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[bookmark: _Toc61538216]Introduction
D.C. stray current interference corrosion can occur in certain circumstances and if the risk is insufficiently managed it can result in high rates of metal loss and thus impact upon integrity of both cathodically protected and non-cathodically protected steel pipelines.
This document has been developed as summary guidance to complement the comprehensive detail provided in UKOPA/GPG/031[1]. When used in conjunction, both documents are intended to assist pipeline operators, designers and other organisations on the management of D.C. stray current interference on steel pipelines. It also provides guidance on the management of internal corrosion and risks to instrumentation. 
Further recommendations and guidance on the topic can also be found using BS EN ISO 21857[2].
This document also supplements the guidance given in relation to D.C. stray current interference from solar farms: UKOPA/GPG/014[3].
It does not examine A.C. interference corrosion risk covered in: UKOPA/GPG/027[4] and BS EN ISO 18086:2017[5]. Nor does it examine the effect of current flow on instrumentation systems in BS EN ISO 20456:2019[6] and BS 6739[7].
For electrical safety issues the reader is referred to: UKOPA/TBN/005[8] and BS EN 50443:2011[9].
[bookmark: _Toc61538217]Objectives / Scope of Work
The main objective of this document is to summarise, clarify and simplify the significant aspects of UKOP/GPG/031[1] whilst recognising the need for the reader to examine the main referenced document[1] for further technical detail, tables, terminology, equations, applicable standards and references. 
This document has been constructed and reviewed by industry peers with the aim of briefing pipeline operators, designers and other organisations on the potential risks from D.C. stray current interference and reflecting good risk management practices by helping the reader to;
· understand and identify the hazards, 
· assess, control and mitigate the risk,  
· record any findings,
· monitor and review the risk.
This document describes the stray current interference effects of D.C. traction systems on buried pipelines but also identifies several other sources and causes of D.C. stray current interference on pipeline systems, namely; Photovoltaic (solar) farms, High Voltage D.C. power systems, D.C. instrumentation systems and D.C. welding operations. 
This document intends to provide guidance on the design of D.C. interference mitigation systems plus information on the protection criteria that should be adopted on pipelines affected by D.C. interference. 
Detailed information on specific D.C. rail traction systems and related interference is not provided here and can be found in UKOP/GPG/031[1:Appendix C]. 
[bookmark: _Toc61538218]Hazard Awareness & Risk Criteria
[bookmark: _Toc61538219]DC Stray Current Sources
The term “D.C. interference” refers to an electrical disturbance caused by stray current. Stray current is defined as current in an unintended path.  Thus, any D.C. electrical system in contact with the earth is a source of stray current. Sources of D.C. stray current interference on buried pipelines may include:
0. [bookmark: _Toc16451600][bookmark: _Toc18221182][bookmark: _Toc42794638]Fourth Rail Traction Circuits 
[bookmark: _Toc500715601][bookmark: _Toc504391167][bookmark: _Toc504489705]Some systems, such as the London Underground, utilise fourth rail D.C. power traction systems. There are two running rails, which do not carry current, and two used for the D.C. power circuits. There is generally not a significant problem with stray current interference on buried pipelines from the London Underground system but there is still some limited stray current that can affect buried utilities.
[bookmark: _Toc16451601][bookmark: _Toc18221183][bookmark: _Toc42794639][bookmark: _Toc523146221]D.C Light Railway / Tramway Circuits 
[bookmark: _Toc500715607][bookmark: _Toc504391174][bookmark: _Toc504489712]Light railway and tramway systems use a third rail system. This provides electrical power via an overhead or continuous rigid conductor alongside or between the rails of a railway track. The running rails carry the D.C. return. Such systems are known to be in use in Birmingham, Blackpool, Croydon, Edinburgh, Docklands Light Railway, Manchester, Newcastle, Nottingham and Sheffield.  The Edinburgh tram system operates at 750V, the Tyne Metro 1,500V and the Croydon and Manchester Metro 750V.
[bookmark: _Toc15847058][bookmark: _Toc15847391][bookmark: _Toc15678418][bookmark: _Toc15678419][bookmark: _Toc15678420][bookmark: _Toc15678421][bookmark: _Toc15678422][bookmark: _Toc15678423][bookmark: _Toc15678424][bookmark: _Toc16451602][bookmark: _Toc18221184][bookmark: _Toc42794640]Mainline D.C. Third Rail Traction Systems 
D.C. third rail traction system operator running rails are not effectively insulated from earth and significant levels of D.C. current can flow in the general mass of earth due to the rail system. Older rail lines operate at 660V with newer ones at 750V. Traction systems have an insulated positive conductor or outer rail and use the running rails to carry the D.C. negative return current.
[bookmark: _Toc15847060][bookmark: _Toc15847393][bookmark: _Toc16451603][bookmark: _Toc18221185][bookmark: _Toc42794641]D.C. Welding Operations 
D.C. welding operations during pipeline construction and repair can cause stray current interference and corrosion on metallic structures if not carried out correctly.
[bookmark: _Toc16451604][bookmark: _Toc18221186][bookmark: _Toc42794642]Third-party CP Systems 
Where pipelines are routed in close proximity to, or cross, other cathodically protected pipelines, there is a risk of stray current interference from the third-party pipeline CP system. The level of interference is dependent upon the separation distance between the pipeline and any third-party pipeline groundbed/s plus the operating current and voltage of the third-party pipeline.  Sometimes, nearby pipelines can be ‘cross-bonded’ together. 
[bookmark: _Toc15678428][bookmark: _Toc15678429][bookmark: _Toc15678430][bookmark: _Toc16451605][bookmark: _Toc18221187][bookmark: _Toc42794643]Solar / Photo-Voltaic (PV) Farms 
Solar / Photo-Voltaic (PV) farms can produce stray D.C. current during normal operation and fault conditions. UKOPA/GPG/014[3] gives guidance on the siting of solar farms close to buried pipelines.
[bookmark: _Toc16451606][bookmark: _Toc18221188][bookmark: _Toc42794644]Incorrect Polarity of CP systems 
Incorrect wiring of CP Transformer Rectifier T/R units can lead to accelerated corrosion on a pipeline and result in significant levels of damage in a relatively short period of time. 
[bookmark: _Toc16451607][bookmark: _Toc18221189][bookmark: _Toc42794645]High Voltage Direct Current (HVDC) Power Systems 
[bookmark: _Toc493447667][bookmark: _Toc497087694][bookmark: _Toc500535061][bookmark: _Toc500715611][bookmark: _Toc504391178][bookmark: _Toc504489716][bookmark: _Hlk9287416]D.C. current leakage and resultant D.C. interference from a HVDC substation earth can occur during normal operating conditions, when there are changes in the configuration of the HVDC system or during faults. Overhead HVDC cable transmission systems cause higher levels of interference than buried HVDC cable systems as the HVDC pylons will be bonded by the overhead aerial earth wire.
[bookmark: _Toc16451608][bookmark: _Toc18221190][bookmark: _Toc42794646]Telluric Interference  
Geomagnetic variations associated with ionospheric currents or solar sunspot activity can establish large scale electrical currents (telluric currents) in the earth’s crust through electromagnetic induction. These are common in the regions close to the North / South Poles. The current flow pattern is quite complex due to conductivity variations within the Earth’s crust and land / sea masses. Although Telluric Interference has been reported, it is not thought to pose a significant risk to UK pipelines. See; BS EN ISO 21857[2].
[bookmark: _Toc16451609][bookmark: _Toc18221191][bookmark: _Toc42794647]D.C. Operated Uninterruptable Power Supply (UPS) and Instrumentation Systems  
D.C operated UPS systems can cause periodic stay current interference on pipelines, especially if positive grounding is employed. Such interference would be exhibited by a short duration pulse in pipe to soil potential evident on routine monitoring surveys. The interference can occur where there are grounding electrodes located close to a pipeline on +48V positive grounding instrument circuits. This interference is not generally detrimental to a pipeline system integrity due to the low current levels.
[bookmark: _Toc16451610][bookmark: _Toc18221192][bookmark: _Toc42794648]Battery Energy Storage Sites (BESS) 
Some power stations now install battery storage to store energy from offshore wind farms during periods of low demand, provide extra power to stabilise supply voltage or to provide additional short-term capacity. These sites can consist of a large number of batteries with some planned to provide ~300MW. In the event of a D.C. current fault to ground significant current levels can flow and there would be a potential to cause damage to buried metallic utilities as a result of a short-term interference event.
[bookmark: _Toc42794649]D.C. Operated Industrial Systems  
D.C operated industrial systems can cause interference on pipelines, if current leakage occurs.
[bookmark: _Toc42794650][bookmark: _Hlk29124959]Tidal Interference  
Stray current interference due to seawater flow through the earth’s magnetic field is described in BS EN ISO 21857[2]. The phenomenon has not reportedly been observed to effect UK onshore pipelines.
[bookmark: _Toc42794651]A.C Interference on Pipelines and the use of A.C Interference Mitigation Systems  
Where A.C. interference is present on a pipeline it can create fluctuating levels of D.C. potential. Pipeline operators should be aware of this possibility as the CP transformer rectifiers may rectify the A.C. voltage present at a CP station and produce a fluctuating D.C. current output. 
3.1.15	Internal Corrosion at Insulation Joints or Isolating Flanges (I/J or I/F)
On cathodically protected pipelines containing a conductive liquid, corrosion can occur on the non / least cathodically protected side of an I/J or I/F due to D.C. stray current interference.  There may also be a risk if there are high resistance joints. Internal corrosion in such circumstances is not uncommon and there have been a number of instances where corrosion has taken place leading to loss of containment. 
[bookmark: _Toc61538220]Corrosion Risk Criteria
Stray Current Interference
The criteria applicable to pipelines subjected to stray current interference depend upon whether the pipeline system or structure under consideration has or does not have a cathodic protection system. 
A structure that is affected by stray current interference but does not have CP applied would, for example, include a steel water pipeline / main, electrical metallic sheathed cable or a railway line. A structure with cathodic protection applied could be a gas, oil, water or product pipeline.
[bookmark: _Toc500535046][bookmark: _Toc500715594][bookmark: _Toc523146207]3.2.2	Structures without Cathodic Protection 
[bookmark: _Toc500535047][bookmark: _Toc500715595][bookmark: _Toc504391161][bookmark: _Toc504489699]In the case of a steel structure without cathodic protection the maximum anodic potential shift (∆U) that is permitted on an affected structure is +20mV in soils of resistivity less than 15 Ohm m. This is taken as the potential difference between the structure to electrolyte potential when a third-party CP system is off and when the CP system is on.

