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Comments on HSL Report :- A Review of the TD2 mythology for calculating failure rates in pipelines and a comparison with PIPIN. Z Chaplin. 02/02/11
This review is structured as follows:-

The objective, main findings and Recommendation of the HSL review are presented. Each section of the report is then reviewed. The review is presented as quotes from the HSL report followed by UKOPA comments.

Objective 
To compare the failure rates calculated using TD/2 with PIPIN.

Main Findings
This report details the failure rates calculated for a set of 8 pipelines using four methodologies: the two described within TD2, PIPIN, and the industry standard model FFREQ.  Results are obtained for both TPA only and TPA combined with mechanical, corrosion and natural/other failure mechanisms (often referred to as operational data).

The results indicate that PIPIN is generally more conservative (i.e. it produces higher failure rates) than any of the other models, when the operational failure rates are included.  For the TPA only results, Method 1 of TD2 is generally the most conservative model.  Method 2 is less conservative than PIPIN, although results could not be obtained for all the pipelines tested as some of the required data is missing from TD2.

If factors are applied to the TD2 results for slabbing and depth of cover, the calculated TPA only failure rates can be reduced by over 95% making them an order of magnitude lower than those from PIPIN.

Recommendations

It is recommended that HSE be aware that any failure rates quoted by industry that have been obtained using Method 2 in TD2, may be optimistic.  They are certainly likely to be less conservative than those calculated by PIPIN and used by HSE.  The same may also be true of Method 1 from TD2 in some situations, although this tends to be more conservative than Method 2.
Detailed review comments are as follows.

1 Introduction
Quote from HSL Report:-

For this report, it is the total and rupture failure rates that are under consideration although it should be borne in mind that the definition of a rupture may vary between models and codes.  In PIPIN, a rupture is defined as a stable leak with a hole larger than 110 mm in diameter, or an unstable leak.  In Appendix 4 of TD2 a rupture is defined as equivalent hole diameter equal to or greater than the pipe diameter.  FFREQ, which is the industry standard pipeline failure rate model and UKOPA’s (UK Onshore Pipeline Association) recommended tool for third party activity, defines a rupture as an unstable leak where the defect crack length is greater than the critical crack length.  The crack lengths are calculated within the model and will be dependant on the pipeline characteristics.  There is therefore no fixed value above which a rupture is said to occur.
UKOPA Comments:-
Critical crack length is that at which an axial defect in a high pressure gas pipeline becomes unstable, extends and results in a full bore release.

TD/2 defines rupture as:- “ruptures are defined as gas lost through an unstable defect which extends during failure to result in a full break or failure of an equivalent size in the pipeline.”
All defects greater than the critical crack length are assumed to rupture. For high pressure gas pipelines, the equivalent hole diameters of such defects are less than 110mm, so the TD/2 methodology is more conservative than PIPIN.
Quote from HSL report:-

Ideally a model that has been calibrated against existing data and which incorporates some of the science of fracture mechanics should be used to estimate failure rates.  TD2, however, aims to provide a simpler mechanism for those who do not have access to such models and utilises the industry model, FFREQ, to estimate third party activity failure frequencies.

UKOPA Comments:-
The above statement is incorrect. A fracture mechanics model (based on the dent/gouge model used in FFREQ) has been used to produce a generic failure frequency vs pipeline diameter curve in which all pipelines are 5mm wt and operate at a design factor of 0.72. The reduction factors given in TD/2 are then applied to use the generic curve to obtain a pipeline specific failure frequency prediction. In all cases using the TD/2 generic failure frequency curve, the rupture frequency is 0.7 x the total failure frequency (which is conservative) and the S area frequency is 4 x the frequency using the generic curve.  

2 TD2 Methodology

2.1 Method 1

2.1.1 Description
Quote from HSL Report Section 2.1.1 para 1

The text goes on to state that “the generic failure frequency curve has been generated using probabilities of failure produced using the original dent-gouge model”.  It appears likely that the authors are referring to the industry TPA model, FFREQ.

