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Project Title Project Reference
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Power Networks

Nov   2015   18 Months

Nominated Project Contact(s)

Lynne McDonald (lynne.mcdonald@ukpowernetworks.co.uk)

Scope

This project will be applicable to all GB DNO and third party tunnels containing electrical assets. These assets are expected to 

primarily be LV, HV and EHV cables and associated joints. 

The enhanced inspection method will be trialled on a proportion of tunnels within UK Power Networks area. 

Objective(s)

The objectives of the project are to: 

·         Identify methods of inspection that are currently used on other assets that enable enhanced data capture. 

·         Capture sufficient data as part of tunnel inspections in order to reduce the need for staff to enter tunnels and enable condition 
based monitoring of tunnel sections. This will provide a reduced chance of injury to staff and minimised risk of failure of equipment by 

employing a proactive approach to improved inspection and monitoring. 

·         Test the identified methods and/or peer review to confirm observations noted that provide a true representation of the 
degrading health of the assets. 

·         Develop the tunnel inspection strategy to enable a condition based monitoring approach to tunnel inspections. 

Success Criteria

The success of the project will be judged against the four objectives described below: 

-      Recommended list of tunnel inspection techniques 

-      Test case report on the innovative inspection techniques in tunnels 
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-      Developed tunnel inspection strategy that includes condition based monitoring of assets within tunnels 

Performance Compared to the Original Project Aims, Objectives and Success Criteria

The project has delivered against the original project aims, objectives, and success criteria and is now complete: 

A literature review was undertaken to provide a body of evidence on global common inspection and maintenance best practices and 

historical failures in cable tunnels.  The literature review has revealed that issues within tunnels are typically infrequent and the causes 
vary greatly, often dependent on the assets within the tunnels. It also revealed that tunnel owners who have i) robust strategy and 

policies to prioritise asset management decision making; ii) an asset information strategy for how inspectors collect, record, and use 

inspection information; and iii) employ inspectors with competency in cable systems. 

Risk based assessment 

A risk assessment was developed to analyse and assess the risk that each cable tunnel poses to UK Power Networks. The risk 

assessment will be utilised as a broad priority decision-making tool, and in particular to prioritise refurbishment programmes. 

Proposed inspection regime 

Methods of inspection that are currently used on other assets have been reviewed to identify whether these would be suitable and 

beneficial to use in tunnels. Further to this, a study has been carried out by the National 

Physical                                                                             Laboratory (NPL) to identify new and emerging technologies that can 
be trialled in tunnels. The following techniques have been highlighted as suitable for tunnel inspections in a report by NPL: 

l 3D scanning; 

l high resolution optical imaging; 

l corona camera; 

l thermographic camera; 

l corrosion coupons; 

l wireless sensing; 

l cable supports load test; and 

l robotic systems. 

A mapping exercise for prioritising tunnel inspection techniques was completed. The exercise assessed the benefits and costs 

associated with each technique. Based on the results of this exercise, it was decided to trial the PD Hawk, a partial discharge 

monitoring solution supplied by EA Technology Limited, and thermographic cameras in a selection of tunnels to identify joints that are 

likely to fail disruptively. 

Extensive trialling of a PD Hawk and thermal cameras was undertaken in tunnels during routine inspections in 2016. 

The PD Hawk was found to be effective at picking up partial discharge, the difficulty is deciding on the threshold at which a joint is 

deemed to be faulty and requires replacement (i.e. how much partial discharge can a joint reasonably handle over the long term).  
Further work is being carried out by UK Power Networks to decide on these threshold levels so that the PD Hawk can be more reliably 

used as an inspection tool for tunnels. 

Some merit was found in using a thermal camera to assess the load on a cable joint and its temperature relative to the ambient 

environment. The thermal camera is used as a qualitative tool to assist tunnel inspectors. 

A review of tunnel inspection reports has been carried out and as a result further information is now collected as part of standard 

tunnel inspections. This information will allow a quicker assessment of any techniques to be trialled in the future. 

 

Tunnel inspection strategy 

A review of information and research around the topic of inspection and maintenance of cable tunnels highlighted a number of key 

findings that were used to further inform UK Power Networks’ tunnel inspection strategy. 

The strategy sets out the asset management requirements and associated investment for cable tunnel assets on the distribution 

network and their inspections. 

  

Required Modifications to the Planned Approach During the Course of the Project

There were no required modifications to the planned approach.  
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Lessons Learnt for Future Projects

Further work is being carried out by UK Power Networks to decide on the partial discharge levels at which a joint is deemed to be 

faulty and needs replacement. This will allow the wider use of the PD Hawk as an inspection tool for tunnels. 

Learning from the project has also introduced changes to our cable tunnel reports and as a result UK Power Networks is collecting 

more information as part of standard tunnel inspections. 

The review on tunnel inspection techniques has been completed successfully and without encountering any problems, which would 

compromise the success of the project. Hence, the project has not discovered any significant problems with the trialled methods to 

date. 

The Research and Demonstration undertaken within the project have been proven effective. They have led to improvements in 

carrying out tunnel inspections, such as introducing a more consistent way of collecting and recording inspection data, as well as 

making recommendations as to how we train our inspectors. 

  

  

Note: The following sections are only required for those projects which have been completed since 1st April 2013, or since the 

previous Project Progress information was reported.

