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     25 November 2009

1
Background

A previous note for RAWG dated 30 October reviewed the fault trees contained within Advantica report R8904 dated March 2006.  G Toes has now revised the fault trees in accordance with a confidential report produced for the PIPESAFE group of companies.  This note reviews the new fault trees generated for slabbing in rural and suburban areas.

2
Difference from Previous Results
	Area type
	Protection type
	Original Report
	New Results

	Rural
	Slab only
	0.158
	

	Rural
	Slab+Tapes+Stripes
	0.053
	0.147

	Suburban
	Slab only
	0.114
	

	Suburban
	Slab+Tapes+Stripes
	0.046
	0.147


3
Calculation Methodology
The probability that a pipeline will be damaged is calculated by assessing the probability that each of 16 different types of machine are

a)
the machine is present in rural or suburban conditions
AND
b)
the machine operator is not aware of the pipeline, because


either  b1) 
pre-warning systems have failed or




b2)  
the operator ignores warning signs or



b3)
due to the nature of the machine

AND

b)
the machine is of such size or type that it is able to breach the concrete

4
Assessment of Type of Machine Present: Rural & Suburban
An analysis of 273 rural and 140 suburban faults involving known machine types has been carried out using the UKOPA Fault Database.

The results are as follows:-

[image: image1.emf]RURAL SUBURBAN

Machine No % Machine No %

DIGGER 94 34.43% DIGGER 58 41.43%

BACK-ACTER 109 39.93% BACK-ACTER 59 42.14%

POWER DRILL 17 6.23% POWER DRILL 15 10.71%

SPIKE 2 0.73% SPIKE 4 2.86%

DRAGLINE 5 1.83% DRAGLINE 2 1.43%

DRAIN LAYER 9 3.30% DRAIN LAYER 0.00%

SCRAPER 3 1.10% SCRAPER 1 0.71%

TRENCHER 11 4.03% TRENCHER 0.00%

BULLDOZER BLADE 3 1.10% BULLDOZER BLADE 1 0.71%

PLOUGH 13 4.76% PLOUGH 0.00%

TRACKS 7 2.56% TRACKS 0.00%

273 100.00% 140 100.00%


5
Allocation of Digger Sizes

Diggers are classified as excavators with different size distributions in rural and urban areas.  A Gaz de France distribution has been applied to obtain the different size distributions as shown below:-
[image: image2.emf]Type Probability Size (Tonnes)     Size Probability    Total Probability

Scenario

Type Rural Suburban From To Rural Suburban Rural Suburban

1a Excavator 0.5-5t 34.43% 41.43% 0.5 5 2.37% 85.79% 0.81% 35.54%

1b Excavator 5-10t 34.43% 41.43% 5 10 22.83% 8.76% 7.86% 3.63%

1c Excavator 10-15t 34.43% 41.43% 10 15 38.71% 3.44% 13.33% 1.42%

1d Excavator 15-20t 34.43% 41.43% 15 20 27.02% 1.41% 9.30% 0.58%

1e Excavator 20-25t 34.43% 41.43% 20 25 8.33% 0.50% 2.87% 0.21%

1f Excavator 25+t 34.43% 41.43% 25 33.1 0.75% 0.12% 0.26% 0.05%


This shows that in rural areas most damage is caused by excavators in the 10-15 tonnes range (13.33%) whereas in suburban areas, most damage is caused by small excavators in the size range 0.5 to 5 tonnes (35.54%).

6
Slabbing Preventing Lateral Encroachment – Cut Set 1
Several probabilities are included on the new fault tree, which contains 4 distinct minimum cut sets (effectively four different mechanisms).

The first event is simply the probability that the machine is able to damage the pipeline by approaching sideways and therefore avoiding the slab and marker tape.

