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Ethylene Pipelines
RAWG/07/013 dated May 2007 by Rod McConnell

Proposal to HSE CI5 
To Use UKOPA-based Failure Rate Data for Ethylene Pipelines 
for Mechanical and Corrosion Failures
Introduction

1
PCAG 6P, Chp_06p
 paragraphs 7 & 8 describe current arrangements for referral of cases where LUP zones require review and revision to MSDU (CI5) for case-by-case consideration. A recent case involving a planning application involving Shell’s North West Ethylene PipelineS14/360/1002/06 at Rainford was considered at Panel meeting 6 March 2006.
2
Failure Rate advice FR/80 for 11.91 mm thick-wall pipe  was based on advice from earlier FR/64 (for standard wall 5.65 mm pipe) using Third Party  failure from PIPIN Predictive model, Mechanical and Corrosion failure rates from CONCAWE, and Natural failure rates as used for Gas pipelines from UKOPA data.  
3
FR/80 shows the same CONCAWE failure rates for Mechanical failures, Corrosion failures and UKOPA Natural failure for standard wall as for thick-wall pipe; the only reduction in failure rate between standard and thick-wall is for Third Party failures.
4
UK ethylene operators have presented the case for using UKOPA data for mechanical and corrosion failures rather than CONCAWE data.  This note to HSE CI5  describes this case, with the recommendation to adopt UKOPA failure rates for ethylene pipelines.
Significance of Mechanical and Corrosion Failure Rates
5
Rupture failure rates dominate the Middle and Outer zone distances calculated for ethylene pipelines.  Failure rates for standard and thick-wall pipe generated for NWEP in FR/80 were:-
	
	Rupture
	Total

	
	Standard wall
	Thick wall
	Standard wall
	Thick wall

	Mechanical
	2.88e-8
	2.88e-8
	1.76e-7
	1.76e-7

	Natural
	2e-9
	2e-9
	1.02e-8
	1.02e-8

	Corrosion
	8.28e-9
	8.28e-9
	2.75e-7
	2.75e-7

	TPA
	2.3e-7
	3.15e-9
	3.3e-7
	9.91e-9

	Total
	2.69e-7
	4.22e-9
	7.91e-7
	4.71e-7


Expressed in percentage terms:-
	
	Rupture
	Total

	
	Standard wall
	Thick wall
	Standard wall
	Thick wall

	Mechanical
	10.7%
	68.2%
	22.3%
	37.3%

	Natural
	0.7%
	4.7%
	1.3%
	2.2%

	Corrosion
	3.1%
	19.6%
	34.8%
	58.4%

	TPA
	85.5%
	7.5%
	41.7%
	2.1%

	Total
	100%
	100%
	100%
	100%


6
Note how mechanical rupture rate (68.2%) and corrosion rupture rate (19.6%) dominate the thick-wall rupture rates and therefore generate most of the Middle and Outer zones.
7
Natural gas pipelines assessed during 2001-2002 would typically have failure rates for similar thick-wall pipelines as follows:-

	
	Rupture for 11.91mm thick-wall
	Total for 11.91 mm thick-wall

	
	Natural Gas
	Ethylene
	Natural Gas
	Ethylene

	Mechanical
	8e-12
	2.88e-8
	9e-8
	1.76e-7

	Natural
	2e-9
	2e-9
	1.02e-8
	1.02e-8

	Corrosion
	3.7e-10
	8.28e-9
	7.37e-9
	2.75e-7

	TPA
	3.15e-9
	3.15e-9
	9.91e-9
	9.91e-9

	Total
	5.53e-9
	4.22e-9
	1.18e-7
	4.71e-7


Expressed in percentage terms:-

	
	Rupture for 11.91mm thick-wall
	Total for 11.91 mm thick-wall

	
	Natural Gas
	Ethylene
	Natural Gas
	Ethylene

	Mechanical
	0.1%
	68.2%
	76.6%
	37.3%

	Natural
	36.2%
	4.7%
	8.7%
	2.2%

	Corrosion
	6.7%
	19.6%
	6.3%
	58.4%

	TPA
	57%
	7.5%
	8.4%
	2.1%

	Total
	100%
	100%
	100%
	100%


8
CONCAWE rupture failure rates are much higher than from UKOPA data (3,600 times for mechanical, 22 times for corrosion) and these rupture rates dominate ethylene Middle and Outer Zones.
Case for Change

9
Work carried out by UKOPA to demonstrate that ethylene pipelines have similar mechanical and corrosion failure rates to natural gas pipelines has centred around 5 main areas:-

1. Similarity in original design codes, materials of construction, material and construction quality control, hydrostatic pressure testing, and routing.
2. Measures to prevent corrosion including original coating specification, impressed current cathodic protection systems, regular checks for coating defects (Pearson, CIPS, DCVG).

3. Regular intelligent pigging of pipeline using Magnetic Flux Leakage to detect defects in pipe wall, followed by extensive work to analysis and correct defects, and use of ultra-sonic measurements to check on pipe wall thickness

4. Evidence from damage data in the UKOPA database which shows that ethylene pipelines has similar mechanical and corrosion defects to the population of UK natural gas pipelines.  No leaks have been recorded for the UK ethylene system. 
5. General risk management and control procedures instigated partly as a result of being classified a Major Accident Hazard Pipelines requiring a MAHP under the PSR ’96, and partly as good practice as part of UKOPA.

Conclusions and Recommendation
10
Discussions with UKOPA during July-August 2006 have confirmed that these aspects and the additional duties for Major Accident pipelines required under UK legislation do achieve additional engineering and management control aspects which appear to reduce the risks from mechanical and corrosion failures.
11
As pipelines age and potentially deteriorate in service, ongoing monitoring and auditing of these aspects are essential to maintain pipeline integrity and keep the risks under control.  These aspects are part of the annual inspection visits made by Field Inspectors.  Monitoring and enforcement remains an integral part of achieving the low levels of risk claimed by UKOPA.

12
In the light of the information received by UKOPA and the questioning and replies received from ethylene pipeline operators, it is recommended that UKOPA data is applied for mechanical and corrosion failure mechanisms for LUP risk assessment.
13
For assessment of natural gas pipelines carried out in 2002, fixed rupture frequencies for mechanical and corrosion failure rates were applied to all pipeline diameters.  This assumption was seen as practical at the time because many of the smaller diameter gas pipelines are constructed in thick-wall steel and therefore the diameter-wall thickness effect was not significant.  In view of the effect of wall thickness on mechanical and corrosion failure rates, it is recommended that correlations should be adopted within PIPIN to relate these failure rates with wall thickness, and that this should be adopted for ethylene pipelines.
� Chapter 6P: Risk Assessment for Pipelines conveying flammable substances other than natural gas (07/09/2005)
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