If the anodic potential shift exceeds +20mV then a structure will be deemed to be suffering from unacceptable stray current interference. However, where a structure or pipeline is installed in high resistivity soils (>15 Ohm m), a potential shift in excess of +20mV can be accepted, per BS EN ISO 21857[2]. The locations at which current leaves a pipeline should be identified to ensure the potential shift is less than +20mV. 
Where pipelines cross railway lines Operators should work with the relevant Rail Authority to conduct stray current interaction tests.  Tests should aim to determine if the rail lines have an enhanced risk of corrosion from a CP system and if a CP system has any effect on the rail signalling. 
0. [bookmark: _Toc500535048][bookmark: _Toc500715596][bookmark: _Toc523146208]Structures with Cathodic Protection 
The maximum anodic potential shift that can be permitted on a cathodically protected pipeline should be enough to ensure that a cathodically protected potential remains on the interfered structure.
The IR-free potential should not be less negative than the pipeline operator’s specified minimum instant OFF potential criterion for the pipeline under consideration. It is not always possible to measure a true IR-free potential, as not all current sources affecting a pipeline can be interrupted during a CP survey. In situations with fluctuating interference, current probe or coupon measurements - where the direction and magnitude of current flow can be measured - should be used to evaluate levels of interference.
Negative potential shifts due to cathodic interference on a certain part of a structure (usually) implies that there are other parts which are subject to anodic interference. If very negative potential shifts (∆V>500 mV, IR-drop included) are observed, it is recommended that steps are taken to identify areas where anodic potential shifts occur to confirm compliance with the minimum protection criteria given in BS EN 12954[10]. 
0. Internal Corrosion at I/J or I/F
There needs to be a potential difference across the I/J or I/F for an internal corrosion process to proceed. The greater the potential difference the greater the magnitude of current flow and hence the internal corrosion rate. BS EN ISO 15589-1[11] provides detailed guidance on the topic. 

The internal surfaces on the non-protected (or least-protected) side of an isolation joint or insulated flange can act as an anodic site when conductive liquids are present. The non-cathodically protected side of an I/J or I/F will have a less electronegative potential than the cathodically protected side of the I/J. This will result in a positive potential difference across an I/J or I/F and the voltage difference is the driving force for the internal corrosion process.

The exposed surface area of steel or Corrosion Resistant Alloy (CRA) at any coating damage on any pipe internal coating systems is an important factor. If the exposed surface area is low, then the anodic current density at any coating defect may be relatively high, possibly resulting in local pitting / corrosion.

The magnitude of the current flow within an I/J also depends upon water composition of the fluid being transported, the liquid conductivity, liquid temperature and the anodic polarisation characteristics of the pipe material in any water phase that it is exposed to. The corrosion rate will generally be proportional to the anodic current density at the stray current discharge location.