[image: image3.emf]Cut Set 1 - Scenario 1a

Barrier Fails

0.02 0.02

E1 Barrier fails to prevent encroachment


This probability appears to be independent of  

a)    
whether the presence of the pipeline is known or not known

b)
whether there is slabbing present or not
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The probability of this occurring for each of the 16 machine types is shown below:-

[image: image5.emf]  Type Probability sideways damage

1a Excavator 0.5-5t

2%

1b Excavator 5-10t

2%

1c Excavator 10-15t

2%

1d Excavator 15-20t

2%

1e Excavator 20-25t

2%

1f Excavator 25+t

100%

2 Backhoe loader

2%

4a Drill

50%

4b Spike

50%

5a Dragline

10%

5b Drainlayer

10%

5c Scraper

10%

5d Trencher

10%

6a Bulldozer

10%

6b Plough

10%

6c Tracks

10%


6
Cut Set 2 – Probability Operator Fails to Notice Slabbing and Machine Able to Breach Slabbing
This probability is the combination of the two probabilities shown below

[image: image6.emf]  Type

Probability Operator fails 

to notice slabbing

Probability Machine able 

to breach slabbing

Probability of 

Pipeline Damage

1a Excavator 0.5-5t

2% 10% 0.20%

1b Excavator 5-10t

2% 28% 0.56%

1c Excavator 10-15t

2% 46% 0.92%

1d Excavator 15-20t

2% 64% 1.28%

1e Excavator 20-25t

2% 82% 1.64%

1f Excavator 25+t

100% 100% 100%

2 Backhoe loader

2% 50% 1%

4a Drill

10% 90% 9%

4b Spike

10% 10% 1%

5a Dragline

90% 90% 81%

5b Drainlayer

10% 10% 1%

5c Scraper

50% 50% 25%

5d Trencher

10% 50% 5%

6a Bulldozer

50% 50% 25%

6b Plough

10% 10% 1%

6c Tracks

10% 10% 1%


[image: image7.emf]Cut Set 2 - Scenario 1a
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7
Cut Set 3 – Probability Operator Ignores Slabbing and Machine Able to Breach Slabbing
As for cut set 2, the probability that the operator ignores the slabbing is assumed to be 0.109 for all machines, and this is multiplied by the probability that the machine is able to breach the slabbing.
[image: image9.emf]  Type

Probability Operator 

ignores slabbing

Probability Machine able 

to breach slabbing

Probability of 

Pipeline Damage

1a Excavator 0.5-5t

10.9% 10% 1.09%

1b Excavator 5-10t

10.9% 28% 3.05%

1c Excavator 10-15t

10.9% 46% 5.01%

1d Excavator 15-20t

10.9% 64% 6.98%

1e Excavator 20-25t

10.9% 82% 8.94%

1f Excavator 25+t

10.9% 100% 11%

2 Backhoe loader

10.9% 50% 5%

4a Drill

10.9% 90% 10%

4b Spike

10.9% 10% 1%

5a Dragline

10.9% 90% 10%

5b Drainlayer

10.9% 10% 1%

5c Scraper

10.9% 50% 5%

5d Trencher

10.9% 50% 5%

6a Bulldozer

10.9% 50% 5%

6b Plough

10.9% 10% 1%

6c Tracks

10.9% 10% 1%


[image: image10.emf]Cut Set 3 - Scenario 1a
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Cut Set 4 – Probability Operator is not aware of the presence of the pipeline and ignores warnings and Machine Able to Breach Slabbing
This is a more complex scenario which involves the factors for marker tape being included to reduce the overall probability.
[image: image12.emf]Cut Set 4 - Scenario 1a

0.1

 

Barrier Fails

0.19

&

3.71E-05

E6 Failure of 

notification system

&

G4 Ignores barrier - 

pipeline presence 

unknown

0.163 0.00037

E7 Failure of 

surveillance

&

G5 Presence 

of pipeline 

unknown

E8 Failure of 

marker posts

0.75 0.002

0.271

&

G6 Failure of on-site 

markers

E9 Failure of 

marker tapes

0.016

0.059

E5 Operator fails to stop activity given that 

presence of pipeline is unknown

E2 Machine able to breach barrier


The overall contribution to the risk of the pipeline being damaged is lower than the other cases:
[image: image13.emf]  Type

