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Project Title (This cannot be changed once registered) Project Reference
Low Voltage Feeder Cable Open Circuit Detection NIA_SSEN_0052
Funding Licensee(s) Project Start Date
Scottish & Southern Electricity Networks December 2020
Project Duration Year

40 Months 2024

Nominated Project Contact(s)
Tim Sammon, Innovation Programme Delivery Manager at SSEN

1. Scope

The Scope of this project is to manufacture and test the proof-of-concept technology on the LV Network to detect Open Circuit Faults
which will include as a minimum.

- Proof of Concept Models - prove the concept and confirm the theory of the Open Circuit Detector, to a level where factory testing
can be undertaken.

- Develop enhanced location accuracy using Global Position System (GPS) technology - Current GPS technology provides a
positional accuracy of between 5m and 10m. Enhancement will provide a GPS accuracy of less than 2m. This increased accuracy will

allow the remedial works to be carried out more efficiently.

- Manufacture ‘A’ Model (Prototype) The ‘A’ Model (Prototype) units will be the first models used to locate ‘real’ open circuit faults
on a ‘real’ low voltage Network.

- Trial ‘A’ Model (Prototype) - Trial to locate ‘real’ open circuit faults on a ‘real’ low voltage Network.
- Manufacture ‘B’ Model (Pre-Production) - From learnings captured in the trial of ‘A’ Model, manufacture 10 ‘B’ Model units, to

enable the DNO to perform trials.

- Trial ‘B’ Model (Pre-Production)- The final trial of the units to include thorough testing on real open circuit faults, diverse locations
on an assortment of LV cable types.

2. Objective(s)

The projects objectives are as follows;
1. To prove the concept and confirm the ability to accurately detect open circuit cable faults.
2. Production to a level of TRL 8 technology with the device enabling a Field Operative to accurately identify an open circuit cable

fault, on an operational LV Network, reducing time Customers are off supply at time of fault or subsequent planned outages. This will
including locating open circuit fault when power has been restored to the customer.
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3. Success Criteria

¢ Open Circuit location accuracy. The achieving of the design goal of locating the open circuit fault with an accuracy of less than 2
metres. Including GPS coordinate accuracy of uploaded positions.

® Locating the open circuit fault on a variety of cables with varying shielding used in its construction, and understanding any limitations,
if any.

* Acceptance of the units by the DNO. Ensuring that the user community is involved with the development from the beginning.

¢ Cost effective equipment.

¢ More efficient planning of remedial repairs.

e Greatly reduced Customer Minutes Lost (CMLs).

4. Performance compared to the
original project aims. objectives
and success criteria

Details of how the Project is investigating/solving the issue described in the NIA Project Registration Pro-forma.
Details of how the Project is performing/performed relative to its aims, objectives and success criteria.

The development of the Open Circuit Finder (OCF) has progressed to a point where field testing has been completed, with limited success.
On a controlled reference network, the Mode B (single injector) implementation was able to detect when a link had been removed from
a link box and correctly identify which link had been removed.

With the OCF operating reliably, the open circuit could be detected and located within the 1m distance requirement.

The design of the signal injectors was completed successfully, although future modification is required to extend the operational range of
the OCF.

The requirement for the OCF to operate as a cable tracer was successfully achieved.
The OCF was also able to detect the injected codes in a buried cable reliably, with all codes being detected.

Significant engagement with field engineers and jointers was undertaken with high levels of interest in the OCF, enabling the equipment
design to be refined.

The OCF also proved to be able to determine open-circuit conditions in a test cable in a laboratory environment. However, there was
limited success, as the results were often unreliable and unstable. The project continued to investigate the causes of this instability in
the results and was able to identify several issues and resolve these. The resolution of the final issues continue to be investigated using
BaU.

5. Required modifications to the
planned approach during the
course of the project

The Network Licensee should state any changes to its planned methodology and describe why the planned
approach proved to be inappropriate. Please confirm if no changes were required

The initial theory of requiring two modes of operation (Mode A and Mode B), has shown that Mode A (using two signal injectors) is not
required. Mode B which uses a single signal injector was modified to use the TOA {Time of Arrival) approach (planned for Mode A). This
was seen to provide results, even when the supplies to customers had been restored. This then allows open circuit faults to be located
without disruption to customers.
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6. Lessons learnt for future projects

Describe how the project (methodology, stakeholder engagement etc.) changed, or provided opportunities, from
your expectation at the start of the project and therefore could be useful for a future project. In addition, please
discuss the effectiveness of the research development or demonstration undertaken.

