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2  Executive Summary 
The purpose of this document is to satisfy the deliverables which form the SDRC 9.2 milestone, document the 
learning gained from the development of Elements 1, 2 & 3 and present the outcome of the consultation for 
the conceptual design developed under Element 4 of SGN’s NIC Robotics project. 

The objective of the NIC Robotics project is to develop new, cutting edge robotic repair, inspection and 
remediation technology which can operate inside live gas distribution mains. The project was designed with 
four key elements to deliver the outputs listed in the original bid submission.  

• Element 1 – Development of a robotic ‘platform’ and launch system to enable deployment of modular repair 
and inspection devices for metallic 12 to 48” gas mains 

• Element 2 – Development of an internal metallic joint sealing module and Weco seal repair method for 
metallic 12 to 48” gas mains  

• Element 3 – Robotic visual and non-visual inspection 
• Element 4 – Automated live asset replacement for distribution services for tier 1 mains  

 
Elements 1, 2 & 3 of the project are almost complete with only the final reports to submit to Ofgem on the 18th 
January 2016. The CIRRIS XR & XI systems shown in figure 1 below were successfully field trialled under live gas 
conditions on SGN’s south London network with all testing and SDRC criteria met.  

 

Figure 1 – CIRRIS XR™ - The Repair Robot (Left), CIRRIS XI™ - The Inspection Robot (Right) 

In the initial NIC bid submission, Element 4 of the project was designed to run concurrently with the first three 
elements of the project. When the funding was awarded, it was stipulated in the project direction that 
element 4 should have a delayed start date to enable the learning to be taken from the development of the 
first three elements and for the chosen conceptual design to be shared with SGN’s key stakeholders to gather 
feedback before progressing to the detailed design phase. 

Since the start of element 4 on the 6th July 2015 ULC have investigated in detail four different design concepts 
for the robotic platform and have assessed them against the key form factors identified. The key learning from 
the research and design of each concept has been recorded as part of this report, with consideration given to 
the use of the robot in practice, the ease of duplication and the commercialisation of the system. The report 
clearly highlights the reasons behind the selection of the chosen conceptual design and the potential benefits 
the system could deliver. 

The selection of insertion and connection techniques to be progressed highlights the importance of ULC’s 
experience in the research and development of robotic solutions for the utility industry.  The learning gained 
through the development of the Elements 1, 2 & 3 provided significant benefits allowing ULC to assess the 
theory behind the design principles by utilising a number of cutting edge technologies including rapid 
prototyping, 3D modelling and in house prototype testing. Consideration has been given to key aspects such as 
deployment, retrieval, surveying and live connection operations to ensure the final solution can be practically 
applied across the GB gas distribution networks. 

As stipulated in the project direction document, once research had been carried out to identify a viable 
technique and a conceptual design had been developed a consultation period must be held to share it with 
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SGN’s key stakeholders. The consultation was designed to determine if there was a place for the technology in 
the GB market and support from SGN’s key stakeholders for the continuation of the project through to field 
trial. SGN have used a number of methods to engage stakeholders throughout the consultation period, with an 
animation created detailing the potential benefits of the system and how it will operate.  

   
Figure 2- Preliminary concept for remotely connecting service lines proposed by ULC. Robotics platform is inserted into the main to map 

the location of all features (left). Custom fittings are installed on to a section of PE pipe to be live inserted (centre). Service lines are 
inserted using ULC designed adaptor to create connection (right). 

The results of the consultation period were extremely positive, with wide support for the conceptual design 
from a variety of key stakeholders including the GDN’s, Highways Agencies, Local Council’s and industry 
experts. 

