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Briefing Note HSE Issue 04 – Reduction in Corrosion Failure Rates 

for Thicker Wall Pipelines
14 January 2008
Introduction
1
During 2006, two planning issue arose involving developments near thicker wall pipelines; one in Scotland near the Forties (FPS) spiked crude pipeline (wall thickness 15.9 mm), and the other concerning a golf club development at Pottery Farm, Rainford in Cheshire near the North West Ethylene Pipeline (NWEP) (wall thickness 11.91 mm). 

2
In both cases HSE CI5 carried out site-specific risk assessments resulting in “advise against”, and in both cases no reduction in corrosion failure rates (derived from CONCAWE data) were allowed for the thicker wall pipelines compared to standard wall pipelines.

3
For natural gas pipelines, HSE allow significant reduction in corrosion failure rates for thicker wall pipelines based on EGIG data:- 
· for rupture frequency equivalent to 100% for pipeline thickness less than 5 mm, 

· the reduction applied is 54.1% for 5 to 10 mm,

· 2.9% for 10 to 15 mm, and

· 0.3% for greater than 15 mm.

4
Applying these factors to the FPS and NWEP thicker wall sections would have made a significant difference to the risks and would have had a significant effect on the planning advice.

5
Work has been carried out by UKOPA to demonstrate that the Forties line and UK ethylene pipelines have similar 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 corrosion defects to the population of UK natural gas pipelines.  No leaks have been recorded for the FPS line or 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.

6
A comprehensive analysis of the fault and failure rate data collected by UKOPA has been carried out by PIE (Pipeline Integrity Engineers Ltd) and issued as report PIE/2006/R131 in February 2007.  This analysis of all UK Major Accident Pipelines including FPS and ethylene, supports the wall thickness – corrosion failure rate relationship obtained for EGIG.
Data Used for HSE Risk Assessments
7
Failure Rate advice FR/80 for the NWEP Ethylene pipeline with 11.91 mm thick-wall pipe  was based on advice from earlier FR/64 (for standard wall 5.65 mm pipe) as follows:-
	Failure Cause
	Failure Frequency (per metre per year)

	
	FR/80 (sum of holes and ruptures)

	
	Material X52

Thickness = 5.65 mm
	%
	Material X60

Thickness = 11.91 mm
	%

	Mechanical
	1.76E-07
	22%
	1.76E-07
	37%

	Natural
	1.0E-08
	1%
	1.0E-08
	2%

	Corrosion
	2.75E-07
	35%
	2.75E-07
	58%

	Third Party Activity
	3.3E-07
	42%
	9.9E-09
	2%

	
	
	
	
	

	Total
	7.91E-07
	100%
	4.7E-07
	


A separate note recommends that UKOPA data rather than CONCAWE data should be used for ethylene pipelines.  Nevertheless, the corrosion failure rate for the 11.91 mm wall thickness case should have been reduced to 5.3% of the 5.65 mm case using EGIG-type reduction as follows:-

	Failure Cause
	Failure Frequency (per metre per year)

	
	FR/80 (sum of holes and ruptures)

	
	Material X52

Thickness = 5.65 mm
	%
	Material X60

Thickness = 11.91 mm
	%

	Mechanical
	1.76E-07
	22%
	1.76E-07
	83.6%

	Natural
	1.0E-08
	1%
	1.0E-08
	4.8%

	Corrosion
	2.75E-07
	35%
	1.46E-08
	6.9%

	Third Party Activity
	3.3E-07
	42%
	9.9E-09
	4.7%

	
	
	
	
	

	Total
	7.91E-07
	100%
	2.11-07
	


8
The FPS pipeline failure rates used by HSE were as follows:-

	Failure Mechanism
	Rupture Frequency per 1000 km. years
	%
	Rupture Frequency per 1000 km. years
	% of total

	Wall Thickness
	9.5 mm as FR/77

Dated 08/09/04
	
	15.9 mm as FR/88

Dated 25/05/05
	

	Mechanical
	2.64 x 10-5
	0.07%
	2.56 x 10-5
	0.5%

	Natural
	2 x 10-3
	6%
	2 x 10-3
	42%

	Corrosion
	2.11 x 10-3
	6%
	2.11 x 10-3
	45%

	3rd Party 
	3.27 x 10-2
	88%
	5.95 x 10-4
	12.5%

	Total
	3.7 x 10-2
	100%
	4.7 x 10-3
	100%


The corrosion failure rate for the 15.9 mm wall thickness case should have been reduced to 0.51% of the 5.65 mm case using EGIG-type reduction as follows:-

	Failure Mechanism
	Rupture Frequency per 1000 km. years
	%
	Rupture Frequency per 1000 km. years
	% of total

	Wall Thickness
	9.5 mm as FR/77

Dated 08/09/04
	
	15.9 mm as FR/88

Dated 25/05/05
	

	Mechanical
	2.64 x 10-5
	0.07%
	2.56 x 10-5
	1%

	Natural
	2 x 10-3
	6%
	2 x 10-3
	76%

	Corrosion
	2.11 x 10-3
	6%
	1.08 x 10-5
	0.4%

	3rd Party 
	3.27 x 10-2
	88%
	5.95 x 10-4
	22.6%

	Total
	3.7 x 10-2
	100%
	2.63 x 10-3
	100%


This then shows how ground movement dominates the failure rate for very thick wall pipelines.

Recommendation

9
It is therefore recommended that corrosion failure rates for non-natural pipelines should be reduced when applied to thicker wall pipelines in a similar way to natural gas pipelines, when carrying out Land Use Planning assessments.
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