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1 Executive Summary  

1.1.1 National Gas Transmission, hereafter referred to as NGT, are requesting funding to manage 

Asset Health requirements related to identified Low Voltage (LV) assets and Control and 

Instrumentation (C&I) equipment at Bacton Terminal. This is aimed at maintaining the 

ongoing safe, secure, and reliable operation of the UK Gas National Transmission System 

(NTS).  

1.1.2 Due to the age of the site and its coastal location, Bacton has encountered operational issues 

related to asset deterioration of its electrical assets’ integrity, safety, and functioning. In 

general, electrical assets standards and legislation have also changed over the years and 

there is need to ensure compliance.  

1.1.3 A program of limited replacements and refurbishment were carried out in in the RIIO-T1 and 

RIIO-T2 price controls. However, in order to safeguard the site for future energy requirements 

up to 2050, detailed LV assets studies as shown in Section 2.3 of the FEED Study Report 

(Appendix A), were done to ascertain the performance of all LV assets. The proposed 

interventions as detailed in Section 2 of the Bacton Electrical Report (Appendix C) will 

address both current asset health issues and future requirements. For Distribution Boards 

(DBs) assets, this was further enhanced by NGT engineering assessments to confirm asset 

condition as detailed in Distribution Boards Maintenance Records, (Appendix F).  

1.1.4 The electrical assets covered in this Engineering Justification Paper (EJP) are Transformers, 

Standby Generator, Uninterruptable Power Supply (UPS) and Battery Systems, Electrical 

Kiosks and Distribution Boards (DBs) and External lighting. 

1.1.5 This paper also includes associated C&I equipment. Such as pressure switches and various 

transmitters. Further details on the scope and volumes are detailed in Section 3 of this EJP.  

1.1.6 This Engineering Justification Paper (EJP) emanates from the Bacton Final Option Selection 

Report (FOSR) submitted to Ofgem in February 2024. The FOSR provided a summary of all 

the work performed to date to evaluate, cost, analyse and justify the full suite of feasible 

options available to maintain current levels of network capability and availability for our 

customers.  

1.1.7 Most of the LV distribution system with the associated equipment, was built and installed 

up to 50 years ago. Whilst some assets have had varying levels of intervention over the years, 

i.e., main transformers were replaced in 1991, the assets in scope are nevertheless defective 

and in a state of advanced deterioration. If these assets are not functioning correctly, there 

is a risk of loss of critical assets and potential security of supply issues. This in turn leads to 

a network unable to meet customer needs. 

1.1.8 Due to the critical nature of these electrical supplies, without a managed programme of 

investment, the LV assets could rapidly become a major risk to the continued safe and 

efficient operation of Bacton Terminal.  
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2 Introduction 

2.1.1 The Bacton site originally went into service in 1968. The site is now beyond its design life of 

40 years. Since then, there have been several significant additions and up-grades to the site 

including the facilities owned and operated by Interconnector which share the same site as 

NGT. The Terminal is both a key system entry and exit point on the National Transmission 

System, which has proved pivotal to securing Europe’s gas supplies particularly during the 

current conflict in Ukraine.  

2.1.2 Electrical Infrastructure assets generate, distribute, convert, control, or utilise electrical 

energy to enable the safe operation of sites across the Bacton Terminal. A considerable 

proportion of assets on site rely on the safe, secure, and reliable supply of electricity to fulfil 

their function, including critical electrical supplies for Gas Quality and Metering systems 

required for ensuring compliance with GS(M)R and wider billing processes. 

2.1.3 Bacton Terminal has complex electrical systems such as Transformers, Standby Generators, 

Low Voltage Switchgear, Uninterruptible Power Supplies (UPS) and connected electrical 

equipment such as Site Lighting. Smaller assets such as Above Ground Installations (AGIs) 

have simpler electrical infrastructure systems involving a LV Electrical connection, single or 

multiple distribution board and single digit connected loads, such as Lighting. 

2.1.4 Bacton terminal located on the Norfolk coast is strategically important to the UK National 

Gas Transmission Network. It is a key dynamic swing node because it is required to manage 

changing gas demand patterns within daily swings of supply into and out of the network 

including import/export requirement from the EU interconnectors. It bridges Great Britain 

with the European Union and controls flows into the Southeast ensuring security of supply 

for London.  

2.1.5 Electrical Assets on the terminal are used to supply power to several circuits for different 

assets, such as lighting and Instrumentation (e.g., Gas Quality and metering). Low Voltage 

(LV) Electrical Systems are the first stage of power distribution on the terminal.  

