
https://www.nationalgas.com/sites/default/files/documents/NGT_Main_Business_Plan_RIIO_GT3_EXT.pdf
https://www.nationalgas.com/sites/default/files/documents/Full_published_doc_list_RIIO-GT3.pdf


National Gas Transmission | Pipeline Cathodic Protection EJP | Issue: 1.0 | December 2024 2/33  

Contents 

1 Summary Table ........................................................................................................ 3 

2 Executive Summary ................................................................................................... 4 

3 Introduction ............................................................................................................ 5 

4 Equipment Summary ................................................................................................ 6 

5 Problem/Opportunity Statement ............................................................................. 7 

6 Probability of Failure .............................................................................................. 12 

7 Consequence of Failure .......................................................................................... 14 

8 Interventions Considered ....................................................................................... 15 

9 Options Considered ............................................................................................... 21 

10 Business Case Outline and Discussion ..................................................................... 24 

11 Preferred Option Scope and Project Plan ................................................................. 27 

12 Appendices ............................................................................................................ 30 

 







National Gas Transmission | Pipeline Cathodic Protection EJP | Issue: 1.0 | December 2024 5/33  

3 Introduction 

3.1.1 This EJP requests funding to undertake investment to manage our CP systems on the National Transmission System 

(NTS) for buried transmission pipelines to ensure that they are protecting the pipeline against corrosion. 

3.1.2 Performance of Cathodic Protection systems directly correlates to the number of Pipeline Inspections and 

excavations required with a reduction in CP performance increasing the amount of reactive work required. It is in 

the interests of the consumer to ensure effective CP systems to reduce costly reactive excavations. 

3.1.3 CP is installed along the length of every pipeline on the NTS as a secondary protection measure. The CP system 

applies a low electrical current to the steel pipeline to corrode a sacrificial element which is more electro-negative in 

preference to the pipeline. When the CP system is well managed, it prevents corrosion taking place at locations 

where the pipeline coating has failed. 

3.1.4 This paper aims to seek investment so that we can carry out the below: 

 Undertake Close Interval Potential Surveys (CIPS) to assess the performance of CP systems and identify defects 

requiring remediation to restore protection. 

 Repair pipeline coating damage via excavation to reduce current loss. 

 Install additional components to supplement the existing CP system to optimise pipeline protection. 

 Replace existing CP system components as they become defective. 

 
3.1.5 In RIIO-T2, we continued to undertake CIPS investigation following its cyclic programme. This allowed us to assess 

our CP systems functionality, check electrical current applied to the pipeline is within the acceptable limits and 

identify defects requiring remediation. We also continued optimising our CP systems by re-balancing the existing 

current sources where possible. 

3.1.6 We commenced physical remediation of defects found during our CIPS investigations which took the form of repairs 

to damaged coating or the rectification of the CP system itself by applying additional current sources. The aim of 

both was restoring the correct electrical levels to the pipeline. 

3.1.7 For RIIO-GT3, we are proposing a change in practises as to how we manage our CP assets. We propose targeted 

remediation based on geospatial analysis of protection levels offered by existing CP systems. The worklist in this EJP 

has been built based on an ongoing programme of inspections, combined with a review of the performance of our 

existing CP systems and analysis of existing defects. This provides better value to the consumer as we are reducing 

the number of costly excavations which are less effective in managing the CP system performance than applying 

additional current.  

3.1.8 The scope of this document is aligned with our Asset Management System (AMS) and relates to our Meeting our 

critical obligations every hour of every day and 

Delivering a resilient network fit for the future Business Plan Commitments (BPCs). More information on our AMS 

and a description of our commitments is provided in our NGT_A08_Network Asset Management Strategy_RIIO_GT3 

annex and our BPCs are detailed within our NGT_Main_Business_Plan_RIIO_GT3. 

3.1.9 This EJP interacts with the NGT_EJP17_Pipeline_RIIO-GT3 submitted by NGT. Poor performing CP systems increases 

the funding required in the Pipeline EJP by increased volumes of corrosion defects. 
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4 Equipment Summary 

4.1.1 This paper considers Cathodic Protection assets used for the protection of buried pipelines on the National 

Transmission System (NTS). 

4.1.2 The CP system is comprised of the below components (explanation of their function is available in Appendix 1): 

• Transformer Rectifier (TR) 

• Cathodic Protection Test Post (CP TP) 

• Sacrificial Anode 

• Insultations Joints (IJ) 

4.1.3 We have  

 We do not possess centralised data for the number of sacrificial Anodes of IJs and are 

working to collate records held to our core systems. 

