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Introduction

This paper supports a proposal to carry out the cable system replacement of the Gorgie-Telford
Road 132kV circuits.
The principal drivers for the replacement of underground cables are safety, network security, public
safety, environment, condition and compliance with relevant legislation.
Strategic objectives are defined for the management of fluid filled cables based on:


Effectively manage the risk of fluid loss from cable systems.



Ensure the security of the Transmission Network.



Set the criteria for prioritising the refurbishment.

Reliability, public safety and environment of installed fluid filled cables within the Transmission
Network are the main aspect within the strategy for the RIIO T2 plan investment:


Environmental operating code for the management of Fluid Filled Cable System to reduce
leakage rates using best available techniques.



Fluid filled cables are designed to operate at maximum capacity for a period of 40 years. As
the majority of cables are not operated at full load for their entire lifetime then it is expected
that the life expectancy would exceed this 40 year period.

The existing 132kV Gorgie-Telford Rd Fluid Filled Cables were installed in 1954. These cables have a
thinner copper tape in the reinforcement. The tapes when new are protected by a serving however
over time the serving is damaged and eroded by materials in the ground which will eventually
corrode the tapes. As a result of tape deterioration, several cable fluid leaks causing up to 42,000
litres of fluid have been discharged since 2008 and a total cost since 2007 that stands at £900k.

The information gathered from the survey investigations for each cable system component is
translated into component condition ratings from 1 to 5 upon its known condition, deterioration
pattern, location and service history. The resultant condition rating value is subsequently input to
the Condition Based Risk Management (CBRM) tool to identify its risk and criticality for the
prioritisation of Cable System component interventions.
In line with above, the proposed 132kV outputs to be delivered are:
Asset
132kV UG Cable (Oil)

Type of Activity
Replacement

Disposal

Addition/Activity

(cct. Km/sets/each)

(cct. Km/sets/each)

9 cct. Km

7.4 cct. Km
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Background Information

The Gorgie-Telford Road No.1 and No.2 132kV Fluid Filled Cables are part of the Currie-GorgieTelford Road No.1 and No.2 circuits that supply Gorgie 132/33kV and Telford Road 132/33kV
substations in Edinburgh. The cables were installed in 1954. The cables consist of three single cores
per circuit and are split into two hydraulic sections (although electrically continuous) with stop joints
at Succoth Gardens in Edinburgh, and pressure tanks at Gorgie and Telford Road substations and
buried tanks at the stop joints in Succoth Gardens.
In the early 1990s there were two major cable fluid leaks at the junction of Queensferry Road and
Craigleith Drive (resulting in a decision being made to replace all the cables crossing Queensferry
Road) and since 2005 there have been a further seven leaks: four of these
; one
in Wheatfield Road; one in Groathill Avenue (near Telford Rd Substation); and one in
Craigleith Drive. These leaks have all been due to deterioration of the copper reinforcing tapes
surrounding the lead sheath.
following the leaks in 2012 and 2013 at Craigleith Drive on the Gorgie-Telford Road No. 1
cable (and St. Clair Street on the Portobello-Shrubhill No.1 275kV cable).
Figure below shows the route length and the location of the leaks.

These cables are clearly demonstrating distributed deterioration with defects affecting the entire
cable length, occurring at an increasing rate, at multiple locations and with evidence of deterioration
of reinforcing tapes. As such these cables should be regarded as end of useful operational life and
plan for early replacement.
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Data Collection / Data Analysis / Interpretation

2.1

These cables are clearly demonstrating distributed deterioration:





Hydraulic failures (oil leaks) are occurring at an increasing rate.
Hydraulic failures are occurring at multiple locations.
Hydraulic failures are associated with evidence of deterioration of reinforcing tapes.
Cable vintage is known to have reinforcing tapes which are more susceptible to long term
corrosion.

A large number of repairs have been carrying along these circuits, but this is now becoming
unsustainable, especially from an environmental perspective. The full circuit lengths have now been
treated with Perfluorocarbon Tracer fluid, to ensure a quick location for any future leaks.
Historical data has been collected and analysed to understand the nature of the cable failures.
History of cable failure and its root cause is summarised below:
Queensferry Road (1993-1994)
During this period two cable fluid leaks occurred on Queensferry Road, near the junction with
Craigleith Drive. They were due to the same failure mode (the copper reinforcing tapes corroding).
Groathill Avenue (2005)
Another leak caused by the failure of the copper reinforcing tapes on the Gorgie-Telford Rd cables
occurred in 2005.

Figure 1: cable damage at Groathill Avenue (2005)
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(2007)
The Gorgie-Telford Rd 2 cable began to show signs of leaking in March 2007. Once the leak was at a
rate enabling a location to be made, it was found to be
.
The leak was caused by the deterioration of the copper reinforcing tapes which resulted in the lead
sheath failing.

Figure 2: Gorgie-Telford Rd 2 leak

(2007)

(2008-2009)
The cable started leaking again in September 2008, but at a low level. However, by November 2008
the leak was at a level allowing a leak location to be carried out.
The leak again was due to failure of the copper reinforcing tapes.

Figure 3: damage

(2008-2009)
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(2010-2011)
The No.2 cable started leaking again in September 2010, but the leak rate was not sufficient to find
the location using traditional freezing techniques. It was decided to try a new method offered by
, using a cable fluid with a tracer chemical in it, PFT (PerFluorocarbon Tracer).
The leak again was due to failure of the copper reinforcing tapes

Figure 4: damage

(2010-2011)

Craigleith Drive (2012)
This leak was located in Craigleith Drive, Edinburgh, in ducts under the old railway line bridge. PFT
was installed in the hydraulic section from the stop joint in Succoth Gardens to Telford Road
Substation and was used to locate the leak. The leak was caused by the same failure mechanism, the
corrosion and bursting of the copper reinforcing tapes.

