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[bookmark: _Toc16608674]Introduction 

The sole IP supply pipeline to the Isle of Sheppey crosses the river swale at Kingsferry Bridge. The Island is home to a population of 40,000 residents and 14,953 gas customers, but also has two maximum security prisons. These prisons house male prisoners who, if they were to escape, pose the most threat to the public, the police or national security. The Island also has an open prison and a port. 

The bridge was constructed in late 1950’s and opened in 1959 and provides the main rail link to the island and a road crossing. The IP pipeline runs through the bridge structure, under the carriageway, and then through a service tunnel to the other side of the bridge where again it runs under the carriageway to the island. See figure 1 below for a picture of the bridge.

Kingsferry Bridge

[image: 73107 on Kingsferry Bridge.jpg]

The pipeline running from the mainland, through the bridge tunnel to the island, was constructed in the 1960’s and is reaching the end of its serviceable life. The pipeline  is in poor condition. and SGN have been monitoring the situation. The section that runs through the bridge is typical of the pipeline, but due to its proximity within the bridge structure to other stakeholders’ plant and equipment, it poses an extra risk which cannot be ignored. 

It is proposed in this paper to replace the highest risk section of this pipeline running through the bridge. This initial phase of work will be supplemented, in later control periods i.e. GD3, with projects intended to replace other sections of the pipeline both upstream, on the mainland, and downstream on the island. 








[bookmark: _Toc16608677]Equipment Summary 

There is currently a 12” steel IP pipeline that is running within the structure of the bridge. This asset is a single supply steel pipe servicing the Isle of Sheppey and is designed to operate at 7 bar gas pressure. The gas main was installed in the 1960s. 

The pipe comes off the mainland into the abutment and is laid underneath the decking of the bridge. It then goes down into an access shaft which is 40 metres deep and then into a service tunnel under the River Swale  between the piers  of the bridge. The pipeline follows a mirror route to return to the island side of the bridge.

Figure 2 below shows a network map of the  bridge crossing  and the extent of the system on the Island.

Network Plan
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Figures 3 to 6 below show various images of the pipeline within the bridge and access shafts.

Kings Ferry Bridge Tunnel

[image: P1040001]12’’ steel Gas Main


Kings Ferry Bridge Access Shaft
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Kings Ferry Bridge Access Shaft
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Pipeline (Right) under carriageway
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[bookmark: _Toc16608678]Problem Statement
Why are we doing this work and what happens if we do nothing?
The pipeline
The IP pipeline that feeds the Isle of Sheppey is in poor condition and a gas escape or failure has the potential to affect all the gas supplies on the Island. With the location of the crossing to the Island, through the bridge, there is also the risk to other infrastructure (including highways, Network Rail and the local water company supplies) if a gas leak was experienced on the pipeline at that section. 

The IP pipeline has been repaired several times along its route and is subject to a restriction on its Maximum Operating Pressure. The current restriction is at 4.15bar and is substantially below its design pressure of 7bar.

This proximity to the other infrastructure and issues with access mean that SGN’s normal response to a pipeline leak may not be able to cope with the operational difficulties faced. As such it is likely to need the response of the Pipelines Maintenance Centre (PMC), or a similar specialist response agency, to affect a repair to the pipeline. This was the case on a previous leak on the 11th August 2016 where PMC were contracted to install a ‘SupaTee’ repair clamp on the pipeline. 

In 2016, a gas main wall thickness inspection was completed by SGN in the location of the gas escape. The inspection confirmed the pipe wall thickness to be 6.1 mm minimum to 7.2 mm maximum, where 6.1 mm is under the TD3 minimum recommendation of 6.3 mm for this pipeline rating. The most recent leak on the pipeline occurred on 7th October 2019 adjacent to the bridge. This leak was again repaired using a ‘SupaTee’ repair clamp on the pipeline. Fortunately, this leak occurred outside of the section of pipeline within the service tunnel but nonetheless still resulted in the closure of the bridge, railway and road for 48 hours.
The Bridge
The bridge is owned and operated by Network Rail and is over 60 years old. There are issues accessing the service tunnel with one end inaccessible  due to degradation of the concrete stairwell. There is concern that this degradation will continue such that the integrity of the bridge is compromised and the service tunnel will be no longer be accessible from either end. This raises two issues namely 
· Future access to the pipeline is likely to become more difficult . This has logistical and increasing cost implications on pipeline inspection, repair and maintenance activities. 
· It is probable that any effective intervention solution on the pipeline should it remain in its current position may exceed the potential remaining operational life of the bridge. Should this be the case we would have no choice but to incur further cost in the future for an additional or alternative intervention. 

The tunnel is currently leaking and requires continual pumping to remove approximately 100 gallons of sea water a day. This sea water ingress creates an aggressive atmosphere within the tunnel that is accelerating  the corrosion of the pipe. This corrosive atmosphere is unlikely to improve and increases the risk to the likely numbers of interventions required to the pipeline in situ.

The access issues make it difficult to work on and carry out an intervention to the pipeline. Working in confined spaces to refurbish any  pipeline is  a significant challenge but the  immediate proximity of the  14bar water main , adjacent to the gas main within the service tunnel, provides significant  additional risks to both operatives health and safety and the plant and equipment .

Single Feed
The pipeline is the sole supply to the island. This makes maintenance activities and repairs to the pipeline difficult to effect without putting at risk large numbers of supplies. To mitigate this, when repairs are necessary they have to be undertaken in  live conditions  which  can extend the duration of the works. This in turn affects the other stakeholders and utilities and can, as has occurred in recent leaks, extend any closure of the railway and road crossings. These closures result in significant disruption to the general public and local businesses alike.
Confined space
Given  the service tunnel is a confined space, there is a need to install controlled ventilation of the working atmosphere in the event of a gas leak in order to manage and mitigate health and safety risks to resources. Access is currently restricted to one pier resulting in significant logistical difficulties and additional time and costs in mobilising plant, equipment and resources for interventions to the pipeline.
Gas Monitoring system
Given the concerns regarding the pipeline and potential gas escapes, the gas monitoring system was installed as a contingency and is now at end of its serviceable life and will need replacing if the pipeline remains in situ. The monitoring system has had multiple failures and is built on legacy and unsupported detection and telemetry equipment. 

