Presentation Notes

Development of Risk Assessment Code Guidance

- the new UK Design Codes IGEM/TD/2 and PD8010 Part 3
Slide 1

In this presentation I am going to cover the development of new risk assessment codes for hazardous pipelines in the UK.

I am speaking on behalf of my co-authors, Dr Jane Haswell of PIE Ltd, Neil Jackson of National Graham Goodfellow of Penspen Ltd.  I also must acknowledge all the other people who have contributed to and commented on the new codes as they were developing over the past 3-4 years.
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The two new codes were published earlier this year, the covers are shown here.  The IGEM TD2 code contains 56 pages, and PD 8010 Part 3 contains 55 pages
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My presentation will cover the following topics- a brief description of UKOPA – the United Kingdom Onshore Pipelines Association, the current approach to Pipeline QRA, the need for risk assessment guidance, the contents of new guidance, the benefits of the new codes, and lastly the conclusions 
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UKOPA was formed in 1997 from several large companies operating major hazard pipelines with the aim of promoting safe operation.  The management council consists of representative of  five major companies, Shell, BP, National Grid, Sabic and ExxonMobil.   There are then  a further 11 operators of pipelines in the UK.  Two full meetings are held every year, along with a Technical Seminar in June covering relevant topics.  The organisation is supported by part time involvement of PIE Ltd, and HSE are invited, and do attend meetings and working groups.
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UKOPA has a number of working groups, currently 5 major groups are active. 
The Fault Database Management groups collects and publishes data on leaks from UK pipelines. 
The infringement working group gathers and collates all the instances of unauthorised excavation near pipelines, known as infringements.  These are classified in terms of proximity and risk to pipelines, as well as the offending organisation.

The Emergency Planning work group liaises with HSE are others on the needs for and testing of emergency plans, as well as sponsoring training courses for Pipeline Emergency Response Officers (PEROs)
The Process Safety Working group is actively progressing various pipeline-specific initiatives resulting from the recent Process Safety Leadership group work following the Texas City and Buncefield accidents.

Finally the Risk Assessment working group considers all aspects relevant to QRA, and over the past 3-4 years has been producing the new Codes for guidance on risk assessment.
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Turning to the next topic – pipeline QRA, it is first worth recognising the major hazard risk posed by high pressure pipelines containing flammable fluids.  In the event of loss of containment for whatever reason, there is a sudden depressurisation resulting in the release of a large quantity of flammable fluid usually as a gas, although the fluid could be a two phase fluid such as ethylene.  If the cloud of gas ignites a fireball results, followed by a slowly reducing large jet flame as the contents of the pipeline burns out.
These pictures show the typical fires and damage caused following pipeline ruptures.
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Safe operation is achieved by complying with the pipeline codes for design and operations, and this is also seen as complying the ALARP requirements of the Pipeline Safety regulations 1996. These codes define the pipeline engineering standars required in terms of population density – by defining rural and suburban population density.

TD1 and PD8010 are not risk based codes as such, but the they do allow application of QRA to assess risk levels

One important feature to recognise is that the population at risk from a pipeline changes with time – usually the population increases.
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In the last 1990s, land use planning zones were applied to major accident hazard pipelines by HSE

The inner zone is defined as the zone enclosed by the 10-5 individual risk level so with the pipeline shown as the red line , the inner zone distance extends each side of the pipeline.  Virtually all UK MAHP pipelines do not have risk levels as high as this, so the code-based Building proximity Distance is used for gas pipelines, and the fireball effect zone is used for other pipelines
Middle and outer zones are defined as the distance to 10-6 and 3 x 10-7 individual risk level. The Consultation Distance is the distance to the outer zone – this distance is used by Local Planning Authorities to help decide which possible future developments need to be referred to the HSE for advice on the safety of the developments
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Having defined the risk zones, the HSE have defined the Sensitivity level of various possible developments within the Consultation Zone.  This table shows typical developments and their sensitivity levels.
Having decided the Sensitivity Level, the Decision Matrix is used for obtaining HSE advice for a new development – either Advise Against or Do Not Advise Against
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So why did we need Code Guidance on QRA?

Well, firstly HSE use QRA to calculate middle and outer zones, and through Freedom of Information, HSE have published how that do this.  

Secondly, some planning developments which PADHI advises against can be changed if risk reduction measures are applied – however the risk reduction factors of these measures need to be defined.

