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1
Background

On 3 April 2006, HSE received a request for information from BP on the HSE QRA of the BP Forties Pipeline. On 23 May HSE replied, giving answers to specific questions and including a paper submitted to the HSE Panel on 8 August 2005.

This information allows a detailed analysis of HSE approach and assumptions to be made, and these are discussed in this note.  In addition, a recommended way forward for further dialogue with HSE is proposed.

2
Conclusions and Recommendations
1)
HSE have assigned failure rates in 2 stages – an initial assessment in September 2004 when they thought the wall thickness was 9,5 mm, and a second assessment in May 2005 when they assessed the 15.9 mm wall.

2)
Only rupture failure rates are considered here because only they contribute to Middle and Outer Zones.  Inner zones may be set by other mechanisms.

2)
HSE failure rates for Mechanical failure do not appear unreasonable.
3)
The HSE Natural failure rate is high and jointly dominates risks from the thick-wall case.  It is the same as used for natural gas pipelines. However a robust case was presented to HSE in February 2006 that the worst-case UK background failure rate is an order of magnitude lower.  We are awaiting their decision on this and expect a response at a forthcoming UKOPA-HSE high level meeting on 10 November 2006.

4)
The Corrosion failure rate is high and jointly dominates the thick-wall case.  The original of the failure rate is not clear and has not been given by HSE.  A higher value was recently applied to an ethylene thick-wall case and this has been strongly countered by UKOPA by examining the management control systems in place to prevent, detect, and correct corrosion faults.  HSE have now agreed that UKOPA should present the case for a lower failure rate and HSE have agreed to consider it at a suitable Panel meeting.

5)
The 3rd party failure rate makes a small contribution to the thick-wall failure rate.  Further reduction could be made by HSE taking into account 2.5 metres depth of cover rather than the 1.1 metres they have used, but this would require a policy change and is unlikely to make a significant difference to this case because failures are dominated by natural and corrosion.

6)
Source of Ignition probability (via the HSE Event Tree) would give a significant reduction in zone distances, and a similar case should be made as for ethylene.  However this may be a longer term development.

7)
HSE have compared original release rate cases with the new PIPTECH cases and this has been repeated here.  However it shows that for the PIPETECH cases, at least 2 factors must be changed to give a sufficiently large reduction in Middle Zone distance to affect the Bo’ness development.  

8) 
It is therefore recommended that engagement with HSE should continue to change the Natural Failure rate to that established for the natural gas network in UK.  This may require some further work to confirm ground stability aspects in the Bo’ness area of the pipeline.
9)
A case should be made for adopting a lower corrosion failure rate for the thick-wall pipe.  The argument should be made based on the following:-


· Finding out how the original corrosion failure rate was set by HSE.

· The logic that a 15.9 mm pipe wall will have a lower rupture frequency than a 9,5 mm pipe wall

· That BP have in place the various prevention, detection and mitigation aspects to prevent internal and external corrosion in the BPFS.  This may include:-

· Documentary evidence of original design, wrapping and corrosion prevention systems

· Documentary evidence of CP checks, corrosion faults detected and corrected

· Information on the intelligent pig runs which have been carried out

· Inviting the HSE risk inspectors (Nigel Riley and Glyn Hawkins) to Grangemouth to see the various systems in place and for a presentation on BP’s pipeline integrity management system.

Based on recent evidence from the ethylene case, this approach may result in positive changes to the HSE approach.

Rod McConnell
13 October 2006

3
Key Information Provided by HSE
The Panel Paper 8 August 2005 provides key information which allows the HSE’s risk assessment to be replicated for calculation of the Middle and Outer zones.

Two papers included in the HSE Panel Notes as Appendix 1 and 2 “Failure Rate Advice FR/77 Issue 2 and FR/88” which provide a detailed insight into how HSE have derived failure rates for the Forties Pipeline, paper FR/77 dated 8 Sept 04 is for standard wall 9.5 mm pipe and FR/88 is for thick-wall pipe 15.9 mm thick with depth 1.1 metres.

Associated with these failure rates are the results of the full QRA in terms of Inner, Middle and Outer Zones.  In combination with other answers to specific questions on the Consequence Analysis, it has been possible to re-constitute the 

HSE QRA and so obtain an estimate of the Middle and Outer Zones for comparison with HSE results.

