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[bookmark: _Toc64043680]Introduction
This document has been developed as summary guidance to complement the comprehensive detail provided in UKOPA/GPG/27[1]. When used in conjunction, both documents are intended to assist pipeline operators, designers and other organisations on the management of alternating current (A.C.) interference on buried pipelines, with emphasis on the associated corrosion risk. 
Further information on the topic can also be found using BS EN ISO 18086:2017[2]
This document does not examine D.C. stray current interference which is examined in: UKOPA/GPG/031[3] and BS EN ISO 21857[4]. 
For electrical safety issues the reader is referred to: UKOPA/TBN/05[5] and BS EN 50443:2011[6].


[bookmark: _Toc64043681]Objectives / Scope of Work
The main objective of this document is to summarise, clarify and simplify the significant aspects of UKOP/GPG/027[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 AC interference corrosion 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.
The document includes the risks from A.C. traction systems and 50 Hz overhead and buried power cables. It also provides information on the design of A.C. interference monitoring and mitigation systems on new and existing pipeline systems and addresses the ongoing operational, inspection and maintenance risk management requirements for pipelines susceptible to A.C. interference. 
[bookmark: _Toc64043682]Hazard Awareness & Risk Criteria
[bookmark: _Toc64043683]Coupling Between Pipelines and A.C. Power Sources
Alternating current (A.C.) interference represents a hazard to new and existing pipeline systems from crossing or parallelisms with overhead or buried power lines. Problems arise where there are alternating currents, above defined limits present on a pipeline; even if the cathodic protection levels are otherwise satisfactory and meet the correct design criteria.
There are three coupling methods between A.C. power lines and pipelines that present a corrosion risk:
a) Low Frequency Induction (LFI) occurs due to coupling between long structures, e.g. between pipelines and power lines where they run parallel for some distance. This is the main contributing interference source in the case of A.C. corrosion risk.
b) Capacitive Coupling occurs due to the placing, temporarily or permanently, of pipework / pipelines in close proximity to overhead power lines. Capacitive coupling can also occur when pipelines and insulated power cables are in direct contact with each other.
c) Resistive coupling occurs when current discharges from a power line cable to earth. This can result in an increase to the pipeline touch potential when there is a fault associated with a particular tower and A.C. corrosion can occur during the short-term interference events. Earth Potential Rise (EPR) can also be caused by a lightning strike on or near a pipeline / earth grid, or a flashover may occur if a pipeline is too close to a power line.
Where A.C. corrosion risk and rates are high, failure of a pipeline system by localised corrosion could occur within a few years, Thus, where A.C. interference does occur, it is important to ensure that it is managed within defined limits to both control and mitigate the risk. In addition to the corrosion risk, the presence of stray A.C. currents on the pipeline can pose a safety risk to personnel or equipment.
[bookmark: _Toc64043684]Corrosion Risk Criteria
The terms of reference (criteria) against which the significance of A.C. corrosion risk on pipelines can be evaluated are based on the guidance given in BS EN ISO 18086[2] and are summarised as follows:
Current Density
This is the primary parameter to consider when assessing risk. However, multiple criteria are recommended as it is important to understand the limitations of any monitoring techniques employed.
Previous standards and some current publications reference different A.C. current density criteria, but UKOPA/GPG/27[1] aligns with BS EN ISO 18086[2] and current densities in excess of 30 Am-2 should be considered to indicate a risk of A.C. corrosion.
Cathodic Protection (CP) Systems
The established standards for design, installation and maintenance of cathodic protection systems shall ensure that the levels of A.C. voltage on a pipeline are such that A.C. corrosion does not occur. As the conditions vary for each situation, a single threshold value for A.C. voltage cannot be used. Protection against A.C. corrosion is achieved by reducing the A.C. voltage and current densities as follows: 
As a first step, the A.C. voltage on the pipeline should be decreased to a target value, which should be 15V rms or less. This value is measured as an average over time (e.g., 24 hours).
As a second step, effective A.C. corrosion mitigation can be achieved by complying with the criteria defined in BS EN 12954:2001[7], and by;
a) maintaining the A.C. current density (rms) over a representative period of time (e.g., 24 hours) to be lower the 30 Am-² on a 1 cm² coupon or probe. Or by;
b) maintaining the average cathodic current density over a representative period of time, (e.g., 24 hours), lower than 1 Am-² on a 1 cm² coupon or probe if A.C. current density (rms) is more than 30 Am-². Or by;
c) maintaining the ratio between A.C. current density (JA.C.) and D.C. Current density (JD.C.) to less than 5 over a representative period of time, (e.g., 24 hours).
NOTE: Current density ratios between 3 and 5 indicate a small risk of A.C. corrosion. However, in order to reduce the corrosion risk to a minimum, current density ratios lower than 3 would be preferable.
Voltage Levels
The latest standards for A.C. interference on pipelines do not give an A.C. voltage limit in relation to corrosion risk, as corrosion has been recorded at voltages less than 4V in low resistivity soils (< 25 Ohm m). Industry experience has further confirmed that voltage alone cannot be used as a basis to assess a corrosion risk.