Coating quality is also an important but complex factor: If the I/J internal surface is coated, there will only be current flow from the exposed sections of the steel. If the coating is defect free, then no current would be able to leave the steel surface. If there are small coating flaws, then high current densities can arise at these locations.  It is therefore sometimes preferable to have no coating on the non-protected side of an I/J to reduce the effective anodic current density but also to have a higher quality coating on the cathodically protected side of an I/J to reduce the cathodic current. The requirements for internal coating of I/J’s should be considered as part of the design process. 
[bookmark: _Toc61538221]Mitigation Criteria
The terms of reference (criteria) for the mitigation of D.C. stray current interference corrosion risk on pipelines are based on the guidance given in BS EN ISO 21857[2] and are summarised as follows:
Instant OFF Potential for cathodically protected Steel pipelines
[bookmark: _Toc497087659][bookmark: _Toc497087660]All pipe to soil potentials should be referred to with respect to a saturated Copper / Copper Sulphate (Cu/CuSO4) reference electrode unless otherwise stated. Cathodic protection systems must be designed, constructed and operated to achieve the protection criteria specified by the Pipeline Operator. The criteria for effective levels of CP adopted by most pipeline operators are based upon the structure to electrolyte potentials given in BS EN 12954[10 Table1].

[bookmark: _Toc497087664][bookmark: _Toc500535040][bookmark: _Toc500715588][bookmark: _Toc504391154][bookmark: _Toc504489692]In the case of pipelines constructed from mild steel in aerobic soil conditions, pipe to soil potentials must be maintained at a more negative polarised Instant OFF Potential than -0.850V vs Cu/CuSO4.
[bookmark: _Toc497087666][bookmark: _Toc500535042][bookmark: _Toc500715590][bookmark: _Toc504391156][bookmark: _Toc504489694]
For pipelines exposed to sulphate reducing bacteria in anaerobic conditions and a Microbiologically Induced Corrosion (MIC) risk, a more negative polarised Instant OFF Potential of -0.950V vs Cu/CuSO4 should be maintained. 
[bookmark: _Toc500535044][bookmark: _Toc500715592][bookmark: _Toc504391158][bookmark: _Toc504489696][bookmark: _Toc497087668]
[bookmark: _Toc497087670][bookmark: _Toc500535045][bookmark: _Toc500715593][bookmark: _Toc504391159][bookmark: _Toc504489697]In cases where the protection criteria detailed in BS EN 12954[10] cannot be achieved then an alternative ON protection criterion may be considered by a pipeline operator on a case-by-case basis provided it has been subjected to detailed risk assessment. The maximum instant OFF pipe to soil potentials must be maintained less negative than -1.200V vs Cu/CuSO4 to prevent cathodic disbondment of coatings.
ON Potential for cathodically protected pipelines.
The ON pipe to soil potential considered by many UK gas industry pipeline operators as the minimum for buried pipelines is a more negative pipe to soil potential than -1.25V vs Cu/CuSO4, measured without CP current interruption.
It should be acknowledged that it is not always possible to achieve this ON potential value. Thus, wherever possible the instant OFF or polarised pipe to soil potential criteria in 3.2.1 and 3.2.2 above should be used and the ON potential criterion, if any, should be defined by the pipeline operator.
[bookmark: _Toc42794629]Instant OFF Potential for cathodically protected Corrosion Resistant Alloy (CRA) pipelines 
Some pipeline operators may use CRA pipelines in specific applications where the product being transported is corrosive, or where there could be an internal cracking risk if mild steel was used.

Cathodic protection criteria for CRAs and materials other than mild steel should comply with the values given in the guidance BS EN 12954[10 Table 1]. NOTE: No specific guidance on protection potential is given for austenitic or ferritic stainless steels in acidic soil conditions.
Maximum Negative Potential for CP on CRA pipelines
The maximum pipe to soil potential for CRA pipelines, or for steel pipelines with a yield stress in excess of 550 MPa, should be controlled within set limits. If excessive levels of cathodic polarisation exist these pipelines can be subject to a risk from Hydrogen Induced [Stress] Cracking (HIC or HISC). 

DNV-GL RP F112[12] gives guidance on the design of components constructed from duplex stainless steels that are installed subsea and are exposed to cathodic protection. However, it should be noted that a marine environment may not represent the soil pH environment and hence HISC risk. Soil pH will play an important role in determining the risks of HISC on susceptible materials and the maximum potential limit on a pipeline constructed from certain CRAs.

Expert advice should be obtained, and laboratory testing should be carried out to ascertain maximum permissible cathodic polarisation limits on susceptible alloys and further expert guidance should be sought to determine the maximum permissible negative structure to electrolyte potential to mitigate any HISC risk. 
0. Internal Corrosion at Insulation Joints / Isolation Flanges (I/J or I/F)
It is important that pipeline operators identify locations where there could be an internal corrosion risk and take appropriate action to mitigate and monitor the risk.  The monitoring should take the form of enhanced NDT checks on the non-cathodically protected pipework close to an I/J or I/F. The NDT checks would include checks for reduction on pipe wall thickness and may include radiography, Ultrasonic Thickness (UT) or Manual Phase Array Ultrasonic Thickness (MPAUT) techniques that are approved by the operator.