Probability Operator 

unaware of pipeline & 

ignores slabbing

Probability Machine able 

to breach slabbing

Probability of 

Pipeline Damage

1a Excavator 0.5-5t

0.037% 10% 0.00%

1b Excavator 5-10t

0.037% 28% 0.01%

1c Excavator 10-15t

0.037% 46% 0.02%

1d Excavator 15-20t

0.037% 64% 0.02%

1e Excavator 20-25t

0.037% 82% 0.03%

1f Excavator 25+t

0.037% 100% 0.04%

2 Backhoe loader

0.037% 50% 0.02%

4a Drill

0.568% 90% 0.51%

4b Spike

0.568% 10% 0.06%

5a Dragline

0.568% 90% 0.51%

5b Drainlayer

0.568% 10% 0.06%

5c Scraper

0.568% 50% 0.28%

5d Trencher

0.568% 50% 0.28%

6a Bulldozer

0.568% 50% 0.28%

6b Plough

0.568% 10% 0.06%

6c Tracks

0.568% 10% 0.06%


The effect of increasing Event 9 probability to 1 (i.e. no marker tape) is relatively low, as shown below:-

[image: image14.emf]Cut Set 4 - Scenario 1a
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Barrier Fails

0.19

&

6.29E-04

E6 Failure of 

notification system

&

G4 Ignores barrier - 

pipeline presence 

unknown

0.163 0.00629

E7 Failure of 

surveillance

&

G5 Presence 

of pipeline 

unknown

E8 Failure of 

marker posts

0.75 0.033

0.271

&

G6 Failure of on-site 

markers

E9 Failure of 

marker tapes

0.271

1

E5 Operator fails to stop activity given that 

presence of pipeline is unknown

E2 Machine able to breach barrier


Therefore some proportion of Events 3 and 4 appear to need to include a contribution from marker tape.

Overall probabilities of pipeline dame are therefore as follows:-

[image: image15.emf]  Type Cut Set 1 Cut Set 2 Cut Set 3 Cut Set 4 TOTAL

TOTAL from 

G Toes 

1a Excavator 0.5-5t

0.02 0.00 0.01 0.00 0.033

0.032

1b Excavator 5-10t

0.02 0.01 0.03 0.00 0.056

0.055

1c Excavator 10-15t

0.02 0.01 0.05 0.00 0.080

0.077

1d Excavator 15-20t

0.02 0.01 0.07 0.00 0.103

0.100

1e Excavator 20-25t

0.02 0.02 0.09 0.00 0.127

0.122

1f Excavator 25+t

1.00 1.00 0.11 0.11 1.000

1.000

2 Backhoe loader

0.02 0.01 0.05 0.00 0.085

0.082

4a Drill

0.50 0.09 0.10 0.01 0.697

0.591

4b Spike

0.50 0.01 0.01 0.00 0.521

0.510

5a Dragline

0.10 0.81 0.10 0.08 1.000

0.838

5b Drainlayer

0.10 0.01 0.01 0.00 0.121

0.118

5c Scraper

0.10 0.25 0.05 0.01 0.418

0.351

5d Trencher

0.10 0.05 0.05 0.00 0.207

0.191

6a Bulldozer

0.10 0.25 0.05 0.01 0.418

0.351

6b Plough

0.10 0.01 0.01 0.00 0.121

0.118

6c Tracks

0.10 0.01 0.01 0.00 0.121

0.118


Note there is a small difference between the sum of these scenarios and the total obtained by G Toes
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9
Combined Probabilities – Machine Present (Rural and Suburban) and Pipeline Damaged.

The final step is to multiply the probabilities of the machine being present and the probabilities of pipeline damage.

