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Justification for UKOPA Project – Assessment of Weld Quality

1
Introduction
Pipelines are long life assets, and their safe operation as they age requires the ongoing assessment of integrity to confirm that changes in condition, applied loading and environment are acceptable. The integrity of girth welds is a primary consideration in the assessment of a pipeline subject to damage and/or external loading, particularly where the girth weld may represent a weak point in the pipeline. In recent work undertaken by UKOPA relating to failure frequency due to landsliding, the management of pipeline construction dents and the assessment of seismic loading on pipelines, it has been necessary to specify criteria according to whether the girth weld is considered to be good or poor quality. This has identified the need to develop a practical approach for the assessment of weld quality. 

2
Girth Weld Quality
Current weld quality standards require that the strength of girth welds over matches the strength of the pipe material, and the workmanship quality is such that welding defects which may weaken the girth weld do not occur or are repaired before service. 
Workmanship standards are checked during pipeline construction through weld inspection. The primary international welding workmanship standard, API 1104 was implemented in 1953. A number of country standards, including BS 4515, have been developed and implemented based on API 1104. However, pipe type and material grade, weld metal strength and toughness and pipeline operating conditions (ie applied loading) are not addressed in workmanship standards, so pipeline companies have developed their own standards based on API 1104 or supplements to this standard to address these issues. This ensures that weld material properties are specified to ensure they match or overmatch the line pipe material properties. 
In the UK, the formal requirement for 100% radiographic inspection of girth welds was introduced in 1969, with full implementation of this requirement generally taken as 1972. At this time, engineering practice required that girth weld material properties matched or overmatched the line pipe material strength and toughness properties. Subsequently, the quality standards for girth welds fabricated on site have improved, and girth welds fabricated post 1972 are considered to be good quality. However, as a result of the international use of API 1104 by the pipeline construction industry, it is unlikely that welds fabricated prior to 1972 are poor quality.
3
Impact of Girth Weld Quality on Assessment of Pipeline Integrity
Pipeline integrity is assessed through the use of inspection technology to detect, size and categorise defects, followed by the application of defect assessment codes to sentence the defects as acceptable or requiring repair. Improvements in in-line inspection (ILI) technology in recent years has resulted in a major increase in the information relating to pipeline condition reported to the operator. At the same time, updates to defect assessment codes and standards require more extensive consideration of pipeline external loading and failure frequency. This has increased the level of analysis needed to confirm pipeline integrity. Where quantified information is not available, engineering good practice requires the application of conservative assumptions.
More than 50% of the pipelines by length included in the UKOPA database were constructed prior to 1972, and in many cases original construction records are not available. The simple approach for the assessment of the quality of pipeline girth welds for which construction quality and inspection records are not available is to assume that girth welds in pipelines constructed prior to 1972 are poor quality, and after this date are good quality. 

Without further investigation such pipelines are therefore assumed to have girth welds of poor quality. The further investigations required to confirm girth weld quality require detailed NDT and destructive testing of samples to measure material properties. Current defect assessment standards and procedures are based on data required by current weld quality standards. However in many cases, operators do not have ready access to construction records for pipelines which were constructed 40 – 50 years ago. This requires the application of cautious assumptions with the potential result that unnecessary remedial work and/or repairs are actioned.
4
UKOPA Recommendations for Assessment of Girth Weld Quality

Based on the work carried out to develop a dent management strategy, UKOPA is recommending a process for assessment of pipeline girth weld quality, which requires inspection and sampling of 0.1% of the welds in the pipeline. This inspection and sampling rate is based on pragmatic engineering judgement, but is low and is not statistically justified. The engineering judgement is based on existing research data (produced by PRCI and EPRG) which shows that existing weld quality workmanship standards are conservative and that overmatched weld material properties mean that defects which exceed weld workmanship standards can be tolerated safely.  As a statistically justified sample rate would be significantly higher (eg 10%), and would be disruptive and high cost, there is benefit is in investigating the weld quality of pipeline girth welds fabricated in the UK in the early 1970s and earlier through a programme of physical examination. 
5
UKOPA Weld Quality Project

Engineering assessments which involve the assessment of physical data are valuable in that they provide the evidence and justification for specific investigation requirements. UKOPA has the opportunity to obtain a snapshot of girth weld quality in UK pipelines constructed in the early 1970s and earlier through a programme of work investigating physical pipe/weld samples taken by members from operating pipelines. This will establish whether the quality of girth weld samples provided by different pipeline operators is i) consistent or ii) highly variable, and if ii) whether the general quality is poor. The results will enable UKOPA to justify the low inspection and sample rate proposed to assess the quality of pipeline girth welds.

The PIWG therefore proposes that UKOPA undertakes a project to assess the weld quality in pipelines constructed in the 1970s and earlier using pipe/weld samples from operating pipelines provided by UKOPA members. This project will build on the reputation that UKOPA has established in sharing, collating and analysing data for operating pipelines, and so will demonstrate to the HSE UKOPA’s commitment to developing and establishing best practice in relation to pipeline integrity assessment.  The value of this project has been challenged, reviewed and supported by the PIWG, and the scope of work and costs for this work are outlined in this note for approval by the UKOPA Board of Directors.