4.1.4 A diagram showing the typical arrangement of a CP system is shown in Figure 1. 

 

Figure 1: Layout of a typical Cathodic Protection System 
 

 
4.1.5 Additional information in this equipment group such as the health score at the beginning and end of the price 

control and monetised risk are provided in the accompanying NGT_IDP06_Portfolio EJP Pipeline CP_RIIO- 

GT3. 
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5 Problem/Opportunity Statement 

5.1 Why are we doing this work and what happens if we do nothing? 

5.1.1 Coating systems are the primary protection for pipeline assets against corrosion. They are installed at the time of 

pipeline installation and naturally degrade over time, with an estimated a useful life of 40 years. 

5.1.2 As the coating system degrades, the pipeline becomes un-protected and vulnerable to external corrosion. This 

causes damage to the pipeline and if left un-managed, results in integrity failure. 
 

 

5.1.3 Where coating breakdown occurs, the CP system becomes the primary protection system to manage corrosion and 

maintain integrity of our pipelines. Interventions are required to ensure that CP systems continue to function and 

are continually optimised to meet with protection levels stated in internal policy T/PM/ECP/2. 

5.1.4 Cathodic Protection systems lower the rate of corrosion to buried steel assets, thus prolonging the pipeline asset 

life. Our policies for managing corrosion set the range of pipe to soil polarised potentials as -1150mV and -850mV 

for effective Cathodic Protection. 
 

Figure 3: CP systems protection range 
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5.1.12 For this review,  were asked to consider the following elements: 

 P1 and P2 defects. 

 Locations of Over Protection. 

 Locations of Under protection. 

 Locations subject to stray current interference. 

5.1.13 This piece of work reviewed our existing CIPS data to establish a baseline performance of our CP system and the 

location of defects. We were then able to simulate changes to electrical potential levels and assess the impact that 

would have on the protection levels and existing defects. This has enabled us to select the lowest cost remediation 

options to achieve optimum protection levels on a pipeline. The result of this analysis is available in Appendix 3 

under reference 12.3. 

5.2 What is the outcome that we want to achieve? 

5.2.1 The outcome we are trying to achieve is the protection of our buried steel pipeline assets by the successful 

management of our cathodic protection systems. 

5.3 How will we understand if the spend has been successful? 

5.3.1 Successful spend within RIIO-GT3 is defined as identifying areas of under and over protection across our CP systems 

and remediating the defects identified to achieve CP system protection levels within the protected range. This will 

be measured in the CIPS report undertaken following CIPS remediation interventions. 

5.4 Narrative Real-Life Example of Problem 

5.4.1 The work that  has undertaken has allowed us to review the existing performance of our CP systems. 

5.4.2 One of the results of this work is shown in Figure 4. This pipeline section is 64.5km in length. Based on the analysis, 

this results in the below pipeline protection status: 

 Under Protected (Vulnerable to corrosion): 18.3km 

 Protected within criteria: 38.8km 

 Over Protected (Vulnerable to Coating Damage): 7.3km 

5.4.3 We have undertaken this analysis to half of the NTS and aim to review the remainder during RIIO-GT3. The results of 

this show several aspects, including: 

 High percentage of pipelines subjected to significant levels of Over Protection. 

 Low number of P1 and P2 defects. 

 Low percentage of pipeline route subjected to underprotection. 

5.4.4 This piece of work has allowed us to understand its holistic CP system performance and target interventions to 

realise the greatest benefit using balancing and additional current sources to achieve protection levels. This is a shift 

away from previous assumptions of a CIPS defect being remediated by excavation having a 1:1 defect to 

intervention relationship. By carrying out this analysis, we will be more efficient in delivery of CIPS remediation 

activities and target interventions based on risk. 
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Figure 4:  
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5.4.5 An example from outside of NGT which demonstrates the importance of manging CP protection is an incident which 

occurred in the United States. Mariner East 1 Pipeline in the United States had a significant leak in April 2017 due to 

Sunoco’s failure to implement Cathodic Protection effectively. 

5.4.6 The Public Utility Commission’s Bureau of Investigation and enforcement determined that the cause of the leak was 

due to poor management of Cathodic Protection systems and the levels of protection on the pipeline did not meet 

official requirements for minimum protection. 1 

5.5 Project Boundaries 

5.5.1 The spend in this EJP will cover assessments of the pipeline focussed on CP performance, repairs of pipeline coating 

and replacement or upgrade of CP systems or its components. 

5.5.2 Not in scope for this investment: 

 Pipeline integrity inspections or interventions. 