However, voltage can be used indicatively to ascertain whether further investigation is needed to adequately evaluate the risk and, as a first step in mitigating the A.C. corrosion risk, a 15V rms limit applies. This limit, when applied, also reduces any personal risk from touch potential.
Soil Resistivity
If a pipeline is affected by A.C. interference such that the A.C. discharge current density values are in excess of the levels given in BS EN ISO 18086[2] then low soil resistivity increases the corrosion risk on a pipeline. 
It is therefore important to confirm soil resistivity at the pipeline burial depth along a pipeline route to identify locations at a high risk from corrosion. This applies to existing pipelines, where a corrosion risk assessment is required, and when designing corrosion mitigation and monitoring systems for new pipelines – particularly where there are aggressive soil conditions e.g., salt marshes, peat or chloride contaminated. As soil resistivity has a significant influence on the A.C. current density and thus the corrosion risk, areas of low soil resistivity should always be examined. 
A.C. / D.C. Current Density Ratio  
It is important to measure the D.C. current density in addition to the A.C. current density to fully evaluate the corrosion risk. BS EN ISO 18086[2] does not define a limit to A.C. current density in such a situation. However, if the D.C. current density is less than 1 Am-2 then the NACE SP 21424[8] standard permits an A.C. current density criterion of 100 Am-2. 
Applying the A.C./D.C. current density ratio to assess A.C. corrosion risk for all A.C. discharge current densities is not correct. The A.C./D.C. current density ratio is only of relevance in assessing the A.C. corrosion risk if the A.C. current density exceeds the minimum criterion of 30 Am-2.
[bookmark: _Toc64043685]Assessing the Risk
It should be stated that not all pipelines may be susceptible to A.C. interference and corrosion. However, operators should carry out an assessment of the risk of A.C. interference on all metallic pipeline systems within their remit. If A.C. interference is identified as a risk, appropriate measures should be implemented to monitor and mitigate the risk. The assessment process should be documented and should assess both the A.C. corrosion risk and the electrical safety risk to personnel. 
Any assessment should be prioritised with pipelines (sections) considered to have the highest level of risk being assessed first. The A.C. current density remains the main assessment parameter in determining A.C. corrosion risk. The A.C. to D.C. current density ratio provides confirmatory guidance but also has its limitations.
All overhead power lines or A.C. substations operating at 66kV or above and located within 2,000m of a pipeline system should be considered. Consideration should also be given to pipelines routed in close proximity to A.C. traction or power systems and the angles at which all such power sources cross the pipeline route. Risk assessments should be reviewed across the lifetime of the pipeline on a periodic basis and as part of any significant change. 
The assessment should include:
a) The long term induced A.C. interference risk.
b) Determination of locations where soil resistivity is less than 25 Ohm m.
c) Pipeline coating systems and coating defect survey data.
d) The location of power lines in relation to the pipeline route and their operating voltages.
e) The angle between the pipeline and the A.C. current source.  In all cases, crossing the pipeline at right-angles presents the lowest risk, with systems running parallel creating the higher risk.
f) The length of any parallelism between the pipeline and A.C. current source.
g) Measurement of A.C. voltage on pipeline system.
h) Measurement of A.C. and D.C. current density through 1 cm2 coupons.
i) A review of intelligent pig run data. 
j) A.C. corrosion risk and future monitoring of the pipeline system to confirm corrosion risk status. 
Experience has shown that areas of low soil resistivity along a pipeline route are high risk locations for A.C. corrosion at relatively low A.C. potentials. 
NACE SP 21424[8] advises that “For existing pipelines, the A.C. corrosion evaluation process recommends an initial analysis involving factors such as pipeline history record, proximity assessments, CP data and evaluation of existing pipeline and coupon data, etc. If the initial analysis indicates that an A.C. corrosion risk is present, the initial analysis should be followed by a detailed analysis involving A.C. calculations and/or A.C. measurements, evaluation of historical CP data and abnormalities, D.C. interference, inline inspection results and other existing data relevant for the analysis.” 
The requirements of any pipeline operators’ design standards plus those of BS EN ISO 15589-1[9] in relation to cathodic protection and BS EN ISO 18086[2] should be included in the evaluation of risk.
[bookmark: _Toc64043686]Data Logging Principles
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. 
It is essential that data logging is carried out at corrosion high-risk locations to determine A.C. pipe to soil potential and current density time dependent variations.  In determining a data logging regime, power line load variations (by day / night / weekend / season) and potential fault conditions should be considered. 
It is recommended that data logging is carried out over at least a 7-day period. 
· For risk from overhead power lines logging should take place at intervals one every 10 minutes or better (typically 1 to 5 minutes)
· For risk from traction systems tighter logging frequencies are required – approximately every second (typically 0.1 to 5 seconds)