For the design of new pipeline systems where there may be an anticipated internal corrosion risk from D.C. stray current then the use of insulating spools should be considered as described in the guidance given in UKOPA/GPG/031[1Section 11.5] 11.5 and BS EN ISO 15589-1[11].
[bookmark: _Toc61538222]Assessing the Risk
[bookmark: _Toc61538223]Assessing Stray Current
All risk assessments should be reviewed across the lifetime of the pipeline on a periodic basis and as part of any significant change. Assessment of D.C. stray current levels should be based upon guidance given in BS EN ISO 21857[2].
A Close Interval Potential (CIP) survey is the most effective method of establishing stray current discharge locations with a third-party pipeline CP system.
It is essential to ascertain the pipe to soil potential of the structure being interfered with, when the interference is occurring, as this would represent the period of highest risk of damage due to stray current. Over the line surveys or routine monitoring at night will not replicate normal operations but will establish a base line potential and identify coating anomalies. Structures protected against corrosion by cathodic protection shall be deemed to be exposed to unacceptable levels of stray current interference if the IR free potential is outside the protective potential criteria given in BS EN 12954[10].
The use of test probes and coupons installed at critical locations is essential for establishing the levels of D.C. stray current interference on a pipeline susceptible to interference and to assess the corrosion risk. Their use can enable ON and Instant OFF Potentials to be recorded and to measure the current flow to and off a coupon and thus help assess the stray current interference risk. Additional guidance on the use of ER probes or coupons to assess corrosion rates from D.C. stray current interference are given in UKOPA/GPG/031[1 Appendix G].
The impact of short-term anodic peaks, due to soil resistivity, aerobic / anaerobic variations is not clear. Where there are reasons to doubt the accuracy of the measurement method used (e.g., D.C. traction influence) then other measurement techniques should be employed such as; the use of weight loss coupons, excavation and laboratory coupon examination or the use of Electrical Resistance (ER) probes. ER probes may be capable of manual or remote access measurement and can be used to establish whether the structure is cathodically protected or, if it does not have effective CP, the likely rate of corrosion. UKOPA/GPG/031[1 – Appendix G] details corrosion rate measurement techniques. 
All measurements should be performed during periods of normal operation of the interfering system. If the instant OFF potential cannot be measured, ensuring that the ON potential for the affected pipeline remains more negative than -1.20V vs Cu/CuSO4  assists in ensuring effective levels of CP.
[bookmark: _Toc61538224]Time Variant D.C. Interference
D.C. corrosion rate risk can be associated with the time period when the current density on a coupon is less than a reference level. If there is a risk from interference, cathodic current density and pipe to soil potential can decrease. The worst-case scenario presents when the current leaves rather than enters a coupon, resulting in anodic discharge and associated accelerated corrosion or metal loss.
BS EN ISO 21857[2] advises different methods that can be used to determine whether the time variant interference is acceptable: Time variant interference will be deemed acceptable if the IR-free potential of the structure, EIR free (EOFF) is within the limits for the protection potential, Ep, given by BS EN 12954[10]’. The IR-free potential can be measured with the use of coupons and data logging devices specifically designed for monitoring D.C. stray current. 
The interference level should be monitored over a representative duration, typically at least 24 hours. The reference potential Eref is evaluated from the interval when the interfering source is out of operation, e.g., at night as is often the case for D.C. traction systems. 
Both BS EN ISO 21857[2] and UKOPA/GPG/031[1 section 5.8] provide detailed guidance on assessing the time dependent variation in D.C. stray current interference on pipelines due to D.C. operated railways, telluric currents and tidal effects. 
[bookmark: _Toc61538225]Data Logging Principles
It is essential that data logging is carried out on pipelines susceptible to D.C. stray current interference at selected test facilities and at all rail bonds. Data logging of high-risk CP posts should be undertaken at periodic intervals to establish the time dependent variation and to confirm that protection levels meet the required limits. To aid ongoing assessment processes, data logging plots should be carried out on existing pipelines at routine intervals during the entire lifecycle of the pipeline. 
Where data loggers are employed to determine levels of stray current interference the sampling should take place over a minimum period of 24 hours and at a time where the highest and lowest levels of interference are expected.
In the case of D.C. stray current interference data logging measurements should include D.C. pipe to soil potential ON and OFF potential measurements and D.C. current measurements through coupons.
For D.C. stray current interference monitoring operators should have data loggers that can undertake frequent sampling at rates in the range 0.1 to 5 seconds. The data loggers should have a minimum input impedance of at least 10MΩ. The magnitude and direction of the current flow should also be able to be recorded using shunts with a maximum resistance of 10 Ohms. 
BS EN ISO 21857[2 section 7.3] should be consulted for guidance on data measurement requirements and techniques. 
[bookmark: _Toc61538226]Assessing Internal Corrosion
A risk ranking evaluation should be carried out on pipelines where there is a risk of D.C. stray current corrosion on internal surfaces. Each respective I/J should be looked at on a case-by-case basis to determine the level of risk. All relevant data should be collated, and a Risk Based Inspection (RBI) regime adopted. The following data would be of benefit in assessing the risk:

a) Water composition, temperature and product data within each line.
b) CP operating data including potential difference across I/Js.
c) I/J installation date and pipe wall thickness.
d) Pipeline flow operating data.
e) Information on I/J failures e.g., location, reports etc.
f) Does an I/J have an internal coating? 

Pipeline operators would also need to assess ongoing corrosion risk by measuring stray current and interference levels. It may even be necessary to undertake period examination of the internal surfaces of some I/Js.

The ability of different inspection techniques to identify localised pitting should be assessed. The orientation of the I/J should be considered i.e. whether orientation in a vertical plane would be of benefit and prevent water accumulation across the I/J. 
[bookmark: _Toc61538227]In-Line Inspection (ILI)
ILI is another means of assessing whether a pipeline system is at risk of D.C. interference corrosion and whether there is an ongoing risk. Operators should review the ILI frequency based upon the risk. 
Operators should not rely on ILI as the only means of detecting and managing the D.C. corrosion risk as the technique does have its limitations and may not detect all corrosion features.  It should be highlighted that the use of ILI is a ‘reactive’ method of detecting risk as conventional Magnetic Flux Leakage (MFL) or Ultrasonic (UT) based ILI tools can only detect the corrosion caused by A.C. or D.C. interference, rather than identifying the cause itself.
The inspection frequencies detailed in any maintenance procedures for cathodic protection typically apply to pipelines that are not subjected to either A.C. or D.C. interference. However, since stray current interference can result in higher rates of failure on pipelines than those not at risk then more frequent inspection intervals may be required on pipelines susceptible to D.C. interference. 
If the OFF pipe to soil potential levels on a pipeline system fall below the operator’s minimum criterion then there may be a higher risk of accelerated corrosion and the inspection frequencies for pipelines susceptible to interference may need to be amended. 
UKOPA/GPG/031[1 Appendix G] provides guidance on the use of In-Line Inspection Vehicles (ILIVs) to detect external corrosion features on pipelines susceptible to D.C. stray current interference.
[bookmark: _Toc61538228]New Developments within the Vicinity of Existing Pipelines
If any new developments or significant changes are planned within 500m of an existing pipeline, the effect on the pipeline should be established, and the Operator’s Asset Integrity Engineer or other relevant Expert consulted. This will assist in ensuring that any possible risks of D.C. interference are assessed and plans to mitigate those risks are considered at an early stage, preferably before planning permission is granted. The nature of some new developments that could create a D.C. stray current risk would include;
· HVDC substations,
· D.C. operated traction systems, 
· large-scale battery energy storage sites.
· solar farms, 
· power cable systems, 
· new cathodically protected pipeline systems and, 
· industrial sites, 
It is important to establish the D.C. fault current magnitude, together with the frequency and duration of faults at locations in close proximity to buried pipelines as this will determine the accelerated corrosion risk. Details of the electrical characteristics of any new D.C. operated electrical systems should be established with the facility promoter or developer.

