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United Kingdom Onshore Pipeline Operators’ Association


Methodology for Prediction of Pipeline Failure Rates due to 3rd Party Interference using UKOPA Fault Data
RAWG Briefing Note and Recommendations
Background
One of UKOPA’s strategic aims for a number over the last few years has been to establish a transparent method for determining LUP zones for MAH pipelines. In the risk assessment of developments in the vicinity of pipelines, the failure mode and frequency of most importance is that due to 3rd party interference. Failure frequencies due to 3rd party interference are determined using predictive models.  The historic development of predictive models was driven by the need for failure frequencies for large diameter, thicker wall high pressure pipelines located in rural/class 1 areas.
Industry practice, established by the UK gas industry, is to predict the failure frequency of pipelines using the following method:-

i) Prediction of failure using the classic dent-gouge fracture mechanics model.
ii) Determination of the likelihood of damage from probability of occurrence distributions derived using recorded pipeline fault data relating to gouge depth, gouge length and dent depth. 

iii) Determination of the likelihood of an incident resulting in damage from the recorded pipeline fault incident rate. 
The above methodology available as a predictive model in the gas industry software, FFREQ. The methodology is documented in gas industry research reports and published papers.
LUP zones for pipelines are set by HSE. In setting pipeline specific LUP zones, HSE use their failure frequency prediction methodology, PIPIN, to determine pipeline failure frequencies. HSE apply PIPIN to small diameter lower pressure pipelines and pipelines located in suburban/class 2 areas as well as to large diameter high pressure rural/class 1 pipelines. As part of joint work between UKOPA and HSE to seek a consistent agreement on the LUP zones for all pipelines, UKOPA undertook an extensive comparison of recorded pipeline failures with predicted failure frequencies predicted using the FFREQ and PIPIN methodologies. This demonstrated that PIPIN predictions were significantly higher than FFREQ predictions for small diameter (< 600mm) pipelines, and that this trend is exacerbated where such pipelines operate at lower pressures and stress levels.

Assessment of UKOPA and HSE Methodologies for Prediction of Pipeline Failure Frequency Due to 3rd Party Damage
Expert discussions identified a number of differences between the industry and HSE methodologies, but the two key issues are:-

i) differences in the fracture mechanics failure model:-

The industry model is the classic dent-gouge fracture mechanics model, the HSE model is an update and different form of this, which incorporates additional parameters including microcracks and residual stress.

ii) The HSE methodology does not use pipeline damage data distributions. 

The HSE model uses an SRA solution which has been calibrated for failure frequency prediction using predictions based on damage data supplied by the gas industry (in 1996). All predictions provides for this calibration relate to high pressure large diameter pipelines.

UKOPA undertook an initiative to develop a new fracture mechanics model to replace the classic dent-gouge model, which a) incorporated the features included in the HSE model, and b) was aligned with current defect assessment code recommendations. This new model was developed for UKOPA by Advantica, (and is known as the UKOPA Limit State). This model was presented to HSE, who have agreed to consider adopting the model following completion of a technical work programme including model validation and parameter investigation studies carried out by an independent 3rd party (Reference comments provided by Glyn Hawkins to Neil Jackson).

In considering HSE’s requirements, the UKOPA RAWG identified that validation would be difficult as empirical data relating to additional parameters included in the model is not available, and this would limit the value of an independent review. To progress discussion, the RAWG undertook work to develop a methodology for pipeline failure frequency prediction based on research work published by the gas industry, and extend this to include the UKOPA Limit State as well as the classic dent-gouge fracture mechanics model (termed the PIE Model in this work). This methodology uses damage probability distributions and 3rd party incidence rates derived from damage fault data recorded in the UKOPA Pipeline Database.

Conclusions
Following consideration of the results of studies carried out using this methodology (Reference Report PIE/06/R0121), the RAWG has concluded that:-

i) predictions obtained using the dent-gouge model (ie the PIE Model) provide a good representation of operational failure rates, and this model has been used reliably in operational risk assessments for over 20 years.

ii) Predictions obtained using the UKOPA limit state model are higher than those obtained using the PIE model, and the reasons for the differences need investigation before moving to general use of the new UKOPA Limit State.

iii) Predictions for rupture rate obtained using both the PIE model and the UKOPA Limit State Model are lower than HSE PIPIN predictions for pipeline diameters less than 600mm.

Recommendations
Based on the above, the RAWG recommends that 

i) UKOPA adopts the FFREQ as the standard software for prediction of pipeline failure frequency for operational pipeline risk analyses;

The FFREQ fracture mechanics model is equivalent to the PIE model, FFREQ is quality assured and maintained software that can be made available on a commercial basis by Advantica (details are given in Appendix 1)
ii) The failure frequency methodology developed by The RAWG is placed with the Centre of Pipeline Engineering for use by the Centre as a research tool, together with a contract for completion of an independent expert assessment and parameter studies to be agreed jointly between UKOPA and HSE;

Independent expert assessment is recommended in place of validation due to the lack of empirical data for validation, parameter studies requirements are based on comments provided by HSE (Reference comments provided by Glyn Hawkins to Neil Jackson) and comments by the RAWG (reference Scope of Work document tabled by JVH at RAWG Meeting 6th December 2006).

Appendix 1
Access to and Use of FFREQ as the Recommended Software for Prediction of Pipeline Failure Frequency Due to 3rd Party Interference
Development Work Required:-
Development of Windows pre and post processor for standalone use of FFREQ

Update damage distributions

Estimated Cost - £5,000

Access Options :-

1 - Run online via Members Area of the Website

2 - Download from Members Area of website, run with security key provided by Advantica

Licence Fee:-

To be decided

Note licence fee is to cover user support, bug fixes etc.
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