To verify the accuracy of any corresponding mathematical model it should be noted power load data provided is typically provided by a UK operator in 15-minute intervals. 
For pipelines routed close to power stations and associated pylons it is important to identify if the power station was operating at the time of any test / survey. For pipelines supplying gas directly to power stations then data should be gathered when the power station is operating at, or close to, full load. 
[bookmark: _Toc64043687]Buried Cables
It should be noted that the interference levels on pipelines from buried cables are generally lower than for overhead power lines.
Baseline and post energisation data logging should be performed to confirm that any A.C. interference risk on pipelines routed in parallel with buried high voltage power lines is within manageable limits. Additional test posts and monitoring facilities may be required to confirm the A.C. interference levels if new power cable systems are installed close to an existing pipeline.  
[bookmark: _Toc64043688]Overhead Cables
The long-term A.C. interference risk on buried pipelines from overhead power lines can be calculated based upon the guidance on calculation methods given in CIGRE TB 095[10] and GIGRE TB 290[11].
Most high voltage power lines have overhead earth wires in their construction. These overhead earth wires have a shielding effect on the pipeline, which will reduce the LFI in the pipeline.
[bookmark: _Toc64043689]Rail Traction Systems (Overhead Line Electrification – OLE)
If pipelines cross A.C. OLE rail traction systems at right angles and do not run in parallel with the traction system for any appreciable distance, then the levels of interference from a 25kV system should be low.
However, A.C. monitoring coupons should be installed at CP test facilities located on each side of any A.C. traction system so that the A.C. interference levels can be monitored.
Where a pipeline crosses an OLE rail line, the crossing should be at right angles and the pipeline should be routed so that it is equidistant between rail line pylons. This will limit the ground potential rise on the pipeline during fault conditions on the traction system. Typical fault currents from on rail traction systems vary with distance from the substation with typical values in the region to 1 to 12 kA.
The risk in relation to pipelines in close proximity to railway systems occurs where the pipeline is routed in parallel with, or at acute angles to, the traction circuits and can collect traction return currents by resistive coupling and also inductive/capacitive coupling from the live traction cables. 
BS EN 50443[6] advises that capacitive coupling from a railway system has to be considered in case of proximity lower than:
· 10 m in case of 15 kV, 16.7 Hz systems.
· 50 m in case of 25 kV, 50 Hz systems.
Modelling of the effects of A.C. interference from A.C. traction systems should be undertaken by specialists experienced in this field.  The nature of the rail electrification system would need to be established and information provided on;
· The location of any A.C. booster stations. 
· Train frequencies on the rail line and the operating currents for different scenarios. 
· Soil resistivity data at substation locations and at 1 to 2 km intervals along the route.
· The relative positions of feed and return conductors, including earth wires.
· The number of substations.
· The distance the traction circuit runs parallel with pipeline and their separation distance.
· The maximum and normal loads on the rail system and fault current at substations and on pylons close to pipeline.
· The number of track circuits and power lines operating at 25 kV and their physical location, plus similar details for 15kV systems. 
· The location and type of feeder cables from substations.
· Location of traction return current paths and proportion of return current anticipated for each path, including rails and return screen conductor.
· Anticipated fault clearance times. 
· The earth resistance target for any trackside equipment. 
The overhead aerial earth wire also has a shielding effect in reducing the levels of interference. No pipeline A.C. corrosion mitigation system earth should be installed underneath a rail line since during fault conditions the ground potential rise on the earth may affect rail signalling systems. 
All apparatus, cabling and earth systems associated with a pipeline system installed under railway lines must be approved by the rail authority. A HAZOP and HAZCON should be carried out between the pipeline operator and railway operator for new construction activities in the vicinity of rail crossings to ensure safe operation of the pipeline and railway. 
[bookmark: _Toc64043690]Soil Resistivity Surveys
A soil resistivity survey should be carried out using the Wenner 4 pin method on pipelines where there is considered to be an A.C. interference risk and the survey should be conducted along the entire pipeline route. Soil resistivities less than 25 Ohm m are high risk locations for A.C. corrosion and those less than 10 Ohm m are very high-risk locations. To assess A.C. corrosion risk the soil resistivity at the pipeline depth should be recorded and information obtained on whether any selected backfill was used.
Ideally, soil resistivity measurements should be carried out at 500m intervals along a pipeline route, but if any areas of possible low resistivity are identified by a visual inspection of the route, then resistivity measurements at more frequent intervals should be conducted.
[bookmark: _Toc64043691]Mathematical Modelling