What happens if we do nothing?
This is the sole IP gas supply to the Isle of Sheppey. The gas main was installed in the 1960s and is reaching the end of its serviceable life. The pipe condition is poor with at least 13 no. known gas leaks attributed to corrosion and failure escapes (4 no. from 1995 to 1999, 1 no. in 2016 and 1 no. in 2019). This pipeline operates in harsh environmental conditions ranging from coastal saltwater to heavy marsh land. The pipeline provides gas supplies to 14,953 customers on the Island , three of which are prison facilities (two high security category A prisons and one open prison) with multiple other industrial/commercial customers. 

Leaving this pipeline in place will increase the risk to supplies to the Isle of Sheppey via a through wall corrosion failure on a section of pipeline that potentially cannot be repaired. As with the most recent gas escape, any leak would close both the railway and road crossings of the bridge and could stop the bridge being lifted  to accommodate traffic on the river.

If we do nothing, the pipe will continue to deteriorate and will fail and will result in significant dependant infrastructure and 14,953 customers losing their gas supply.   

What is the outcome that we want to achieve?
The project looks to safeguard the supply to customers downstream of the crossing and the security of the local network. We will put in place a replacement crossing and decommission the original asset. It will also enable SGN to start the securing easements for further replacement works, to be installed after GD2, and ensure that practical access will be available for future phases of the work. 

How will we understand if the spend has been successful?
The spend will be deemed successful when the project removes the need for any further site inspections by SGN resources within a confined space and potentially remove costs for access rights to the service tunnel. Also, future gas escapes will be prevented.

[bookmark: _Toc16608679]Narrative Real-Life Example of Problem
Figures 3 to 6 above show the condition of the service tunnel and the complexity of working in this restricted environment and confined space. There is also evidence of corrosion of the IP gas main and the steel support gantry in the service tunnel under the Kingsferry Bridge
The IP main is in a confined space with current access points to the asset heavily restricted. As future access to the asset becomes further compromised, difficulties to gain access in an out of hours emergency could lead to catastrophic consequences. Gas leaks in the local environment have resulted in complex repair solutions and third party impacts.
There is an existing gas monitoring system in the tunnel to detect the present of gas. This did cease working for a period of 2 weeks, during which an engineer was sent to site on a daily basis to monitor and take gas readings until it was repaired and re-established.
There was a gas escape that was identified and repaired on 11th August 2016 using a 12” ‘SupaTee’ and 12” Blank Flange. This work was undertaken by National Grid Pipeline Maintenance Centre.
A further leak was identified on 7th October 2019 with the gas escape location being 5.5m away from the entrance to the south abutment of the bridge. The main in this location is 0.8m deep to pipe cover and is laid in marshland approximately 20m from the tidal River Swale causing the excavation to be constantly waterlogged. 
No further pressure reduction was possible with gas escaping at 3.9bar, and the only other option is to turn off the valve with total loss of supply to entire island. The gas escape presents safety issues given its proximity to a live roadway, HGV vehicles trying to enter Ridham Docks, electrified railway line, and street lighting above on bridge
Figure 7 details the two corrosion holes that were found at the 5 o’clock position approximately 150mm apart. One hole was approximately 20mm diameter, the other approximately 10mm diameter.These holes were repaired by means of a 12” ‘SupaTee’ and a blank flange as detailed in Figure 8.
Given the condition of the main and surrounding area, the repair took five days to complete during which time both the road and railway bridge had to be closed for extended periods due to safety concerns. These closures will result in SGN liability for compensation to the affected stakeholders.
Corrosion Holes
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SupaTee Repair Clamp
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[bookmark: _Toc16608680]Spend Boundaries
[bookmark: _Hlk8548414][bookmark: _Hlk6559549]The programme of works included in this project is the initial phase for a multi-phase project to replace the pipeline. Our initial phase will be undertaken in GD2. This spend will be used to replace the existing IP main contained within the bridge and tunnel and to install a new PE main under the River Swale using Horizontal Directional Drilling (HDD) techniques. This project also incorporates funding to  decommission the asset which must  be undertaken  as part of the existing easement agreement with Network Rail.
In order to minimise the expenditure associated with this project, we have extensively used publicly available geotechnical and bore hole data that was instigated for the construction the new River Swale bridge crossing.
The spend of this project will cover:
· Horizontal directional drilling to replace the current pipeline
· Connections into the existing gas network 
· Hydrostatic testing and commissioning the new pipeline
· Decommissioning  of the old pipeline
A tender for the works will be issued in 2021 and a plan to complete the works in 2022 at a cost of £4.91m. As part of this project, we will not be spending money on reconfiguring or upgrading the network.  Prior to GD2 we have undertaken feasibility studies and have commenced  outline design and engagement with  all the relevant stakeholders (Local Authority, Landowner and Environmental Agency) and will consult on the project up to the  summer 2020. 
Expenditure and Workload
	Southern Crossings 
	Southern Asset Population
	GD2 Proposed Workloads
	Total GD2 Period Funding £m

	
	
	
	

	Tunnels
	3
	1
	£4.91m



During GD3, we anticipate further phases of work to continue replacing the downstream system.


[bookmark: _Toc16608681]Probability of Failure

The probability of failure of this asset is high. The asset is a steel pipe and subject to corrosion and a poor cathodic protection system has further added to the deterioration of the asset. The continuing issues with the location and operation of the asset will accelerate further deterioration and could lead to further gas escapes.