[bookmark: _Toc61538229]Risk Reduction / Mitigation Methods
D.C. interference on cathodically protected pipelines can result in high rates of corrosion. Ineffective CP with D.C. interference can significantly diminish pipeline integrity and result in corrosion rates considerably in excess of typical expectations. In certain circumstances corrosion rates can be in the region of tens of millimetres per year. Therefore, increased monitoring frequency is recommended for pipelines affected by D.C. interference. 
If D.C. interference is effectively managed through the use of CP, corrosion can be successfully limited to rates as low as 0.01mm per year, ref: BS EN ISO 15589-1[11].
Several options are available for the reduction or elimination of D.C. interference and the various options should be considered during the design and lifetime of any pipeline system or any review of stray current effects on existing pipelines. The effectiveness of the measures summarised below depends upon the interference extent, third-party co-operation, proximity of influencing factors and site conditions:
[bookmark: _Toc61538230]Design Principles 
The pipeline design and integrity management code standards in the UK provide limited guidance regarding D.C. interference. Operators should note that pipeline design standards do give guidance on pipeline corrosion management, but do not address the D.C. stray current interference risks in detail and refer to BS EN 50162 (superseded by BS EN ISO 21857[2]) or BS EN ISO 15589-1[11] (limited guidance). 
For interference from UK rail traction systems, in addition to BS EN ISO 21857[2] document ORR Tramway TGN 3[13] should be used. 
For interference from solar farms references to: UKOPA/GPG/031[1], BS EN ISO 21857[2] and UKOPA/GPG/014[3] should be made.
[bookmark: _Toc61538231]Route Selection
Pipeline routes should be selected to avoid third-party pipeline groundbeds and other sources of D.C. interference. HSG 47[14] should be followed in relation to buried services and, where appropriate, searches should be undertaken to identify buried utilities along a proposed pipeline route.
It is essential that the location of all third-party pipelines, plant or terminal groundbeds are determined with operating current outputs identified and area of influence established. If a close proximity to any third-party groundbed cannot be avoided, then it may be necessary to relocate the third party’s groundbed.
A new pipeline should ideally be located at least 400m away from any third-party groundbed. It may be possible to install pipelines closer than 400m but the possible effects on the pipeline from any third-party groundbed would need to be considered and detailed guidance sought.   
If a new pipeline crosses existing third-party pipelines it is important to establish whether the third-party pipeline has a CP system or not, plus the location and attributes of any existing pipeline CP test facilities and CP groundbeds.  The requirements for stray current interaction testing and CP monitoring facilities should be agreed with the third-party operator during the detailed design phase. Additional guidance is provided in UKOPA/GPG/031[1 Appendix E]. 
Rail Crossings & Parallelism
It is essential to establish at an early stage during a pipeline design if a crossed or parallel railway is electrified and whether it has an A.C. or D.C. traction system. 
· The separation distance that should be considered between A.C. traction systems and pipelines routed parallel to them is given in BS EN 50443[9]. 
· Where pipelines are routed in parallel with D.C. traction systems closer than 25m, significant levels of interference may be experienced. 
· Wherever pipelines cross D.C. traction circuits then the D.C. stray current interference risk should be considered and the separation distance between a traction circuit and a pipeline should exceed 3m. 
· For high pressure gas and oil pipelines the track system operators require a minimum separation distance of 3m between rail line and pipeline see PD-8010-1[15] and IGEM/TD/1[16].
The rail line operating voltage should be established, and discussions with the railway operator should establish any specific interaction testing requirements in accordance with BS EN ISO 21857[2].
It is important to establish substation locations for the rail electrification system. Pipeline crossings of D.C. traction rail lines should be located as far as possible from the D.C. substations or Traction Power Sources (TPS). 
If a D.C. substation is taken out of service for any reason, then this can result in high rail traction return line voltages and increased levels of stray current interference on susceptible pipelines and affect the operation of unidirectional bonds. If such a situation exists, then personnel working on rail bonds where there is an exposed connection to the rail traction return could be exposed to a risk of electrical shock. 
Crossing D.C. operated traction systems should be avoided if at all possible. If crossings are unavoidable it is recommended, on new pipelines, that I/Js are installed at each side of the rail line (see 5.11 below). The requirement for ER probes or similar corrosion rate measurement devices at high-risk interference locations should also be considered. 
Crossing of Third-Party Pipelines 
It is important to establish at an early stage the requirements of any third-party pipeline operator in terms of test and monitoring facilities for stray current interaction testing. If a new pipeline is to cross an existing pipeline, then consideration should be given to the need for reference electrodes and coupons at the crossing points to assist in stray current interaction testing at a later date.  
The coupons and reference electrodes would need to be installed at the crossing point and routed back to a suitable CP test facility located at an accessible location during installation. Detailed information on stray current interaction notification and testing requirements is given in UKOPA/GPG/031[1 Appendix E].
Crossing of Power Cables 
Pipeline crossings of A.C. and D.C. power cables should be made at right angles and at a separation distance of at least 0.6m but preferably at least 1m. 
For high voltage cables > 33kV, the separation distance should be at least 1.0m.  The cables should cross the pipeline in a duct to provide mechanical protection and no bare earth conductor shall cross the pipeline or be installed at a distance close to a pipeline that will create a hazardous touch potential during fault conditions. The maximum A.C. touch potential limit should be based upon the guidance given in BS EN 50122-1[17] and will be dependent upon the disconnection time for the protective devices.

