 0.72 0.72 0.72 5.01

17.82 4.21 4.35 4.28 1.22 1.22 0.86 0.74 0.94 17.82Total

Expenditure RIGs

BT21 Capex

Volumes

Investment destription NAMP Line
2015/

16

2016/

17

2017/

18

2018/

19

2019/

20

2020/

21

2021/

22

2022/

23 Total

RIG 

Table

RIG 

Row

2015/

16

2016/

17

2017/

18

2018/

19

2019/

20

2020/

21

2021/

22

2022/

23 Total

BT21CN Mitigation

2016-2018
1.26.10 14 13 12 0 0 0 0 0 39 CV10 6 14 13 12 0 0 0 0 0 39

BT21CN Mitigation

2019-2023
1.26.10 0 0 0 2 3 1 0 1 7 CV105 7 0

BT21: Operations, Maintenance 

and Monitoring of SDH Fibre 

Network

2.28.31.6781 0 CV10 7 40 54 67 79 81 84 85 85 575

Total 14 13 12 2 3 1 0 1 46 54 67 79 79 81 84 85 85 614

RIG TableAsset Stewardship reports

No volume reporting in CV105 row 7

No volumes stated


