Comments on PIE Report R121 for UKOPA

This note is a response from Advantica to report PIE/06/R121 Issue 1.0 (July 2006), ‘Failure Frequency Prediction for Pipelines Due to 3rd Party Interference’, prepared for UKOPA by C Lyons. Our comments are grouped according to the most relevant section of R121.

Richard Espiner has already commented on this report in an email to Jane Haswell, dated 6 September 2006. Richard’s points are all well made and we mostly agree with them; however, in a few cases we have expanded on some of these comments.

Likelihood Methodology (Section 2.5.2)

· This essentially aims to perform integrations only over damage dimensions (dent depth, gouge length and depth), whereas the Advantica implementation also integrates over wall thickness, yield strength and fracture toughness.

· There is no indication of what fixed values were used, which makes comparisons something of a hit-or-miss affair. In particular,

· Wall thickness — was the nominal value used, or something else?

· Yield strength — was SMYS used, or an increased value to take account of the distributions noted by SUPERB?

· What was done for fracture toughness? Did it depend on pipe grade?

· The method uses a global distribution of dent depth — derived from 303 incidents affecting a wide range of pipe size, grade and operating conditions — rather than denting force. We are concerned that this is not a valid approach for specific cases, since dent depth for a given impact depends on pipe diameter, wall thickness, operating pressure, yield strength and ultimate tensile strength.

Results & Comparisons (Section 5)

Results calculated from the Advantica implementation of the UKOPA model were retrieved for the cases in Table 2. The failure frequencies were adjusted to take account of the incident frequency given in R121 of 8.49e-4 per kilometre-year and are shown in Figure 1, plotted to match the layout of figures in R121. We make the following observations:

· Comparison with Figure 8 in R121 suggests that the total failure frequency is very similar for the two implementations of the model, given the uncertainties over some aspects of the PIE implementation noted above. However, the split between leak and rupture frequencies is different in two significant ways:

· The Advantica implementation predicts higher rupture frequencies and lower leak frequencies than PIE for these smaller pipe sizes (20” and under).

· Rupture exceeds leak probability for all cases below 16” (and for some others) in the Advantica implementation, while the PIE results always have leak greater than rupture.

The question of which is likely to be the more realistic set of results is arguable. Clearly, given that rupture events are very rare (especially in the UK), historical data are not especially helpful. However, this rarity does not in itself mean that a significant predicted rupture frequency is necessarily ‘wrong’, and — given the dependence of Lcrit on pipe radius and wall thickness — it is at least plausible that small thin-wall pipe should have an elevated rupture frequency.
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Figure 1: Advantica Results From UKOPA Model

· The comparison with UKOPA operational data in Figure 15 is excellent and potentially very helpful. However, we suggest that some of the conclusions drawn in R121 from this comparison might be reconsidered. We make the following observations:

· Looking at predictions for total failure frequency, as has been done in Figure 15, the PIE model is clearly non-conservative. The PIE implementation of UKOPA model appears to be a reasonable fit, and the results shown above suggest that the Advantica implementation of UKOPA would give some conservatism relative to the operational data.

· The UKOPA data is (we assume) essentially all from leak incidents. Therefore, one should compare it with leak results from the models, rather than total failure frequencies. On this basis the PIE model with its approximately equal contributions from leak and rupture (Figure 9) diverges strongly from observational data. Either implementation of the UKOPA model offers a fair match to observation for the larger pipe sizes (above ~16”) but diverges non-conservatively from the observed data for smaller pipe sizes — though not so markedly as the PIE model.

Conclusions (Section 7)

Given the observations made above:

· Conclusion 7.2, regarding comparison between operational data and predictions from the PIE model, would be open to challenge.

· Conclusion 7.3 is correct to say that UKOPA model predictions are higher than those from FFREQ, but should also comment on how the UKOPA model’s predictions compare with observed data.

M Gardiner, 14/09/2006