 CP systems located at Above Ground Installations (AGI) sites. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1 https://stateimpact.npr.org/pennsylvania/2018/12/15/puc-panel-sees-statewide-concern-with-pipeline-corrosion-after- 
me1-leak/ 
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6 Probability of Failure 

6.1.1 Lack of investment in CP systems will result in increased risk for the pipeline assets as they would not be sufficiently 

protected from the effects of corrosion. This will lead to a growth in the volume of corrosion defects, reaching an 

eventual point of overwhelm and multiple integrity failures across the NTS. 

 
Figure 5: Predicted number of failures from corrosion defects. 
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6.1.2 The above chart shows the impact of a lack of investment in CP systems and the pipeline integrity failures expected 

over time. 

6.1.3 Utilising the analysis undertaken by  we can see that we have significant areas of our NTS pipelines 

experiencing Over or Under Protection. These areas will be experiencing ongoing damage to the pipeline asset until 

these levels are within the protection limits. 

6.1.4 Table 8 includes a sample of 24 out of 69 of the NTS pipeline sections we have analysed. It shows the distances in 

which we are currently experiencing areas of under and over protection. The results for the remaining sections are 

provided in Appendix 4. 
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Table 8:  
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8 Interventions Considered 

8.1 Interventions 

8.1.1 This section summaries the interventions we have considered to manage CP and provides an overview of how costs 

and scopes have been developed. 

8.1.2 These interventions have been developed to comply with our internal policy for managing Cathodic Protection and 

in accordance with international standards for Cathodic Protection for on land pipelines - ISO 15589-1:2015. 

Do Nothing (Counterfactual) 

8.1.3 Doing nothing would mean not maintaining the existing CP systems. Without protection from CP the degradation of 

coating systems would result in increased corrosion events across the NTS. This would result in an increased number 

of In-Line Inspections and reactive interventions. Eventually this would become impossible to accommodate within 

pressure reductions/outages without compromising network availability. 

8.1.4 This intervention has been ruled out as we would not be compliant with our statutory obligations as a responsible 

operator. The level of risk is not tolerable and would leave the NTS vulnerable to integrity failure. 

CIPS for Capital Refurbishment 

8.1.5 The completion of a cyclic programme of CIPS on a 10 year frequency allows us to take proactive measurements 

along the pipeline section to gather data to support understanding of the performance of the CP systems and 

resolve areas outside of compliance levels. 

8.1.6 The benefit of this intervention is that the measurements allow us to assess whether pipeline sections are protected 

against corrosion and to identify defects which require remediation. 

8.1.7 This can be delivered without impact on customers as no pressure reduction or outage is required. 

CIPS Remediation – Excavation 

8.1.8 Excavation to undertake repair to a location that has been identified as losing a significant amount of electrical 

current. Repair of the coating damage involves the application of an appropriate coating. 

8.1.9 The benefit of this intervention is reinstatement of protection to the pipeline which reduces corrosion growth. 

8.1.10 This intervention generally requires a pressure reduction to deliver. 

CIPS Remediation - New CP System/Current source 

8.1.11 Application of additional current to the system to protect the coating defects, negating the need to excavate and 

repair the coating. 

8.1.12 This is typically possible on a section which is recorded as under-protected with multiple features within it or at the 

extremity of a TR’s influence. This intervention cannot be used where additional current to meet protection levels 

would result in over protection as this would damage the coating further. 

8.1.13 The benefit of applying additional current sources is an increase in the distributed current reaching the coating 

defects to meet protection levels. This results in the pipeline being protected from corrosion by resolving multiple 

defects using only one intervention. 

8.1.14 This intervention generally requires a pressure reduction to deliver. 

Replace TR 

8.1.15 This is the like-for-like replacement of an existing TR. It is not possible to refurbish these assets. 

8.1.16 These units fail and result in electricity outputs to be disrupted, such as no current at all or less current than 

required to meet with protection levels and power the CP system. TRs are identified as failed from measurements 

taken during CIPS, or during routine maintenance activities as the CP system will not be operational due to the TR 

not providing necessary power. 

8.1.17 The benefit of this intervention is reinstatement of CP system functionality to protect the pipeline from corrosion. 
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9 Options Considered 

9.1 Portfolio Approach 

9.1.1 In developing our plans and making our decision we have been cognisant of the need to develop plans that are value 

for money and deliverable, whilst achieving a suitable level of risk of our aging assets. In considering the most 

effective combination of interventions, we have challenged whether our preferred programme of investments is the 

most cost-beneficial by carrying out a full Cost Benefit Analysis (CBA) utilising our Copperleaf Portfolio Optimisation 

tool. 