Where there is parallelism between pipelines and overhead or buried power lines mathematical modelling using specialist contracting companies and proprietary software can be used to determine the long term A.C. interference levels on pipelines. The long-term induced voltages can be used to calculate the induced A.C. voltage on a pipeline at a given location and can be used to ascertain the likely risk of A.C. corrosion. Furthermore, if there is information on the resistivity of the soil along a pipeline route then the likely A.C. current density at given locations can also be calculated.  
Pipeline operators will need to agree the extent of circuit imbalance and circuit load scenarios to be used for any model with the modelling company. The modelling company should advise the pipeline operator of the information required from the power line operator in advance. 
Mathematical modelling using proprietary software is used to determine levels of short-term interference on pipelines from a fault on overhead power line pylons, HV substations or from buried cable joint bays.   
It is recommended that selected locations along a pipeline route are modelled to determine the maximum touch potential that will be experienced on the pipeline during fault conditions.  High touch potentials pose a risk to personnel working on the pipeline so additional precautions may be required when working in areas potentially exposed to fault conditions or high touch potentials.  
It is important to note that models created may not be accurate as numerous assumptions are made when creating the model. The soil resistivity value has a significant effect on ascertaining the risk of A.C. corrosion. Operators should therefore validate any mathematical model by undertaking appropriate A.C. monitoring on a pipeline system following installation of an A.C. mitigation system or operation of any new power cable system.
[bookmark: _Toc64043692]In-Line Inspection (ILI)
ILI is an effective means of assessing whether a pipeline system is experiencing A.C. corrosion and whether there is an ongoing risk. Operators should review the ILI frequency based upon the A.C. corrosion risk. Operators should not rely on ILI as the only means of detecting and managing the A.C. corrosion risk as the technique does have its limitations and may not detect all corrosion features.
If there has been defect growth between successive pig runs, then this could indicate a risk of A.C. corrosion and require further investigation. The rate of defect growth may also not be linear with time as the levels of A.C. interference may have changed between in line inspection intervals. The growth assessments can be inaccurate if linear defect growth is assumed and an assessment of the possible variation in A.C. interference levels between inspection should be undertaken.  Very high corrosion rates can be possible with A.C. corrosion, particularly in pipelines coated with current-impermeable coatings such as Fusion Bonded Epoxy (FBE).
[bookmark: _Toc64043693]Risk Reduction / Mitigation Methods
The design of A.C. interference risk and mitigation systems should be undertaken in conjunction with the design of the pipeline CP system. Thus, the requirements of any pipeline operators’ specific standards plus those of BS EN ISO 15589-1[9] in relation to the CP system design and BS EN ISO 18086[2] for the A.C. interference design should be included in the evaluation of A.C. interference risk and design of any A.C. mitigation system. 
[bookmark: _Toc64043694]Route Selection 
Consideration of the risks of A.C. interference should form an integral part of the route selection process for any new pipeline system. Wherever possible, pipelines should be routed as far as possible from overhead power lines. 
Pipelines should not cross power lines or other current sources at acute angles; ideally, they should cross at right angles. 
[bookmark: _Toc64043695]Design Criteria, Installation and Maintenance of Cathodic Protection Systems
The established standard for design, installation and maintenance of cathodic protection systems, BS EN 12954:2001[7], shall ensure that the levels of A.C. voltage on a pipeline are such that A.C. corrosion does not occur. As the conditions vary for each situation, a single threshold value for A.C. voltage cannot be applied. Protection against A.C. corrosion is achieved by reducing the A.C. voltage and current densities on a pipeline as follows: 
As a first step, the A.C. voltage on the pipeline should be decreased to a target value, which should be 15V rms or less. This value is measured as an average over a representative period of time (e.g., 24 hours).
As a second step, effective A.C. corrosion mitigation can be achieved by complying with the criteria defined in BS EN 12954:2001[7], and through;
d) maintaining the A.C. current density (rms) over a representative period of time (e.g., 24 hours) to be lower the 30 Am-² on a 1 cm² coupon or probe.
Or;
e) maintaining the average cathodic current density over a representative period of time, (e.g., 24 hours), lower than 1 Am-² on a 1 cm² coupon or probe if A.C. current density (rms) is more than 30 Am-².
Or;
f) maintaining the ratio between A.C. current density (JA.C.) and D.C. Current density (JD.C.) less than 5 over a representative period of time, (e.g., 24 hours).
‘ON’ Pipe to Soil Potential (EON)
A method of helping to control the A.C. corrosion risk involves maintaining the ‘ON’ pipe to soil potential within a specified range. Significantly negative ‘ON’ potential can develop high cathodic current densities and result in a strong current change in the soil chemical composition, spread resistance and a reduction of oxide layers at the pipeline surface. 
A sufficiently negative ‘ON’ pipe to soil potential can thus help prevent A.C. corrosion by reducing metal oxidation due to the presence of A.C. interference. The required level of the ‘ON’ potential is related to the induced A.C. voltage on the pipeline.