UKOPA Girth Weld Quality Project - Proposed Scope of Work
  
Confirmation of girth weld quality without access to the original weld qualification and inspection data requires destructive testing to obtain material data (yield/ultimate stress/strain and toughness) and NDT to obtain weld quality data. 

A programme of work to inspect pipe weld samples taken by operators during work on operating pipelines constructed in the 1970s and earlier is proposed. The pipe pup samples containing a girth weld with a minimum of 600mm of material either side of the girth weld are required. The welds will be inspected to confirm quality against a published standard appropriate to the commissioning date, following which samples for destructive testing in accordance with the UKOPA specification PIWG/15/001 will be taken. 
The deliverable of the work will be a report confirming how the quality  of girth welds on pipelines constructed in the early 1970s and earlier should be considered in i) work carried out on such pipelines and ii) integrity assessments on such pipelines.

1
Operator Pipe Samples
A number of UKOPA members have confirmed they will supply pipe samples for this study, a summary is given in Table 1.
	Operator
	Contact
	Sample details 
	Number of Samples

	UKD
	Dave Perry
	1 x 36”, 1x10”, 1x 12”, 3 x 10”
	6

	SGN
	Walter Gaffney
	1 x 12” possible 3 samples
	4

	NGN
	Barry Dalus
	Inspection and test data for 3 x 12”
	

	WWU
	Grant Rogers
	3 x 18”, 1 x 18” pipe-bend weld
	4

	BPA
	Richard Price
	3 x 10”, 3 x 12”
	6

	SABIC
	Graeme Pailor
	3 x 8”, 3 x 10”
	3 min, 6 max

	OPA
	Stephen Humphrey
	3 x 8”, possible 6”, 10” and 12” samples
	3 min


Table 1 Operator Pipe Samples for Weld Quality Project

	Diameter
	Number

	36”
	1

	18”
	4

	12”
	8

	10”
	7

	8”
	6

	Total
	26


Table 2 Diameter and Number of Samples for Inspection and Testing

The above indicates that to date, a minimum of 26 samples plus results for a further 3 will be provided. Additional samples may be provided.
2
Arrangements for Work
The PIWG has proposed that the inspection and testing of the operator pipe/weld samples is undertaken by the Pipeline Maintenance Centre (PMC), Ambergate. PMC have been requested to provide a cost estimate for the following:

i) Receive, log and hold grit blasted and marked pipe/weld specimens.

ii) Inspect girth weld in each sample, to include full radiography, external MPI, internal MPI where possible, ultrasonic inspection as required (to be identified by PMC).
iii) Sentence weld quality in accordance with agreed workmanship quality standards [1, 2, 3].
iv) Carry out mechanical tests (tensile and Charpy) on weld samples.
A UKOPA representative or nominated contractor will be required to provide advice and respond to any queries which may arise during the course of the work, and to prepare a report detailing the findings and listing recommendations for UKOPA.

Completion of the above scope of work involves three tasks:

Task 1 – inspection and testing of pipe/weld samples

Task 2 – Technical support, reporting of findings and preparation of recommendations for UKOPA

Task 3 – Technical review of Task 2 report for UKOPA

3
Cost Estimate

PMC have provided a cost estimate for Task 1, including weld inspection (radiography, MPI and ultrasonic), sentencing of weld quality in accordance with agreed workmanship quality standards, and organisation of destructive material testing (tensile and Charpy) to be carried out by a UKAS laboratory for UKOPA.  

The resources required to support the work to be carried out by PMC have not yet been identified. An estimate for potential contractor costs is therefore included under Task 2.
	Task
	Description
	Contractor
	Cost Estimate

	1
	Receive and log pipe/weld samples, carry out weld inspection and report against specified 
	PMC Ambergate
	£36,000

	2
	Review and report results and prepare recommendations for UKOPA
	To be confirmed
	£7,000

	3
	Review report for UKOPA
	To be confirmed
	£1,000

	Total
	£44,000


A minimum contingency of £6,000 is recommended to address any additional work required in task 1 for specimen preparation (ie grit blasting and marking of pipe/weld specimens, additional specimens for inspection and testing). 

Approval for costs of £50,000 for this study is requested.

4
Next Steps

Once approval of the costs for the work is confirmed, PMC will provide a formal proposal to UKOPA for contractual agreement, operators will be requested to send grit blasted and marked pipe/weld samples to PMC, and contractors for task 2 and 3 will be identified and confirmed.

It was noted by the PIWG that the requirement for further work may be identified in the assessment of the results of the weld quality study. In the event that the work confirms the typical quality of weld fabricated in the 1970s and earlier does not meet current weld quality standards, further testing, including testing of wide plate specimens extracted from the pipe/weld samples, may be required to establish the strength of lower quality welds. This requirement will be considered in the report prepared for UKOPA in Task 2.
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