Background 
The failure rate and deterioration applied to calculate the CBA is consistent with the NARMs methodology. The key principle adopted in the methodology to facilitate the assessment of risk are: 
Asset health equates to the probability that the asset fails to fulfil its intended purpose and thus gives rise to consequence for the network. 
The consequences can be assessed in monetary terms 
The risk is determined from the product of the number of failures and the consequence of those failures 
[image: cid:image001.png@01D5790A.88FA8150]

Failure rate 
In the NARM framework ‘failure rate’ is used to calculate the Probability of Failure. The failure rate gives the rate of occurrence (frequency) of failures at a given point in time and may also include an age/time variable, known as asset deterioration, which estimates how this rate changes over time. The failure rate can be approximated by fitting various parametric models to observed data to predict failures now and in the future. Therefore, data that contributes towards monetised risk value has been thoroughly reviewed for each system under this investment. 
Failure modes 
In the NARMs methodology the failures are categorised into different Failure Modes. Below is list of all failure modes considered in the methodology and any data modification made to the model. 
Release of Gas - relating to the failure of a pressure containing component on site leading to an unconstrained release of gas within and possibly off the site 
General failure - relating to other failures not leading to either a safety, environmental or gas supply related consequence. 
Table 2 NARMS Failure rates
	ST IP Band F Failures

	 
	FY21 (failures/km)
	FY71 (failures/km)
	Total Predicted Failures (50 years) (failures/km)

	Baseline
	0.017573
	0.205481793
	3.765992594

	Outcome
	0.017573
	0.03542704
	1.61310637



The primary protection of this asset is in the form of  pipe wrapping, coating  and cathodic protection.  The wrapping and coating  on the IP pipe in the environment of the Kingsferry Bridge has deteriorated, with corrosion of the asset occurring. Failure to replace this pipe will eventually lead to catastrophic failure and a major incident.

This main has had five previous leaks in 1995, 1998, 1999, 2016 and 2019. These leaks related to corrosion and joint failure but not within the actual tunnel itself. If such leaks occur again in the same locations, they could be repaired. If the leak is within the actual tunnel itself there is a possibility that an effective repair could not be made.

The condition of the pipe continues to deteriorate and we have continued to manage the risk and prevailing conditions at the most effective cost in order to maintain security of supplies. This main needs further financial investment over and above normal Opex costs. 

In order to avoid a catastrophic failure and consequential loss of supply, investment is required in GD2 to replace the main. Failure to obtain this investment in GD2 will result in inevitable replacement on failure at a later date at potentially a much higher cost in terms of risk to safety, investment and reputation. 

Table 3 - C55 Output Kings Ferry Bridge
This table is showing the ongoing monetised risk associated with this pipe without intervention.

	Kings Ferry Bridge Without Intervention

	PON
	Length (km)
	Carbon
	Finance
	Health & Safety
	Customer
	Total

	115873409
	0.008
	£9,137.12
	£113.71
	£6.52
	£402.88
	£9,660.23

	115873410
	0.016
	£18,274.24
	£227.41
	£13.05
	£805.76
	£19,320.46

	114480547
	0.13
	£148,478.19
	£1,847.73
	£106.02
	£6,546.82
	£156,978.76

	114480546
	0.048
	£54,822.71
	£682.24
	£39.15
	£2,417.29
	£57,961.39

	114480545
	0.126
	£143,909.63
	£1,790.88
	£102.76
	£6,345.38
	£152,148.64

	115694937
	0.106
	£121,066.83
	£1,506.61
	£86.45
	£5,338.18
	£127,998.06

	Total
	0.434
	£495,688.71
	£6,168.57
	£353.96
	£21,856.31
	£524,067.55



Table 4 - C55 Output Kings Ferry Bridge
This table is showing the ongoing monetised risk associated with this pipe with intervention.

	Kings Ferry Bridge with Intervention

	PON
	Length (km)
	Carbon
	Finance
	Health & Safety
	Customer
	Total

	115873409
	0.008
	£275.23
	£29.86
	£2.60
	£190.16
	£497.84

	115873410
	0.016
	£550.45
	£59.72
	£5.19
	£380.31
	£995.68

	114480547
	0.13
	£4,472.44
	£485.21
	£42.20
	£3,090.04
	£8,089.90

	114480546
	0.048
	£1,651.36
	£179.16
	£15.58
	£1,140.94
	£2,987.04

	114480545
	0.126
	£4,334.82
	£470.28
	£40.91
	£2,994.97
	£7,840.98

	115694937
	0.106
	£3,646.76
	£395.64
	£34.41
	£2,519.57
	£6,596.38

	Total
	0.434
	£14,931.05
	£1,619.87
	£140.90
	£10,315.99
	£27,007.81







[bookmark: _Toc16608682]Probability of Failure Data Assurance

Continued and increased frequency of gas escapes are inevitable. Whilst records are incomplete, there have been at least 5 no. known gas leaks attributed to corrosion and failure escapes. We estimate a minimum of one leak at least every 5 years going forward.

· 3 x no. from 1995 to 1999, 1 x no. in 2016, 1 x no. in 2019
· Pipe thickness testing
· CP tests

There is a gas monitoring detection system (which itself is at end of life) in the service tunnel which operates 24 hours a day and will provide alerts should an uncontrolled release of gas occur. Annual inspections of the pipeline are carried out with the most recent being completed in early 2019.

[bookmark: _Toc16608683]Consequence of Failure

The failure modes for this pipe relate to the failure of the pipe wall due to corrosion and failure of the coating, wrapping and the pipe support brackets. These modes are also impacted by water ingress in the tunnel which affects the atmospheric conditions. Failure of the access shaft stairs would result in inaccessibility of the pipeline.
Loss of Supply to Customers
Access to the asset within the service tunnel is becoming increasingly difficult, any asset failure would have all the potential requirements for an environmental incident (fuel, air and ignition source). While the incident could be controlled by closure of inline stream valves, disruption and loss of supply to 14,953 customers  would be a real possibility. 

Three of these customers are prison facilities including two maximum security prisons. These prisons house male prisoners who, if they were to escape, pose the most threat to the public, the police or national security. The Island also has an open prison and a port along with multiple other industrial/commercial customers. These are critical locations which cannot lose a gas supply. Should failure of this asset occur the potential impact would be high as there is currently no other gas supply to the Isle of Sheppey. 
Safety Impact of Failure
The consequence of failure in a confined space would be extremely high with the potential for a significant health and safety risk to the general public, the bridge operator and employees of SGN. At present there are access restrictions to the service tunnel that would impact response times in the event of any gas escape. 
Environmental Impact
Due to the location of the IP main combined with the environmental operating conditions, any failure would lead to the probable uncontrolled release of gas within a confined space. In the event of an uncontrolled release of gas (1inch diameter hole) a total of 1,508 scm/h will be released. The railway bridge remains in operation to and from the Isle of Sheppey. These services would be severely impacted with significant disruption to businesses and the general public caused by delays and/or loss of use during any major event.

