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3 Introduction 

3.1.1 This report covers Alternating Current (AC) induced corrosion to our National Transmission System (NTS) pipeline 
assets. Sources of AC current include the electricity transmission system, which transports AC via its Overhead 
Power Line (OHPL) systems and electrified railway lines. When these are in close vicinity to buried pipelines, the 
transfer of AC current to the pipeline can cause corrosion to occur via coupling. This EJP considers all the NTS 
pipeline assets. 

3.1.2 In some instances, the OHPL run parallel to our NTS pipelines, exposing them to risk of AC-induced corrosion. AC 
corrosion features are generally identifiable as shallow circular pits with small circular dimples within the pit as 
shown in Figure 1 below. 

 

Figure 1: Typical AC Corrosion Feature 

3.1.3 This paper sets out our approach to how we propose to find, monitor, and mitigate the effects of AC exposure and 
induced AC Corrosion in RIIO-GT3. The interventions in this document have been generated by the known issues we 
have experienced along with achieving compliance with International Standards ISO18086 and BS EN 12954. 

3.1.4 One example of AC interference on the NTS is  which had a recorded AC 
density of . This value is above the threshold for ‘very high likelihood of AC induced corrosion’ set in BS EN 
12954. 

 

Figure 2: High Tension Cables  
. 

 
 

3.1.5 This location has been subject to assessment during RIIO-T2 in which damage was found caused by AC induced 
corrosion. A feature from the investigation is circled in the image below. This assessment has concluded and 
resulted in the requirement to mitigate to protect from further AC induced corrosion damage. 
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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 AC Interference from parallelisms or crossings with overhead or buried powerlines, expose pipeline assets to a risk 

of accelerated corrosion growth and damage to the integrity of the pipeline. When AC current is present on a 
pipeline, even with adequate cathodic protection levels, ongoing corrosion can occur. 

5.1.2 AC induced corrosion is a known problem which has damaged pipelines and will worsen over time, accelerated by 
the push for electrification in the UK to meet Net-Zero targets. The increasing uptake of renewable technology such 
as solar/wind will require the existing OHPL network to increase in capacity to carry the additional load. This rapid 
expansion of the electricity network increases the transfer of current to our buried pipeline assets. Therefore, the 
risk of AC induced corrosion to buried transmission pipelines is rapidly increasing and hence we need to undertake 
the increased work proposed in this EJP. 

5.1.3 Up to now the electricity networks have remained relatively static with the occasional scheme or modification to an 
existing OHL circuit being managed on a case-by-case basis. This is due to significant change with the increasing shift 
to electrification. Ongoing projects are increasing capacity in the existing network by as much as 40-50% (this is 
through initiatives such as Line Vision, Dynamic Line Rating, Smart Wires, and their ongoing initiative The Great Grid 
Upgrade. 

5.1.4 There will be a substantial increase in onboarding of local power generation schemes such as wind farms, solar 
arrays and Battery Storage on a local scale which will alter the historical power flows as it is transformed to AC for 
transmission. The electricity network in the UK is going to see significant structural and operational changes in the 
next 4 -6 years with this continuing to 2035 and we need to respond to this to ensure that we can protect our assets. 

5.1.5 The UK relies on many Combined Cycle Gas Turbines to generate power. To export the electricity, High Voltage 
Alternating Current lines (HVAC) from the power station will cross the gas supply pipelines. This network 
configuration and reliance on gas to generate power means that there are a high number of HVAC lines crossing or 
running parallel to NGT pipelines. 

5.1.6 NGT has engaged with consumers on the topic of AC corrosion. This suggested that consumers feel that the 
electricity industry has a role to play in prevention of AC induced corrosion to gas pipelines. 

5.1.7 Given that AC corrosion features have the potential to grow quickly, they are a significant threat to the integrity of 
our pipelines. Within the UK, the impact of AC induced corrosion on  ethylene pipeline shows that AC 
induced corrosion can result in metal loss of more than 1mm per year. 

5.1.8 Currently our methods for managing AC risk are to conduct In-line Inspection (ILI) runs in accordance with Intervals 2 
methodology, and where the model highlights an AC risk, enhanced desktop analysis is carried out. Intervals 2 looks 
at pipeline characteristics and historic condition data to identify future inspection requirements. This identifies the 
features on the pipeline section and examines the corrosion growth rate of features present to check for active 
corrosion. 

