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3.1.4 The proposed asset health interventions, entails the complete replacement of the CP system. 

This includes the Distributed Anode System, Reference Electrodes, Transformer Rectifiers, 

Electrical Resistance Probes, and Instrumentation and Control. These interventions will 

address current asset health issues and support the extension of the terminal’s operational 

life.  

Distributed Anodes Principle of Operation  

3.1.5 A typical Impressed CP system arrangement which is used to protect approximately 9000m 

of pipework at Bacton is shown in Figure 2. 

3.1.6 The distributed anode system involves multiple anode ground beds strategically located at 

selected points around the site. Their purpose is to optimise current distribution whilst 

minimising cathodic interaction with other structures and pipelines to provide a balanced 

and compliant level of protection to all the buried pipes. This allows individual control over 

current output of the anodes provided in each zone, ensuring uniform protection against 

corrosion whilst managing the detrimental effect of over polarisation to the coating system. 

The anodes are consumed in place of the pipe thus preserving its integrity. 

  

Figure 2: Typical CP system arrangement 

 

Reference electrodes  

3.1.7 Reference electrodes are used to measure the structure to electrolyte potential. As the buried 

pipeline is only half an electrochemical cell, another half electrolyte to metal cell is required 

to measure the voltage across the cell. Using a reference electrode type suited to the 

electrolyte is key in maintaining the pipe within the protection criteria. By maintaining the 

potential of the pipe within criteria set out in normative documents, it can be considered 

protected from corrosion. Reference electrodes are essential in the assessment of 

understanding the effectiveness of the CP system. 
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4    Problem Statement 

4.1.1 The performance of the CP system at Bacton has deteriorated to the point where it can no 

longer provide sufficient current to the majority of the site to be able to maintain effective 

protection within the upper and lower threshold boundaries as detailed in Section 5 of the 

2023 CIPS survey report (Appendix A). This in turn leads to increased corrosion of the buried 

site pipework. By the nature of its manufacture, steel inevitably has microscopic spots which 

are electrically more negative or more positive than neighbouring spots. If there is moisture 

present, a tiny local current will be created between these positive and negative spots. The 

current and the moisture (in the presence of oxygen) will cause a chemical reaction resulting in 

corrosion.  

4.1.2 The key drivers for this investment are legislation and asset deterioration. 

4.1.3 The integrity of the pipework must be maintained to enable continued use and compliance with 

Pipeline Safety Regulations (PSR).  

4.1.4 The CP system ensures pressurised gas containment by avoiding pipework corrosion which 

introduces weak points. As equipment ages and its condition deteriorates, it is to be expected 

that additional repair or replacement work may be required.  

4.1.5 A critical factor in the corrosion rate of the buried steel pipework and the condition of the coating 

is the performance of the CP system. The CP system is in place to prevent the corrosion at 

locations on the pipework where the coating has been compromised. To be effective, the CP 

system needs to maintain a defined polarised potential at the location which it needs to protect. 

Most CP systems were designed and installed when the buried structures were new with minimal 

coating defects. As the coating ages and degrades the current requirement for effective CP 

protection increases. 

4.1.6 The original coating, and most prevalent coating on-site, is coal tar enamel (CTE), dating from 

1968. CTE is a thermoplastic material ranging in thickness from 4 to 7mm and includes an inner 

layer of fibreglass and an outer layer of thermos-glass reinforcement which provides additional 

mechanical strength. As the site, and therefore the coating ages, we have observed a gradual 

increase in the cathodic protection current density required to achieve protection. This is 

characterised by the need to increase TR outputs across the site culminating in them reaching 

their limit at 100% of output.  

4.1.7 Existing cable runs are unlikely to be re-used in a wholesale manner as the anode positioning 

will change from where the previous runs terminated. Cable jointing should not be undertaken 

as this introduces additional risks of failure and the risk and complexity of fault finding where 

there is any concern. It should also be noted that the site has had historical issues with cable 

damage caused by rodent infestation, and it is not possible to confirm with certainty the 

condition of all the assets within the cable runs without mass excavation at site. This is not 

practical, poses risk to operation of the site and adds additional cost to the overall programme 

of works. 