Following the success of elements 1, 2 & 3 of the project, the quality of the conceptual design developed by 
ULC and the support shown by SGN’s stakeholders, SGN recommends element 4 of the project continues in 
line with the project plan in the project direction. This report contains details the relevant learning from E1, 2 
& 3 and how it will be applied, the conceptual design process and the results of the consultation. An 
independent appraisal by RPS technical consultants supporting the continuation of the project and the viability 
of the conceptual design can also be found in the appendices. 
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3  Background 
Across the GB gas distribution networks, network operators are required to replace specified lengths of 
metallic mains under the RIIO price control.  Over the next 6 years (until 2021) across both its Scottish and 
Southern networks, SGN will replace approximately 6,800km of 4”-8” Tier 1 Iron mains and relay 389,000 
metallic services with new PE pipe.  

Due to the GB GDN (gas distribution networks) sizes being approximately 4:2:1:1 with SGN being the second 
largest, it’s possible to estimate a total length of 27,200km of 4”-8” Tier 1 Iron main and 1.56 million metallic 
services will be replaced under the current price control. The significant volume of replacement work still to be 
carried out over this price control period alone presents an opportunity to develop and introduce new 
techniques to lower the cost, environmental impact and disruption caused whilst carrying out replacement 
activity.  

The current replacement of gas distribution service piping requires the excavation of trenches into which the 
pipe is laid. However, a technique known as pipe insertion allows for the installation of distribution piping with 
reduced excavation, resources, permitry and restoration costs.  

Pipe insertion is the process of inserting a smaller pipe into an existing, larger one as seen in Figure 3.  The 
process currently provides a means for gas companies to cost effectively replace large sections of main.  Pipe 
insertion is a good option in situations where a lower capacity of gas would satisfy the needs of a given area or 
where the network pressure can be increased in order to match or exceed the existing network capacity. 

Pipe insertion can be further broken down into two commonly applied methods, dead insertion and live 
insertion. For dead insertion a pipe is temporarily disconnected from the existing gas distribution network. 
Typically, an excavation is made at suitable access points on the existing gas main. A cut-out of an excavated 
section of main is created and a new polyethylene (PE) pipe is pulled or pushed into the section of existing 
main. This method is typically used for insertion lengths of under 200m, customers are interrupted for the 
duration of these works. 

 
Figure 3 - A new PE main inserted within a parent metallic main with the service reconnected 

For live insertion, a pipe is inserted into a live gas main and services replaced using a specialist foam off 
technique developed by Steve Vick™.  

Once the entire length of main has a new PE pipe inserted inside of it each individual service pipe connection 
must be connected to the new piping. The customer’s service is the pipe which extends from the main in the 
street to the customer’s emergency control valve, just upstream of their gas meter.  In order to connect the 
newly inserted PE main to the customer’s service, excavations are created at the point in which each customer 
service line meets the existing main. The connection between the new main and the existing service is 
performed manually by a skilled operative. The requirement for excavating over each service creates 
significant planning and execution costs and increases supply interruption and disruption to customers.  
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Figure 4 - Service Excavations Plan View 

In order to eliminate the need to excavate over each service an in situ means of connecting newly inserted PE 
pipe to service lines is needed. Research has been carried out under element 4 of SGN’s NIC Robotics project 
and a viable conceptual design has been developed which has the potential to be a disruptive technology in 
the market.  

Once Element 4 of the project had begun one of the first actions was to develop a preliminary high level 
specification which was subsequently approved by the project team in line with the original bid document. The 
key criteria from the document have been listed below. For clarity the specifications in this section have been 
separated by their respective areas of the overall system design. These areas have been further broken out by 
what are considered general and detailed specifications. 

Robotic Transport Mechanism & Equipment Package 
• The system will be designed to operate under live conditions. 
• All or parts of the system may enter the annular space between the newly inserted PE pipe and the existing 

main or it may enter inside the newly inserted PE pipe. 
• The system will provide a means of performing live, internal asset replacement for distribution services and 

tier 1 mains. 
• The system will provide an appropriate means for lighting and obtaining video feedback of the operations 

while inside the pipe. 
• It is anticipated the system will enter live gas mains via a SGN approved fitting as appropriate. 
• It is anticipated that the robotic system may provide the ability to: 

• Traverse to a service location 
• Transport a fitting to the service location 
• Tap multiple holes in the PE mains pipe 
• Permanently install and connect PE fittings at the hole locations to the inserted PE service pipe from a 

single excavation point 
• Inspect the new service-mains connection to assess its integrity 

• The system will be informed by relevant British standards. 
• The system will be tested to ensure safe operation inside live gas pipes. Each component of the robot, 

including drive systems, repair tools, electronics and pneumatic components will be tested individually to 
ensure that all systems function as designed. 