2.1.6 Surveys have been completed to ascertain the condition and performance of the LV assets 

as detailed in Section 2 of the Bacton  Electrical Report (Appendix C) and the findings 

have revealed that the assets in this scope are defective and/or obsolete and have 

opportunities for rationalisation if replaced. Funding to make the necessary interventions is 

now required to deliver replacement works across RIIO-T2, RIIO-GT3 and future regulatory 

periods.  

2.1.7 The existing C&I equipment is also being addressed in this paper because of its pertinence 

to the LV assets. Its condition assessment is presented in detail in section 8 of the FEED Study 

report (Appendix A). The findings in the report are substantiated with an obsolescence study 

and results extracted from both findings are detailed in Section 4, Problem Statement.  

2.1.8 Upon implementation of the proposed investments, the envisaged risk of failure and 

associated safety risks will be reduced to As Low As Reasonably Practicable (ALARP). This 

is a requirement aligned with the Health and Safety Executive (HSE) guidance which states 

the need to make sure risks are reduced to ALARP through weighing the risk against the 

sacrifice needed to further reduce it.  
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2.1.9 Without investment in the LV assets and C&I equipment, the existing safety risk to site 

personnel will continue to increase. It also significantly impacts the site’s resilience and 

increases the risk on security of supply as there is an increased risk of long plant outages 

should there be a major failure resulting in loss of flow capability. 
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Standby Generator 

3.1.7 Bacton is equipped with a 625KVA standby generator which is a back-up power source in 

the case of sudden loss of electrical power. Due to the strategic importance of the terminal 

described in Section 3 above, there is always need for a reliable contingency plan to provide 

alternative power supply in the event of typically low probability but high consequence 

scenarios such as power blackouts. Section 2.7 of Appendix C of the FEED Study report 

recommended the complete replacement due to maintenance difficulties linked to 

obsolescence.  

If the terminal loses mains power from either TX1, TX2 or both, the generator will 

automatically start to take the full load of the site via the LV switchgear. The generator will 

only take full load when it is at the required speed, voltage and frequency which gives a time 

delay. The process of switching supplies from mains to generator and vice versa is fully 

automated and requires no manual intervention.  
 

 

 

3.1.8 An LV single line diagram showing the relative positioning of the standby generator relative 

to the transformers is shown in Figure 3 

 
               Figure 3: LV Single Line Diagram 
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3.1.10 Main UPS - The current system consists of two separate 60KVA UPS units that run in parallel 

with an N+1 redundancy. This means a single unit is capable of taking the full load of supplies 

connected to the UPS distribution boards. The system is designed to be fault tolerant so in 

most cases no operator intervention should be required. On failure of one of the units, the 

system will automatically disconnect the failed UPS and the system will continue to operate 

on the remaining UPS.  

3.1.11 The Main UPS units were supplied and installed in 2002 with a design life of 15 years as part 

of a larger control system and gas quality upgrade. After the installation, the battery banks 

have been upgraded twice but the UPS units remain as part of the original installation. The 

output voltage from the UPS’ feed a series of distribution boards that feed all critical 

supplies. 

3.1.12 Instruments UPS – The current 24V DC system was installed during the same project as the 

main UPS in 2002. The batteries have also been replaced twice since the original installation. 

The system consists of seven PSS30 switch mode rectifiers working on an N+1 redundancy. 

Each unit provides a 3-kW output and are configured to provide even current sharing across 

each module.  

3.1.13 The rectifiers are centrally controlled by a signalling and monitoring unit which is used to 

collect system information such as voltages and current from individual rectifiers, error 

signalling, boost charging and discharge testing. 

3.1.14 The output from the Instruments UPS system feeds a 24VDC distribution board. From these 

individual MCB’s feed goes to all cabinets for the control system and gas quality systems. It 

is further distributed out into the field and the end circuits which consist of various analogue 

and digital instruments as shown on the schematic diagram in Figure 4. 

 
                       Figure 4: Instruments UPS schematic diagram 
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3.1.15 Fire and Gas Battery Charger - The fire and gas system is supported from a separate 

dedicated battery charger. As a safety system the batteries provide a standby time of 24 

hours. The cabinet is located within the Instrument Room and supplies the Crowcon Fire 

and Gas panel that it located in the same room and the main site fire and gas panel that is 

located in the Control Room. 

3.1.16 LV Switchboard Tripping Battery Charger - The Main LV switchboard contains a 110V DC 

control circuit which manages the operation of the main air circuit breaker on the loss of 

power, generator starting and switching between various sources. To support the operation 

of this process during power loss a dedicated 110V DC battery charger is installed in the 

Main LV Switchroom. The installation was carried out in 2012 

3.1.17 Standby Generator Starting Batteries – The standby generator starting batteries are used 

to start the standby generator when it is required to run.  