[bookmark: _Toc16608684][bookmark: _Hlk10037986]Options Considered
SGN 4r Strategy

When considering this intervention, we have done so following our 4r strategy. This strategy is designed to maximise the asset life and minimise the capital expenditure of any intervention and in doing so sets out an order when considering the intervention type. This consideration is key in delivering customer value and focuses on the lighter intervention options of repairing and refurbishing the asset before considering more severe interventions such as component replacement and full rebuild. See Figure 9 below for an illustration of our 4r strategy:

SGN 4r Strategy


From our annual inspections and analysis of CP readings on the rest of the pipeline, SGN consider the existing pipeline to be in poor condition. This is largely due to the proximity of the crossing to a saltwater body of water and ground conditions in the area. 

Whilst SGN have been monitoring the situation for some time, a survey commissioned by SGN in 2018 has recommended replacement of the pipeline and crossing. The options detailed in Table 5 were considered to secure gas supplies for the future: - 












Table 5 -  Options Considered

	Option
	Description
	Comment

	Do Nothing
	No replacement, repair only
	Discounted due to the current condition of main and being a single feed to the Island.

	Repair on Failure
	Reactive response to repair 
	Discounted due to the increasing potential for significant gas escapes and the possibility that a repair could not be undertaken due to the deteriorating conditions in the service tunnel. This would result in extended durations when the single feed to the Island would be isolated.

	Replace on Failure
	Reactive response to replacement of main within the existing bridge on failure
	Discounted due to the increasing potential for significant gas escapes and the complexity of undertaking the replacement works in the service tunnel. Due to space within the bridge and the existing pipe, it is not possible to take the old pipe out and install a new one. Also, the condition and structure of the bridge is not good. The tunnel is leaking water at a rate of 100 gallons a day. This would result in extended durations when the single feed to the Island would be isolated.

	Pre-Emptively Replace
	Replacement of main via horizontal directional drill
	Replacement of the IP main from the North East side of the River Swale to the City Gate at Cowstead Corner, progressing to the Brielle Way City Gate. This will improve and secure gas distribution for the medium to long term future and mitigate the risk of a catastrophic asset failure.

	Other Considered Option
	Replacement of main from the Isle of Grain to Sheerness docks via horizontal directional drill
	The option of laying an IP main from the Isle of Grain to Sheerness Dock was considered however discounted as not as cost effective as the pre-emptive replacement solution and very likely Peels Ports and other interested parties would reject this this option due to their development plans at the docks.



The project scope has already been determined with SGN Asset Management and identified in this document. It has been recommended that the SGN IP gas main servicing the Isle of Sheppey, is replaced in its entirety from the south side of the Kingsferry Bridge, across the River Swale. 
This solution will add value by;
· Improved safety to users and SGN operatives
· Increase gas supply resilience Secure future gas supply network
· Secure easements now prior to development
· Reduce operational cost
While this work is being undertaken existing below ground installations within the southern area would be maintained and repaired where required. In the interim period SGN will develop a viable contingency plan that can be utilised in the event of a major failure to improve safety to users and SGN operatives, increase gas supply resilience and secure the gas supply network.





0. Replace on failure 
The current structural integrity of the asset would compromise security of supply for the network and provide Health and Safety concerns for both the public and SGN employees. SGN would not be permitted to allow its employees into a hazardous confined space where we know there is an uncontrolled release of gas. 

The technical detail of the option i.e. capacity, system rating, availability etc.
The existing pipe runs from the Southeast side of the River Swale crossing the Kingsferry Bridge via a service tunnel under the river to an existing SGN valve. In a situation where replacement of a section of the existing 12” steel IP main that is running within the structure of the Kingsferry Bridge is required, repair collars and/or the installation of new pipework sections will be the only viable option. 

The pipeline will need to be inspected locally along its length to validate any replacement technique and confirm the impact the method of working may have on other adjacent infrastructure. Access arrangements will need to be improved to undertake any significant replacement work and forced ventilation systems will need to be mobilized to enable any intrusive working requirements. The access shafts would need to be fully scaffolded should the repair be in the vertical sections of the pipeline and to support ventilation and material access and egress.

The existing supply will need to be isolated from the network either side of the bridge for the duration of replacement works resulting in significant disruption to gas customers. The railway line and the bridge crossing will be closed for the duration of the gas leak resulting in compensation to Network Rail and significant disruption to the general public. 

The basis for the cost estimate/unit cost
SGN consider a meaningful cost estimate cannot be prepared given the vast range of scope of work uncertainties and the significant range of potential commercial impacts.  These requirements are fully dependent upon the scale and location of the gas escape that could include but not be limited to
· Significant forced ventilation and fully staged access and support scaffolding systems
· Unknown temporary works and pipe support requirements
· Specialist shot blasting, wrapping and coating and pipe replacement resources
· SGN inspection and operations teams and specialist repair teams in attendance
· Unknown compensation liabilities to third parties
The perceived benefits of the option
There are no perceived benefits to this option as it would result in 
· Significant Health and Safety risk to SGN employees and contractors mobilized to undertake the replacement works
· Loss of supply to potentially 14,953 customers for an uncontrolled extended period 
· Significant disruption to the general public and third parties
· Significant compensation risk to Network Rail, Peel Ports and other impacted third parties


Delivery timescales
Subject to the volume and nature of replacement works required after a significant failure, there  could be a loss of supply for potentially several weeks.
Key assumptions made
· The failure is isolated within a section of pipeline and the specialist materials and resources to undertake the works will be readily available
· The ability to undertake an effective replacement assumes that the pipeline condition in the area of repair is capable to accept a replacement or cut in pipe insert. 
Any other items that differentiate the option from the others considered
This solution would result in the need to reactively mobilise continued replacement of sections of the pipeline after failure
Repair on failure

The technical detail of the option i.e. capacity, system rating, availability etc.
The current structural integrity of the asset would compromise security of supply for the network and provide Health and Safety concerns for both the public and SGN employees. SGN would not be permitted to allow its employees into a hazardous confined space where we know there is a risk of  an uncontrolled release of gas. 