The only failure rate data used is the rupture frequency because this alone has any affect on Middle and Outer zones.  Other failure scenarios (110mm, 75mm, 25 mm for HSE analysis) is only likely to affect Inner zone, and this is likely to be set by some other parameter such as Code Distances or Fireball radius.

3.1
FR/77 – Standard Wall Pipe 914.4 mm dia and 9.5 mm thickness at Bo’ness dated 8/09/04
Rupture frequencies given in FR/77 Issue 2 for standard wall pipe are:-

	Failure Mechanism
	Rupture per metres as given in FR/77
	Rupture Frequency per 1000 km. years
	%

	Mechanical
	2.64 x 10-11
	2.64 x 10-5
	0.07%

	Natural
	2 x 10-9
	2 x 10-3
	6%

	Corrosion
	2.11 x 10-9
	2.11 x 10-3
	6%

	3rd Party 
	3.27 x 10-8
	3.27 x 10-2
	88%

	Total
	3.7 x 10-8
	3.7 x 10-2
	100%


Note – failure rates in this note will use the per 1000.km.years units. All further references in this note to failure rates mean rupture failure rates, NOT total failure rates.
The table shows that 3rd party failure is by far the most dominant contributor.

The approach used to derive these failure rates is as detailed in another note FR/76 (not provided) which was for a similar pipeline with wall thickness of 22.5 mm and operating pressure 90 barg.  [This should be obtained from HSE]
Mechanical Failure rate 2.64 x 10-5 per 1000 km. years

UKOPA-based failure rate data used by HSE for a similar natural gas pipeline would be 8 x 10-6, so the BPFS failure rate is a factor of 3.3 times higher.  However, this is not significant is determining the Middle and Outer zones.
Natural Failure Rate 2 x 10-3 per year

This is the same as for natural gas pipelines. However a robust case was presented to HSE in February 2006 that the worst-case UK background failure rate is an order of magnitude lower than this ~ 2 x 10-4 per year.  We are awaiting their decision on this and expect a response at a forthcoming UKOPA-HSE high level meeting on 10 November 2006.
Corrosion Failure Rate 2.11 x 10-3 per year

Original unknown, this is likely to be from PIPIN CONCAWE data.  [The source should be obtained from HSE]
3rd Party Failure Rate 3.27 x 10-2 per year
Derived from HSE Predictive model, the result appears higher than for any other equivalent natural gas pipeline HSE predictive failure rate.  For instance, HSE’s prediction for an 85 bar MAOP 914.4 mm pipeline with design factor 0.741 has a total rupture failure rate of 1.26 x 10-2 (39% of BFPS 3rd party) and this includes the other mechanisms. [This will have implications on the LUP zones assessment of the rest of BPFS when that assessment is done].
HSE have used steel type X60 whereas the Atkins report states that the standard wall steel is X65.  If it is X65, for the 60 barg pressure used by HSE, the Design Factor reduces from 0.7 to 0.64, and this will result in a reduction in predicted failure rate. [Again, this will have implications on the LUP zones assessment of the rest of BPFS when that assessment is done].
Finally, HSE have examined the effect of taking into account the true depth of burial. Instead of 1.1 metres used in the FR/77 analysis, they have used 2.5 metres, resulting in a reduction to 5.8 x 10-3 per 1000 km. years.

3.2
FR/88 – Thick Wall Pipe 914.4 mm dia and 15.9 mm thickness at Bo’ness, dated 25/05/05
This note follows an internal HSE request to re-assess failure rates based on the thicker wall of 15.9 mm.
Results are 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
	15.9 mm as FR/88
	

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

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

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

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

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


Note how corrosion and natural failures now jointly dominate the failure rate.
Mechanical Failure rate 2.56 x 10-5 per 1000 km. years

This is now explained – HSE have examined overall CONCAWE and EGIG failure rates and found that the failure rate ratio for ruptures is 3.2, so the UKOPA database failure rate of 8 x 10-6 is multiplied by 3.2 to obtain 2.56 x 10-6.  However, this is still not significant is determining the Middle and Outer zones.

Natural Failure Rate 2 x 10-3 per year

This again is the same as for natural gas pipelines, and as for natural gas, HSE make no allowance for an increase wall thickness.  However a robust case was presented to HSE in February 2006 that the worst-case UK background failure rate is an order of magnitude lower than this ~ 2 x 10-4 per year.  We are awaiting their decision on this and expect a response at a forthcoming UKOPA-HSE high level meeting on 10 November 2006.

