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Risk Reduction Achieved by Slabbing over an Underground Pipeline 

R A McConnell●
Slabbing has long been recognized as a valid means of reducing the probability of third party activity causing damage to a buried pipeline.  However, the risk reduction factor used in Quantified Risk Assessments has been a matter of debate.   This paper considers the factors, which affect the degree of protection provided by slabbing, and builds on statistical and experimental work carried out in recent years.  It develops a fault tree analysis approach to provide an indication of the risk reduction achieved by a well-designed combination of marker tapes and reinforced concrete slabbing.  For such a system a reduction of an order of magnitude is achieved in the frequency of third party impact causing product loss from a buried pipeline.

Introduction

With greater pressure on land use developments in the UK, more and more cases are arising where developers and Local Authorities find that their options for land use planning are reduced because of the restrictions on development advised by HSE due to risk zones from major hazard pipelines.

Such zones are determined by consideration of risk levels, with the most restricted Inner Zone in areas near major hazards where risks to individuals of a “dangerous dose “ or worse from a hazardous event exceed 10-5 per year, a Middle Zone between 10-5 and 10-6, and Outer Zone between 10-6 and 3 x 10-7 per year.  Guidance on restrictions to planning in these zones is described in PADHI - HSE’s Land Use Planning Methodology1.

Where risk levels are unacceptable at a potential development location due to the presence of a major hazard pipeline, the possibility of risk reduction using concrete slabbing and so minimizing the risk of 3rd party interference can be a relatively low-cost option and allow an optimal solution for both the developer and the pipeline operator.  However, the degree of risk reduction that should be taken into account for slabbing has not been firmly established.

Experimental field trials carried out by British Gas and reported by Corder2 showed than a significant reduction in the risk of accidental damage by 3rd parties could be achieved by slabbing over buried pipelines, provided the slabbing was combined with marker tapes which warned the 3rd party that there was a pipeline buried beneath the concrete slab. The combination of a 3 metres-wide physical barrier (150 mm thick reinforced concrete slab or 12 mm thick fabricated steel plate) with yellow striped markings, and British gas warning tapes placed above the barrier, stopped excavator operators damaging the pipeline in 30 out of 30 tests.  This gives a worst-case damage reduction factor of 1/31 = 0.03.

The use of slabbing combined with marker tape is included in the latest version of the Institution of Gas Engineers Code IG/TD/1 Edition 4 3 as a means of protection to reduce the likelihood of pipeline damage. The worked example in Appendix 3 of IG/TD/1 indicates a reduction in frequency by a factor of 30 by installing concrete slabbing over a buried pipeline.

However, some excavation activities are less likely to be stopped by the combination of concrete slabs and marker tapes.  In some of the field trials the excavation teams continued to remove the concrete slabs, which had no marker tape associated with them, resulting in damage to the buried pipeline.  Also for several excavation activities, such as augurs used for drilling holes, the presence of a marker tape may not become apparent, and the excavation operation might continue to penetrate the concrete and subsequently damage the pipeline below.

An assessment has therefore been carried out using data recorded from BG Transco’s interference fault database and reported by W S Atkins4 in Contract Report 372/2001 for the Health & Safety Executive.  This data records the type of machinery causing damage to pipelines along with the number of pipeline failures.  This allows the possible effect of slabbing + marker tape to be assessed for each type of machinery which could damage buried pipelines.

Field Trials carried out by British Gas

Results of these trials were reported by Corder2.   Results are summarized in Table 1.

Table 1
  Effectiveness of Protection Measures

	Type of Protection
	No of tests
	Summary of Tests
	Damage reduction factor

	No Protection
	2
	Pipeline damaged in both tests
	1

	Warning tapes above the pipeline
	5
	Pipeline damaged in 3 tests
	1.67

	3 metres wide concrete barrier above the pipeline
	16
	Pipeline damaged in 3 tests
	5.33

	3 metres wide reinforced concrete barrier (150 mm thick) above the pipeline, combined with warning tapes
	15
	No pipeline damage observed in any tests
	>15

	3 metres wide yellow-striped steel plate above the pipeline combined with warning tapes
	15
	No pipeline damage observed in any tests
	>15


A total of 53 excavation trials were held at two sites in the north-east of England.  Both sites were relatively undisturbed, situated away from local houses and large buildings.  At each site, sections of pipeline (18”) were buried at a depth of 1 metre within an area prepared for the test work.  After the first 0.5 metre of back-fill, various protective measures were buried before being backfilled to ground level.  Plans were prepared showing construction of a building on the prepared ground directly above the buried pipe.  Plant operators were then contracted to carry out excavation work for the building foundations, without being given any information about the buried pipelines.

A range of excavators was used, from around 15 tonnes up to 26 tonnes gross operational weight. All excavators were hired specifically for the experimental work.  Excavator operators and banksmen were hired from different companies to minimize the risk of them becoming aware of the true purpose of the excavation work.  A civil engineering company was contracted to act as site agent and to hire all excavators and operating personnel.

It was found that the combination of a 3 metres wide physical barrier and British Gas warning tapes placed above the barrier prevented the excavator operators damaging the pipeline in 30 out of 30 trials.  The warning marker tapes were placed 600 mm apart (7 in total over a width of 3 metres) along the axis of the pipeline for some tests, and across the concrete slab at 600 mm intervals for other tests.