UKOPA Comments:-

The above statement is incorrect, the generic failure frequency curve is generated using the published fracture mechanics equations for the original (EPRG) dent/gouge model, not using FFREQ. 

2.1.2 Discussion

Quote from HSL report Section 2.1.2:-

The generic failure frequency curve appears to be derived from runs of FFREQ, the industry standard model.  
UKOPA Comments:-
The above statement is incorrect, see comment on section 2.1.1.

The model used (including the EPRG debt/gouge equations) is described in Ref 3 of TD/2.
Quote from HSL report:-

Any issues or concerns that HSE may have regarding this model will therefore carry over into the method described within TD2.  An example of this would be the lack of micro-cracking in FFREQ.  Micro-cracks can occur at the base of a dent and it is becoming increasingly apparent that they can enhance the probability of the failure of the pipe.  Not including this method of failure may lead to an underestimation of the failure rate.

Comments:-

The UKOPA limit state model, developed for UKOPA by Advantica, included microcrack. There is no data relating to microcracks, so constant depth of 0.4mm was recommended. The introduction of microcracks is therefore a theoretical modelling feature rather than a real physical feature which must be modelled. The model was presented to HSE on February 2006, and HSE were requested to consider this as an update to both FFREQ and PIPIN. HSE stated that as there was no physical evidence or data required to define  parameters in the model (including microcrack depth) they would not consider the model. UKOPA then stated that the industry would continue to use FFREQ (which has been used safely since the mid-1980’s)  until the results of PRCI research into prediction of failure due to external interference was available, when a model based on research findings would be adopted. The research is not yet complete.
UKOPA is unaware of any evidence to support the statement made above “Micro-cracks can occur at the base of a dent and it is becoming increasingly apparent that they can enhance the probability of the failure of the pipe.” If HSE/HSL are aware of such evidence, UKOPA wish to consider this.  

NB – should studies to investigate the effect of microcracking in smooth dents be actioned?

Quote from HSL report, 2.1.2  para 2 :-

The reduction factors for design factor and wall thickness are only available for pipelines with a design factor of ( 0.72, a wall thickness ( 5 mm, material grade ( X65, diameter between 219.1 mm and 914.4 mm and a Charpy energy ( 24 J (average).  This means that the entire range of pipelines within the UK network is not covered by this method.

UKOPA Comments:-

As previously stated the generic failure frequency curve is generated using the EPRG dent/gouge equations, which are semi-empirical. The range of the empirical data used to derive parameters in the equations, as stated above, is stated in TD/2 and in Ref 3 of TD/2. This same dataset applies to the PIPIN model.

Quote from HSL report 2.1.2 Para 3:-

It is difficult to state, with any certainty, whether the reduction factor curves are reasonable as it is not clear how they have been generated.  An analysis of the actual calculations performed and the data used to generate them would be required.

UKOPA Comments:-

A number of references relating to reduction factors are listed in TD/2 (20,21,22). The derivation of the reduction factors for wall thickness and design factor used in TD/2 is fully described (including equations) in ref 22.

2.2 Method 2
2.2.1 Description

UKOPA Comments:-

The report refers to Method 2 as look-up tables generated using FFREQ.  FFREQ is stated as being the tool recommended by UKOPA, and the FFREQ results and associated discussion is included in Section A4.2.3 to show the generic failure frequency model is a reasonable and conservative approach, and also to show that the application of reduction factors is reasonable. TD/2 (and PD 8010-3) state that comprehensive FFREQ predictions are available from UKOPA. (This additional data has been requested only once.) The FFREQ results are included for information. 
Quote from HSL report :-Section 2.2.2 Discussion para 1
The values given in the various tables and figures are for rural pipelines only and, whilst it is stated within TD2 that the results for suburban pipelines are given in a subsequent section, they are, in fact, missing.  There are also no figures available for pipelines with diameter greater than 914 mm and some data is missing at this diameter as well.  This means that this method cannot be used for a significant proportion of the UK pipelines.