Support & Control Equipment 
• Provide a means for remotely powering, monitoring and controlling the robotic transport mechanism, its 

associated equipment and the launch system. 
• The system will operate within an appropriately sized site footprint. 
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ULC researched a number of concepts and rated them against the agreed specifications above. The outcome 
of the research are detailed throughout this report. Once the chosen conceptual design had been identified an 
animation was developed to support the consultation process and allow SGN to gather feedback from its key 
stakeholders. This report contains detail of the learning taken from the successful development and field trial 
of E1, 2 & 3 of the project, the chosen conceptual design developed by ULC and the results of the consultation 
carried out by SGN. 
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A description of the process and steps taken by 
the Funding Licensee to consult with other 
Network Licensees and interested third parties 
on whether, based on the information provided 
in (i), (ii) and (iii), proceeding past the 
Conceptual Design Stage and thus further 
developing Module 4 would provide the 
learning outlined in the Full Submission pro-
forma. This must include a written consultation. 

Dissemination was achieved through a number of 
different avenues to ensure that the relevant 
stakeholders were given the opportunity to provide 
both verbal and written feedback to the project team.  
This was carried out using a number of different 
methods: 

• A detailed animation of the conceptual design was 
distributed to all key stakeholders explaining the 
proposed conceptual design, the benefits the system 
can provide and the key performance 
characteristics. A copy of the animation has been 
submitted with this report.  

• Monthly GIGG (Gas Innovation Governance Group) 
presentations since the selection of the chosen 
design with updates as to the projects progress 
between the GB GDN operators.  

• SGN presented a copy of the animation on its NIC 
robotics stand at the LCNI conference held in 
November 2015. The event was attended by over 
1000 delegates with discussions held with a number 
of interested parties.  The display also provided 
information about the technology developed in 
Elements 1, 2 & 3 including a 3D printed model with 
information on the outputs of the project and its 
anticipated impact for asset management, and the 
CIRRIS XI inspection system available on ULC’s stand.  
A presentation was given in the network resilience 
breakout session, with an explanation of the E4 
conceptual design presented.  

• During the field trial period for Elements 1, 2 & 3, 
SGN and ULC invited all GB GDN’s and key 
stakeholder groups to attend its Kennington depot 
field trial site.  A presentation was given to the 
GDN’s who attended providing information 
regarding the technology developed under Elements 
1, 2 & 3, the learning taken from the development 
process, and the expected outputs.  The CIRRIS XI™ 
system was operated with full access to the control 
vehicle and one to one discussions with the project 
team to answer further questions. A presentation 
and discussions were held on the Element 4 of the 
project and SGN’s intentions for the next steps. 

• The animation was redistributed with the 
questionnaire to provide an easy platform for the 
GDN Network Licensees and wider stakeholder 
group to provide written feedback to the project 
team.  This questionnaire has been distributed out 
to 160 recipients across the UK with ULC distributing 
it further to their global network. A full list of the 
stakeholder groups who were sent the animation 
and questionnaire is available on request. 









































 
 SGN NIC Robotics – SDRC 9.2 

 
Figure 18 – image of the questionnaire sent to key stakeholders  

 



 
 SGN NIC Robotics – SDRC 9.2 

 
29 14th December 2015 

Survey Results 
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Appendix C - RPS Element 4 
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EXECUTIVE SUMMARY 

The latest gas distribution price control (RIIO) was introduced in Great Britain in April 2013. The 
objective of RIIO is to encourage the gas distribution network owners to play a full role in the 
delivery of a sustainable energy sector and to do so in a way that delivers value for money to 
customers. 