However, use of excessive negative ‘ON’ potential to apply increased CP levels can also pose a risk to the pipeline coating through cathodic disbondment, osmotic and non-osmotic blistering, and hydrogen embrittlement of high strength steels. Because of these risks, the use of significant negative potential is not really an option for most pipeline systems. 
When choosing an A.C. corrosion prevention system based on a less negative Eon cathodic protection level, it might be necessary to install additional CP stations along a pipeline route to limit the drain point potentials but still achieve sufficient spread of potential along the pipeline length.  However, applying an ‘ON’ potential criterion that is as positive as possible, while still maintaining the ‘OFF’ potential criteria given in BS EN ISO 15589-1[9], will result in a decreased likelihood of A.C. corrosion.
Cathodic Polarisation
Protective coatings can become damaged or polarised under the influence of cathodic protection. Coated structures should not generally be cathodically polarised beyond -1.2 V Cu/CuSO4 (IR Free). Values more negative than -1.2V Cu/CuSO4 (IR Free) may be used if experience or data for the particular coating system and its application demonstrate that more negative values do not cause significant detrimental coating damage or disbondment in the field.
NACE SP 21424[8] advises that increasing the level of cathodic protection may be attempted in order to mitigate AC corrosion. However, the standard states that in the active A.C. corrosion scenario, this will have the opposite effect, as the increase of CP current density further decreases the spread resistance at the coating defect. A decrease in the spread resistance will increase the A.C. corrosion risk. 
[bookmark: _Toc64043696]Interference Design on Pipelines
The preferred method of control of A.C. interference risk is by reducing the A.C. discharge current density at coating defects through the installation of earthing, compatible with the cathodic protection system. The A.C. current would then discharge to earth through the earth system installed on a pipeline and reduce the current density through defects in the coating system to safe limits. 
The design objectives are;
a) to ensure that the A.C. discharge current density at coating defects on any pipeline system is less than 30 Am-2 at the maximum operating loads that are likely to be experienced, and...
b) that the A.C. voltage on any pipeline is less than 15Vrms and at a value that will ensure that the A.C. discharge current density does not exceed 30 Am-2. The A.C. voltage necessary to achieve the specified A.C. discharge current density is often only in the region of 1 to 5 Vrms.
In line with PD-8010-1[12] these should include:
· Earthing laid parallel and connected to the pipe
· Earthing mats at valves
· Connection of polarisation cells or their solid-state equivalent across electrical isolating devices (to connect the pipeline to earth and protect the electrical isolating device).
· Dead front test posts to prevent 3rd party contact.
An A.C. mitigation system should be designed and installed once a review of the level of interference has been evaluated and understood. The design requirements should be based upon the guidance given in BS EN ISO 18086[2].
[bookmark: _Toc64043697]Monitoring Facilities
On pipelines where a risk of A.C. interference has been identified, test facilities should contain A.C. coupons, specifically designed for use on pipelines, with an exposed steel surface area of 1cm2. Temporary ‘T’ handle coupons can be used indicatively if no permanent coupons are in place. 
It is essential that A.C. coupons are identified by a completely different colour cable to any D.C. coupons to avoid confusion. A permanent reference electrode should also be installed at the same location as any coupon.
Coupons should always be installed in intimate contact with compacted (void free) local soil at the pipeline burial depth. The steel face should be pointing away from the pipeline at a distance of approximately 100mm.
Coupons should have a factory fitted cable with insulated connections to minimise exposure of the steel and help avoid erroneous readings. The coupon cable conductor should be a minimum of 10mm2 in size and is typically coloured white (UK). 
On pipeline susceptible to A.C. corrosion, coupon dimensions and surface area can change with time and lead to erroneous data. Operators should be aware of this risk when analysing data from coupons which may have been installed for some time. 
Some older coupons were strapped to pipelines with the cable to coupon connection made on site. This is not considered ideal and can lead to errors.
Guidance on measurement techniques for CP applications is given in BS EN 13509[13].
[bookmark: _Toc64043698]Earthing Facilities and Materials
Where A.C. interference has been identified and it is proposed to install an A.C. mitigation system, at least two cable to pipe connections should be installed at each test facility where a zinc earth will be installed. One cable shall be installed to carry the A.C. current through any earth electrodes (minimum 16mm2), and the other for potential measurement purposes (minimum 10mm2 single core), to avoid measurement errors due to IR drop in the current carrying cable. 
If an earthing material other than zinc is used, then consideration should be given to the effects any dissimilar metals may have on galvanic corrosion or a reduction in CP levels.
[bookmark: _Toc64043699]Protective Coatings
Stringent efforts shall always be taken to identify and repair coating defects. However, it is acknowledged that defects will still occur, and it is not practical to consider a pipeline as entirely defect free. It is also important to understand that existing over the line survey techniques cannot locate ALL coating defects. 
