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Summary

This paper has been produced by members of the UKOPA Fault Database Management Group to provide interpretation, analysis and explanation of the results of the Pipeline Incident Data (Leak and Rupture) presented by BG Technology.  These results describe the factual basis for future risk assessments, but they also require interpretation and explanation to place them in context and to understand the trends displayed by the data.   The results show a steady decline in leak failure rate since the data was collected from 1962 through to 1998 with two peaks in failure rate.  The main conclusion from this work is that the current leak rate for Major Hazard Pipelines in the UK is 0.09 leaks per 100 kilometres per year.

Reference is made to the associated report prepared by BG Technology:-

1st UKOPA Pipeline Damage Database Interim Report   

Pipeline Incident Data (Leak and Rupture)    

dated September 2000

Introduction

The UK pipeline transmission system has grown considerably over the past 25 years.  During this period, the industry has developed an enviable safety record, with only a very few incidents involving loss of hazardous materials, none of which have resulted in death or injury to any member of the public.  However incidents overseas, especially in the USA and in the USSR has alerted the public,  government, industry and regulatory authorities to the potential for major incidents.

UK pipeline risk assessments, sometimes involving quantification of the risks, have been carried out by various Companies and by the Health & Safety Executive as part of the design and safety assessment processes applied to high hazard installations.  Due to a shortage of actual UK data, the frequency for leaks and ruptures of pipelines have been based on incident data from other countries, usually from US sources or from the EGIG (European Gas Industry Group) statistics.  

Operators of UK pipeline systems have for some time recognised that quantified risk assessment can be a useful tool for decision making and land use planning, but that the pessimistic failure frequencies derived from overseas data can lead to an unrealistic degree of caution from some of the results.  In particular the special circumstances in the UK, such as well-established and applied design codes, closely-monitored operating and maintenance practices, rigorous surveillance methods to avoid third-party interference, and stable land conditions give a significantly lower failure probability than some overseas countries which have different physical conditions or operating practices .

The initiative in applying formalised pipeline risk assessment in the UK for land use planning purposes was taken by the Health & safety Executive in the late 1980s with publication of a number of papers describing PRAM – the Pipeline Risk Assessment Methodology.  This had fixed failure frequencies applying to different diameters of pipeline, but  has since been superseded for methods which take account of a specific factors applying to the pipeline.

In 1997, UK pipeline operators formed UKOPA – the United Kingdom Onshore Pipelines Operators Association.  One the projects which the group formulated during 1998 was to pool all the leak and fault data from the various pipeline systems into a common database so that future risk assessment could be based on actual failure rate data from UK experience rather than using modified overseas data.  A small group. called the Fault Database Management Group (FDMG) was established as a steering group to progress the project to completion.

Initially, four Companies decided to join the database group, these being BG Transco, Shell, BP and ICI.  BG Technology were selected to manage and compile the database, and during 1999, the four Companies gathered all the historical fault and leak data from their various Major Accident Hazard Pipelines (MAHPs) into electronic format so that it could be incorporated into the database.   The data has now been processed, and two sets of results are produced, the Leak Database and the Fault Database.  The former has now been published, and is a factual account of the actual pipeline exposure and leaks which have occurred over the period 1960-1998 inclusive. The latter is expected by the end of 2000, and will be an assessment of fault data using BG Technology’s predictive models for corrosion, impact and defects.

Plans for the future of the database include a 2-yearly update taking into account the experience over the previous 2 years, and expanding the database to include the rest of the UK’s MAHPs.  In addition, the database has been designed to accommodate all products transported in pipelines, and it is hoped that operators of non-MAHP systems will also join the group and subscribe their leak and fault data.