Corrosion Failure Rate 2.11 x 10-3 per year

This is the same as for the 9.5 mm case, and this needs to be challenged.  Corrosion failure rates are known to decrease with wall thickness as shown by actual database results and by an analytical approach.

3rd Party Failure Rate 5.95 x 10-4 per year
Derived from HSE’s Predictive model, the result appears similar to other equivalent natural gas pipeline HSE predictive failure rates.  For instance, HSE’s prediction for a 70 bar MAOP 914.4 mm pipeline with design factor 0.4 and wall thickness 15.9mm has a 3rd party failure rate ~ 4.5 x 10-4 (76% of BFPS 3rd party).
HSE appear to have used Design Factors associated with X60 steel and according to Atkins report, the thick-wall section is indeed X60 so HSE’s assumptions are correct.

It should also be noted that the 3rd failure rate would further reduce if HSE policy allowed recognition of the 2.5 metres depth of cover at Bo’ness foreshore.
3.3
Summary of questions about HSE Failure Rates
There are several aspects which could be questioned are:-

1)
Derivation of original corrosion failure rate – where does it come from (FR/76? – copy please?)

2)
Is corrosion failure rate justifiable?  Would BP be able / willing to demonstrate and make the case that a lower corrosion failure rate should be used?

3)
Using the same rupture failure rate due to corrosion for thick-wall pipe is not sensible or credible – would HSE now use a lower failure rate?

4)
Would HSE now consider using lower natural failure rate for Bo’ness area?  What further information would be required to convince HSE to use a lower failure rate?

4
Consequence Analysis
Several key aspects remain unresolved concerning the differences in consequence analysis between HSE and Atkins.
The main factors which make HSE’s approach very conservative are:-
a)
A massive jet flame which has a height of 476 metres, and an assumption that this occurs for all rupture releases

b)
Proportion heat radiated from the jet flame = 38%

c)
Source of ignition probability of 84%

4.1 Source of Ignition Probability

HSE use an ignition probability of 0.84 (84%) compared to 0.4375 (43.75%) for natural gas.

Reasons for this are related to the structure of the Event Tree (see attached) which describes what happens after the gas is released.

Immediate ignition is assumed to cause a fireball:-

25% of releases for natural gas

20% of release for spiked crude
Of the remaining releases,

50% of natural gas releases are assumed to be unobstructed

80% of spiked crude releases are assumed to be unobstructed

i.e. – cause large jets to be released vertically into the air

For the unobstructed releases, it is assumed the jets ignite locally:-


25% of natural gas releases are assumed to ignite, the rest do not


80% of the spiked crude releases are assumed to ignite, the rest not

For the obstructed releases, 


25% of natural gas releases are assumed to ignite locally (jet fire)


80% of the spiked crude releases are assumed to ignite remotely (causing a flash fire, the difference being 80% are daytime and 20% at night).

Propane physical properties show similar ignition characteristics to methane including:-

a)
Minimum Ignition Energy (at ideal air-gas mixture) for propane is 0.25 mJ whereas for methane it is 0.22 mJ (note hydrogen is 0.019 mJ). Therefore propane requires similar energy to ignite.  

b)
Flammable limits in air are 2.1% to 9.7% v/v for propane compared to 5% to 15% v/v for methane. 

c) 
Propane is likely to form a cold, heavy gas cloud at low temperature which drifts downwind and could find a source of ignition, whereas methane is likely to become buoyant and disperse into the atmosphere.

However, there appears to be no reason why there should be a difference is unobstructed releases between spiked crude and methane. The point at which a pipeline is punctured is not dependent on what the pipeline contains.  Most 3rd party impacts are likely to cause a hole in the top of the pipelines, so adopting the 80% unobstructed jet for natural gas and spiked crude may be sensible.

The difference in probability of local ignition source of 25% for unobstructed natural gas jet and 80% for unobstructed spiked crude “jet” does not seem logical.  Any pressurised discharge is likely to have similar physical dimensions – the difference in flammable limits makes only a marginal difference in flammable jet dimensions as the jet leaves the point of rupture.  There is little difference in ignition energy. Therefore adopting a probability of 25% appears sensible, similar to that of natural gas. 
The remaining obstructed ethylene releases are assumed to ignite remotely and cause a flash fire. This does not appear sensible because some of the obstructed releases causing a gas plume to form are likely to ignite locally rather than drifting to the full extent of the Lower Flammable Limit plume length before igniting.  It would appear sensible to assume 25% (i.e. same as methane) of the releases find a local source of ignition, and 80% of the remaining releases find a remote source of ignition.