It should also be further noted that a reduction in the number of coating defects could result in an increased A.C. current density and hence increase risk on the coating defects that remain. 
Particular attention should be paid to pipeline diversions and modifications where a new pipeline coating may have a considerably higher dielectric strength than an existing pipeline (e.g., connecting FBE coated to a coal tar enamel coated pipe). In such situations, and where A.C. interference is possible, the A.C. current density at the superior quality coated section can be a lot higher than on the poorer quality coated section and may be more susceptible to corrosion.
Over the Line Surveys
Once an A.C. mitigation system is installed it may not be possible to conduct an effective over the line survey in the future. It is essential that Close Interval Potential Surveys (CIPS) and Direct Current Voltage Gradient (DCVG) surveys are conducted prior to installation of any new A.C. interference mitigation system on existing pipelines to locate coating defects and identify possible A.C. corrosion locations.
This will enable operators to have a record of the actual CP status of the pipeline prior to any installation of an A.C. mitigation system and ensure all coating defects on a pipeline are identified. On a non-piggable pipeline it is essential that that such surveys are performed.  
Use of Direct & Alternating Current Voltage Gradients (DCVG / ACVG)
Use of a sensitive DCVG as a survey technique on a pipeline system after installation does have limitations when locating defects in low resistivity soils.  In such soils it may be advisable to use a combination of DCVG and ACVG surveys to locate defects and to at least ensure that all DCVG indications, however small, are recorded. 
[bookmark: _Toc64043700]Isolation Joints
On a new pipeline the use of isolation joints to create shorter pipeline lengths can help reduce the magnitude of A.C. interference in the sections either side of the joint. If this approach is considered, it is really only practical on new pipeline systems and needs to be considered at the route selection and design stage. Splitting the pipeline system into shorter electrically continuous sections can increase the quantity of earthing material required in other pipeline sections. It is therefore preferable to undertake mathematical modelling to ascertain if there are benefits in a given situation of installing insulation joints. 
[bookmark: _Toc64043701]High Resistivity Backfill
If installed by an open cut technique, pipeline sections can be installed using high resistivity backfill (sand or limestone dust) in areas of very low resistivity where there is a high risk of A.C. corrosion. The use of a high resistivity backfill assists in reducing the A.C. discharge current density at coating defects on the pipeline. If such a technique is employed, it is important to ensure that any A.C. coupons used are installed in the same environment as the pipeline so that monitoring data is not compromised. 
[bookmark: _Toc64043702]Competency
[bookmark: _Hlk533781551]Personnel undertaking routine monitoring of A.C. interference on pipelines should also have sufficient competency, certification and understanding. Any A.C. interference monitoring, and mitigation systems design should be carried out by competent and certificated personnel, as defined in BS EN ISO 15257[14] and nominally a Level 4 Senior Cathodic Protection Engineer or recognised equivalent.
It is advisable for pipeline operators to provide training to operatives to ensure that they are fully conversant with the nature of the monitoring required on pipelines affected by A.C. interference and particularly understand the relevant safety risks as described in UKOPA/TBN/05[5].
[bookmark: _Toc64043703]Inspection & Monitoring
[bookmark: _Toc64043704]General Requirements
It is essential that once an A.C. mitigation system is installed it is monitored and maintained in accordance with UKOPA/GPG/27[1] and the guidance given in BS EN ISO 18086[2].
As the corrosion risk is higher on a pipeline with an A.C. voltage, the operator shall pay special attention to the frequency at which measurements are taken and how the measurements are performed. It is recommended that monitoring frequencies for pipelines subject to A.C. interference should at least be based upon the minimum requirements in BS EN ISO 15589-1.
The pipeline operator should determine inspection (including ILI) and monitoring frequencies based upon the risks to a particular pipeline system from A.C. interference.  The monitoring frequency should also be subject to periodic review during the lifetime of the pipeline system as additional sources of A.C. interference may be present and could affect the A.C. corrosion risk. 
A.C. interference monitoring should be combined with routine CP system monitoring to maximise resources. Data logging where employed should take place at the intervals given in section 4.1 over a representative period of time e.g. at least 7 days to provide valid data.
It is recommended that on pipelines susceptible to A.C. interference that data loggers are employed periodically at high-risk locations, where the highest levels of A.C. current density have been recorded to confirm the time dependent variation in A.C. current density. Thus, as part of any 6 monthly maintenance survey, the use of one, two or more data loggers to record long term current density data would be of use to assist in an assessment of the A.C. corrosion risk.
[bookmark: _Toc64043705]Remote Monitoring
On pipelines affected by A.C. interference it is recommended that a suitable remote monitoring system is installed to record A.C. and D.C. pipe to soil potentials, A.C. current density and D.C. current density and provide an alarm indication. The remote monitors should be installed at one or more high risk A.C. interference locations along a pipeline route.