Pipeline Exposure
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Pipeline exposure is a measure of high pressure pipeline usage in the UK.  Before the mid-1960s most gas systems were based on local gasworks.  Following the discovery of  North Sea gas, and the construction of the Gas Transmission Grid and the ethylene cross-country pipeline systems,  there was considerable expansion of high pressure gas systems throughout the period 1964 to 1975, as reflected in the graph above.  Total “exposure” in the study is more than 0.5 million kilometre–years, and the 1998 total length of pipeline was just over 20,000 kilometres.  Virtually all the pipelines included are underground with less than 0.02% above ground, and a very small length is elevated above ground.   The database primary covers underground pipeline systems.

Transported products

A decision was taken by the group to only consider “dangerous fluids” transported in “major accident hazard pipelines” as defined by the UK Pipeline Safety Regulations 1996.   Definition of such fluids is given in Schedule 2 of the regulations and covers flammability, toxicity, and physical state of the fluid, but the main category covered by this database is “flammable fluids above 8 bar absolute”.    The  fluids included in the analysis consists of 91.6% natural gas, 5.2% ethylene and 3.2% others.

Product loss incident data

A total of 161 leak incidents have been recorded over the 39 years, 1960 to 1998 inclusive.  At first sight this may appear high, but the highest proportion was pinhole leaks.

The basis for recording leaks is similar to that used for the EGIG database, which is those recorded in the public domain excluding fittings, valves and compressors.  This maintains consistency of data recording with EGIG allowing valid comparison.
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The timeline for leaks shows an interesting trend with two apparent peaks, one in the early 1970s, and one in the mid-1980s:-

The 1967-71 peak coincides with the initial commissioning of a considerable number of new pipeline systems and is explained by the initial defects discovered early in the life of the new systems.   The 1983-87 peak has two main contributors, and is explained by some of the early older pipelines suffering corrosion leaks when just as more thorough on-line inspection techniques were beginning to identify defects in some of the pipeline systems.  The later part of this peak in the 1980s is caused by a significant number of external interference incidents which caused leaks.

The gradual tailing-off of incidents since the late 1980s is explained by a number of factors:-

· improved defect identification and correction by on-line inspection techniques

· improved surveillance and early-call systems to avoid impact with pipelines

· greater emphasis on management systems associated with pipelines

Incident Frequency

The number of incidents in each 5 year period has been calculated on a rolling average basis as follows:-

Period
Number of Incidents
Total Exposure [km.yr]
Frequency

[Incidents per 1000 km.yr]

1960-1964
5
7,030
0.711

1965-1969
15
25,980
0.577

1970-1974
25
58,482
0.427

1975-1979
23
73,200
0.314

1980-1984
34
84,620
0.402

1985-1989
36
91,430
0.394

1990-1994
16
96,538
0.166

1994-1998
9
99,730
0.090

This shows the steadily declining failure frequency as early-life defects are excluded, better quality control and higher strength steels are employed, and better on-line inspection and defect detection systems are implemented.

For existing pipeline systems, the overall failure frequency is 0.09 incidents per 1000 kilometre-years.

Taken over the full 39 year period the failure frequency is 0.311 incidents per 1000

incident-years, and taking this over each hole size gives the following results:-

Hole Size Class
Number of Incidents
Frequency

[Incidents per 1000 km.yr]
Percentage

Full Bore
6
0.012
3.9%

> 50+mm
16
0.031
10%

> 20mm
38
0.073
23.5%

> 6mm
57
0.110
35.4%

unknown
44
0.097
31.2%

0 – Full Bore
161
0.311


Ignition of Leaks

One interesting result from the database is that 8 of the 161 leaks ignited, giving  a leak probability of 5%.  Table 1 from the report gives the breakdown for the incidents which shows that 4 incidents involves pinhole (0-6mm) leaks, 2 were in the size 6-20 mm, one was 50+ millimetres, and one was a full bore 18 inch diameter pipe.  With virtually all the pipelines transporting high pressure flammable materials, it is encouraging that such a low proportion resulted in fires.

Causes of Leaks

Leaks are analysed by 9 causes, and these are shown plotted against the timeline 1960 to 1998 in Figure 4.