UKOPA Comments:-

The above statement is correct, the data is omitted. It is however available from UKOPA, but has not been specifically requested.  
The FFREQ predictions for pipe dia 914 are conservative, it is not clear or stated what data is missing.
Quote from HSL report 2.2.2 para 2:-
It is never explained why the f = 0.72 line in the reduction factor for wall thickness graph is always used.  The other two curves on the graph are never utilised and it is never explained why they are there.  For the purposes of this document, their existence will not be considered further.

UKOPA Comments:-
As previously stated, the derivation and explanation of the reduction factors is given in ref 22. It is evident from Figure 8 in TD/2 that the curve for a design factor of 0.72 is the most conservative. The additional curves are included to provide flexibility in applying the generic failure frequency curve.
Quote from HSL report 2.2.2 para 3:-

The failure frequencies given in the tables and figures have been derived from runs of FFREQ.  Any potential issues HSE may have surrounding the use of this model, e.g. the lack of microcracks, will therefore impact on the results obtained using this method.

UKOPA Comments:-
As comments relating to microcracks given relating to Section 2.1.2.
Quote from HSL report Section 2.2.2 para 4:-

Using results from pipelines that differ from the pipeline in question in order to calculate a proportion of ruptures that can be used to determine the rupture frequency for the desired pipeline, could potentially lead to inaccuracies in the failure rate prediction.  A pipeline with a different specification from that quoted may behave in a different way when struck by an object, leading to a potential variation in the proportion of ruptures.  This may not be a major issue as the method is only an approximation, as long as not too much significance is brought to bear on the results.

UKOPA Comments:-

This has been covered previously relating to the proportion of ruptures. Figure 18 shows the increase in rupture frequency with increase in design factor, leak and rupture rates are given in Table 9 and Figure 19. It is not clear what point is being made. 
2.3 Non TPA Failure Rates
2.3.1 Corrosion

Quote from HSL report  Section 2.3.1 para 2:-

Although it is stated that the external corrosion failure rate is dependent upon the year of construction, there is no justification for the factors that are applied.  HSE does not use reduction factors for the corrosion rates, and instead uses rates derived from EGIG
 data that are dependent on wall thickness.  

UKOPA Comments:-
The analysis of UKOPA fault and Failure data is given in the report for UKOPA - Failure Frequencies for UK Pipelines, PIE/07/R131, which has been provided to HSE and HSL. The trends obtained for UKOPA data are equivalent to those reported by EGIG. 
2.3.2 Material and Construction defects

Quote from HSL Report Section 2.3.2 para 2

As in the case of external corrosion, there is again no justification for the factor of 5 and it might be more accurate to analyse the UKOPA data to come up with different rates for the different years of construction.  HSE does not use reduction factors but uses UKOPA data to derive rates for all hole sizes although this is currently not split by any property of the pipeline.   

UKOPA Comments:-
The analysis of UKOPA fault and failure data is given in the report for UKOPA - Failure Frequencies for UK Pipelines, PIE/07/R131, which has been provided to HSE and HSL. The trends obtained for UKOPA data are similar to those reported by EGIG. 

There are no ruptures due to material and construction defects recorded in the UKOPA database. EGIG data shows that no ruptures have occurred in pipelines commissioned after 183, and shows a greater reduction due to year of commissioning.
2.3.3 Ground Movement
UKOPA Comments:-
The UKOPA approach to prediction of failure frequency due to natural landsliding has been presented to HSE, and background work has been supplied. HSE have provided no specific comment on this. With regard to man made ground movement, UKOPA has stated to HSE and HSL that this requires further work, and has proposed a joint study be carried out. As with natural ground movement, HSE have provided no comment to date.  The definition of Other has been discussed with HSE, and in particular information has been provided on the Palaceknowe incident, classed a s a man made ground movement rupture by HSE, and as a large hole in Other by UKOPA.  No specific response has been received from HSE. 
2.4 Additional Information
UKOPA Comments:-
Depth of Cover – the UKOPA and EGIG view is that the failure frequency due to external interference reduces as depth of cover increases beyond 1.1m. This differs from the view of HSE.