3.1.18 Fire Pump Starting Batteries - Two off 24V DC systems feed the fire pump house engine 

starter motors, located in the fire pump house. The charger units are from the original fire 

pump installation with the batteries being replaced in 2012 lead acid batteries were replaced 

with a NiCad. The battery sizing is in accordance with the engine/pump manufacturers 

requirements. With the fire pumps being part of an emergency response system there is a 

requirement for them to be installed in line with National Fire Protection Association (NFPA) 

20 Standard for the Installation of Stationary Pumps for Fire Protection. 

Electrical Kiosks/Distribution Boards  

3.1.19 The site has several Kiosks that contain electrical distribution panels located around the site 

that supply various pieces of electrical equipment. Specifically covered in this scope are 

Kiosks C, D, E, F and G which have known asset health issues. These kiosks house supplies 

to about 56 actuators each, Cathodic Protection power supplies, lights and sockets making 

them critical to site operations. Figure 4 shows an example of a distribution panel housed in 

one of the Kiosks.  

3.1.20 By design and purpose, electrical kiosks have no redundancy and should be refurbished or 

replaced once they lose their weather-resistant and fire-retardant properties which protect 

internal assets.  

 
               Figure 4: Typical Distribution Panel 
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External Lighting 

3.1.21 There are several lighting columns around the site which are aged and corroded making it 

impossible for them to be lowered for maintenance. Effective maintenance now requires the 

hiring of an all-terrain lifter which is costly and time consuming. 

3.1.22 These lights and columns were constructed approximately 57 years ago with a design life of 

25years. At the base of the lighting columns are Ex-d isolators which are fed via aluminium 

cables.  

3.1.23 By isolating one lighting column, several others on the same circuit are also isolated 

presenting no redundancy benefits. It is therefore important that all the column lights be 

available for adequate lighting.  

3.1.24 There is evidence of significant corrosion across the terminal lighting columns. There has 

been corrosion identified within the cam pivot section of the columns, this has led to the 

columns being unsafe to lower. When a lamp / light fitting requires maintenance or repair, 

the activities are carried out with the use of Mobile working elevation platform (MWEP) 

which presents an added safety risk of working at height. This adds additional OPEX cost to 

all activities associated with lighting columns. 
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4.1.4 As an Upper Tier COMAH establishment, we must take all measures necessary, which relates 

to the use and adaption of best-practice standards and codes of practice. The key drivers 

for investment into the various assets this scope are:  

• Health and Safety - Through degradation of internal components, the likelihood of a 

failure occurring increases, this could result in a high energy incident, which would 

have an adverse impact on the health and safety of operatives. 

Control of Asbestos Regs - deterioration of assets containing asbestos represents a 

significant risk to site personnel maintaining and operating routinely such assets. 

 

Electricity at Works Regs - The noted asset degradation represents a significant risk 

again to personnel operating and maintaining such assets. Many of these assets were 

built to codes which are not in line with current standards, which incorporate a 

multitude of more modern fault diagnostics and protection concepts, which in turns 

reduces risks to site personnel to more acceptable levels of safety.  

 

Management of Health and Safety at Work Regs 1999 (employer must suitably assess 

work-based activities and implement any appropriate controls to manage potential 

risks to the health, safety, and welfare of employees). 

 

The Regulatory Reform (Fire Safety) Order 2005 (governing fire safety in buildings in 

England and Wales, given we have switchgear in the main terminal building and 

degraded / obsolescent / defective assets all across the Terminal, which in themselves 

could lead to a fire) 

 

• Legislation - Inspections done on some assets have shown the need to upgrade them 

to maintain compliance with the Electricity at Work Regulations (EAWR). This will be 

remediated as part of the scope in this EJP to achieve compliance. With these 

regulations, employers are given duties and responsibilities to make sure that all work 

activity that uses or may be affected by electricity is done safely. EAWR aim to 

prevent death or injury to any person from electrical causes while operating in a work 

environment. This can include electric shocks or burns, electric arching and fires or 

explosions. 

 

General legislation including DSEAR places requirements on ensuring risks as so-far 

as is reasonably practicable. COMAH Regulations are to a higher threshold, where the 

concept of 'All Measures Necessary' and reduction of risks to as low as reasonably 

practicably (ALARP).   

 

Asset Deterioration – For example, UPS assets have a finite life of up to 20 years 

(Appendix G) due to mechanical and EC&I failure modes such as corrosion and 

electronic component failures. Some UPS have shorter lives due to known 

obsolescence issues and are no longer being supported by Original Equipment 

Manufacturers. 