Groundbed Location of an Interfering Pipeline 
If a pipeline is subjected to interference from the groundbed voltage gradient of another pipeline, increasing the separation distance between the pipeline and the interfering groundbed can be considered. Distance can be increased either horizontally or vertically, with horizontal being the preferred and least expensive option. 
In situations where pipelines are routed in a common right of way and if a pipeline groundbed is not at remote earth, then its voltage gradient can interfere with other pipelines unless the pipelines are bonded, see 5.8 below. 
The soil resistivity and groundbed operating current determine the separation distance required to achieve remote earth. Specialist advice should be obtained to confirm the minimum separation distance between groundbed and pipeline required to ensure a groundbed is at remote earth. However, a typical remote earth separation distance between a pipeline and groundbed would be in the region of 120m to 200m. NOTE: If the groundbed current is >5A then the separation distance may need to be increased.
The guidance in UKOP/GPG/031[1 Appendix E2.2] states that a separation distance of at least 400m should be considered between third-party pipelines and groundbeds.
[bookmark: _Toc61538232]Use & Adjustment of Transformer Rectifier (T/R) units and Groundbeds.
An interfering pipeline’s T/R unit or units’ current output should be reduced to the minimum level required to provide effective cathodic protection. If the minimum level is already achieved, then consideration may be given to the installation of additional T/R units and groundbeds along the route. This will result in the reduction in the current output from individual T/R units and associated levels of interference.
A number of smaller current output CP T/R units and groundbeds may be used as part of the pipeline CP system design process to reduce stray current interference levels on third party pipelines. This would decrease the current output per CP station and reduce localised stray current interference effects.
[bookmark: _Toc61538233]Remote Monitoring Facilities
Once a pipeline system is installed it is important to obtain baseline data on the levels of D.C. interference that exist on a pipeline prior to installation of any D.C. interference mitigation system.
The designer should consider whether there is a requirement for the installation of ER probes or similar devices to monitor corrosion rate as part of the design process.  New coupons must be installed with a surface area of 1cm2 (legacy coupons with area of 10cm2 could be present on existing lines) and a permanent reference electrode.
On new pipelines where a D.C. interference risk has been identified, at least one remote monitoring device should be employed and installed at a high-risk location. The designer may select additional remote monitoring locations once detailed design is complete and / or an assessment of the interference risk has been conducted. 
It should be noted that the accuracy of remote monitors should be confirmed at the time of installation and checked at periodic intervals, typically at least once every 3 years.
Consideration should also be given to the use of remote monitoring devices on existing pipelines where there is a known D.C. interference risk.
A remote monitoring device should monitor the A.C. and D.C. current densities, A.C. pipe to soil potential and D.C. pipe to soil potential.
The remote monitor should be of a proven design and record values at the time of day when the maximum levels of interference are likely to be present on a pipeline. The devices should report to a central data base and be able to provide an alarm indication. 
The alarm levels should be selected by the Operator at the time of installation and be set to values that will represent a level that would need action e.g., where acceptable levels of ON pipe to soil potential are not achieved or there is positive D.C. current discharge through coupons.
Remote monitoring devices should also be installed at critical bond locations.
A suitable data logger is required to monitor the time dependent variation of D.C. current density over time to provide interference level information. The data logger should be able to provide data for analysis and be suitable for use on pipelines affected by both D.C. and A.C. interference levels. 
The surface area of new coupons (1 cm2) should be clean and free of grease or surface contamination before installation. Coupons should be installed so that the exposed coupon surface area is pointing away from the pipeline and the coupon is bedded into graded local soil.  The coupon spread resistance should be checked after installation and should ideally be less than 1 Ohm m-2. It important to check that a coupon is correctly installed before completing re-instatement. 
A pipe connection to the pipeline under test should have a 1cm2 minimum conductor size. The cable colour should conform to the pipeline operator’s requirements. Suitable designation in terms of cable colour should be provided to indicate whether the coupon has a 1cm2 or 10 cm2 exposed surface area. 
Coupons should be designed so that they can be removed for subsequent laboratory examination and the coupon installation date should be recorded (see also UKOPA/GPG/031[1 Appendix G].
Guidance on the use of coupons for CP monitoring purposes is given in ISO 22426[18]. 
[bookmark: _Toc61538234]Reference Electrode and Coupon Location 
BS EN ISO 21857[2] advises that the reference electrodes should be placed in the following locations:
· Where pipelines cross railway lines, a reference electrode should be placed above the pipeline with a distance to the outer rail that corresponds to the smallest distance between rail and pipeline.
· Where pipelines are parallel to a railway, reference electrodes should be placed above the pipeline.
· Where pipelines are installed within the gradient of a groundbed, reference electrodes should be placed above the pipeline at the location with the smallest distance between pipeline and anode.
There are cases where it is not possible to place the reference electrode, coupon or probe at the locations described above.  The expected level of interference at the relevant position should then be extrapolated based on the electrical field distribution to the installed position with the smallest distance between pipeline and the stray current interference source.
[bookmark: _Toc61538235]Use of Unidirectional and Forced Drainage Bonds (D.C. traction systems)
Rail traction return lines should see maximum D.C. voltages of +60V under normal circumstances and if directly connected to pipelines can cause significant interference and corrosion in a relatively short period of time. The maximum limit is 60V D.C. and thus any rail traction circuit connections should be protected from accidental contact. A typical separation distance between D.C. traction power sources on mass transit systems in the UK is in the region of 13 miles.
A unidirectional bond between D.C. traction systems and an interfered pipeline using a resistor and diode can drain the stray current away from the interfered pipeline to a D.C. traction system return conductor. Wherever possible the use of unidirectional bonds should be avoided. The design of the bond will need to be agreed with the pipeline and rail operators. For further details see: UKOPA/GPG/031[1 Appendix C]. If a new pipeline to rail traction system uni-directional or forced drainage bond is to be installed, the design must be approved by the Rail Authority. They would typically limit frequencies that could be present on the bond current, particularly a 50 Hz harmonic, as this may impact upon rail signalling. For forced drainage bonds, only a 110V A.C. supply would be permitted under railway circuits or lines.
If a directional bond is already in place prior to any decision to disconnect the bond exhaustive testing should be carried out to confirm that it would be safe to remove. The pipeline operator’s Management of Change procedures should be followed for any specific changes to original interference mitigation system designs. 
Where existing bonds are installed and only one diode is present, consideration should be given to the addition of another suitably rated diode to further mitigate the risk of direct connection of the pipeline to the traction circuit in the event of diode failure.
[bookmark: _Toc61538236]Use of Sacrificial Anodes
Sacrificial anodes can be used to create a low resistance path for stray current to flow off an interfered pipeline at current discharge locations. The anodes should be electrically connected to the interfered pipeline and placed close to the interfering structure. The installation of sacrificial anodes connected to a pipeline can also be considered in areas of localised stray current discharge from the interfered pipeline, where the addition of an anode raises the pipe to soil potential to the required criteria.   
Where sacrificial anodes are employed, Schottky diodes may sometimes be used in the anode to pipe connection to control the current direction (permitting current discharge off anodes). The use of Schottky diodes is discussed further in UKOPA/GPG/031[1 Section 9.11]. 
Sacrificial anodes may be used to counteract interference each side of an I/J from either a pipeline or an Above Ground Installation (AGI) CP system. Sacrificial anode CP systems do not generally cause stray current interference if they operate at currents less than 100mA. The sacrificial anodes should be installed so that there is no third-party pipeline or structure between an anode and the pipeline under protection.
[bookmark: _Toc61538237]Use of Direct Inter-Pipeline Bonds
