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TECHNICAL BRIEFING NOTE GUIDANCE ISSUED BY UKOPA:
This Technical Briefing Note (TBN) identifies what is considered by UKOPA to represent current UK pipeline industry good practice within the defined scope of the document.  All information is guidance and should not be considered obligatory against the judgement of the Pipeline Owner/Operator.  Where new and better techniques are developed and proved, they should be adopted without waiting for modifications to this TBN.



Comments, questions, and enquiries about this publication should be directed to:
UK Onshore Pipeline Operators’ Association
Pipeline Maintenance Centre
Ripley Road
Ambergate	
Derbyshire
DE56 2FZ
E-mail: enquiries@ukopa.co.uk
Website: www.UKOPA.co.uk

Disclaimer
This document is protected by copyright and may not be reproduced in whole or in part, by any means without the prior approval in writing of UKOPA. The information contained in this document is provided as guidance only and while every reasonable care has been taken to ensure the accuracy of its contents, UKOPA cannot accept any responsibility for any action taken, or not taken, on the basis of this information. UKOPA shall not be liable to any person for any loss or damage which may arise from the use of any of the information contained in any of its publications. The document must be read in its entirety and is subject to any assumptions and qualifications expressed therein. UKOPA documents may contain detailed technical data which is intended for analysis only by persons possessing requisite expertise in its subject matter.
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[bookmark: _Toc94813710]Introduction
Following the construction of high security electrified fencing at a number of above gas ground gas installations, it has been discovered that such installations can affect the cathodic protection (CP) applied to buried pipe and plant within the installations,’ but also on the pipelines’ that enter and leave the sites.
Additional equipment is also installed as part of the fence system design.  This includes motorised operation of the main gates, camera towers, lighting columns and security card readers.
To promote improved understanding of the technical challenges created by these new installations, this technical note expands upon and discusses these effects in more detail.
As there is no technique currently available for direct, (i.e., intelligent pigging), condition monitoring of buried above ground installation (AGI) pipework, it is essential that, following installation of the new fences, the applied cathodic protection remains effective and CP compliant.

[bookmark: _Toc94813711]Background
Buried steel pipe and plant within gas installations is protected against corrosion by a combination of factory and field applied coatings supported by cathodic protection (CP).   These installations comprise numerous lengths of buried pipe separated by sections of above ground pipework and plant such as filters, metering equipment, pressure reduction equipment, valves etc.  It is generally not economic or possible to provide effective CP to poorly coated or bare structures because the CP current requirement becomes too high, (e.g. the CP current demand for a bare structure may be 200 times more than a well coated one.)
In terms of corrosion control, above ground installations (AGI’s) are more complex than pipelines’ and generally require a higher CP current density for effective cathodic protection.  This is due to AGI’s having more field applied coatings due to cut pipe lengths, fabrications, and the inclusion of electrical earthing.  Due to the requirement to limit the CP current drain to manageable levels, original palisade fences were also earthed separately from the site earth.
It should be noted that earthing practices in the UK gas industry for AGI’s are different to those in the petrochemical industry.  In the UK gas industry the external AGI fence has its own earthing system independent of the site earth. This ensures that any ground potential rises in the event of an electrical fault are not transferred to the fence but contained within the AGI and any lightning strike on the fence is not transferred to the AGI pipework. In the petrochemical the external fences and AGI earthing are typically common, so they are not isolated.
As cathodic protection system designs for buried pipework within AGI’s evolved, it was considered prudent to treat them as single entities for the purpose of applying CP.  This was possible because the installations were of welded steel construction, thus electrically continuous throughout. This design concept also avoids the need for numerous insulating joints around the sites but includes the site electrical earthing in the CP system.  As this could significantly increase the CP current demand, making it impossible to deliver an effective CP system, the problem is managed by the installation of 1:1 isolating transformers to separate site earth from the electrical supply earthing.  
The earthing systems employed within AGIs should be either TN-S or TT systems to comply with the guidance given in BS EN 60079. This is to limit the spark risk from AC current flowing in pipework when pipes or earth connections are disconnected.  The use of TT or TN-S earthing also limits the extent of the earthing system and thus the current drain form any CP system. The use of TN-S or TT earthing systems applies to both the UK gas industry and petrochemical industry.
In this way the CP current demand of entire sites becomes manageable and realistic to deliver an effective CP system.  However, the practical consequences of this is that sacrificial anode CP systems are unlikely to provide sufficient current to be effective.   Therefore, most of these installations will have impressed current CP systems.
