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Project Registration

Project Title Project Reference

OHL Fault Location Concept and Directional Earth Fault Passage Indication NIA_UKPN0019

Project Licensee(s) Project Start Date Project Duration

Eastern Power Networks, South Eastern Power Networks May   2016   2 Years 4 Months

Nominated Project Contact(s) Project Budget

Sam Chachulski (sam.chachulski@ukpowernetworks.co.uk) £2,585,000

Problem(s)

Faults on overhead lines are responsible for a significant proportion of all Customer Interruptions (CI) and Customer Minutes Lost 

(CML) in EPN and SPN. Such faults tie up resources, are time-consuming to locate and adversely impact customer service.  It is 
evident therefore that if the overall number of faults on overhead lines could be reduced and if the restoration of supplies following an 

outage could be sped up, then substantial benefits to operational efficiency and quality of supply could be achieved. Even though we 

are increasing the number of points on our overhead lines where we can split up or sectionalise the network,  significant search time 
is required to locate faults along the network between two sectionalisation points. Single faults can typically be repaired in 1-2hrs but 

they can take several hours (6-10hrs) to locate, especially if they are intermittent, are in a hostile environment or are at night. This 

problem becomes even more acute during storm periods when many incidents occur in a short space of time. Faults can occur on 

overhead lines for a wide variety of reasons such as contact with trees, bird strikes, insulation failure and high winds. Traditional 

methods of detecting developing or “incipient” fault location rely on foot patrols traversing the length of the line but these often fail to 

pick up internal failures such as cracked or pinholes in insulators, damaged conductors and surge arrestors. Difficulties in detecting 

both developing or “incipient” faults and permanent fault location are compounded by land access problems, a proliferation of “teed” 
circuits, a combination of overhead line and underground cable circuits, the accuracy of existing detection mechanisms and the 

inability to connect test equipment easily. 

Method(s)

The project will develop functionality to detect faults, determine their direction whether upstream or downstream of the sensors, and 

estimate the location of the fault using the following equipment and techniques. It will be carried out  in the following phases: 

Phase 1a: Tollgrade’s LightHouse Power Sensors and additional Fault Passage Indicators which report via SCADA into our control 

room will be installed. Where possible, existing items of equipment (existing remote terminal units (RTUs) which can be upgraded) will 

be modified to report estimates of distance to a fault. 

Phase 1b: Tollgrade will enhance the LightHouse SMS software and LightHouse Power Sensor firmware to report directionality of 

fault events based on the phase angle of the captured faults. Software and firmware deployed during phase 1a will be remotely 

upgraded. As fault events are detected, the enhanced solution will demonstrate the reporting of the  direction of fault current from 
each sensor location. The location of faults in the upstream or downstream direction will be confirmed by associated UK Power 

Networks records following outage resolution. 

Phase 2: Fault Library and Fault Location 
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Tollgrade will enhance their LightHouse SMS software to calculate distance to fault based on the readings from the LightHouse Power 

Sensors. 

In addition, the LightHouse Power Sensors will capture, time stamp and communicate critical measurements and event waveforms 

back to the LightHouse SMS software. This will allow UK Power Networks and Tollgrade to evaluate the reliability with which these are 

representative of developing or incipient faults, and to configure alarms via text or email to assigned personnel. The data will remain in 

the LightHouse SMS software as a repository, where it will also be used to understand whether it is possible to recognise the type of 

event or failure from the data captured. 

Scope

The scope of the project is to address time spent searching for overhead line faults; the duration of the outage; and the inability, 

currently, to detect developing faults. The scope of the project is 11kV overhead lines, which may or may not be fitted with existing 

visual Fault Passage Indicators (FPIs) and automatic sectionalising links (ASLs), but where fitted these devices do not report in via 

SCADA to our control room. 

Objective(s)

The project aims to further reduce search times by identifying that permanent faults as being down a particular spur, or locating them 

to a particular location between sectionalisation points on the main line. Secondly, it aims to demonstrate that developing or “incipient” 
faults can be reliably detected. 

Success Criteria

The project will be deemed to have been successful when: 

l at least one developing or “incipient” fault has been detected; 

l the combination of Fault Passage Indicators, Tollgrade Lighthouse Power Sensors and existing equipment is successfully 

discriminating the correct spur which has faulted, or identifying that the fault is on the main line; and in the latter case, is 

providing a location estimate. 

Technology Readiness Level at Start Technology Readiness Level at Completion

5 8

Project Partners and External Funding

Tollgrade has been selected as the supplier for the supply and development of the DEFPI and fault location algorithms using 

LightHouse sensors. Other elements of the project either use existing equipment or will be procured during the course of the project 

itself. Tollgrade have made a contribution to the project of £365k in the form of preferential pricing. 

Potential for New Learning

The main learning that will be shared with other DNOs is expected to include: 

l The reliability with which the equipment can distinguish the correct spur and estimate location of the fault; 

l The reliability of detecting developing or “incipient” faults; 

l Whether capturing the waveform can provide any further clues about the nature of the fault; and 

l What policies needed to be developed to install and make use of the equipment. 

  

Scale of Project

The team has developed a long-list of potential overhead line circuits, which will be reduced further before installation proceeds. The 

long-list represents circuits responsible for over 200 recloser operations in total in EPN in the last 12 months, and over 200 recloser 

operations in SPN in the last 12 months. As such, by selecting circuits from this long-list the project can run an effective trial which is 

likely to exercise the equipment. However, this scale of trial is required since individual circuits in some cases were responsible for 

only one or two recloser operations – as such, they are likely but not guaranteed to see a fault during the period of the trial. 