Inter-pipeline bonds should be avoided where possible but can be used to combat any D.C. interference between respective pipelines. If their use is essential, they should only be installed, managed and monitored with formal agreement from both pipeline operators. Note: Bonding parallel pipelines with widely differing cathodic protection current demands will probably not be successful.
BS EN ISO 15589-1[11] advises: “Where pipelines are parallel, it is necessary to take precautions to ensure that there is no unacceptable interference or shielding. The interference can be the result of the influence of the applied cathodic protection, in which case the systems may need to be adjusted or the pipelines protected by a common cathodic protection system.
Where modifications to the cathodic protection or coating system are made on one pipeline, it shall have no adverse effect on the other pipeline(s).
To control current, bonds between two or more pipelines may be direct, or it can be necessary to include a diode, or a series resistor installed in a test facility.”
Where pipelines follow a common right of way a joint scheme can be employed where all pipelines are equipotential bonded to mitigate the interference risk. Inter-pipeline bonds should be installed at regular intervals along the pipeline route (typically every 2 to 5 km).
Where possible, resistive bonds should be avoided as experience has shown that these may fail during routine operation or fault conditions, such as current surges or lightning strikes. Resistive bonds require a higher level of maintenance and if installed should be capable of adjustment. 
Resistors should be designed to carry the required current without overheating. The resistance should be determined by monitoring the potential of the interfered structure and adjusting the bond resistance, until the interfered structure achieves the specified CP criteria. Fixed value resistors should be avoided.
Where joint schemes are employed, regular meetings between operators should be held to review performance data. The responsibilities for bond maintenance should be formally agreed between the operators and the operating current of all bonds recorded at periodic intervals. 
[bookmark: _Toc42794657][bookmark: _Toc61538238]Pipeline Connections
On new pipelines a welded cable connection plate should be used for CP connections. Fully welded cable to pipe connections should be used for all current carrying connections where possible, whilst recognising that these may not always be practical due to safety issues when welding on live lines.
Pin braze connections are not the preferred method of cable to pipe connection for bonds or drain point connections where the current exceeds 10A. Welded cable connection plates are preferred.
Conductive metal-based epoxies have been used to connect cable connection plates to pipeline systems. However, the operational life of this connection method is limited as these connections cannot carry D.C. current long term and often fail, even if there is no current flow. 
Pipeline operators should identify all bonds on pipeline systems, the bond type and identify the structures to which a bond is made. Where bonds are installed consideration should be given to the use of remote monitoring to supplement or replace the monthly functional checks, as discussed in BS EN ISO 15589-1[11].
At drain point locations, where multiple pipelines are bonded it is particularly important to ensure all pipelines in a common right of way are electrically connected via a solid low resistance bond. 
[bookmark: _Toc16451617][bookmark: _Toc18221199][bookmark: _Toc42794659][bookmark: _Toc61538239]A.C. Interference Affecting D.C. Pipe to Soil Potential 
If a pipeline system has levels of A.C. interference above 3.0V rms then there may be the risk that the A.C. voltage present on the pipeline could be rectified by variac and thyristor-controlled CP T/R units and produce a fluctuating D.C. current output from the affected T/R unit. Fluctuating D.C. pipe to soil potentials on a pipeline could be caused by A.C. interference rather than D.C. interference from other sources. This D.C. current flow can be reduced by installing a suitably rated choke on the T/R unit negative return cable to reduce the A.C. voltage at the rectifier bridge. 
If it is suspected that the A.C. voltage on a pipeline is causing D.C. current variations on a T/R unit then a data logger should be installed in the T/R unit on a temporary basis to confirm whether there is a varying D.C. current output being provided from the T/R unit. The data logger should be used measure the voltage drop across the shunt in the T/R D.C. current output to check if there is any time dependent variation in T/R unit D.C. current output. In addition, both the A.C. and D.C. pipe to soil potential variation at the CP drain point should also be recorded at the same sampling frequency and time.   
[bookmark: _Toc16451620][bookmark: _Toc18221202][bookmark: _Toc42794662][bookmark: _Toc61538240][bookmark: _Hlk9321567]Use of Isolation Joints 
In the case of new pipelines or diversions that are susceptible to D.C. stray current interference then splitting a pipeline into electrically discrete sections by the use of isolation joints should be considered by the designer to mitigate the D.C.  interference risk. It is important that prior to use all I/Js are checked to confirm they have the required insulation resistance. 
The typical insulation resistance specified for an I/J is ≥ 5M Ohm and the test voltage is 500V. The use of I/Js can limit the stray current interference effects to specific sections of a pipeline system and they are often used in the UK on new pipeline systems where they cross D.C. operated rail lines or where diversions of pipeline systems are required for a new D.C. traction system.
Where I/Js are installed to combat interference then facilities to enable the I/Js to be bonded if required should also be included in the design.
Test facilities should be installed on a pipeline at each side of a railway crossing.  The test facilities should include at least two cables connected to the pipeline each side of an I/J; one for potential measurement (minimum conductor size 10mm2) and one for current carrying connections (minimum conductor size of 25mm2).
Test facilities either side of an I/J should be separated by at least 3m to mitigate any touch potential risk. At rail crossings a buried permanent reference electrode and 1cm2 exposed surface area coupon should be installed so that the D.C. interference current levels can be monitored. The CP system designer should also consider whether there is a requirement for any sacrificial anodes to discharge stray D.C. current, especially at I/Js.
[bookmark: _Toc61538241]Competency
It is important that pipeline operators ensure that not just CP technicians and engineers are aware of the possible risks and consequences of D.C. stray current interference but that senior managers within an operator’s organisation also have an understanding of the risks.
UKOPA/GPG/031[1] recommends that any D.C. interference monitoring, and mitigation system designs should be carried out by personnel having the levels of competency defined in BS EN ISO 15257[19]. 
Stray current interference monitoring, and mitigation system designs should be carried out by a BS EN ISO 15257[19] Level 4 Cathodic Protection Specialist or equivalent. 
Pipeline operators should nevertheless confirm that personnel employed in design and monitoring of pipelines susceptible to D.C. interference, even if they are certified to BS EN ISO 15257[19], have the requisite levels of experience and competency in assessment of D.C. interference risks on pipelines. 
Certification of personnel to BS EN ISO 15257 may not always provide the required level of safety hazard awareness or guarantee risk awareness in relation to working on electrically operated equipment or with issues associated with D.C. stray current interference. Such competence should be verified in accordance with the safety guidance provided in UKOPA/TBN/005[8] and BS EN 50443:2011[9].
Pipeline operators should confirm the competency of any personnel and specialists employed and provide relevant training to operations personnel where necessary. D.C. stray current interference monitoring and assessment requires skills that some CP monitoring personnel may not possess, and specialised training is advisable to cover D.C. stray current monitoring and assessment. 
[bookmark: _Toc61538242]Further Requirements
Further detailed requirements to help reduce / eliminate DC interference are discussed in UKOPA/GPG/031[1 Section 9] and cover the following topics;
a) Solar Farms
b) D.C. Welding Operations
c) Third-party CP Systems
d) Incorrect CP System Polarity
e) HVDC Power Systems
f) Telluric Interference
g) D.C. Operated UPS & Instrumentation Systems
h) New Security Fences for Above Ground Installations
i) Use of Sacrificial Anodes and Schottky Diodes
j) Potential Controlled T/R Units
[bookmark: _Toc61538243]Inspection & Monitoring
[bookmark: _Toc61538244]General Requirements
It is essential that once a D.C. interference mitigation system is installed it is monitored and maintained in accordance with the guidance given in UKOPA/GPG/031[1] and BS EN ISO 21857[2].
Reminder: A remote monitoring device should monitor the A.C. and D.C. current densities, A.C. pipe to soil potential and D.C. pipe to soil potential. The magnitude of the coupon current density and the period of time that anodic current discharge occurs can be used to assess the existing and ongoing corrosion risk on a pipeline system. 
A data logger is required to monitor the time dependent variation of D.C. current density to provide information on the levels of interference.  
[bookmark: _Toc61538245]Pipeline Tests at CP Monitoring Locations
The following tests should be performed at CP monitoring locations on pipelines affected by D.C. interference:
· A.C. pipe to soil potential