[bookmark: _Toc94813712]Impressed CP Systems for Gas Installations
Ideally, impressed current CP groundbeds should be located at remote electrical earth which could be 100m from the pipework.  However, it is rarely possible to achieve such a separation distance within AGI’s.  To maximise the available space, groundbeds are often located near site fencing. Where connecting cables cannot be located within site ducting, they are buried, often at shallow cover.

[bookmark: _Toc94813713]Considerations
Construction of Fence & Supporting Infrastructure 
[bookmark: _Toc94813714]Excavations
It would appear that fence designers and construction managers had generally poor awareness of the operation of CP systems and of the cathodic protection infrastructure, that is present at such sites.  This is because, in some cases, excavation of the trenches for the concrete foundation beam or for instrumentation and electrical power cables has often damaged CP groundbeds and cables.  Such damage could result in partial or complete failure of the CP system which, in some cases, would not be identified until the next routine CP monitoring check.
[bookmark: _Toc94813715]Electrical Fence Earthing
It is essential that the new fences associated with the ISS system are earthed separately from the site earth as cross connection is likely to result in a massive drain of CP current to the rebar in the concrete ring beam foundation for the fence.  This would generally result in total loss of CP for the site but could also result in stray current interference on any pipelines or buried pipework or plant in the vicinity of the fence.
[bookmark: _Toc94813716]Motorised Site Gates
Post fence construction monitoring checks sometimes indicates that the fence earth is not separated from site earth.  Experience has indicated that the electric motor for the site gates is not always suitably isolated and may be the cause of electrical cross connection.  Another possible cause is accidental connection at the security card reader or bonding between CCTV cameras or lighting columns fixed to the fence.
[bookmark: _Toc94813717]Supporting Infrastructure
Supporting infrastructure includes motorised gates, camera towers and additional lighting stands and security card readers.  There is concern that including additional equipment and earthing within the CP system may increase the current demand such that effective CP become impossible.  Experience has indicated that camera towers and lighting stands become included within the CP system, probably via their electric earthing arrangements.  It appears that the CP current drain to these structures is limited and does not substantially affect the CP systems, although some minor adjustment of the CP current may be required to maintain the required protection level.  It is considered that this situation is acceptable as corrosion protection is applied to the buried parts of the installations and any detrimental interference effects from the CP system are avoided.
[bookmark: _Toc94813718]Close Interval Potential Survey Data 
[bookmark: _Toc94813719]Original Palisade Fence Crossings 
For many years, corrosion engineers and technicians have noticed that close interval potential surveys (CIPS) over pipelines’ that enter or leave gas installations often indicated a small positive excursion in the pipe-to-soil potential coinciding with the crossing of original design palisade site fences.  It is difficult to carry out effective coating surveys or current attenuation mapping in these areas due to proximity to complex plant arrangement and electrical earthing. Attempts to do this have resulted in spurious results.  In the early years, one or two excavations have been carried out at the fence crossing point to investigate the CIPS feature s only to reveal perfectly sound coating.
There was much speculation as to the cause of these potential excursions including the possibility that the fences were connected to the site electrical earth and the feature was due to an interference effect.  Further investigation showed that the site fences were earthed independently from the site electrical earth, and this was not the cause of the apparent features.
A possible explanation is that as both pipelines and palisade fence foundations exhibit low electrical resistance to remote earth, the phenomenon of small positive potential excursions is due to electrolytic connection between the structures causing in a small CP current drain resulting in the observed positive pipe-to-soil potential excursion.  There are other views that is could be due to CP ‘shielding’ or interference effects.
[bookmark: _Toc94813720]High Security Electrical Fence Crossings
The phenomenon described in section 4.1 above has also been noted where pipelines’ cross the high security electrical fences.  However, in these circumstances, it is noted that the positive pipe-to-soil potential excursions are generally of greater magnitude than with the original palisade fence crossings.
[bookmark: _Toc94813721]Corrosion Control Implications 
[bookmark: _Toc94813722]Operation of High Security Electrical Fence System
Electrified fence energisation is achieved by a pulsed direct current (DC) system. When operating in high voltage mode, positive pipe-to-soil potential excursions have been observed on some sites during site close interval potential surveys and routine measurements at fixed CP test posts.   There have been reports of potential shifts of up to +200mV,  (wrt to Cu/CuSO4 reference electrode.)