9.1.2 In line with HM Treasury Green Book advice and Ofgem guidance we have appraised whether investment in Pipeline 

Cathodic Protection across the RIIO-GT3 period is value for money by assessing the benefit over a 20-year period in 

the CBA. 

9.1.3 Whilst this EJP has focused on our investment in Pipeline Cathodic Protection, our business case has been assessed 

across our entire pipeline portfolio. The asset interventions within the Pipeline Cathodic Protection and Pipeline EJPs 

have been combined to form this Portfolio Approach. This is consistent with the approach we took in RIIO-T2. 

9.1.4 We have utilised engineering assessment as described in the previous chapters to derive intervention volumes. Each 

investment has been assessed using the Ofgem-approved NARMs Methodology, which is embedded within 

Copperleaf, which calculates both the monetised risk reduction and the Long Term Risk Benefit (LTRB). 

9.1.5 By using the NARMs Methodology, we can quantify the impacts of each investment across Service Risk Measures, all 

of which are reported in the NARMs Business Plan Data Table. 

9.1.6 Under the current process for NARMs, only one intervention is assessed per asset. Therefore, a single CBA has been 

done for pipelines which covers both this EJP and the NGT_EJP17_Pipeline_RIIO-GT3. 

9.1.7 Of all the interventions proposed on our pipeline, the benefit of some cannot be modelled (e.g., replacement of 

Pipeline Insulation Joint). From the interventions where it is possible to model a benefit, a choice had to be made of 

which to represent in the CBA. This has resulted in the selection of one portfolio option across the pipeline portfolio, 

to meet the investment drivers defined within the problem statement, business plan commitments and consumer 

priorities. 

9.1.8 This portfolio option presents the minimum work required to achieve compliance with legislation. 

9.1.9 Another challenge for the CBA is that although we have ~640k of pipelines assets (each representing a 12m section 

of pipeline), each carries a relatively small amount of individual risk. In modelling terms, a dig following an ILI would 

have a small benefit for the section it was carried out upon compared to doing nothing. This benefit is negligible 

however when compared against the benefit of replacing a CP system which benefits hundreds to thousands of 

sections. We are only able to model the benefits as a pipeline portfolio of work using CP replacement as the 

modelled intervention in the CBA for our pipeline asset. 

9.1.10 Intervention benefits are valued based on changing the input parameters of these calculations to determine the 

benefit to individual pipelines of different types of interventions. For instance, a CIPs dig would decrease a metal 

loss defect size and increase the cathodic protection experienced by a pipeline against the do nothing position. 

9.1.11 A table summarising pipeline interventions considered in NGT_EJP17_Pipeline_RIIO-GT3 and Pipeline Cathodic 

Protection EJP which have parameters in the model that can be varied to correspond to benefits can be found in 

Appendix 5. 

9.2 Options 
9.2.1 Due to the process of NARMs methodology used to assess benefits of each intervention on our assets, we are only 

able to assess the benefits of carrying out CIPS Remediation interventions via CP replacement in our analysis. This 

approach is documented in section 9.1. 
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10.2.4 As can be seen above, the options put forward in this EJP offer a positive return for investment and meets with 

International Standards ISO-15589 for managing CP systems, maintains statutory compliance with PSSR legislation 

and internal policies for maintaining CP assets. 

10.2.5 The investment proposed across this portfolio will pay back in 2044. 

10.2.6 We have proposed the investment within this EJP is funded via baseline for £38.5m. We also propose a new volume 

driver with an indicative value of £36.6m. This is to account for funding that we require to undertake CIPS 

remediation interventions above the delivery rate we have achieved in RIIO-T2. 
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12 Appendices 

12.1 Appendix 1 - Equipment Description 

• Transformer Rectifier (TR)- Provides Direct Current (DC) to power the CP system. 

• Cathodic Protection Test Post (CP TP)- Connection to the pipeline to enable readings to be taken to ensure 

that the CP system is functional and operating within defined limits. 

 

 

 
Figure 10: CP Test Post (Left) and Transformer Rectifier (Right) 

• Sacrificial Anode –A component made from weaker metal than the pipeline. The corrosion reactions are 

transferred from the pipeline to the sacrificial anode causing it to degrade and protecting the pipeline. 

• Insultations Joints (IJ)- Electrically separates two CP Sections at the point in which they meet to allow 

effective management of them. An example of this could be to electrically separate a river crossing section 

from a pipeline section or differing coating types. This paper considers Insulation Joints between pipeline 

CP sections and not where the pipeline meets a NGT Site. 
 

Figure 11: Insulation Joint on a above ground pipeline (Not NGT asset) 