The overall ignition probabilities change as follows:-

	
	Existing
	Proposed

	Fireball + jetfire
	20%
	20%

	Jet fire
	51.2%
	20%

	Flash Fire + jetfire
	12.8%
	9.8%

	No Ignition
	16%
	50.2%


4.2
HSE Results
HSE have analysis two sets of cases:-

a)
Original Release Rates – 3300 kg/sec for the jet fire case
and

b)
PIPETECH Release Rates
-
6630 kg/sec

4.2.1
Original release Rates

For this case HSE have obtained results similar to the following:-

Fireball radius 110 metres  - for this the initial release rate is ~ 8500 kg/sec

Effect distance for fireball ~ 185 metres, modelled as a circular effect
30 second release rate 3300 kg/sec

Jet flame effects distances  
Wind towards

-
435 metres )
Wind neutral

-
370 metres )  modelled as circular effects
Wind away from
-
350 metres )
Flash fire

Daytime
-
470 metres )
Nightime
-
580 metres )  modelled as ellipses
It is therefore possible to set up a simple model to calculate the risk transect and obtain the distances to the Middle (10-6) and Outer (3 x 10-7) zones.

This has been verified against results obtained by HSE, and then it is possible to examine the effects of changes in failure rate on the Middle and Outer Zone distances.

Comparison of Results – Results are shown in Appendix B
	
	HSE Results
9.5 mm wall
	Replicated Results 9,5 mm
	HSE Results
15.9 mm wall
	Replicated Results 15.9 mm

	Inner Zone
	325 metres
	326
	n/a
	n/a

	Middle Zone
	435
	435
	350
	356

	Outer Zone
	470
	470
	410
	414


(some Inner zone n/a because lower effect failure cases 110 mm, 75mm and 25 mm holes are not included in this analysis).

Therefore the replicated model appears to obtain very similar results to the HSE calculations.
It is now possible to run several comparative cases.  These are as follows for 15.9 mm wall cases:-
a)
Natural failure rate reduced by a factor 10 to 2 x 10-4 per 1000 km.years

b)
Natural failure rate reduced by a factor of 10 and corrosion failure rate reduced by 50%

c)
As original failure rates, but new Event Tree adopted giving 50% probability of ignition

Results are as follows:-

	
	HSE Results
15.9 mm wall
	Natural failure reduced by 10
	Natural  and Corrosion reduced
	New Event Tree

	Middle Zone
	350
	273
	38
	171

	Outer Zone
	410
	389
	370
	382


4.2.2

New PIPETECH Release Rates

For this case HSE have obtained results similar to the following:-

Quantity in Fireball = 178 tonnes , so fireball radius 140 metres  - for this the initial release rate is ~ 22900 kg/sec

Effect distance for fireball ~ 240 metres, modelled as a circular effect

30 second release rate 6630 kg/sec

Jet flame effects distances  

Wind towards

-
620 metres )

Wind neutral

-
520 metres )  modelled as circular effects

Wind away from
-
424 metres )

Flash fire

Daytime
-
670 metres )

Nightime
-
870 metres )  modelled as ellipses

It is therefore possible to set up a simple model to calculate the risk transect and obtain the distances to the Middle (10-6) and Outer (3 x 10-7) zones.

This has been verified against results obtained by HSE, and then it is possible to examine the effects of changes in failure rate on the Middle and Outer Zone distances.

Comparison of Results – Results are shown in Appendix C
	
	HSE Results
9.5 mm wall
	Replicated Results 9.5 mm
	HSE Results
15.9 mm wall
	Replicated Results 15.9 mm

	Inner Zone
	500 metres
	475
	n/a
	n/a

	Middle Zone
	640
	647
	520
	506

	Outer Zone
	680
	690
	610
	612


(some Inner zone n/a because lower effect failure cases 110 mm, 75mm and 25 mm holes are not included in this analysis).

Therefore the replicated model appears to obtain very similar results to the HSE calculations for PIPETECH releases as well as original releases.