The Outcomes of the Project

The project outcomes and findings are as follows: 

l Case studies of disruptive failures within tunnels and a risk assessment determined that third party owned tunnels pose a 

significantly higher risk to UK Power Networks due to the greater quantity of utility equipment within the tunnel.  
l National Physical Laboratory identified a number of recommendations of tunnel inspection techniques to measure the condition 

of the assets within the tunnel including the following:

¡ A combination of 3D scanning and high resolution optical imaging has the potential to act as a common measurement for 

all the different parts of the tunnel asset and has the benefit of being easy to interpret and link legacy inspection data to. A 

corona camera and thermographic camera, preferably captured by scanning and combined with the other optical methods 

would allow potential failures of cables to be identified early; 

¡ Corrosion rates of the cable supports, tunnel wall (cast iron), access steelwork and any switchgear etc. can be most easily 

measured using corrosion coupons (tools that give a quantitative estimate of corrosion rates that take place within a 

specific operating system); 

¡ In areas where there is concern then wireless sensing can be used, tilt for cable supports, temperature for local cable 

heating, ultrasonic thickness for critical steelwork and cable supports, imaging for critical asset monitoring, but these will all 

require regular battery changing, very good environmental protection and wireless connection out of the tunnel; 

¡ For assessment of cable supports then a custom load test system would give the most useful and reliable data, but it is 

manually intensive; and 

¡ Robotic systems to move the measurement solutions are attractive, but would require development for this environment, but 

could be of low complexity if infrastructural changes to tunnels, such as guide rails could be included. 

  

l The literature review has revealed that issues within tunnels are typically infrequent and the causes greatly vary, often 

dependent on the assets within the tunnels. As a result of this finding, a risk-based analysis has been carried out to identify 

more common issues within tunnels to ensure any technology deployed is most effective.  
l The literature review and tunnel asset owner benchmarking have revealed that tunnel owners who have i) a robust strategy and 

policies to prioritise asset management decision making; ii) an asset information strategy for how inspectors collect, record, and 

use inspection information; and iii) employ inspector’s with competency in cable systems, follow best practice. 

l Extensive trialling of a PD Hawk and thermal cameras was undertaken in tunnels during routine inspections in 2016. 

The PD Hawk was found to be effective at picking up partial discharge, the difficulty is deciding on the threshold at which a joint is 

deemed to be faulty and requires replacement (i.e. how much partial discharge can a joint reasonably handle over the long term).  
Further work is being carried out by UK Power Networks to decide on these threshold levels so that the PD Hawk can be more reliably 

used as an inspection tool for tunnels. 

Some merit was found in using a thermal camera to assess the load on a cable joint and its temperature relative to the ambient 
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environment. The thermal camera is used as a qualitative tool to assist tunnel inspectors. 

Future  trials 

UK Power Networks may wish to look into the following innovations as part of the further enhancement  of the tunnel inspection 
strategy, either in the form of an innovation project or as part of business as usual activities: 

l Advanced data capture techniques: Trialling the use of Quick Response (QR) codes and Radio Frequency Identification (RFID) 

tags to quickly identify assets on the asset register and call up and auto populate fields based on previously captured data. The 

inspector will then alter the relevant data and update the asset register saving time and minimising errors. 

l Drones and other mobile inspection techniques: Mobile inspection techniques utilising remotely controlled cameras have been 

considered. This could enable the inspection to be carried out without having to put personnel in the tunnel potentially eliminating 

both the most costly and largest health & safety risk component of an inspection. Research is on-going as to the viability of this 

option. 

l Composite (GRP or similar) hangers: The tunnel environment can be very corrosive to steelwork. The potential to replace 

corroded steelwork with a composite alternative has been suggested and is being investigated. It is likely that the individual cost 

of composite hangers will be more than steel, but the TOTEX cost could be less. 

Planned Implementation

~~ 

The cable tunnel strategy has been further enhanced as part of the project. The strategy sets out a Tunnel Inspection & Maintenance 

Frequency. This is based on: 

i) the cable tunnel condition; ii) the risk posed by cable tunnels; and iii) a defect criticality index (used to prioritise rectification of 

defects based on risk). 

Within Class II tunnels, which are older construction tunnels with simple auxiliary equipment and typically no monitoring equipment, 

provided that: 

l The condition of the access steelwork and tunnel structure is in a good to normal condition; 

l Sump pumps have the ability to be controlled and monitored remotely; and 

l There are no outstanding defects on any auxiliary plant or equipment, 

l A major inspection will be carried out every four years and a structural inspection carried out every eight years. 

Within third party owned tunnels major inspections will continue to be carried out annually within LPN. Within SPN and EPN major 

inspections should be biennial unless there has been any work carried out by any party in the preceding timeframe. 

As part of the project, a risk assessment tool to identify higher risk cable has been developed. The risk assessment will be utilised as 

a broad priority decision-making tool, and in particular to prioritise cable tunnel refurbishment programmes. 

A review of the existing policies and procedures was carried out, which identified the need for a cable tunnel Inspector’s Guide & 

Defect Handbook. This has now been developed and is undergoing review and approval. 

  

Other Comments

UK Power Networks will share publicly available project data to interested parties upon request, in accordance to UK Power Networks 

data sharing policy, which will be made available from 30 September 2017. UK Power Networks will share network and consumption 

data if the party requesting it can demonstrate it is in consumers’ interest to do so (subject to anonymization and/or redaction for 

reasons of commercial confidentiality or other sensitivity). 

Please contact innovation@ukpowernetworks.co.uk for any request. 
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