An identical concrete slab, unmarked and without any warning tapes, prevented the excavator operator damaging the pipeline in 13 out of 16 trials.  However, the concrete slab may be seriously damaged or penetrated by large capacity (> 20 tonne) excavators.  Excavator drivers were found to operate their machines more carefully after penetrating the concrete slab, but damage is likely to occur to the pipe during the subsequent removal of the surrounding earth.

The diagonal yellow striped markings on the concrete and steel barriers had no significant effect in preventing the excavator operators damaging the pipeline.  On most occasions the stripes were not readily visible due to wet conditions on site, and were not noticed by the operators.

Analysis of BG Transco Data by W S Atkins

As part of their Contract Research Report CRR 372/2001 for HSE, W S Atkins obtained data from 564 damage incidents which were derived from BG Transco’s operational and fault databases.

Table 28 in their report records the extent of damage caused by 3rd party activities, and gives the following results:-

Table 2   Extent of Damage caused by 3rd Party Activities

	Extent of Damage
	Number recorded
	Probability per incident

	Loss – fracture
	10
	0.018

	Loss – leak
	22
	0.039

	Severe damage
	81
	0.144

	Slight damage
	378
	0.67

	Coating damage
	70
	0.124

	Unknown
	3
	0.005


Further analysis of the 564 damage incidents from BG Transco’s interference fault database recorded details of the type of machinery causing damage to the pipelines, along with the number of pipeline failures.  This is shown in Table 32 in the Atkins report (Table 3 below).

Table 3    Type of Machinery causing damage to pipelines

	Type of Machine
	Number of Damage Incidents
	% Probability of damage type P1
	Number of Pipeline Failures
	% Probability machine causes pipeline failure P2

	Back Acter
	165
	29.7%
	3
	1.82%

	Bull dozer blade
	4
	0.7%
	2
	50%

	Digger
	137
	24.7%
	6
	4.38%

	Dragline
	4
	0.7%
	0
	0


	Type of Machine
	Number of Damage Incidents
	% Probability of damage type P1
	Number of Pipeline Failures
	% Probability machine causes pipeline failure P2

	Drain Layer
	9
	1.6%
	1
	1.62%

	None
	7
	1.3%
	0
	0

	Other
	60
	10.8%
	4
	6.67%

	Plough
	11
	2%
	3
	27.27%

	Power Drill
	21
	3.8%
	9
	42.86%

	Scraper
	4
	0.7%
	1
	25%

	Spike
	6
	1.1%
	0
	0

	Tracks
	6
	1.1%
	1
	16.67%

	Trencher
	10
	1.8%
	2
	20%

	Unknown
	110
	19,8%
	0
	0

	Total
	564
	100%
	32
	-


The use of back-acters and diggers accounted for approximately 54% of all recorded damage incidents and 28% of pipeline failures.  The use of power drills accounted for less than 4% of all recorded damage incidents, but also approximately 28% of pipeline failures.

From this table, the risk reduction achieved by slabbing+ marker tape can be derived as follows:-
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For the achieved risk reduction due to installing concrete slabbing + marker tape, the following is used:-

Risk reduction for machinery where operator is likely to see the marker tape and stop work = 0.03

For cases where the operator is less likely to see the marker tape, and is likely to continue work, despite having to remove the concrete slab (e.g. Power drill, spike), risk reduction = 0.3

The effect of the risk reduction factors is then as follows:-

Table 4     Probability of Pipeline Damage with and without Slabbing

	Type of Machine
	% Probability of machine strikes pipeline P1 x P2 (no slabbing)
	Risk reduction factor due to slabbing + marker tape P3
	% Probability machine causes pipeline failure with slabbing               P1 x P2 x P3 

	Back Acter
	0.54%
	0.03
	0.016%

	Bull dozer blade
	0.36%
	0.03
	0.011%

	Digger
	1.08%
	0.03
	0.033%

	Dragline
	0
	0.03
	0

	Drain Layer
	1.81%
	0.03
	0.005%

	None
	0
	0.03
	0

	Other
	0.72%
	0.03
	0.022%

	Plough
	0.54%
	0.03
	0.016%

	Power Drill
	1.62%
	0.3
	0.487%

	Scraper
	0.18%
	0.03
	0.0005%

	Spike
	0
	0.3
	0

	Tracks
	0.18%
	0.03
	0.005%

	Trencher
	0.36
	0.03
	0.011%

	Unknown
	0
	0.03
	0

	Total
	5.78%
	
	0.612%


The effective risk reduction for all types of machinery causing 3rd party damage is therefore

0.612 / 5.78  = 0.106, equating to approximately one order of magnitude reduction in risk.

Conclusion

The effect of combined slabbing + marker tape using 150 mm thick reinforced concrete or 12 mm thick steel plate 3 metres wide over a buried pipeline has been shown to reduce the risk of 3rd party interference causing pipelines damage fro  all types of machinery by approximately one order of magnitude (a factor 10). 

It is recommended that this risk reduction factor is applied when the specified standard of slabbing and marker tape is applied to existing major hazard pipelines.

R A McConnell
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