Thirdly, there needs to be a common approach to risk reduction and failure frequency calculations

Also PADHI allows some incremental increase in population within the Consultation distance which allows population “creep” – this can negate the original population classification which was used for routing the original pipeline, or allow far more population within the inner zone because they are office or industry based.
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Other reasons for the Code Guidance documents were

· Publishing an authoritative and accepted industry guidance 

· Less potential for technical disagreements with stakeholders

· Best practice approach

· Allows operators to assess incremental increase in population
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This shows the scope of the Code Guidance – note that it applied to flammable fluids, not toxics, although most aspects of failure frequency and risk analysis would apply to toxic

Note the key aspects highlighted by the codes are Failure Frequency, Risk Calculation, Risk Analysis, and Mitigation aspects.
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So what do the Codes contain? This listing shows the main contents headings – note the aspects relating to failure frequency determination, societal risk, and mitigation / risk reduction 
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Most pipelines have four main failure mechanisms – external interference, external corrosion, mechanical defects, and ground movement.  The highest failure frequencies are from external interference, so this is the area which has most risk reduction aspects applied.  Corrosion and mechanical defects can be managed and controlled by the pipeline operator using many prevention and monitoring tools available included intelligent pigging of pipelines at regular intervals which reveals any corrosion or mechanical defects.   Ground movement in the UK is a lower order failure mechanism.  
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This shows the trend in failure mechanisms as recorded for leaks from UK pipelines in the UKOPA biennial report published on our website.  Note the falling frequency of all mechanisms.
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From UKOPA data it has been possible to derive a generic failure frequency for external interference for UK pipelines shown on this graph.  The failure frequency has been normalised for one specific case such that the failure rate for different pipeline parameters can be derived from this one standard case.
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The generic failure frequency has been derived from a predictive modelling process which takes into account the fracture mechanics properties of different steel pipelines of different thickness under different stress/ pressure conditions.  The reason predictive models are used is because there have been relatively few failures,  and so historical data can only be applied for a few cases compared to the numerous combinations of actual pipelines currently in operation.  Predictive modelling uses fracture mechanics combined with other key factors shown here to predict failure frequencies so effectively interpolating / extrapolating to all operating systems.
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Wall thickness of the pipeline is a key factor in reducing the risk of pipeline rupture or puncture due to external interference – this graph shows the effect of increasing wall thickness.
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The stress on the pipeline wall is measured by the design factor which is directly proportional to operating pressure – the lower the design factor (or operating pressure) the lower the likelihood of pipeline puncture or rupture.
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Full scale trials have shown that concrete slabbing laid over a pipeline significantly reduces the risk of external interference – however marker tape as well concrete slabbing shows a greater reduction by preventing the digger operator continuing to excavate the pipeline after he has encountered concrete slabbing
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Increased depth of cover is known to reduce the frequency of external interference, especially below 1.5 metres.  This reduction factor is based on a historical survey of interference events and known depth of cover

UK MAHP pipelines are over-flown, usually by helicopter, at least every 2 weeks – this is to aerial survey to observe if any unauthorised excavations are taking place near the pipeline, or any other aspects are threatening the pipeline.  Increased surveillance frequency is mode likely to intercept and stop any unauthorised excavation before it reaches the pipeline.
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Societal risk – the measurement of the number of people who could be affected by a pipeline accident, rather than the Individual risk - is of importance to pipeline operators because pipelines are present in the public domain.
Based on many years of actual application and experience, the Gas Industry has shown that the societal risk boundary or envelope achieved by application of the IGEM/TD/1 code is shown here, based on a 1 mile (1.6 km) section of pipeline – this curve was published in the 2001 Edition 4 of the code.
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For other MAHP pipelines such as ethylene, NGLs, PGs and spiked crude, no such curve exists, so Part 3 of the PD 8010 QRA risk code contains this curve which is based on 1 km length of pipeline.  It has been derived from the proposed societal risk curve for COMAH sites which HSE published in SPC 12.
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So what are the benefits of producing the risk codes?

The main benefits are seen as

· Providing greater consistency among stakeholders

· Facilitating understanding among non-experts

· Best practice assumptions and methodologies

· Benchmark solution – actual calculations, examples and risk zones are contained within the codes

· Allows operators to have a better understanding of risks, and therefore better safety management

· More constructive discussions on risk acceptability
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· Conclusions

· UKOPA has helped produce best practice pipeline risk assessment guidelines for the UK

· Published as IGEM/TD/2 and PD 8010 Part 3

· Provide guidance on

· Failure frequencies

· Consequence modelling

· Risk reduction factors

· Benchmark results