4.1.8 The funding secured through the RIIO-2 Business Plan enabled NGT to carryout requisite 

investigations to determine condition-based issues to be addressed. A CIPS survey was 

conducted as part of the works to identify asset health issues and the required resultant 

interventions as detailed in Section 5 of the 2023 CIPS survey report (Appendix A).  
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Legislation 

4.1.12 The following Acts and Regulations are particularly pertinent to the design of a corrosion 

protection scheme that shall be applied to the buried pipe.  

• Pipeline Safety Regulations (PSR) 1996 

• Control of Major Accident Hazards (COMAH) 2015 

• The Health and Safety at Work Act etc. (HSWA):1974  

• Gas Act 1986 (amended 1995)  

What the investment seeks to achieve 

4.1.13 Several short comings of the current system have been identified through surveys and intrusive 

studies. Therefore, funding and implementing the proposed interventions in this EJP, should 

produce an efficient CP system which addresses all the identified asset health issues.  

4.1.14 The solution should provide long term CP protection of the buried pipework assets at lowest 

whole life cost. The proposal is to conduct a complete replacement of the Bacton CP system so 

that it is capable of distributing required current to the main areas of current demand.  This will 

employ localised anode installation as opposed to a flooded distribution system to prevent 

interaction and interface risks. By being able to operate at lower operational current outputs, it 

will achieve effective current densities without damaging the coating through over polarisation 

or causing accelerated corrosion events.  

4.1.15 The CP system must be compliant with all legal requirements, safety standards and regulations.  

How will we understand if the spend has been successful 

4.1.16 To confirm the achievement of the expected quality and operational standards upon completion 

of the project, the new CP system will be commissioned and should comply to relevant technical 

specifications, safety standards and legal requirements.  

4.1.17 The Cathodic Protection minimum criteria for the protection of iron and steel in typical UK soils 

should also be achieved as defined within BS EN 12954 – General principles of cathodic 

protection of buried or immersed onshore metallic structures.  

4.1.18 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.  

 

 

 

 

 

Narrative Real-Life Example of Problem 

4.1.19 To detail the problem at hand and present a real-life example of the current status, a contractor 

was engaged to carryout Transformer Rectifiers (TR) site surveys during conceptual design 

studies. Appendix C gives full details of the conceptual design report. It was observed that the 

entire site was under protected with the TRs turned down. An optimisation survey was conducted 

to improve the performance of the TRs. The TR outputs recorded during both surveys are stated 

in the Table 5.  
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•  

                      Table 5: Transformer Rectifiers Outputs 

 

4.1.20 The conceptual survey based on the ground beds operating as expected required 2V and 

0.5A, but 40V and 3.1A is actually needed to provide the protection at that location. 

warranting major interventions. Further details of the remediation efforts are shown in 

Section 5 of the Bacton Terminal CP conceptual design (Appendix C).  

4.1.21 Relying on optimising the TRs is not a viable option because the maximum current output 

from a TR will only be available when the ground bed (GB) to earth resistance allows the TR 

to deliver its maximum current. Allowing for the back EMF (Electro Motive Force), this will 

be 3.2 ohms for a 15A TR and 4.8 ohms for a 10A TR.  

4.1.22 As the current requirement to achieve protection increases over time, either the voltage 

needs to be increased or the resistance of the circuit reduced to provide the additional 

current. As the resistance of the circuit is lowest when the anode material is new, the increase 

in current can only realistically be achieved by increasing the voltage until it reaches 100% of 

its output. 

4.1.23 The rate of consumption of the anode material is dependent on the amount of ionic current 

flow that the TR/GB is outputting. As the material is consumed, the resistance of the circuit 

increases thereby increasing the voltage required to produce the same output; until such 

time as a combination of the increased resistance and increasing current requirement mean 

that the TR/GB is no longer able to fulfil its function. Presently it is not possible to deliver the 

required current because the system of distributed anode ground beds is effectively 

depleted/consumed. 