Geographical Area

The trial will be carried out in at least two different network areas in the EPN and SPN licence areas.  The project will comprise 
approximately 30 feeders, depending on the specific number of LightHouse Power Sensors required per feeder. 
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Revenue Allowed for in the RIIO Settlement

None. 

Indicative Total NIA Project Expenditure

We expect to deliver the project within a project budget of £2,585k which will be recovered against our Network Innovation Allowance 

(NIA). 
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Project Eligibility Assessment 

 
Specific Requirements 1

1a. A NIA Project must have the potential to have a Direct Impact on a Network Licensee’s network or the operations of the 

System Operator and involve the Research, Development, or Demonstration of at least one of the following (please tick 

which applies):

A specific piece of new (i.e. unproven in GB, or where a Method has been trialled outside GB the Network Licensee 

must justify repeating it as part of a Project) equipment (including control and communications systems and software)

A specific novel arrangement or application of existing licensee equipment (including control and/or communications 

systems and/or software)

A specific novel operational practice directly related to the operation of the Network Licensees System

A specific novel commercial arrangement

Specific Requirements 2 

 

2a. Has the Potential to Develop Learning That Can be Applied by all Relevant Network Licensees

Please answer one of the following: 

i) Please explain how the learning that will be generated could be used by relevant Network Licenses. 

We will report the performance of the system to other DNOs which will allow them to assess the potential impact against their network. 

ii) Please describe what specific challenge identified in the Network Licensee’s innovation strategy that is being addressed by the 

Project.

The project contributes to the following named themes in our Innovation Strategy: 

l Understand the condition of our assets; and 

l Managing asset risk and improving fault performance. 

  

2b. Is the default IPR position being applied? 

 

Yes 

 

No

 
 

If no, please answer i, ii, iii before continuing: 

i) Demonstrate how the learning from the Project can be successfully disseminated to Network Licensees and other interested parties

 

ii) Describe any potential constraints or costs caused or resulting from, the imposed IPR arrangements

 

iii) Justify why the proposed IPR arrangements provide value for money for customers

 

2c. Has the Potential to Deliver Net Financial Benefits to Customers
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i) Please provide an estimate of the saving if the Problem is solved.

We carried out a study of our 11kV overhead networks in our EPN and SPN licence areas and their fault performance during the 

regulatory years 2011/12 through to 2014/15. For the purposes of the study we assumed that the system had been installed on 

feeders in EPN which had a poor fault history; had at least one spur which was not protected by an Automatic Sectionalising Link 

(ASL) and could impact the main line; and where the spur itself was frequently longer than 1km. We also assumed that the system 

had been installed on feeders in SPN which had a poor fault history; had at least one spur which was not protected by an ASL; or 

where the main line represented a long line >12km. We calculated that this would have achieved a saving of 0.71 CMLs in EPN and 

0.64 CMLs in SPN.  Savings in unplanned interruptions from detecting developing or incipient faults and rectifying these before they 
developed into permanent faults would be additional to this. 

ii) Please provide a calculation of the expected financial benefits of a Development or Demonstration Project (not required for 

Research Projects). (Base Cost – Method Cost, Against Agreed Baseline).

In the base case, we imagine that we continue to detect developing issues where possible by visual inspections, and to exhaustively 

search sections of line when a permanent fault occurs. As such, this represents no change and therefore no additional cost. The 

figures below represent the benefits at the scale of the trial being carried out within the Demonstration project, rather than the full-

scale roll-out discussed in our answer to question 2b. It does not yet count any benefits from detecting developing or incipient faults 

and rectifying these before they developed into permanent faults. 

Base Cost £0.00 

Method cost £2,585k 

Financial benefits 0.22 CMLs per annum    
                               £167k per annum 

iii) Please provide an estimate of how replicable the Method is across GB in terms of the number of sites, the sort of site the Method 

could be applied to, or the percentage of the Network Licensees system where it could be rolled-out.

We expect that other DNOs would apply this solution in a similar way, concentrating on long 11kV lines with multiple spurs which are 

not economic to protect with an ASL, or where spurs are protect but in themselves are very long. 

iv) Please provide an outline of the costs of rolling out the Method across GB.

In the study we carried out and referred to above, the costs amounted to £14m to equip around 500 feeders. This would be scaled by 

each DNO according to how many feeders they had which would meet similar criteria of being long feeders, or ones with unprotected 

spurs, or which had a poor fault history. As an example, assuming Western Power Distribution had similar proportions of their total 

length of feeders which could benefit from the technology, a roll-out across their four licence areas would cost an estimated £35m. 

2d. Does Not Lead to Unnecessary Duplication

i) Please demonstrate below that no unnecessary duplication will occur as a result of the Project.

We have reviewed a number of technologies including that being explored by Electricity North West (ENW) with Kelvatek under NIA 

project “Sentinel”. Whilst the Tollgrade units share some similarities with the Sentinel units, we are specifically taking an approach of 

combining these advanced units with simpler Fault Passage Indicators and existing equipment, in order to create a hybrid solution.  
We therefore believe that there is no unnecessary duplication. 

ii) If applicable, justify why you are undertaking a Project similar to those being carried out by any other Network Licensees.

Please see our answer to the previous question. 
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