The pipeline will need to be inspected locally along its length to validate any repair technique and confirm the impact the method of working may have on other adjacent infrastructure. Access arrangements will need to be improved to undertake any significant repair work and forced ventilation systems may need to be mobilized to enable any intrusive working requirements. The access shafts would need to be fully scaffolded should the repair be in the vertical sections of the pipeline and to support ventilation and material access and egress.

Depending on the location of the failure it may not even be  possible to complete a repair, nonetheless the existing supply will need to be managed and potentially isolated from the existing network either side of the bridge for the duration of repair works resulting in significant disruption to gas customers. The railway line and the road will be closed for the duration of the gas leak resulting in significant disruption to the general public, local businesses and payment of compensation to Network Rail. 

The basis for the cost estimate/unit cost
SGN consider a meaningful cost estimate cannot be prepared given the vast range of scope of work uncertainties and the significant range of potential commercial impacts. These requirements are fully dependent upon the scale and location of the gas escape that could include but not be limited to
· Significant forced ventilation and fully staged access and support scaffolding systems
· Unknown temporary works and pipe support requirements
· Specialist shot blasting, wrapping and coating resources
· SGN inspection and operations teams and specialist repair teams in attendance
· Unknown compensation liabilities to third parties

The perceived benefits of the option
There are no perceived benefits to this option as it would result in 
· Significant Health and Safety risk to SGN employees and contractors mobilized to undertake the replacement works
· Loss of supply to potentially 14,953 customers for an uncontrolled period 
· Significant disruption to the general public and third parties
· Significant compensation risk to Network Rail, Peel Ports and other impacted third parties
Delivery timescales
Repair on the asset in a confined space would be difficult to affect and could result in loss of supply of up to a week. Should the repair be complex this could increase to several weeks and depending on the location of the failure it may not possible to complete a repair.

Key assumptions made
· The failure is isolated within a section of pipeline
· The ability to undertake an effective repair assumes that the pipeline condition in the area of repair is capable to accept a repair clamp. 
· The specialist materials and resources to undertake the works will be readily available

Any other items that differentiate the option from the others considered
This solution would result in the need to continually react to gas escapes to repair the pipeline after failure.
Pre-Emptively Replace

The technical detail of the option i.e. capacity, system rating, availability etc.

Two options were considered to pre-emptively replace the 12” steel IP main that is running within the structure of the Kingsferry bridge with a new supply via horizontal directional drilling (HDD) techniques. 

· Option 1 - Crossing the River Medway from the Isle of Grain to the Isle of Sheppey
· Option 2 - Crossing the River Swale from Kent to the Isle of Sheppey

Option 1 

A connection from the gas network on the Isle of Grain to the Isle of Sheppey was considered by SGN as detailed in Figure 10 below







Indicative Crossing – Isle of Grain to the Isle of Sheppey

[image: ]


This option was discounted for the following key reasons 

· The crossing would be at least 2.5 to 3 km and challenge to the limits of HDD techniques (typically 1.5 km)
· Ground conditions are unknown and would require an extensive detailed site investigation
· The viable crossing intersects a busy shipping lane is very likely to be rejected by Peel Ports
· The drill and reception sites for the HDD are within commercial development land for car imports on Sheppey and will interface with significant infrastructure on the Isle of Grain
· The main from this crossing to the Sheppey side of the Kingsferry Bridge will still need to be replaced 

It was therefore considered that this solution would not be as cost effective as a crossing of the River Swale from Kent to the Isle of Sheppey

Option 2

The scope of the works is to install a new SDR9 HDPE pipeline under the River Swale by Horizontal Directional Drill techniques. Planning this intervention means we can maintain supply to customers on the Island.

This HDD main needs to be installed at a depth of 17m with the drilling shot being circa 370m in length. As detailed in Figure 11, the sites will need to extend in both directions to accommodate pipeline stringing and accommodation works.  The entry and exit points of the HDD will connect via operational valves onto the existing SDR 11 main. An additional 300m of the open cut is also necessary to connect onto the existing 12” IP via welded under pressure tee via stopple operations. The main within the bridge will be decommissioned as required by the terms of the Network Rail easement agreement.




Indicative Crossing – Isle of Grain to the Isle of Sheppey
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The basis for the cost estimate/unit cost

The cost estimate has been established from various sources as summarised in Table 6 below


	Site Investigation and Outline Design 

	Scope of work established from detailed discussions with SGN Framework Service Providers. Proposal estimates provided following a feasibility study to establish route and technique options.

	Feasibility/Planning and Detailed Design
	

	PE Fittings cost
	Indicative material schedules from feasibility study and connection details outline with pricing from SGN construction cost database

	Steel Fittings cost
	

	Management and set up costs 
	Forecast costs from outline project programme

	Welding cost to project
	Forecast cost estimate from SGN construction cost database

	Lay and connection costs
	Forecast costs from detailed discussions and budget proposals from HDD specialists

	Other ancillary costs 
	Forecast cost estimate from SGN construction cost database





The perceived benefits of the option

Whilst the risks to existing pipeline will remain during the construction phase of this project, once the new pipeline is installed the perceived benefits of this option are considered to be  
· Planning this intervention means supply to customers on the Island can be managed and maintained
· Enhanced resilience and security of supply in the local network by mitigating the risk of gas supply failure with improved network pressure control and resilience to ensure minimum disruption to customers
· The significant Health and Safety risk to SGN employees and contractors mobilized to undertake future repair or replacement works will be mitigated by removal of an unsafe working environment from SGN operatives responding to a fault
· Mitigate future significant disruption to the general public and third parties
· Mitigate future significant compensation risk to Network Rail, Peel Ports and other impacted third parties
· The removal of an existing IP steel main from within a third-party structure.
· Enable SGN to expedite further projects to provide capacity and resilience for future development in the area
Delivery timescales
· Planning Consultation and design (ongoing) - 6 months 
· Procurement of long lead materials and mobilisation to site – 3 to 6 months
· Construction and Commissioning – 6 months
· Overall project – 12 months