4.1.24 To better understand the health of an anode, monitoring the TR’s change in circuit resistance 

over time provides a more accurate representation of the systems condition as shown in 

Figure 4 below.  
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5 Probability of Failure 

5.1.1 The current CP System is life expired and is 95% non-compliant as concluded in the 2023 CIPS 

Report (Appendix A).  

5.1.2 A CP system and its associated assets do not always immediately fail, instead it will degrade 

over time as the current demand increases at locations around the site and as the anode 

material is consumed limiting its ability to provide effective distributed current to a location 

or buried assets. The impact of poor performance of the system has far reaching effects 

which results in pipework corrosion.   

5.1.3 The rate of corrosion rate for non-protected CP assets is assumed to conservatively be in the 

order of 0.1mm to 0.2mm a year, meaning that from a new pipe of circa 5mm nominal 

thickness this would take between 25 and 50 years to corrode through wall while for a 13mm 

pipe wall thickness this would take between 65 and 130 years. In areas subject to 

accelerated corrosion mechanisms on a site as in the case within Bacton terminal corrosion 

rates can easily be 2 to 3 times these assumed rates meaning that without an effective CP 

system we could see thorough wall failures occurring on the relatively thin wall assets within 

the next 8 years. 

5.1.4 Due to the criticality of the CP system, its current condition has been assessed through 

detailed system surveys and investigations as articulated under the problem statement 

section.  

5.1.5 As shown in Figure 4, the inspection concluded that the protection has degraded overtime 

and has now failed. NGT contracted a CP specialist to undertake an optimisation survey to 

increase the outputs of the TR’s. However, this was insufficient to meet the minimum criteria 

therefore the system must be replaced.  

Probability of Failure Data Assurance 

5.1.6 The system was holistically investigated with the CIPS report completed in 2019 and 

subsequently in 2023. In addition, a FEED study and a conceptual design report were 

completed in 2024 thereby raising the level of data confidence and assurance. Defects were 

collected for the entire system to inform the investments decision. The findings and 

interventions were reviewed and verified internally by NGT engineers and technicians to 

ensure compliance with technical requirements and standards. 

 

 

 

 

 





 

 

 

These situations result in unplanned 

outages and equipment 

unavailability resulting in potential 

customer outages. 

entry constraints as 

shown in Table 6. 

 

Table 7: Consequences of failure Summary Table 

 



 

 

7 Options Considered 

7.1.1 In total, four high-level options are considered here for management of the condition issues 

and associated risks as outlined in previous sections.  

• Do Nothing. 

• Rehabilitation or partial replacement of the CP system. 

• Remedial coating repairs to remove localised current drain defects. 

• Replace the CP system. 

Do Nothing 

7.1.2 No specific intervention to be undertaken save for the typical CP system minimum 

maintenance legal obligations. Considering the confirmed defects on the system, this 

option would not meet expectations set out by the HSE. 

• This option is not viable due to requirements to operate safe plant in compliance with 

PSR, COMAH and other safety regulations up to 2050. 

• Coating degradation will continue to occur and reach a critical point where no CP 

System can possibly by designed to protect the site. 

• Remediation or failure would result in unplanned outages and shortfall of supply to 

the network. 

• This would leave the buried pipework at risk of failure at unknown rates which may 

result in a loss of containment event. 

• The constraints costs due to major failures affecting the availability of the terminal 

are detailed in Table 6 above.  

Rehabilitation or Partial CP System Replacement 

7.1.3 Replace broken TRs and depleted ground beds in addition to reinforcing the existing CP 

architecture.  

• This option would not meet expectations set out by the HSE. 

• The original CP System is life expired. This is due to general degradation and 

breakdown of coating and the nature of being a complex site.  