Figure 5: cable damage at Craigleith Drive (2012)
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(2014-2015)
The No.1 cable started leaking in October 2014. Arrangements were made for PFT to be installed in
the hydraulic section from Gorgie to the stop joint in Succoth Gardens to allow a location to be
obtained. The failure mechanism was the same as the previous times, corrosion and breaking of the
copper reinforcing tapes.

Figure 6: damage in

(2014-2015)

Available records indicate that the fluid losses on these two circuits have totalled 41,856 litres since
2008. A breakdown is shown below. On each chart the blue line indicates the individual top ups, and
the red line the cumulative top ups.

This line indicates individual fluid top ups throughout the duration of the leak (severity of the leak).
This line indicates the cumulative fluid top ups (total fluid losses).
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CBRM Summary

2.2

CBRM extract is shown below indicating End of Life (EoL) for each of the identified asset for
refurbishment:
Asset Description

Year of
Installation

EoL*

Monetised Risk
(R£m)*

132kV UG Cable (Oil)

1954

10.58

11,671,231.41

*Values at the end of the RIIO-T2 period with no intervention as per NOMs methodology.

Optioneering
Two options have been considered based on the requirements identified within the condition
assessments produced for each of the existing cable routes highlighted within the document. Option
1 has been recognised as the only viable option which meets the project objectives.
3.

Option
Status
Baseline - Do Minimum:
Considered
 Cable system replacement in
RIIO-T3 (2031).

Option 1 – Cable Replacement
Considered
 Cable system replacement in and
Proposed
RIIO-T2 (2026).

Reason for rejection
This option is unacceptable due to the
overall condition of the existing cable
system and no intervention will add
considerable risk to the SPT Network. In
addition, deferring the investment will
accelerate the continual deterioration of
the cable system components; in
particular the cable which will leak in
higher volumes and potential electrical
failure.
-

Detailed analysis
Option 1 achieves the main objective of replacing the cable systems in RIIO-T2 and thereby reducing
the overall risks to the network and maximise the use of the asset. Baseline and Option 1 have been
considered for a CBA analysis including whole life monetised benefits and comparison of respective
project option costs.
4.

Option 1 - Major Refurbishment

4.1

The following works shall form the basis of Option 1 intervention:


Replacing existing oil filled cables with a SPEN approved XLPE cable system for the GorgieTelford Raod No.1 and No.2 circuits.



Drain existing oil filled cable and cap ends.



Update all cable records to reflect the works carried out.



Provide report to the Asset manager on the cable system condition.
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Specific factors attributable to this option which results in additional costs:


Potential for cable damage of due to work in close proximity.



Number of utility services and difficulties expected along the route.

The following specific risks have been identified for this option:


Wayleave, environmental and local authorities’ restrictions which impact on the progression
of works as planned.



Network access restrictions.
Selected Option

4.2

Baseline and Option 1 have been considered for a CBA analysis including whole life monetised
benefits and comparison of respective project option costs.
Option No.
Baseline

1

Preferred
Option

Description Of Option

Total NPV (£m)

Delta

(Incl. Monetised Risk)

(Option to baseline)

Baseline

N

£

312.25

£

-

Full Replacement

Y

£

366.46

£

54.21

Conclusion
The two options proposed have been reviewed in terms of scope feasibility, cost, timescales and
construction risks with Option 1 demonstrating the primary objective of refurbishment the cable
system whilst affording greatest reduction in risk to the network.
5.

In line with the costs prepared, the proposed scope of works and CBA analysis, option 1 is the
selected option:
 Scheme Total Cost: £10.2M
 Timing of investment: 2016 – 2024
 Declared outputs:
Asset
132kV UG Cable (Oil)

Type of Activity
Replacement

Disposal

Addition/Activity

(cct. Km/sets/each)

(cct. Km/sets/each)

9 cct. Km

7.4 cct. Km

 Long term risk benefit (LR£m):
Asset Description
132kV UG Cable (Oil)
 Price control period of outputs: 2024

Long Term Risk Benefit
(LR£m)
374.24
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FUTURE PATHWAYS – NET ZERO

Primary Economic Driver

The primary driver for this investment is asset condition and risk. The investment does not have a
strong reliance on environmental benefits.
6.2

Payback Periods

The CBA indicates that a positive NPV results in all assessment periods (10, 20, 30 & 45 years) which
is consistent with the lifetime of the intervention. Consumers benefit from reduced network risk
immediately on completion of the project.
6.3

Pathways and End Points

The network capacity and capability that result from the proposed option has been tested against
and has been found to be consistent with the network requirements determined from the ETYS and
NOA processes. Additionally, the proposed option is consistent with the route-specific capacity
requirements from SPT’s Energy Scenarios.
6.4

Asset Stranding Risks

Electricity generation, demand and system transfers are forecast to increase under all scenarios. The
stranding risk is therefore considered to be very low.
6.5

Sensitivity to Carbon Prices

The CBA inputs are not sensitive to carbon prices.
6.6

Future Asset Utilisation

It has been assessed that the preferred option is consistent with the future generation and demand
scenarios and that the risk of stranding is very low.
6.7

Whole Systems Benefits

Whole system benefits have been considered as part of this proposal. The capacity and capability of
the preferred option is consistent with the provision of whole system solutions.
7.

N/A

OUTPUTS INCLUDED IN RIIO T1 PLANS