Any other items that differentiate the option from the others considered
This project solution has been developed following a feasibility study that engaged various technical specialists ( including HDD specialist LMR Drilling UK Ltd and planning and environmental specialist Dalcour McLaren) to establish a design and route that was both technically and commercially viable. This study also identified the necessary areas of engagement with all stakeholders and third parties and has been confirmed as feasible. 
Pre-Emptively Repair

A pre-emptive pipeline refurbishment option was considered but it is not possible to identify the full scale of potential pipe integrity problems by remote methods or pipeline inspection pigging techniques in advance of the works. Inspection and refurbishment would as a minimum involve the removal and reapplication of coating , pipe repairs and/or replacement of sections of pipe and replacement of the existing support brackets.

Shot blasting or intrusive abrasion techniques would be required just to remove the existing coatings and enable some form of indicative inspection. Given the concern over the integrity of the pipe it would not be acceptable from a health and safety perspective, to both SGN employees and third parties, to undertake this inspection work on the live gas main nor would SGN be permitted to allow its employees into a hazardous confined space where we know there is a potential of an uncontrolled release of gas if the pipe was to fail. 

The current structural integrity of the bridge cannot be confirmed and the value in refurbishing our asset insitu could be compromised by external factors. The current bridge structure has continued to deteriorate and Network Rail have not confirmed the long term future of the bridge. This uncertainty and the prevailing conditions in the environ of the bridge structure could further complicate or even prevent any insitu repair in the future. 

A repair on the asset (depending on the location of the failure, it may not even be possible to complete a repair) in a confined space would be difficult to affect and would result in loss of supply of up to a week. If it was indeed possible, a full refurbishment of the pipeline would take many months .

Given these factors any refurbishment option would therefore require the gas main to be isolated and gas supply to the Isle of Sheppey suspended for a significant and uncontrolled amount of time. Notwithstanding the construction uncertainties, this isolation is neither operationally or commercially viable and therefore the option to refurbish the pipeline was discounted.

The technical detail of the option i.e. capacity, system rating, availability etc.
Not considered viable by SGN

The basis for the cost estimate/unit cost
SGN consider a meaningful cost estimate cannot be prepared given the vast range of scope of work uncertainties and the significant range of potential commercial impacts. 

Do nothing

In order to maintain compliance with licenses, regulations and  legislation there is no option for SGN to do nothing. The minimum SGN would need to provide for is the likelihood of increasing reactive responses to repairs on failure of the pipeline with the need to provide for the increasing risk of a catastrophic failure of the network.

[bookmark: _Hlk7706478]Options Technical Summary Table
Table 7  – Options Technical Summary
	Option
	First Year of Spend
	Final Year of Spend
	Volume of Interventions
	Equipment / Investment Design Life
	Total Cost

	Replace on Failure
	
	
	
	
	

	Repair on Failure
	
	
	
	
	

	Pre-Emptively Replace
	4.91
	0
	1
	40
	4.91

	Pre-Emptively Repair
	
	
	
	
	

	Do Nothing
	
	
	
	
	



Options Cost Summary Table
Table 8 – Cost Summary
	Option
	Cost Breakdown
	Total Cost (£m)

	Replace on Failure
	The current structural integrity of the asset would compromise security of supply for the network and provide Health and Safety concerns for both the public and SGN employees. SGN would not be permitted to allow its employees into a hazardous confined where we know there is an uncontrolled release of gas. The cost of £23.9m is constructed of loss of supply to 14,953 customers = £16.8m, Societal cost £0.5m, Network rail compensation £1.4m, Risk £168k and Replacement £5.0m.
	23.9

	Repair on Failure
	The current structural integrity of the asset would compromise security of supply for the network and provide Health and Safety concerns for both the public and SGN employees. SGN would not be permitted to allow its employees into a hazardous confined where we know there is an uncontrolled release of gas. The cost of £23.9m is constructed of loss of supply to 14,953 = £16.8m, Societal cost £0.5m, Network rail compensation £1.4m, Risk £168k and Replacement £5.0m.

	23.9

	Pre-Emptively Replace
	This is our preferred replacement option and established using actual market rates and proposals
	Cost Head
	Estimate £

	Site Investigation/Feasibility/Planning and Design 
	£430,000

	PE Fittings cost 
	£320,000

	Steel Fittings cost
	£480,000

	Management and set up costs 
	£320,000

	Welding cost to project
	£40,000

	Lay and connection costs
	£3,130,000

	Other ancillary costs 
	£190,000

	Total
	£4,910,000


 
	4.91

	Pre-Emptively Repair
	The current structural integrity of the asset would compromise security of supply for the network and provide Health and Safety concerns for both the public and SGN employees.  SGN would not be permitted to allow its employees into a hazardous confined space where we know there could be a potential uncontrolled release of gas if the pipe fails.
	

	Do Nothing
	This would increase the risk of catastrophic failure of the network, together with an increased risk from third party damage to our main.
	102


[bookmark: _Toc16608686]