5.1.9 However, the current ILI tools used are unable to accurately identify micro and deep features which could grow via 
AC induced corrosion to a through-wall event in between ILI runs. This leaves us in a position of unacceptable risk to 
our asset base. 

5.1.10 The production of the AC risk model has identified pipeline sections that are at high risk of AC induced corrosion, 
and our work to obtain data to understand this further during RIIO-T2 has validated our model and identified a need 
to protect our pipelines. This increase in understanding along with the growth in capacity of the electricity grid 
utilising technologies such as Line Vision1 means that we must change our management practices to survey and 
mitigate at risk sections to pro-actively protect our pipelines from AC induced corrosion, rather than current re- 
active practises of catching corrosion features before they are able to grow. 

 

1 https://www.nationalgrid.com/national-grid-trials-new-technology-which-allows-more-renewable-power-flow-through- 
existing-power 
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5.2.2 If we do not commence with a programme of proactive monitoring and mitigation, then AC induced corrosion 
features could be present on our pipelines. Left untreated, they can result in a loss of containment of gas and the 
disruption and safety risks that brings with it. The HSE are aware of AC induced corrosion and expect NGT to 
understand and manage the risk posed to the assets. This is reported back to the HSE as part of the bi-lateral 
corrosion intervention meetings held twice yearly. 

5.3 How will we understand if the spend has been successful? 
5.3.1 We will evaluate the impact of mitigation works via our proposed assessments and enhanced ILI programme. We 

will understand whether the spend has been successful by reduced AC levels experienced on pipelines, along with 
the prevention of AC corrosion features developing on mitigated sections. 

5.4 Narrative Real-Life Example of Problem 
5.4.1 AC induced corrosion has been the subject of laboratory studies and seen in real-world cases of pipeline corrosion. 

5.4.2  
 

5.4.3 In 1986, a high-pressure gas pipeline accident occurred in Germany2 which resulted in AC corrosion becoming a 
widespread industry topic and safety concern. This pipeline was a well-managed pipeline. It ran parallel to an AC 
powered railway line, which had a Cathodic Protection system installed and operating effectively. The pipeline 
suffered from corrosion failure. An investigation indicated that the sole cause of the failure was AC corrosion. 

5.4.4 This failure resulted in numerous studies which showed that cathodic protection does not provide effective 
protection against AC Corrosion. It does not have a significant impact on AC induced corrosion rates and that AC 
mitigation is required to prevent serious corrosion. 

 

Figure 4: AC Corrosion Feature at  

5.5 Project Boundaries 
5.5.1 The spend in this EJP will cover assessments of the pipeline focussed on AC corrosion risk, and installation of 

mitigations to protect pipelines against AC corrosion. 

5.5.2 The tool used to carry out the enhanced ILI runs is the same tool that will be used prior to any pipeline hydrogen 
repurposing decisions so will possibly be able to be combined. If a run has already taken place by the time this work 
is delivered, we will seek to use the results from the previous inspection rather than re-inspecting. We will combine 
ILI runs with hydrogen where able to, avoiding duplication of the same in-line inspection. 

5.5.3 Not in scope for this investment: 

 Pipeline integrity remediation. 

 Performance or remediation of CP systems. 
 
 
 

 

2 AC CORROSION - A NEW CHALLENGE TO PIPELINE INTEGRITY (corrosionservice.com) 
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6 Probability of Failure 

6.1 Probability of Failure 
6.1.1 NGT has used a combination of industry wide data and academic research to inform this section of the EJP. This 

shows a theoretical high probability of failure for our pipeline asset base from the risk of AC corrosion. It should be 
noted that history may not be a reliable guide. 

6.1.2 Therefore, given the potential consequences of being inaccurate, we want to do this work as a priority to establish 
the probability of NGT failure and will report findings back to other UK pipeline operators and the HSE/ Ofgem via 
UKOPA AC corrosion working groups. 

6.1.3 There are numerous examples of AC corrosion features affecting buried steel pipelines worldwide. A few of 
examples of these include: 

• 1986 - Pipeline in Germany3 - Two corrosion perforations on a gas pipeline. Sole cause of failure was AC 
Corrosion. 

• 2015 - Coal tar enamel pipeline, UK - Through wall corrosion on a 7.7mm thick aviation fuel line. 

• 2006 - Intermediate pressure gas pipeline in the South of England - Through wall corrosion with a rate of 
2.4mm per year, shown in Figure 5. 