It is now possible to run several comparative cases.  These are as follows for 15.9 mm wall cases:-

a)
Natural failure rate reduced by a factor 10 to 2 x 10-4 per 1000 km.years

b)
Natural failure rate reduced by a factor of 10 and corrosion failure rate reduced by 50%

c)
As original failure rates, but new Event Tree adopted giving 50% probability of ignition

Results are as follows:-

	
	HSE Results
15.9 mm wall
	Natural failure reduced by 10
	Natural  and Corrosion reduced
	New Event Tree

	Middle Zone
	520
	425
	271
	336

	Outer Zone
	610
	578
	519
	558


Other cases can easily be run using this model if required.
R A McConnell

13 October 2006

Appendix A  -  Event Trees

[image: image1.emf]Spiked Crude Event Tree - HSE Existing

Immediate Release Delayed Delayed

Ignition Unobstructed Local Remote 

Ignition Ignition

0.2 0.8

Windspeed 1 Yes Fireball + jetfire

(Night time)

0.2  No Yes Yes 0.8 Jetfire

 No  No No Ignition

Yes 0 Jetfire

 No Yes 0.8 FlashFire + Jetfire

 No No ignition

Windspeed 2 Yes Fireball + jetfire

(Day time)

0.8  No Yes Yes 0.8 Jetfire

 No  No No Ignition

Yes 0 Jetfire

TOTALS  No Yes 0.8 FlashFire + Jetfire

Fireball + Jetfire  

0.2

Jetfire  

0.512

 No No ignition

Daytime Flash Fire + jetfire

0.1024

Nightime Flash Fire + jetfire

0.0256

No Ignition

0.16


[image: image2.emf]Spiked Crude Event Tree - Proposed new
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 No No ignition
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 No  No No Ignition
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TOTALS  No Yes 0.8 FlashFire + Jetfire

Fireball + Jetfire  

0.2

Jetfire  

0.2

 No No ignition

Daytime Flash Fire + jetfire

0.0768

Nightime Flash Fire + jetfire
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No Ignition
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Appendix B  - Sheet 1 - Risk Transect for Original Release Rates and 9.5 mm HSE Failure Rates showing agreement on distances
[image: image3.emf]BP Forties Risk Transect  - HSE replication - Original HSE release rates

System Pressure 63.85

OLD RELEASE RATES

HSE results

As Notified

Inner 325

Middle  435

Outer 470

Thick Wall

Inner 30

Middle  350

Outer 410

Rupture Frequency 3.68E-02

Inner Zone 10-5

326

Middle Zone to 10-6

435

Outer Zone to 3 x 10-7

470

Risk 19.77 19.54 18.81 14.81 11.36 2.78 0.17 0.00 0.00

Scenario and Wind Direction

Rupture 

Frequency

Event 

Probability

Frequency 

per metre  x 

10-6

Circular 

Radius

Distance 1 50 100 200 300 400 500 600 700

Rupture Fireball 3.68E-02 0.2 7.37E-03 184.9 Circle

2.72 2.62 2.29

Rupture Jet Fire Wind towards 3.68E-02 0.128 4.72E-03 435.0 Circle

4.102 4.075 3.992 3.643 2.970 1.612

Rupture Jet Fire Wind neutral 3.68E-02 0.256 9.43E-03 390.0 Circle

7.355 7.295 7.110 6.315 4.700

Rupture Jet Fire Wind away 3.68E-02 0.128 4.72E-03 370.0 Circle

3.489 3.457 3.359 2.935 2.042

Rupture Daytime Flash fire 3.68E-02 0.0512 1.89E-03 470.0 Circle

1.773 1.763 1.732 1.604 1.365 0.931

Rupture Nightime Flash Fire 3.68E-02 0.00768 2.83E-04 580.0 Circle

0.328 0.327 0.323 0.308 0.281 0.238 0.166

Jet fire assumes 3300 kg/sec for 15 minutes

Total Risk

19.77 19.54 18.81 14.81 11.36 2.78 0.17 0.00 0.00

NOTE small release cases NOT INCLUDED HERE give higher risks closer in

BP Forties Risk Transect - 63.85 bar
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Appendix B  - Sheet 2 - Risk Transect for Original Release Rates and 15.9 mm HSE Failure Rates showing agreement on distances

[image: image4.emf]BP Forties Risk Transect  - HSE replication - Original HSE release rates