During the project, the OCF was also able to be used as a low voltage Feeder Finder from a secondary sub-station low volage pillar —
allowing feeder identification to be achieved at street level. The OCF was used successfully used on the SMITN NIA Project (Detailed
below), to validate the operation of several new algorithms developed under that project. The Feeder Finder was developed to TRL6 and
has been identified as a worthy candidate for a future project, to increase the TRL to level 9.

The technology developed and deployed in the OCF allows the accurate TOA to be measured at various points on a buried cable. It is
believed that this technology can be adopted for additional use cases and projects.

Smart Meter Innovations and Test Network (SMITN) NIA_WPD_066

SMITN uses aggregated half hourly load data and MPAN specific voltage data within algorithms to determine customer phase and
feeder connectivity, detect Low Carbon Technologies (LCTs) and generate feeder and substation profiles for planning purposes. The
algorithms are applied on a test network where phase and feeder connectivity has been validated by a physical survey using an existing
phase identification unit and a feeder finder developed as part of the project. As smart meter data availability improves this offers a
means to improve LV network data, improving the accuracy of planning and enabling better use of monitoring equipment.

7. The outcomes of the project

When available, comprehensive details of the Project’s outcomes are to be reported. Where quantitative data is
available to describe these outcomes it should be included in the report. Wherever possible, the performance
improvement attributable to the Project should be described. If the TRL of the Method has changed as a result of
the Project this should be reported. The Network Licensee should highlight any opportunities for future Projects to
develop learning further.

The success during field trials has been limited with being able to find Open Circuits on the low voltage network. There has been
intermittent instability with measuring the signalling that enables the OCF to locate Open Circuit faults. The design finalisation will
continue outside of this project, funded in BaU. It is expected that the outcome of the development will transition to Business as Usual
(BaU), making the OCF available to all DNOs (Distributed Network Operator).

The signal injection method, frequency, and Pseudo Random Number (PRN) codes was also demonstrated successfully.

Successful use of the OCF for a new application/tool, the Feeder Finder has been demonstrated on the SMITN project and could also be
developed further to a TRL9 level.

8. Data Access & Quality Details

A description of how any network or consumption data (anonymised where necessary) gathered in the course of
the Project can be requested by interested parties. Please include a link to the publicly available data policy.

For information how to request data gathered in the course of this project, see Network Innovation Competition (NIC) and Network
Innovation Allowance (NIA) Data Sharing Procedure at https://ssen-innovation.co.uk/innovation-strategy/.

9. Foreground IPR

A description of any foreground IPR that have been developed by the project and how this will be owned.

Significant levels of Foreground IPR has been developed during this project:

The use of PRNs in Open-Circuit detection.
The use of the measurement of TOA of injected signals.

The injection of high frequency modulated currents into Feeders.

> W Noe

The detection of PRNs in buried cables.
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5. The accurate measurement of the TOA of the modulated signals in buried cables.

The IPR listed above is owned by HAYSYS Limited.

10.Planned implementation,
recommendations or next steps

Please describe the next steps to implement this innovation project. What policies and standards need to be
updated or created as part of this implementation.

The final design of the OCF and the resolution of the instability of signalling, will allow the design to be taken to TRL9, and its testing will
be funded in BaU.

Field trials are to continue with the equipment that has been developed within the project. These trials will continue to be tracked and
used to produce a benefits case that could potentially lead to further investment in additional OCF’s.

The evidence gathered, processes, procedures and training material developed under this project will be used to support the adoption
of the OCF devices into business as usual.

It is recommended that a further project, the development of the Feeder Finder tool, could also be taken to high TRL level providing
additional tools.

11.0ther comments

Customer & Network Operator Benefits.
Potential efficiencies on full completion of this project will reduce the number of customers affected by open circuit faults. We will do
this by using open circuit detection equipment to accurately locate the position of the fault, thereby allowing us to affect fewer

customers when repairing the fault. Over a 5-year period we expect to achieve savings of around £368,166 from reduced IIS activities.

Base Cost - Method Costs over 5 years Benefits/Savings because of fewer customers affected and more effective fault location
techniques on open circuit faults.

Method Cost = £696,815
Base Cost = £1,064,981

Base Cost (£1,064,981) — Method Cost (£696,815) = Total Saving of £368,166 over 5 years

12.Standards Documents

Identify any industry standards that may require updating due to the outcomes or understanding developed from
this innovation project. If no standards will need to be updated, please state - not applicable

N/A
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