Remote monitoring devices should be calibrated at regular intervals to ensure that the data obtained is accurate.
In the UK, most remote monitoring devices take only one or a few readings per week. The reading is often taken over a 1 second interval. If the remote monitoring interval is set at once per week then the time the measurements are taken should be one that reflects the maximum anticipated level of A.C. interference.
[bookmark: _Toc64043706]CP Monitoring Tests
The following tests should be performed at CP monitoring locations on pipelines affected by A.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. coupon
· Coupon instant ‘OFF’ potential
· A.C. current flow through any earths/ Polarization Cell Replacement (PCR)
All measurements should be performed with calibrated test equipment and with a multi-meter capable of measuring true rms values.
[bookmark: _Toc64043707]Corrosion Rate Measurements
The current density measurements at A.C. coupons will give an indication of the level of risk of A.C. corrosion but will not give an indication of the rate of corrosion that is occurring on the pipeline system.  There are devices that can be used to ascertain corrosion rate, namely ER or perforation probes, and these are identified in BS EN ISO 18086[2].
Operators would need to assess, based upon the nature of the risk, whether it is necessary to install such monitoring equipment on a pipeline. An ER probe must have an exposed surface area of 1cm2, as this is known to be the defect surface area that exhibits the highest A.C. corrosion risk.
Remote monitoring, solar powered, ER probes are available that can record; corrosion rate, remaining probe thickness, A.C. and D.C. current density, A.C. and D.C. pipe to soil potential and coupon spread resistance. Data can be accessed remotely, and readings taken at 1 to 2-hour intervals. 
[bookmark: _Toc64043708]Weight Loss Coupon Examination
Laboratory analysis of coupons will help ascertain if there has been any ongoing corrosion on the pipeline system at similar sized coating defects in a particular area.
It is important to know the date of installation and the dimensions of the coupon at the time of installation. The coupon can then be removed to determine if any metal loss has occurred. 
This technique is limited in that linear corrosion rates would be calculated, which may not be the case in practice if A.C. interference has increased during any period whilst the coupon was installed.  
[bookmark: _Toc64043709]Defect Investigation
Often, when in-line “inspection features” are highlighted and exposed, there is not an adequate level of testing undertaken to establish the cause of any external corrosion or metal loss feature. When exposing and examining intelligent pig features, the damaged area / feature should be properly cleaned prior to inspection. Observations should be collated and records made by appropriately trained and competent personnel and should include;
· photographs, 
· descriptions and dimensions of any defect, 
· measurements of pit dimensions / depth (incl. axial and effective length of damage) 
· adjacent pipeline wall thickness,
· details of the A.C./ D.C. current density at the defect location, 
· the A.C. and D.C. pipe to soil potential,
· soil composition at pipeline depth, resistivity, pH and bacterial activity tests (collect and retain a sealed soil sample for analysis).
The following observations and measurements should also be conducted and recorded by an experienced CP engineer:
· Pipeline D.C. ‘ON’ and A.C. pipe to soil potential.
· A.C. and D.C. current density with a portable 1cm2 coupon.
· Defect dimensions with pit depth gauge and Vernier.  
· Note date and time of tests. If possible, use a data logger to record the time dependent variation in A.C./D.C. potential and current density over a 24-hour period.
· Confirmation of CP status at test facilities located on each side of the defect including A.C. current density and voltage and gather information on CP system T/R unit operational status. 
The coating system and metal loss features should be examined by a suitable inspector and adhesion tests conducted to ensure an effective coating bond. Coating film thickness should also be taken and recorded. Any coating to be removed for inspection purposes should be minimal to meet the demands of the inspection / test. 
[bookmark: _Toc64043710]Data Interpretation
It is recommended that the data from any A.C. interference monitoring, and mitigation systems should be interpreted by a Level 4 Certified Senior Cathodic Protection Engineer, or other competent person approved by the pipeline owner/operator.
The pipeline operator should still confirm that personnel employed to interpret data have the required levels of experience and competency in assessment of A.C. interference risks on pipelines affected by A.C. interference.
[bookmark: _Toc64043711]Documentation
Following any inspection / survey work, a fully detailed report should be issued. The report should be comprehensive and include the monitoring data as required, system data and any data logging results.
All data and documentation should be retained to allow for collation of historic data and trend analysis. 
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[bookmark: _Toc64043713]APPENDIX A:  Development Works Guidance
New A.C. interference sources that may cause additional corrosion risk on existing pipelines or new pipeline installations with interfering A.C. systems require detailed analysis. This should be conducted at the earliest opportunity, preferably at the design stage. The following chart identifies a simplified series of advisory steps to help minimise the risk from A.C. corrosion during and post development activities. 