 

Figure 5: IP Gas Pipeline Through Wall Corrosion 

6.1.4 The phenomenon of AC induced corrosion is a well understood threat in the pipeline industry. Pipelines unprotected 
from high levels of AC, or that experience AC corrosion undetected, have a high chance of significant damage. 

6.1.5 Current densities above 20 A/M² can indicate active AC corrosion. The interventions proposed in this EJP will enable 
NGT to measure the current density for the identified sections. 

6.1.6 The failure mode is the development of a corrosion feature which can grow rapidly as AC corrosion is faster acting 
than normal corrosive action. This event, left undetected, would result in through wall corrosion damage and lead to 
loss of containment. Using a pipeline wall thickness of 12mm and an AC corrosion growth rate of 1mm per year (as 
experienced in the  ethylene pipeline case) could result in an integrity failure within 12 years. The period 
between In-Line Inspections varies depending upon condition of pipeline and performance of Cathodic Protection 
systems but is usually between every 3 to 15 years. This means that for a higher risk pipeline section with significant 
levels of AC current, a corrosion feature could develop and grow between ILI inspections to a point which 
compromises the integrity of the pipeline. 
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6.1.7 Our risk analysis has identified 36 pipeline sections that are deemed as being at high risk of AC induced corrosion. A 
copy of this analysis is available in Appendix: AC Risk Model. 

6.1.8 In RIIO-T2 we surveyed 11 of the P1 sections. From this 11, we have identified a problem with AC current and a 
requirement to mitigate all sections to protect them. A copy of the survey information is available in the Appendix: 
Survey results 

6.1.9 For RIIO-T2, of our theoretical high-risk sections have had their risk validated with a requirement to physically 
mitigate identified. If we apply this figure to the remaining  we are assessing during RIIO-GT3, we 
could reasonably expect a further  requiring future physical mitigation in the next price control. 

Probability of Failure Data Assurance 

6.1.10 The data from the above section has been taken from a combination of sources both internally and externally. 
Internal operational data was used to undertake analysis of the NTS and risk score sections. This model was 
produced by . 

6.1.11 The theoretical conversion from ‘at risk’ to requiring mitigation figure of has been calculated based on surveys 
undertaken within RIIO-T2 by  to understand the actual AC risk and identify whether a 
need to mitigate exists. 

6.1.12 The AC corrosion growth rate of 1mm per year has been taken from historical industry investigations and reflects 
numerous academic conclusions on growth rate. A technical document available from the National Association of 
Corrosion Engineers (NACE) international shows in short term field testing a recorded peak AC corrosion rate as high 
as 10mm per year4. It is felt that the usage of an assumed rate of 1mm per year is valid given the numerous 
laboratory and field studies which support this. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

4 NACE 35110-2010.pdf (antpedia.com) 
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8 Interventions Considered 

8.1 Interventions 
8.1.1 This section summarises the options available to manage AC induced corrosion and provides a high-level overview of 

options we have considered. 

8.1.2 It is worth noting that all options discussed in this EJP apply to England and Wales only. We do not have data for 
Scotland as we have not been provided this by the Electricity Grid Operators. Once we have this data, we will 
undertake analysis in-line with ISO18086 to establish the AC interference risk and will risk trade to mitigate sections 
that are of higher risk and re-engage with Ofgem on progress in this area. 

8.1.3 We have consulted with other UK Pipeline Operators and continue to share our methodology as industry best 
practise. 

Counterfactual (Do Nothing) 

8.1.4 The counterfactual is to continue with existing pipeline inspection and remediation practices. The ILI tools currently 
used do not have the resolution to accurately pick up all AC corrosion features. 

8.1.5 This option has been ruled out as it is not a tolerable level of risk to carry, and we would not be fulfilling our 
statutory responsibilities as a responsible operator. 

AC Mitigation – Enhanced ILI – Enhanced inspection using Circumferential MFL tool. 

8.1.6 The AC enhanced in-line inspection is the addition of a circumferential MFL tool to assist the identification of AC 
corrosion features. 

8.1.7 This option will support the enhanced desktop analysis we currently undertake on AC high risk sections and expand 
on the knowledge we have obtained in RIIO-T2. 

8.1.8 This option cannot be relied on in isolation to manage AC risk and so we must also carry out additional data 
collection to validate the AC corrosion risk. Due to the rapid growth of AC corrosion features, these can grow to 
through wall between ILI inspections. 