Similarly, transformer degradation due to environmental conditions was first noted 

during a 3 yearly maintenance activity in 2016. We identified that the transformers 

needed patch painting, and a subsequent defect was raised. Patch painting was done 
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again in 2017/18 and as part of the one yearly visual, functional inspection, painting 

has been an on-going maintenance activity to date, however with Bacton being on a 

coastal location the assets have continued to deteriorate to a condition whereby they 

need to be replaced. 

Furthermore, the DBs in scope have been recently assessed and confirmed to be 

incompliant with maintenance regulations (MAINT/11001), posing an operational risk 

to the terminal. This is detailed in the Distribution Boards Maintenance Records, 

(Appendix F).  

 

• Rationalisation – Furthermore, Section 8 of the Bacton  Electrical Report 

(Appendix C) demonstrated an opportunity to rationalise some LV assets. For 

instance, due to the decommissioning of   1 & 2, the 

current obsolete Kiosks C and D can be companied into a new single elevated (Glass 

Reinforced Plastic (GRP) kiosk with a Form 4 Type 7 panel board which is compliant 

with current standards and legislation. This has the added benefit of reducing 

maintainable components and resultant maintenance costs (Opex).  

Following completion of the detailed design, there will be an opportunity to 

rationalise external lighting columns taking advantage of modern technology with 

improved luminaire.  

 

• Reliability and Availability – Some of the assets are a single point of failure on the 

site electricity distribution and can catastrophically fail. For instance, most of the DBs 

have no redundancy hence their failure will affect supplies to their auxiliaries. 

Transformers are complex equipment with a mixture of electronics and metals 

materials and can take between 1 to 2 years to manufacturer. The availability of such 

spares is further exacerbated by obsolescence issues.  

As a critical national infrastructure, lack of reliability and redundancy risks the 

24/7/365 availability of the Terminal and associated customer requirements, resulting 

in potential gas supply issues, constraint costs and reputational impact.  

 

What is the outcome we want to achieve? 

4.1.5 By carrying out the interventions recommended in this scope, NGT aims to ensure that:  

• All the assets are safe, fit for purpose, secure by design, reliable and maintainable by 

complying to the applicable standards and regulations. There are also opportunities 

to rationalise some of the assets as the current design from the 1970s incorporated a 

second generator and alternative control room which is no longer required due to 

decommissioned reliant auxiliaries over the years.  

• All LV assets are fully functional with all known issues resolved and compliant to key 

legislation such as Electricity at Work Regulations and the Dangerous Substances and 

Explosive Atmospheres Regulations (DSEAR), British and International standards and 

all relevant NGT standards. 

• The availability of Bacton terminal is optimum through ensuring the availability of all 

LV assets. All currently identified obsolete assets and spares will be replaced.  
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• The standby generation and UPS assets are available when required and perform 

their duty to a high reliability to provide power to the site in the case of loss of the 

Public Electricity Supply. 
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How will we understand if the spend has been successful 

4.1.6 To comply with all relevant LV assets internal and external technical standards, codes of 

best-practice and company management procedures, as well as wider health and safety 

legislative requirements. The proposed design, installation and commissioning are in line 

with T/PM/G/35: Management Procedure for the Management of New Works Modifications 

and Repairs & T/SP/EL/50 V02: Gas Transmission Electrical Specification. 

4.1.7 The replacement of the assets in this scope will resolve the present high number of noted 

critical defects as detailed in Table 6. Additionally, by doing this, it will improve 

maintenance, but also asset reliability, availability (and maintainability). This will in turn 

reduce time and cost of maintaining the assets and extend the asset life to 2050.  

4.1.8 The investment will also be considered successful if the project delivers its scope within its 

forecasted program, investment funding allocation and re-entry into service.  

Real life examples of problem 

4.1.9 Transformers - Based on the 2024 oil diagnostics reports of TX1 and TX2, the onset of 

transformers insulation paper degradation has been confirmed by their Degree of 

Polymerization (DP) values. Results of the tests done in August 2024 revealed that TX1 and 

TX2 had a DP of 396 and 355, respectively. New paper insulation has a DP of above 1000 

which gradually reduces as the paper ages. At a DP of 250, a transformer is considered to 

be at its end of life (EOL) within 5 years, at which point both assets would still need replacing. 

Without intervention, sudden transformer failure will result in loss of supplies to critical 

auxiliaries resulting in loss of terminal capability 

4.1.10 NGT have continued with regular oil sampling tests taken each year with the DP being closely 

monitored. The DP reading has followed a near linear decrease in value since the 2018 

reading with an end-of-life date being around 2030. With the end-of-life date in mind and 

the criticality of the electrical supply to Bacton, these transformers must be considered as 

already nearing end of life and need to be replaced. Further details on the Transformer oil 

diagnostics reports are shown in (Appendix D).  