System Pressure 63.85

OLD RELEASE RATES

HSE results

As Notified

Inner 325

Middle  435

Outer 470

Thick Wall

Inner 30

Middle  350

Outer 410

Rupture Frequency 4.73E-03

Inner Zone 10-5

0

Middle Zone to 10-6

356

Outer Zone to 3 x 10-7

414

Risk 2.54 2.51 2.42 1.90 1.46 0.36 0.02 0.00 0.00

Scenario and Wind Direction

Rupture 

Frequency

Event 

Probability

Frequency 

per metre  x 

10-6

Circular 

Radius

Distance 1 50 100 200 300 400 500 600 700

Rupture Fireball 4.73E-03 0.2 9.46E-04 184.9 Circle

0.35 0.34 0.29

Rupture Jet Fire Wind towards 4.73E-03 0.128 6.06E-04 435.0 Circle

0.527 0.523 0.513 0.468 0.381 0.207

Rupture Jet Fire Wind neutral 4.73E-03 0.256 1.21E-03 390.0 Circle

0.945 0.937 0.913 0.811 0.604

Rupture Jet Fire Wind away 4.73E-03 0.128 6.06E-04 370.0 Circle

0.448 0.444 0.431 0.377 0.262

Rupture Daytime Flash fire 4.73E-03 0.0512 2.42E-04 470.0 Circle

0.228 0.226 0.222 0.206 0.175 0.120

Rupture Nightime Flash Fire 4.73E-03 0.00768 3.63E-05 580.0 Circle

0.042 0.042 0.042 0.040 0.036 0.031 0.021

Jet fire assumes 3300 kg/sec for 15 minutes

Total Risk

2.54 2.51 2.42 1.90 1.46 0.36 0.02 0.00 0.00

NOTE small release cases NOT INCLUDED HERE give higher risks closer in

BP Forties Risk Transect - 63.85 bar
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Appendix B  - Sheet 3 - Risk Transect for Original Release Rates and 15.9 mm HSE Failure Rates showing effect of reduction of Natural Failure rate by a factor of 10

[image: image5.emf]BP Forties Risk Transect  - HSE replication - Original HSE release rates

System Pressure 63.85

OLD RELEASE RATES

HSE results

As Notified

Inner 325

Middle  435

Outer 470

Thick Wall

Inner 30

Middle  350

Outer 410

Rupture Frequency 2.93E-03

Inner Zone 10-5

0

Middle Zone to 10-6

273

Outer Zone to 3 x 10-7

389

Risk 1.57 1.55 1.50 1.18 0.90 0.22 0.01 0.00 0.00

Scenario and Wind Direction

Rupture 

Frequency

Event 

Probability

Frequency 

per metre  x 

10-6

Circular 

Radius

Distance 1 50 100 200 300 400 500 600 700

Rupture Fireball 2.93E-03 0.2 5.86E-04 184.9 Circle

0.22 0.21 0.18

Rupture Jet Fire Wind towards 2.93E-03 0.128 3.75E-04 435.0 Circle

0.326 0.324 0.318 0.290 0.236 0.128

Rupture Jet Fire Wind neutral 2.93E-03 0.256 7.50E-04 390.0 Circle

0.585 0.580 0.566 0.502 0.374

Rupture Jet Fire Wind away 2.93E-03 0.128 3.75E-04 370.0 Circle

0.278 0.275 0.267 0.234 0.162

Rupture Daytime Flash fire 2.93E-03 0.0512 1.50E-04 470.0 Circle

0.141 0.140 0.138 0.128 0.109 0.074

Rupture Nightime Flash Fire 2.93E-03 0.00768 2.25E-05 580.0 Circle

0.026 0.026 0.026 0.025 0.022 0.019 0.013

Jet fire assumes 3300 kg/sec for 15 minutes

Total Risk

1.57 1.55 1.50 1.18 0.90 0.22 0.01 0.00 0.00

NOTE small release cases NOT INCLUDED HERE give higher risks closer in

BP Forties Risk Transect - 63.85 bar



0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

-700 -600 -500 -400 -300 -200 -100 0 100 200 300 400 500 600 700

Distance from Pipeline

Risk - Chances per million per 

year

Calculate

Risks


Appendix B  - Sheet 4 - Risk Transect for Original Release Rates and 15.9 mm HSE Failure Rates showing effect of reduction of Natural Failure rate by a factor of 10 AND reduction in Corrosion Rate by 50%  

[image: image6.emf]BP Forties Risk Transect  - HSE replication - Original HSE release rates