Identify the Source


Via planning applications and HSE Land Use Planning / consultation processes.


Via direct developer approach / communique.


Exchange Information


Establish contacts and lines of co-operation between all relevant parties.


Exchange suitable and sufficient design information ref: UKOPA/GPG/027[1 Appendix C/D]


Data Collation and Initial Analysis


Ref: NACE SP21424[8 Section 5]


Through third party information.


Through observation of incremental development activity via aerial / ground level surveys and inspections.


Perform Detailed Assessment


To include calculations and/or A.C. voltage measurement surveys.


Calculate induced A.C. along the pipeline.


Perform suitable and sufficient risk assessment in line with Section 4 above & UKOPA/GPG/027[1 section 7] 


Design and Install Risk Reduction / Mitigation Measures


Design and install the suitable risk reduction / mitigation measures required, ensuring that any amendments to third party design or scope of works are fully communicated and accommodated. 


Identify required mitigation measures for inclusion in the final design. 


Inspect, Monitor & Maintain


Develop monitoring and maintenance procedures for risk reduction / mitigation measures installed.


Monitor performance and ongoing A.C. corrosion risk using established and recognised practices.


Regularly review performance to consider deficiences and identify any further improvements required. 


Train and ensure competence of all relevant personnel.


Establish forums / working parties to include all relevant third parties and ensure continued information exchange. 


To Include: Pipeline corrosion history, A.C. voltage measurements, D.C. Cathodic Protection Potential. Soil Resistivity surveys, D.C. Interference and Coupon / corrosion rate probe measurements.
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