This effect is attributable to stray current from the DC fence electrification which is likely to be exacerbated where the independent fence earthing, (i.e. earth rods), are located close to buried pipework.  High risk locations appear to be where pipelines enter or leave the sites.
[bookmark: _Toc94813723]Conclusions
1. Construction of high security electrical fence foundations and cable routing can damage cathodic protection groundbeds and connecting cables resulting in failure of CP systems which may take a significant amount of time to identify and remediate.  All cases of CP downtime are cumulative and increase the corrosion risk.
2. To ensure that site CP systems remain effective, it is essential that the design intent for new electric security fencing to be earthed separately from the site electric earth is delivered.  Where electrical cross connection is confirmed, lack of suitable isolation at the electric motor for the site gates has been identified as the cause in some cases.  The security card reader devices may also provide a possible source of cross connection.
3. New camera towers and lighting stands, installed as part of the enhanced security project, become connected to the CP system.  Apart from a requirement to review and possibly adjust the CP current output, the benefits are considered to outweigh any disadvantage.
4. As a consequence of pipelines and fence foundations both having a low resistance to remote electrical earth, there may be electrolytic coupling between pipeline and fence at crossing points.  This can cause a localised drain of CP current, characterised by a positive pipe-to-soil potential excursion on the pipeline.  As a result of such potential shifts, the pipeline may be at risk of corrosion at any open coating features in the vicinity.  This phenomenon has been observed at original palisade fences but, where it occurs, seems to be of greater magnitude at high security electrical fences.  This may be due to the dimensions of and materials of construction of the concrete foundations for the latter.  Where, despite the effect of the electrolytic coupling, the pipe-to-soil protective potentials remain compliant, no further action is deemed necessary.  However, where acceptable levels of protection are compromised, further work will be necessary to ensure that the system is CP compliant.
5. Stray current from operation of the electrified fences in high voltage mode can cause positive potential excursions to pipe-to-soil potentials, where shifts of up to +200 have been observed.  Such potential shifts may cause the CP system to be ineffective and increase the corrosion risk.
[bookmark: _Toc94813724]Recommendations
1. The planning stage of high security fencing projects should include a review of CP groundbeds, CP protection levels and cable locations.  CP equipment in the vicinity of proposed construction work should be traced out to confirm its location.  Where it is confirmed to be directly affected by the proposed work, arrangements should be made to re-design the CP system.  Management of change requirements should be implemented with should include Approval and Appraisal of the re-designed system.  To ensure continuity of the applied CP, the modified system should be installed and commissioned before construction of the new fence begins.
2. The status of the CP systems on incoming, outgoing pipelines and site pipework before new high security fences are installed should be confirmed by a “fingerprint” survey.  The survey should consist of a polarised close interval potential survey on all pipelines’ entering or leaving the site.  The surveys should be conducted with the pipelines’ CP system being synchronously switched and extend from the AGI insulating joint to 50m beyond the site fence line.  
In exceptional circumstances, where pipeline insulating joints are located outside of the site fence, it will be necessary to conduct the work in two phases, where in phase 1 the AGI CP system is switched to permit survey to the insulating joint and phase 2 with the pipeline CP system switching, such that survey can be conducted from the AGI fence to the location of the insulating joint.  This will provide CP data from above ground pipework in the AGI to a minimum of 50m beyond the fence line.  (Where ISS fences are installed, it may be difficult to use a test facility within the AGI for pipeline survey outside the fence.  It may be necessary for special arrangements to facilitate this or to install a suitable CP test facility outside the AGI fence.)
3. The “fingerprint” survey should include a CP “ON” and “OFF’ survey at test points within the AGI, including reference electrode pots.  The survey should include polarisation coupon data where applicable.   A sample of fixed test posts, generally ones closest to the existing fence line, should be selected for logging of the pipe-to-soil potential for 24 hours. 
4. Following construction of the high security fencing, the actions described in sections 6.1 to 6.3 above should be repeated.  It will then be possible to identify any significant changes which are attributable to the new fencing system and to allocate responsibility for investigation and remediation as appropriate.  The post fence construction survey should also check for cathodic interference on the earth rods associated with the new fence.
5. All surveys will be subject to approved method statements and risk assessment and shall take account of any special safety requirements relating to the operation of the electrical systems associated with the high security.  All details of survey works should be fully documented, and CP drawing updated to as-built conditions.
Note:  National Grid have produced a Scope of Work for AGI investigation of possible Interference following ISS installation, - Reference V9 021017	Comment by Andy Fuller: This isn’t freely available?!
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