System Pressure 63.85

OLD RELEASE RATES

HSE results

As Notified

Inner 325

Middle  435

Outer 470

Thick Wall

Inner 30

Middle  350

Outer 410

Rupture Frequency 1.88E-03

Inner Zone 10-5

0

Middle Zone to 10-6

38

Outer Zone to 3 x 10-7

370

Risk 1.01 0.99 0.96 0.75 0.58 0.14 0.01 0.00 0.00

Scenario and Wind Direction

Rupture 

Frequency

Event 

Probability

Frequency 

per metre  x 

10-6

Circular 

Radius

Distance 1 50 100 200 300 400 500 600 700

Rupture Fireball 1.88E-03 0.2 3.75E-04 184.9 Circle

0.14 0.13 0.12

Rupture Jet Fire Wind towards 1.88E-03 0.128 2.40E-04 435.0 Circle

0.209 0.207 0.203 0.185 0.151 0.082

Rupture Jet Fire Wind neutral 1.88E-03 0.256 4.80E-04 390.0 Circle

0.375 0.371 0.362 0.322 0.239

Rupture Jet Fire Wind away 1.88E-03 0.128 2.40E-04 370.0 Circle

0.178 0.176 0.171 0.149 0.104

Rupture Daytime Flash fire 1.88E-03 0.0512 9.60E-05 470.0 Circle

0.090 0.090 0.088 0.082 0.069 0.047

Rupture Nightime Flash Fire 1.88E-03 0.00768 1.44E-05 580.0 Circle

0.017 0.017 0.016 0.016 0.014 0.012 0.008

Jet fire assumes 3300 kg/sec for 15 minutes

Total Risk

1.01 0.99 0.96 0.75 0.58 0.14 0.01 0.00 0.00

NOTE small release cases NOT INCLUDED HERE give higher risks closer in

BP Forties Risk Transect - 63.85 bar
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Appendix B  - Sheet 5 - Risk Transect for Original Release Rates and 15.9 mm HSE Failure Rates showing effect of new Event Tree

[image: image7.emf]BP Forties Risk Transect  - HSE replication - Original HSE release rates

System Pressure 63.85

OLD RELEASE RATES

HSE results

As Notified

Inner 325

Middle  435

Outer 470

Thick Wall

Inner 30

Middle  350

Outer 410

Rupture Frequency 4.73E-03

Inner Zone 10-5

0

Middle Zone to 10-6

171

Outer Zone to 3 x 10-7

382

Risk 1.30 1.28 1.22 0.83 0.65 0.19 0.02 0.00 0.00

Scenario and Wind Direction

Rupture 

Frequency

Event 

Probability

Frequency 

per metre  x 

10-6

Circular 

Radius

Distance 1 50 100 200 300 400 500 600 700

Rupture Fireball 4.73E-03 0.2 9.46E-04 184.9 Circle

0.35 0.34 0.29

Rupture Jet Fire Wind towards 4.73E-03 0.05 2.37E-04 435.0 Circle

0.206 0.204 0.200 0.183 0.149 0.081

Rupture Jet Fire Wind neutral 4.73E-03 0.1 4.73E-04 390.0 Circle

0.369 0.366 0.357 0.317 0.236

Rupture Jet Fire Wind away 4.73E-03 0.05 2.37E-04 370.0 Circle

0.175 0.173 0.169 0.147 0.102

Rupture Daytime Flash fire 4.73E-03 0.0384 1.82E-04 470.0 Circle

0.171 0.170 0.167 0.155 0.131 0.090

Rupture Nightime Flash Fire 4.73E-03 0.00576 2.72E-05 580.0 Circle

0.032 0.031 0.031 0.030 0.027 0.023 0.016

Jet fire assumes 3300 kg/sec for 15 minutes

Total Risk

1.30 1.28 1.22 0.83 0.65 0.19 0.02 0.00 0.00

NOTE small release cases NOT INCLUDED HERE give higher risks closer in

BP Forties Risk Transect - 63.85 bar
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Appendix C  - Sheet 6 - Risk Transect for PIPETECH Release Rates and 9.5 mm HSE Failure Rates showing agreement on distances

[image: image8.emf]BP Forties Risk Transect  - HSE replication  -  new PIPETECH release rates