Business Case Outline and Discussion

SGN have commenced a programme to investigate and determine a route for the works. Following this initial investment there is an ongoing assessment of the route to determine the best approach and to mitigate/minimise disruption to stakeholders, natural wildlife and fauna. The programme will continue through to construction in GD2 to ensure a high level of security to the network and removal of the current defective asset securing the following opportunities;
· Enhanced resilience and security of supply in the local network by mitigating the risk of gas supply failure. 
· Removal of an unsafe working environment from SGN operatives responding to a fault
· The removal of existing IP steel main considered at the end of its serviceable life
· Reinforce supply security of the local network with improved network pressure control and resilience to ensure minimum disruption to customers
· Reduced operational and reputational risk
· Enable SGN to expedite further projects to provide capacity and resilience for future development in the area
· The removal of existing IP steel main from within a third-party structure.
· Remove the need for any further site inspections by SGN resources within a confined space
The likelihood of a failure in the near future remains high and has a potential to cause a major disruption to supply to the Isle of Sheppey. There is also a high potential for a significant health and safety risk to SGN operatives, third parties and the general public. Strategic Planning will continue to provide contingency plans for the interim period prior to installation of the permanent solution.
It is impossible to accurately predict when this main will fail. The probability of failure will likely be the pipe support brackets as they are heavily corroded and take the full weight of the pipe. The consequences of failure will be catastrophic and will create a major incident and loss of supply to a population of 40,000 and 14,953 gas customers. 
This is the only gas supply to the Isle of Sheppey. If the pipe fails in the tunnel it will result in road closures of the two main crossings onto the Isle. This will impact rail and supply of goods and services to the Isle.
[bookmark: _Toc16608687]Key Business Case Drivers Description

Table 9 – Summary of Key Value Drivers

	Option No.
	Desc. of Option
	Key Value Driver

	1
	Replace on Failure
	The current structural integrity of the asset would compromise security of supply for the network and provide Health and Safety concerns for both the public and SGN employees.  SGN would not be permitted to allow its employees into a hazardous confined where we know there is an uncontrolled release of gas. Identified as significant risk remains to SGN network, employees, third parties and customers

	2
	Repair on Failure
	The current structural integrity of the asset would compromise security of supply for the network and provide Health and Safety concerns for both the public and SGN employees.  SGN would not be permitted to allow its employees into a hazardous confined where we know there is an uncontrolled release of gas. Identified as significant risk remains to SGN network, employees, third parties and customers

	3
	Pre-Emptively Replace
	Approve a GD2 project spend of £4.91m Capex for the replacement of the existing IP gas main crossing the Kingsferry Bridge to the Isle of Sheppey.
· Enhanced resilience and security of supply in the local network by mitigating the risk of gas supply failure. 
· Removal of an unsafe working environment from SGN operatives responding to a fault
· The removal of existing IP steel main considered at the end of its serviceable life
· Reinforce supply security of the local network with improved network pressure control and resilience to ensure minimum disruption to customers
· Reduced operational and reputational risk
· Enable SGN to expedite further projects to provide capacity and resilience for future development in the area
· The removal of existing IP steel main from within a third-party structure.
· Remove the need for any further site inspections by SGN resources within a confined space

	4
	Pre-Emptively Repair
	The current structural integrity of the asset would compromise security of supply for the network and provide Health and Safety concerns for both the public and SGN employees.  SGN would not be permitted to allow its employees into a hazardous confined where we know there is an uncontrolled release of gas. Identified as significant risk remains to SGN network, employees, third parties and customers

	5
	Do Nothing
	This is not an option to be considered, If the work to replace the existing IP gas main is not undertaken, there is a high risk that there will be a major gas escape in the SGN IP gas main that runs through the Kingsferry Bridge service tunnel that will result in a reduced or no gas supply to customers or a gas supply failure. Identified as significant risk remains to SGN network, employees and customers



Table 10 – Summary of CBA Results

	NPVs based on Payback Periods (absolute, £m)

	Option No.
	Desc. of Option
	Preferred Option (Y/N)
	Total Forecast Expenditure (£m)
	Total NPV
	10 Yrs
	20 Yrs
	30 Yrs
	45 Yrs

	1
	Replace on Failure
	N
	
	
	
	
	
	

	2
	Repair on Failure
	N
	
	
	
	
	
	

	3
	Pre-Emptively Replace
	Y
	4.91
	101.65
	18.22
	48.07
	69.94
	94.97

	4
	Pre-Emptively Repair
	N
	
	
	
	
	
	

	5
	Do Nothing
	N
	£192.50
	-£102.96
	-£34.57
	-£59.05
	-£78.91
	-£98







[bookmark: _Toc16608688]Business Case Summary

SGN is requesting an approved expenditure of £4.91m over the GD2 period. This spend is required to enable SGN to secure and maintain its gas supply to the Isle of Sheppey. The works shall be managed and delivered by Southern Maintenance Operations, using direct and contract resources. This is currently part of an ongoing programme scheduled to be completed over GD2. 

Table 11 - Business Case Matrix
	
	Option
Replace on failure
	Option
Repair on failure
	Option
Pre-emptively replace
	Option
Pre-emptively repair
	Option
Do nothing

	Capex (£m)
	
	
	4.91
	
	

	Number of Interventions
	
	
	1
	
	

	Carbon Emission Savings (2040 total, £m)
	
	
	
	
	

	Explosion Risk Reduction (2040 total £m)
	
	
	
	
	

	Avoided Maint. (2040 total £m)
	
	
	
	
	

	NPV (2040 £m)
	
	
	
	
	



[bookmark: _Toc16608689]Preferred Option Scope and Project Plan
[bookmark: _Toc16608690]Preferred option  

The preferred option would be to initially replace the IP gas main from the south side of the Kingsferry Bridge to a connection across the River Swale using horizontal directional drilling techniques. This is the only assured method to both safeguard the integrity of the gas distribution network and ensure improved health and safety for the public and operatives of SGN.
[bookmark: _Toc16608691]Asset Health Spend Profile	Comment by Thurston, Ian: Enter gross costs including efficiencies – needs to link back to CBA and BPDT

Table 12 - Asset Health Spend Profile (£m)
	Asset Health Spend Profile (£m)

	Pre GD2
	2021/22
	2022/23
	2023/24
	2024/25
	2025/26
	Post GD2

	0.45
	4.91
	0
	0
	0
	0
	0



The identified spend pre-GD2 is not part of this project. This spend profile is based on the ability to deliver a programmed replacement of the IP gas main servicing the Isle of Sheppey Kent in its entirety from the south side of the Kingsferry Bridge and within the service tunnel that crosses the River Swale. 