· D.C. pipe to soil potential

· A.C. current density 

· D.C. current density at a.c/D.C. coupon

· Coupon instant ‘OFF’ potential

· Magnitude and direction of D.C. current flow through any bonds

· Corrosion rate from any ER probes that are employed
All measurements should be performed with calibrated test equipment and with multimeters capable of measuring true r.m.s. values for A.C. readings. Current density readings through all coupons and probes should be recorded. Mean, minimum and maximum D.C. pipe to soil values should be recorded using multimeters with the capability to take hi/lo readings.
Data logging of high-risk D.C. current density locations should be conducted on a periodic basis to confirm the minimum, mean and maximum ON pipe to soil potentials, OFF coupon to soil potentials and current densities at selected test facilities.
[bookmark: _Toc18221251][bookmark: _Toc42794703][bookmark: _Toc61538246]Uni Directional Bonds 
Uni-directional bonds should, at least, be checked on a monthly basis. Visual checks should be undertaken to confirm the condition of the bond. The condition of the internal components should be checked to confirm their operating levels and that there is no overheating. The circuit protection fuse should be inspected and the current flow through the bond recorded.
It is essential to confirm the magnitude and correct direction of the current flow. Correct operation of the diodes should be confirmed using the guidance given in UKOPA/GPG/031[1 Appendix F].
[bookmark: _Toc61538247]Monitoring and Assessment Frequencies	
More frequent monitoring intervals may be required on pipelines susceptible to D.C. interference. Significant levels of D.C. interference this can affect the integrity of pipeline systems and can result in corrosion rates considerably in excess of those typically experienced on pipelines with effective CP. 
Monitoring frequency should be set according to BS EN ISO 15589-1[11] as a minimum (Table 1). However, Pipeline Operators’ should determine their inspection frequencies based upon the risk and operational records of a particular pipeline. CP system monitoring frequency should be subject to periodic review during the lifetime of a pipeline system, as additional sources of D.C. interference may amend the risk. 
	Nature of Test
	Monitoring Frequency

	Reference electrode calibration
	1 to 3 years

	Uni directional bonds/diode checks
	Once per month

	CP test station A.C. /D.C. potential measurements ‘ON’/’OFF’
	Every 6 months

	A.C./D.C. current density measurements at A.C./D.C. coupons
	Every 6 months

	‘OFF’ potential measurements on pipeline system
	Once every year

	T/R system checks single source systems
	One per month

	T/R system checks multiple source systems
	Once every 3 months

	Data Logging at high-risk locations to confirm current densities are within prescribed limits
	Every 6 months

	Remote monitoring
	Monthly checks

	Calibration of remote monitoring systems
	1 to 3 years

	Electrical inspection checks as required by BS 7671
	Annual or as determined by the Operator RCD checks every 3 months


Table 1: Recommended test and inspection frequency for pipelines with a D.C. monitoring and mitigation system installed. 
D.C. stray interference monitoring may be combined with routine CP system monitoring checks to maximise resources. If the OFF pipe to soil potential levels on a pipeline system fall below the operator’s minimum then inspection frequencies for pipelines susceptible to interference may need to be amended. 
If data loggers are used to determine stray current interference levels, sampling should occur over a minimum 24-hour period and at a time where the highest and lowest levels of interference are expected.
[bookmark: _Toc16451648][bookmark: _Toc18221227][bookmark: _Toc42794685][bookmark: _Toc61538248]Over the Line - Close Interval Potential (CIP) Surveys 
On pipelines that have potential controlled transformer rectifier units (T/R) it is generally not possible to carry out CIP surveys with the T/R units set to constant potential control. CIP surveys should preferably be carried out with the T/R units set to constant current mode. The time after switching and re-energising the CP current source when ON and OFF potentials are recorded should be delayed after the current source is switched and set so that potential spikes caused by switching are not recorded.  This can be confirmed with the aid of an oscilloscope. It is essential that a static logger is employed in addition to the mobile CIP data logger. The static logger should be positioned within 3 km of the mobile logger.
If a new D.C. traction system or HVDC cable system is installed, then it is important to conduct a baseline CIP survey along the entire length of any affected pipeline prior to energisation of the system.   Energised D.C. stray current sources may limit the opportunity for the future performance of accurate CIP surveys and can only be performed when the source current is low or absent. 
CIP survey plots can help identify possible stray current interference locations along a pipeline route e.g., at third party pipeline crossings or other locations where current discharge may be occurring.
[bookmark: _Toc61538249]Over the Line - Coating Defect Surveys
Due to an inability to interrupt all D.C. current sources, it can be difficult to perform accurate A.C. or D.C. Voltage Gradient (ACVG or DCVG) surveys. There remains a benefit from conducting ACVG / DCVG surveys when stray current exists, but caution should be taken when interpreting data. 
If specific features are to be located, such as those identified from ILI runs or CIP survey data, then consideration should be given to performing both CIP and coating defect surveys when the interference source current is reduced or not present which, for D.C. traction systems, would often be at night. 
If a new D.C. traction system or HVDC cable system is installed, then it is important to conduct a baseline coating defect survey along the entire length of any affected pipeline prior to system energisation. All defects no matter how small should be located and recorded to a high level of accuracy in case they need to be exposed in the future. Where possible, benchmarking should be conducted using permanent coupons already installed or, if no permanent coupons are available, by the use of temporary coupons.
[bookmark: _Toc502477889][bookmark: _Toc514320770][bookmark: _Toc16451683][bookmark: _Toc18221254][bookmark: _Toc42794705][bookmark: _Toc61538250]Data Interpretation 
Guidance on the methods that may be used to assess the corrosion rates on pipelines affected by D.C. stray current interference are given in UKOPA/GPG/031[1 Appendix G].
Data from any D.C. interference monitoring and mitigation system should be interpreted by a BS EN ISO 15257[19] Level 4 Cathodic Protection Specialist or competent engineer approved by the pipeline owner/operator. Pipeline Operators should note that certified personnel should have demonstrable levels of experience in the assessment of D.C. interference risks on pipelines.
Monitoring stray current interference on pipelines systems can generate large volumes of data and often requires software that enables the data to be collated, analysed and stored. Data loggers should be able to provide information in a format to enable appropriate analysis of the data. 
[bookmark: _Toc61538251]Documentation 
Following any inspection / survey work, a comprehensive report should be issued. The report should include the monitoring data as required, system data and any data logging results. It should also highlight any issues requiring further action or intervention.
All data and documentation should be retained to allow for collation of historic data and trend analysis. 
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