For rural areas, the result is:

[image: image17.emf]  Type

Probability Machine 

Present - Rural

Probability of 

Pipeline Damage

Overall Probability of 

Damage with slabbing 

Percentage

1a Excavator 0.5-5t

0.01 0.03

0.000 0.18%

1b Excavator 5-10t

0.08 0.05

0.004 2.94%

1c Excavator 10-15t

0.13 0.08

0.010 7.01%

1d Excavator 15-20t

0.09 0.10

0.009 6.31%

1e Excavator 20-25t

0.03 0.12

0.004 2.38%

1f Excavator 25+t

0.00 1.00

0.003 1.75%

2 Backhoe loader

0.40 0.08

0.033

22.36%

4a Drill

0.06 0.59

0.037

25.05%

4b Spike

0.01 0.51

0.004 2.54%

5a Dragline

0.02 0.84

0.015

10.45%

5b Drainlayer

0.03 0.12

0.004 2.65%

5c Scraper

0.01 0.35

0.004 2.62%

5d Trencher

0.04 0.19

0.008 5.24%

6a Bulldozer

0.01 0.35

0.004 2.62%

6b Plough

0.05 0.12

0.006 3.83%

6c Tracks

0.03 0.12

0.003 2.06%

0.147


This implies that the probability of damage would be 1 (100%) if there was no slabbing or marker tape.

For suburban areas the results are:-

[image: image18.emf]  Type

Probability Machine 

Present - Suburban

Probability of 

Pipeline Damage

Overall Probability of 

Damage with slabbing 

Percentage

1a Excavator 0.5-5t

0.36 0.03

0.012 7.85%

1b Excavator 5-10t

0.04 0.05

0.002 1.35%

1c Excavator 10-15t

0.01 0.08

0.001 0.75%

1d Excavator 15-20t

0.01 0.10

0.001 0.40%

1e Excavator 20-25t

0.00 0.12

0.000 0.17%

1f Excavator 25+t

0.00 1.00

0.000 0.32%

2 Backhoe loader

0.42 0.08

0.035

23.60%

4a Drill

0.11 0.59

0.065

44.25%

4b Spike

0.03 0.51

0.015 9.92%

5a Dragline

0.01 0.84

0.012

8.15%

5b Drainlayer

0.00 0.12

0.000 0.00%

5c Scraper

0.01 0.35

0.003 1.70%

5d Trencher

0.00 0.19

0.000 0.00%

6a Bulldozer

0.01 0.35

0.003 1.70%

6b Plough

0.00 0.12

0.000 0.00%

6c Tracks

0.00 0.12

0.000 0.00%

0.147


Note the high proportion of drills causing pipeline damage in both rural and suburban areas, especially suburban areas.  This is a combination of 10% of the damage data cases being due to drills, 50% probability of sideways damage from drills, and 90% probability of drill being able to penetrate concrete slabbing and damage the pipeline.
If the 90% probability of drill damage is reduced to 50%, the overall probability with slabbing appears to reduce to about 14.1%, and if the sideways probability for both spikes and drills is reduced to 25%, the overall probability appears to reduce to 12%.


[image: image19]
10
Conclusions

The highest risk of slabbing not being effective appears to be due to drills, especially in suburban areas. Backhoe loaders also have a relatively high contribution, as do draglines, spikes and excavators. 
R A McConnell

25 November 2009
Question 1  – shouldn’t this include the probability of “Presence of pipeline unknown”?  Or is it assumed in these probabilities that the presence of the pipeline is known – if so aren’t the probabilities below relatively high?








Question 2 – not clear if this contains aspects of not noticing the marker tape as well as not noticing the concrete barrier – if probability of operator failing to notice slabbing is set to 1  as well as Event 9 – the overall probabilities increase from 14.7% rural and suburban to 49.7% rural and 43.5% suburban – is this the correct way to analyse no marker tape?  If not should part of Event 3 be related to marker tape?





Question 3 – again, as above, is part of this Event 4 probability attributable to the marker tape as well as the concrete slabbing itself?





Question 4 – I assume differences in the totals is due to the conditional OR gates in the fault trees which have been calculated differently using Fault Tree software?  I have simply added the results of each cut set together





Question 5 – Would it be useful to do more sensitivity analysis?