Investment Risk Discussion

The investment for this project is controlled by a tendered contractor event to ensure a high-level confidence will be seen. This allows a fully forecastable level of investment with fully understood market factors and pressures.
The table below identifies risks outside of our control that have the potential to impact this project, detailed within the cost benefit analysis template are the full mitigation and controls for these events.  
	Risk Description
	Impact
	Likelihood
	Mitigation/Controls
	Comments

	Availability of Contractors
	MEDIUM
	<=20%
	Due to the size and complexity of this project there are a smaller number of contractors with the competency to carry out this work.
	Availability of contractors and time scales to complete the works.

	Unexpected change in legislation 
	HIGH
	<=20%
	Agree reopener mechanism with Ofgem to increase or reduce funding as required.
	[bookmark: _GoBack]The unexpected cessation of this project would potentially leave an at risk pipe contained within the network. Safety is our number one priority; therefore, we would continue to carryout reactive repairs to this pipe to ensure safety of our customers. Replacement of this pipe would be considered only when a CBA allows this.

	Brexit impact - road network
	LOW
	>20% & <=40%
	Engage with Highway authorities to plan and optimise the works in lesser congestive zones 
	Road networks experiencing traffic jams and standstills on major arterial routes

	Major civil construction programme in [South / Scotland]
	LOW
	<=20%
	Monitor large scale planned projects and market rates of pay
	Given the significant nationwide expenditure on other major particularly heavy engineering projects over the relevant period of RIIO-GD2 it is likely there would be an indirect impact on SGN’s supply chain costs. We will look to source relevant data to ascertain the actual levels of increase in the defined period and draw on skilled resource.

	Impact of major events 
	LOW
	<=20%
	Engage with stakeholders to understand future planning arrangements
	Development of the Isle of Sheppey and the docks.






Additional to the above, sensitivity analysis will be produced by Angelo for population in this section.

Appendix


Engineering Justification Paper Checklist

[Enter copy of completed EJP Checklist]
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Acronyms

	Acronym
	Description

	
	

	mA
	Milliamps, unit of electrical current

	PSR
	Pressure Systems Regs

	IP
	Intermediate Pressure

	ST
	Steel

	HDD
	Horizontal Drilling Technique

	GD2
	Gas Distribution determination 2021 – 2026




Repair


Cost-effective remedial steps to repair existing assets, enabling them to remain operable


Refurbish


Such as a renewal of parts as well as shot-blasting and re-painting


Rebuild


Complete re-build of an entire installation


Replace


Replacing elements  of the equipment within the overall installation
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Engineering Justification Paper - Checklist

Y/N/NA Comments

1. Table of Contents

Table of contents included with page numbers

2. Introduction

Brief narrative of the project/program

Demonstration of how the project/program has been generated (i.e. specific known issue, asset health 

management tool or ongoing programme etc).

3. Equipment Summary

High-level summary of the operation of the equipment including:

Location on the network and normal operating modes

Pressure ratings

Redundancy architecture (i.e. duty/standby etc)

Global equipment count (I.e. how many preheaters or governors are installed on the network)

Where appropriate a breakdown of the manufacturers/models of equipment installed in the network

4. Problem Statement

Define the problem the investent seeks to solve by answering:

Why is the work being carried out?

What is the impact of doing nothing?

What is the outcome aiming to be achieved?

How will we understand if the investment has been successful?

4.1 Narrative Real Life Example of Problem

Provide a real life example of the problem the investment seeks to address.  Include evidence such as 

drawings, photos or charts to help demonstrate the issue and highlight the outcomes/near misses which occur 

in real life with the asset class

4.2 Spend Boundaries

Summarise the boundaries of spend proposed e.g. the spend will only replace/repair/refurbish pre-heaters at 

our sites and does not include costs to remdiate associated pipework/site facilities/control systems etc.

5. Probability of Failure

Provide a narrative with supporting data on the probability of the equipment failing.  Include:

The likely failure modes of the equipment considered by the assessment

The failure rates assumed for each failure mode

A description of the base data used to calculate the failure modes

Outputs from the NARMS model are included to help justify the investment

5.1 Probability of Failure Data Assurance

Confidence provided regarding the probability of failure data and how it has been generated.

6. Consequence of Failure

Consequences of failure are clearly set out showing the impact if the equipment fails to operate as expected.  

Consequence of failure should be split into:

Loss of supply to customers

Safety impact of failure

Environmanetal impact

This section broadly aligns with the failure modes discussed in section 5 and contains multiple supply and 

demand scenarios

7. Options Considered

Summarise all of the options considered including deferral of work or do nothing.  Describe the engineering 

options to solve the problem.  Where applicable the following options should be included:

Replace on Failure

Repair on Failure

Pre-emptively replace

Pre-emptively repair

Do nothing

Included diagrams, drawings to convey the engineering scope.

Included outputs from NARMS models to demonstrate the reductions in monetised risk for each option

7.1 Options Summary

Subsections for each option have been incorporated describing:

The technical detail of the option i.e. capacity, system rating, availability etc.

The basis for the cost estimate/unit cost

The perceived benefits of the option

Delivery timescales

Key assumptions made

Any items that differentiate the option for others considered

7.2 Options Technical Summary

Table included highlighting:

Option title (Name used instead of numbering)

First Year of Spend

Final Year of Spend

Volume of Interventions

Equipment or Investment design life

Total installed cast (Total spend request)

7.3 Options Cost Summary Table

Table included providing a breakdown of the costs for each of the options discussed in section 7

8. Business Case Outline and Discussion

Section ties together the probability of failure, consequences of failure, engineering options and costs to 

investigate the optimum solution to the problem shown in section 4

8.1 Key Business Case Drivers Description

Section sets out the business cases which display the perceived value for each option considered.  The key 

drivers for each option should be clearly highlighted to allow a judgement to be made on the validity of each 

option.

Outputs from the CBA templates are included

8.2 Business Case Summary

Summary table with the selected business case metrics included enabling a high level comparison

9. Preferred Option Scope and Project Plan

9.1 Preferred Option

Brief statement of the preferred option included

9.2 Asset Health Spend Profile

Table included demonstrating the spend profile detailing when the interventions for the preferred option are 

expected to take place.

9.3 Intervention Risk Discussion

Risks associated to the preferred option and measures to mitigate those risks are included
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