Surveillance:- UKOPA’s view  is that surveillance is an important measure in controlling external interference in specific situations (eg managing R area infringements and infrequent large events). TD/2 states that risk reduction due to more frequent surveillance is applicable to short term/temporary events/developments only. This point is not acknowledged in the report.   
Slabbing – this is commented on separately.

TD/2 Section 8.2 makes it clear that the use of reduction factors applies to external interference only.

2.5 Supplement to PD 8010
Quotation from HSL Report Section 2.5 para 1
Interestingly, however, the examples chosen to illustrate the two methods of predicting failure frequencies are slightly different and many of the errors within TD2 appear to be text that was copied from the supplement to PD 8010 and then not updated.  
UKOPA Comments:-
The methods applied for predicting failure frequencies due external interference are identical in TD/2 and PD 8010-3. Text errors exist in TD/2 which are not present in PD 8010-3. The text errors in TD/2 have been identified by users, and corrections have been approved for publication.  The errors are editorial not technical.
Quotation from HSL Report section 2.5 para 1
Even the representative pipelines used for method 2 are different between the two documents.  
UKOPA Comments:-
The difference is due to a difference is wall thickness requirements between TD/1 (which includes limits on wall thickness for handling) and PD 8010-1. Code users are aware of this.
Quotation from HSL Report section 2.5 para 1

In addition, the supplement states that the results for suburban pipelines can be found on the UKOPA website and that all the examples within the document are for rural pipelines only.  TD2, in comparison, states that they can be found elsewhere within the document but they are, in fact, missing.

UKOPA Comments:-

This is acknowledged previously as an omission in TD/2.
Quotation from HSL Report section 2.5 para 1
The most significant difference is the leak failure frequency due to material and construction defects by wall thickness given in a table in section A4.4 of TD2.  The final value for wall thicknesses greater than 15 mm is given as 0.024 per 1000 km yr in TD2 but is 0.004 per 1000 km yr in PD 8010.  Given that all the other values are the same and that it would be expected that there would be a decrease in failure rates as the wall thickness increases, it is likely that the value in TD2 is a typographical error.
UKOPA Comments:-
The above statement is correct; the error in TD/2 is listed for correction.
3 Comparison with PIPIN and FFREQ
UKOPA Comments:-

The comparisons and differences between PIPIN and FFREQ for external interference have been well known for many years, and are a primary reason that UKOPA sought to work with HSE to achieve a common methodology, see comments on Section 2.1.2 above. As stated HSE did not agree to work with UKOPA on the development of a revised predictive model for external interference, and as a result UKOPA confirmed FFREQ as the preferred industry model until the results of research being undertaken by PRCI are published.

Limited FFREQ results are included in TD/2 and PD 8010-3 for information because it is the model recommended by UKOPA, see comments on Section 2.2.1 above.

TD/2 and PD 8010-3 make it clear that the generic failure frequency curve is for external interference only, as is FFREQ, and those failure frequencies for other damage mechanisms are added to external interference. This is made clear in the main text and in the examples. It is incorrect to assume that the generic failure frequency curve and FFREQ include failure frequencies for corrosion, material and construction defects, ground movement etc.
The UKOPA work to investigate the effect of pipeline age/year of commissioning on failure frequencies due to corrosion and material and construction defects was carried out following discussions with HSE in 2005, in which HSE agreed that pipeline age affected these failure rates, due to improvements in corrosion control, in-line inspection and pipeline material and construction inspection and quality control.  

4 Conclusions
Comments relating to the conclusions are addressed above.
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