• Partially replacing or upgrading current sources would not be viable as circa 95% of 

the CP system is not providing minimum levels of required protection. Isolating the 

areas that are currently still receive the correct protection levels would not be feasible 

and would not result in the risks being as low as reasonably practicable (ALARP).  

• Partial replacement may provide useful CP current to protect some areas but would 

still leave other areas under protected. Increasing outputs of existing equipment, if 

operational, to compensate and reach other areas of site would result in over-

polarisation locally, which is detrimental to the pipe coating.  









 

 

8 Preferred Option Scope and Project Plan  

8.1.1 The assessments outlined in this paper and the associated discounting and costing of options 

demonstrates that the most viable, cost effective and logical options to take forward in this 

reopener is the complete replacement of the CP system.  

8.1.2 This is in line with the Ofgem decision in accordance with Special Condition 3.10.7, to 

approve the option identified by National Gas Transmission as the Final Preferred Option 

which is Option 1 Base Case Asset Health. See Section 5 of the Bacton Terminal site 

development consultation (Appendix D).  

8.1.3 The focus is therefore on ensuring this is delivered at the lowest Whole Life Cost to 

consumers. It has been identified that the criteria for replacing the CP system lie mainly on 

95% of the pipework being under protected.  

Project scope 

8.1.4 A new replacement CP system is required to address the foregoing issues. This design intends 

to control the CP current from each group of ground beds via a dedicated power supply to 

each group controlled from a kiosk and/or via a remote-control interface. The new system 

will be assessed to confirmed it is working within its prescribed limits.  

8.1.5 The new CP system will address the effects of both CP shielding and interference by 

increasing localised current distribution to allow effective protection to be achieved at a 

lower cathodic output thereby reducing the risk of ionic current finding preferential paths to 

earth in the same way as this was resolved by the last CP replacement. The new design will 

also address CP shielding by using improved current control and instrumentation technology 

capable of monitoring and optimising CP current attenuation. 

8.1.6 The subsequent design is required to provide a CP system with a minimum of 25 years design 

life, in line with the life extension of Bacton terminal to 2050. The scope items below are as 

detailed in Section 1.2 of the Bacton Terminal CP Conceptual Design Study (Appendix C).  

8.1.7 The existing Transformer Rectifier (TR) kiosks are to be removed, and new modular CP power 

sources are to be installed within external CP kiosks. 

8.1.8 Existing ground beds to be disconnected and abandoned, with new distributed ground beds 

arrangement to be designed and installed. 

8.1.9 The existing drain points (DP) are to be abandoned with new drain points installed in 

accordance with T/SP/ECP/7. 

8.1.10 Full site test post coverage is required, with existing test posts being upgraded where 

suitable and new test posts being installed at key locations across the site including pit wall 

transitions and where it is considered that significant measurement errors exist when making 

surface measurements. All test posts shall be located outside of hazardous areas and have 

permanent monitoring equipment installed.  









 

 

9 Conclusions 

9.1.1 This report has explained the approach that NGT has taken to manage the Bacton terminal 

CP system and the implications of not continuing to invest in the CP systems. 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 CP systems to protect pipeline systems is well 

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

industry guidance and international standards.  

9.1.3 Failure to obtain funding will put our pipeline assets at unreasonable risk, leaving Bacton 

terminal vulnerable to integrity incidents caused by corrosion and would ultimately result in 

an abdication of NGTs statutory duties.  

 



 

 

10 Appendices 

10.1 Appendix A- Bacton 2023 CIPS Report  

File:   

10.2 Appendix B – FEED Study Report 

File:  

10.3 Appendix C– Bacton CP Conceptual Design Report 

File:  

10.4 Appendix D – Bacton Terminal Site Development Consultation 

File:  

  

  

10.6 Appendix F –  

File:  

10.7 Appendix G – Bacton Investment Strategy Summary 

File:   

10.8 Appendix H – Bacton Investment Strategy Summary 

File:  

 

 

 

 

 

 

 

 

 

 

 









 

 

  

  

   

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