AC Mitigation – Survey 

8.1.9 AC Mitigation Survey is the installation of monitoring equipment such as ER probes to a pipeline section to monitor 
levels of AC current present on the pipeline over a period to understand levels of exposure and fluctuations over 
time (such as peak energy demand, seasonal variations). 

8.1.10 Following this monitoring exercise, an assessment will be undertaken in accordance with ISO 18086 to determine 
whether the pipeline section carries an unacceptable risk. The outcome of this will either show a clear problem 
which needs to be mitigated and managed or confirm that the section is not currently at risk of AC corrosion. 

8.1.11 If a problem is found, this option includes the design of mitigation solution to protect the pipeline from AC. 

8.1.12 This option does not require an outage to deliver and will not result in any constraints or supply restrictions. 

AC Mitigation Installation 

8.1.13 Mitigation options vary dependant on the circumstances surrounding the pipeline. These include a range of 
interventions, such as the installation of ER probes to monitor corrosion rates, installation of a sacrificial anode such 
as zinc ribbons to the installation of a protective slab over the pipeline. Mitigation solutions generally take the form 
of the installation of Zinc ribbons running parallel to the pipeline section. These act as a sacrificial anode, in-turn 
protecting the pipeline from AC. To prevent third party damage, they are installed at a depth like the pipeline 
section it runs parallel to. The sacrificial anodes have a lifespan of approximately 20 years from date of installation. 

8.1.14 Mitigations are bespoke dependant on soil composition and amount of AC current amongst other factors. This 
option acts as a defence for the pipeline and has the benefit of reducing the risk of AC corrosion features occurring 
on the pipeline section. 

8.1.15 This option will occur following the above option survey and mitigation design to address a validated AC corrosion 
risk. 
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10 Business Case Outline and Discussion 

10.1 Key Business Case Drivers Description 
10.1.1 All the options presented in this paper are driven by safety legislation together with third-party network activity, 

along with the environment in which the pipeline operates. 

10.1.2 We have considered the impact of the following drivers for investment: 

 Increased electrification within the UK with the push to Net Zero (both OHPL and rail systems) will increase the AC 
current in proximity with our buried pipelines. Our proposals allow NGT to understand changing risk profiles over 
time. 

 Continued compliance with legislation such as PSSR to ensure that we adequately inspect our pipeline and validate 
their safe continued usage. 

 Compliance with industry standards ISO18086 for managing AC corrosion risk. 

 Protect members of the public from a loss of containment event. 

 Protect long-term integrity of our pipeline assets to ensure a continued supply of service. 

10.2 Business Case Summary 
10.2.1 NGT has a duty to operate its high-pressure gas pipelines in compliance with PSSR and PSR legislation. Our 

investment proposed in this paper maintains statutory compliance whilst striking an appropriate balance between 
tolerable risk and value for money for consumers. 

10.2.2 By selecting the highest risk sections to mitigate and study further, we have presented the lowest-cost option whilst 
adequately protecting our NTS from the threat of AC induced corrosion. 

10.2.3 Our preferred options are to take forward a range of inspection, monitoring and mitigation options which offer a 
balance of cost vs risk. 

10.2.4 We have appraised our suggested investment activity using the NARMs methodology which confirms that the option 
of surveying and mitigating is the lowest cost option to maintain compliance. 

10.2.5 NGT has applied an assumption to the CBA using a corrosion growth rate of 1mm per year. 
 

 
Figure 6: Graph showing Payback of options. 
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10.2.6 As can be seen above (the blue line), is what we are pursuing within this price control period to mitigate . 
This offers a positive return for investment and would meet with ISO18086 standards for managing AC risk. 

10.2.7 We intend to undertake assessments on the  during RIIO-GT3 with the ambition of 
mitigating these, where required, in the next price control period which would reflect the blue line in the above 
graph. 

10.2.8 The CBA payback graph shown above applies a continual sustained corrosion growth rate to all P1 sections. 
However, this growth rate is not representative of how AC interference acts. During peak electricity demand it could 
reach levels in which corrosion occurs at an accelerated rate, but as electricity demand drops this would impact the 
corrosion growth rate. 

10.2.9 Our confidence for Scope, Volume, and costs within this EJP is high. NGT has proposed the investment within this 
EJP is funded via baseline. 
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