In pursuit of these objectives in August 2013, SGN (formerly Scotia Gas Networks) in partnership 
with ULC Robotics of New York USA submitted the Robotics Project to Ofgem for funding 
consideration through the Gas Network Innovation Competition (NIC). This was approved for 
funding in December 2013 subject to Project Direction by Ofgem. RPS was appointed by SGN as 
Technical Service Provider to all of the Elements of the Robotics Project. 

The Robotics Project Submission for the NIC to Ofgem was an ambitious and innovative project to 
enable SGN and other network operators to manage the gas distribution network in a safer more 
economical manner. Despite the ongoing transformation to polyethylene pipe, over 80,000 km of 
Great Britain's distribution system is metallic and subject to aging and deterioration.  

The objectives of Elements 1, 2 & 3 were to develop new robotic technologies to operate inside live 
metallic gas mains. This new technology would have the ability to remotely repair leaking 
mechanical joints, failed Weco seals and also support pipe fracture risk management processes by 
providing enhanced inspection capabilities. This involved the development of two robotic systems; 
CIRRIS XI™, the inspection robot, and CIRRIS XR™, the repair robot. Both systems have undergone 
field trials and are awaiting final reports before these Elements will be closed out.  

Pipe insertion is an established technique which involves pushing a polyethylene (PE) pipe into a 
larger metallic main as a means of replacement. This provides the benefit of reduced excavation 
costs during this main insertion. However, currently, each service line that ties into this section of 
main requires an individual excavation to connect it. Element 4 of the Robotics Project involves 
developing robotic techniques to integrate the pipe insertion method with a method of remotely 
connecting the service pipes without needing to carry out individual excavations. Successful 
completion of this project will result in further reductions in impacts to the public, reduced 
environmental impacts and cost savings to the gas distribution networks implementing the system.  

The primary concept design, outlined by ULC in their “Element 4 Development of Conceptual 
Designs” Report, provides confidence that the goals of Element 4 of this Project can be achieved. 
This design has been assessed by RPS and high level criteria for testing have been outlined. These 
criteria will be addressed though testing within ULC’s facility, on dead test pipes and in live gas pipes 
during field trials as appropriate. As the design progresses further, more refined tests to be carried 
out will be determined amongst the project team. 

A gap analysis of the conceptual design against relevant standards has been carried out. This is 
useful to inform the designers of any requirements from the relevant standards and possible 
conflicts. RPS has noted that the conceptual design does not appear to conflict with any of these 
standards, although the system will have to be regularly reviewed against these as the design 
progresses. The conceptual design conforms with SGN’s Pro-forma submission to Ofgem and 
Ofgem’s Project Direction. It is noted that the project is progressing as planned, on schedule and 
within budget.   
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1 INTRODUCTION 

This report has been developed by RPS to assess the conceptual design of the Element 4 robotic 
systems, as outlined in ULC’s “Element 4 Development of Conceptual Designs” Report and the 
animation produced to support this. Through conducting a review of the design against various 
relevant documents and standards, RPS has identified a number of high level testing requirements 
for the systems. 

RPS has assessed ULC’s Conceptual Design Report against the following documents: 

1. The Full Submission Pro Forma by SGN to Ofgem. 

2. The Project Direction from Ofgem to SGN. 

3. The SGN, Industry and British Standards: 
 

a. ATEX 137  
b. ATEX 95  
c. GIS/ECE1:2008 
d. GIS/F10:2006 
e. GIS/F16:2006 
f. GIS/LC14:2009 
g. GIS/PL2-1:2008 
h. GIS/PL2-2:2008 
i. GIS/PL2-3:2006 
j. GIS/PL2-4:2008 
k. GIS/PL2-5:2006 
l. GIS/TE/E1.9:2006 
m. GIS/TE/P6.3:2007 
n. IGE/TD/3  
o. IGE/TD/4  

This report also reviews the Successful Delivery Reward Criteria (SDRC) for this stage of the Project 
(9.2). This report serves as fulfilment of part of the SDRC.   

 

  














