The highest number of leaks occurred in the mid-1960s due to pipe defects (20.5% of total),  but this rapidly tailed off to a low level during the early 1970s.

The next highest cause was external interference (19.25%) which peaked in the early 1970s, and has now declined to a lower level due to better surveillance and early-call procedures for work near pipelines.

Internal corrosion (16.8%) peaked during the late 1960s, and external corrosion (16.1%)  started to become significant during the 1970s but  both have declined to low levels since then.  

Other causes (ground movement, unknown, other) are of much lower frequency.
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Figure 5 plots the causes as follows:-

Figure 6 plots product loss incidents by cause and hole diameter, and provides an insight into which sort of incidents are potentially the more serious.

Only external interference and ground movement have caused full bore rupture incidents, yet the overall proportion of ground movement incident is small (3.1%).

External Interference

The size of external interference leaks in shown in Figure 7.  This shows which diameter of pipeline has suffered various sizes of leak.  The 5-10 inch diameter pipes have suffered the most external interference incidents, but the smaller pipes (0-4 inch) has the higher failure frequency as might be expected.  It should be noted that the apparently higher rate shown for the 30-34 inch diameter class represents a single event, and is a feature of the relatively small total number of incidents (31).
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 Figure 8 shows the number and size of incidents by wall thickness, and as expected the smaller wall thicknesses have a higher failure frequency.

Another interesting aspect is the number of incidents occurring in rural, suburban, and urban locations.   77.4% have occurred in rural areas, 22.6% in suburban areas, and none in urban areas.   This is explained by a number of aspects:-

· less high pressure pipelines in suburban and urban areas

· thick-walled pipe generally used in populated areas

· better surveillance in suburban and urban areas.

However it also reflects the high degree of supervision and safety of operation achieved which is associated with higher risk pipelines when there could be more serious  consequences.

External Corrosion

Figures 10, 11 and 12 show the distribution of the 26 external corrosion leak incidents which wall thickness, age of pipeline, and type of coating.   As would be expected, the relatively thinner-walled pipelines show the higher failure rates with none being recorded above 10 mm, and no corrosion leaks being recorded on pipelines constructed after 1973.

Figure 12 shows a higher frequency of leaks from bitumen-coated pipelines, but none for the more modern Fusion-Bonded Epoxy (FBE) coating.   However, the most number of leaks have occurred on coal-tar coated pipelines:-
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Backfill

Finally, Figure 13 shows the frequency and hole size of leak incidents by backfill, which gives no significant indication of any particular effect.
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Conclusions

The leak database gives a panoramic view of the whole spectrum of leaks associated with UK MAHP pipelines, their sizes, causes, history and effects.  The sample size of 161 leaks in half a million kilometre-years over 39 years with a current length of 20,000 kilometres gives enough perspective and depth to draw conclusion on failure rates, trends, improvement factors and key cause-and-effect parameters.  Only a few of the main headline results have been presented in this and the BG Technology report due to space limitations

The database has been constructed in such a way that searches are possible on dozens of other factors and dimensional slices, so that any specific aspect can be excluded or excluded depending on the search required.   A new versatile tool  has been established for design studies, parameter significance testing, and to provide base data for quantified risk assessments.   It will continue to grow and expand over the next few years.

A further expansion to the versatility of the database is expected when the Fault Database results using predictive models becomes available during early 2001.  This will allow even more searches and design parameters to be specified;   an insight into the actual experience from operating pipelines with and without specific safety-improvement feature should be possible.  These can then be factored in to new designs on a cost-benefit basis, or used to help specify risk-reduction measures for existing pipelines.

Above all these databases will allow predictive failure rate data to be used for quantified risk assessments based on actual relevant experience in the UK, and this will allow a more supportable approach to land use planning decisions for existing and new MAHP pipelines.

                ______________________________________________
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