4.1.11 Pump Control Panel 1 – This control panel was manufactured more than 40 years ago by 

 who are no longer trading thereby presenting obsolescence issues. The 

panel has been heavily affected by the unavailability of spares and is currently in a status 

shown in Figure 7. Failure of the pump control panel would result in inoperability of the fire-

water system, which is a critical component of both our own and Interconnectors Safety-

Case Commitments. 
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                                             Figure 5: Pump control panel 1 

 

4.1.12 Kiosk F - It is a panel board split into two with a single feed from switchboard A and another 

from DB B. It currently feeds several valve actuators, small power, and external lighting. BPG 

Engineering are no long trading so no further technical assistance can be obtained. Water 

ingress to kiosk and signs of condensation and rusting are significantly evident. The current 

status of the kiosk is shown on Figure 8. If no investment is done, the continuous ingress on 

moisture in the kiosks will result in electrical failures on the panels and failure to supply 

power to the outgoing circuits to the safe control and operation of Terminal gas flows. 

4.1.13  Section 8 of the Bacton Electrical Report (Appendix C) gives detailed findings of the 

condition of each kiosk covered in this EJP. If the valves cannot be operated, we are notable 

to safely control, isolate or regulate gas flow through the terminal, as they will not 

automatically go into a safe state as they need motive electrical power to do so. 

  
                  Figure 6:Kiosk F (left) and panel (right) 
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4.1.14 External Lighting - The current  base hinged columns are in poor condition and have 

been condemned by the manufacturer. Light fittings are SON/MH lamp type, and the 

majority of the underground cabling is direct buried. Figure 7 shows one of the lighting 

columns which is heavily corroded. DSEAR defects, such as flame path damage and armour 

cable showing are prevalent across all the lighting columns. DSEAR defects increases the 

likelihood of a gas release being ignited which poses a safety risk to site personnel. Cable 

defects also present a substantial risk of electric shock. 

  
                              Figure 7: Typical lighting column   
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4.1.15 Control and Instrumentation – Bacton Terminal’s existing C&I equipment condition 

assessment is presented in detail in section 8 of the FEED Study report (Appendix A). The 

findings in the report are substantiated with an obsolescence study. Results extracted from 

both findings are summarised below. 

4.1.16  Most of the field instrumentation is obsolete or entering the end-of-life cycle for the 

product. Although we have undertaken a lot of recent upgrade projects, such as: 

o Upgrade of the existing DCS hardware and associated HMI’s. 

o Upgrade of the utility boilers. 

o Upgrade of some flow meters in 2015. 

o Partial upgrade on incoming feeder instrumentation.  

4.1.17 There remains a large number of field instrumentation which are either obsolescent and / or 

defective, which again impacts on and risks the need for continued safe and reliable terminal 

operations. 

4.1.18  

 

 

 

 

4.1.19 Several visibly obsolete systems at the Bacton Terminal site have yet to be upgraded such 

as the FGS in the control room.  

4.1.20 The existing marshalling rack panels although still operational the original panel doors have 

been removed thus creating a Hazard and exposing the entire operations to risk. 

 

Spend Boundaries 

4.1.21 This investment covers only LV assets and does not cover any High Voltage assets. At a high 

level, the covered assets are:  

• Transformer. 

• Standby Generator. 

• UPS and Battery Systems 

• Lighting Columns. 

• DBs and Kiosks. 

• Pump Control Panels. 

• Control and Instrumentation. 

4.1.22 The scope also covered deferent sizes and lengths of power and instrumentation cables 

associated with the assets in scope.  

4.1.23 This also includes the rewiring of all new panels and cable containment scope within NGT 

site boundaries. This is also aligned to the RIIO-GT3 plan. 
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9 Conclusions 
9.1.1 This report has explained the approach that NGT takes with managing Bacton Terminal’s 

Electrical Systems and the implications of not continuing to invest in its LV Assets. As 

detailed in this paper, it is of paramount importance to secure the necessary investment to 

maintain compliance with legislation. 

9.1.2 The need to preserve the performance of LV Assets to protect electrical systems is well 

understood within the industry and the chosen option presented in this paper meet with 

current industry guidance and international standards.  

9.1.3 Failure to obtain funding will put the LV assets at unreasonable risk, leaving Bacton terminal 

vulnerable to integrity incidents caused by obsolescence among other issues and would 

ultimately result in an abdication of NGTs statutory duties.  
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