System Pressure 63.85

HSE results

As Notified

Inner 500

Middle  640

Outer 680

Thick Wall

Inner 0

Middle  520

Outer 610

Rupture Frequency 3.68E-02

Inner Zone 10-5

475

Middle Zone to 10-6

647

Outer Zone to 3 x 10-7

690

Risk 26.66 26.49 25.98 23.69 18.69 14.55 8.24 2.95 0.29

Scenario and Wind Direction

Rupture 

Frequency

Event 

Probability

Frequency 

per metre  x 

10-6

Circular 

Radius

Distance 1 50 100 200 300 400 500 600 700

Rupture Fireball 3.68E-02 0.2 7.37E-03 270.3 Circle

3.98 3.91 3.70 2.68

Rupture Jet Fire Wind towards 3.68E-02 0.128 4.72E-03 620.0 Circle

5.847 5.828 5.770 5.534 5.117 4.467 3.457 1.473

Rupture Jet Fire Wind neutral 3.68E-02 0.256 9.43E-03 520.0 Circle

9.807 9.762 9.624 9.053 8.011 6.267 2.694

Rupture Jet Fire Wind away 3.68E-02 0.128 4.72E-03 425.0 Circle

4.008 3.980 3.895 3.536 2.839 1.354

Rupture Daytime Flash fire 3.68E-02 0.0512 1.89E-03 670.0 Ellipse

2.527 2.520 2.499 2.412 2.260 2.027 1.682 1.125

Rupture Nightime Flash Fire 3.68E-02 0.00768 2.83E-04 870.0 Ellipse

0.492 0.491 0.489 0.479 0.462 0.437 0.403 0.356 0.292

Jet fire assumes 6630 kg/sec for 15 minutes

Total Risk

26.66 26.49 25.98 23.69 18.69 14.55 8.24 2.95 0.29

NOTE small release cases NOT INCLUDED HERE give higher risks closer in

BP Forties Risk Transect - 63.85 barb
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Appendix C  - Sheet 7 - Risk Transect for PIPETECH Release Rates and 15.9 mm HSE Failure Rates showing agreement on distances

[image: image9.emf]BP Forties Risk Transect  - HSE replication  -  new PIPETECH release rates

System Pressure 63.85

HSE results

As Notified

Inner 500

Middle  640

Outer 680

Thick Wall

Inner 0

Middle  520

Outer 610

Rupture Frequency 4.73E-03

Inner Zone 10-5

0

Middle Zone to 10-6

506

Outer Zone to 3 x 10-7

612

Risk 3.42 3.40 3.34 3.04 2.40 1.87 1.06 0.38 0.04

Scenario and Wind Direction

Rupture 

Frequency

Event 

Probability

Frequency 

per metre  x 

10-6

Circular 

Radius

Distance 1 50 100 200 300 400 500 600 700

Rupture Fireball 4.73E-03 0.2 9.46E-04 270.3 Circle

0.51 0.50 0.48 0.34

Rupture Jet Fire Wind towards 4.73E-03 0.128 6.06E-04 620.0 Circle

0.751 0.748 0.741 0.711 0.657 0.574 0.444 0.189

Rupture Jet Fire Wind neutral 4.73E-03 0.256 1.21E-03 520.0 Circle

1.259 1.254 1.236 1.163 1.029 0.805 0.346

Rupture Jet Fire Wind away 4.73E-03 0.128 6.06E-04 425.0 Circle

0.515 0.511 0.500 0.454 0.365 0.174

Rupture Daytime Flash fire 4.73E-03 0.0512 2.42E-04 670.0 Ellipse

0.325 0.324 0.321 0.310 0.290 0.260 0.216 0.144

Rupture Nightime Flash Fire 4.73E-03 0.00768 3.63E-05 870.0 Ellipse

0.063 0.063 0.063 0.062 0.059 0.056 0.052 0.046 0.038

Jet fire assumes 6630 kg/sec for 15 minutes

Total Risk

3.42 3.40 3.34 3.04 2.40 1.87 1.06 0.38 0.04

NOTE small release cases NOT INCLUDED HERE give higher risks closer in

BP Forties Risk Transect - 63.85 barb
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Appendix C  - Sheet 8 - Risk Transect for PIPETECH Release Rates and 15.9 mm HSE Failure Rates showing effect of reduction of Natural Failure rate by a factor of 10

[image: image10.emf]BP Forties Risk Transect  - HSE replication  -  new PIPETECH release rates

System Pressure 63.85

HSE results

As Notified

Inner 500

Middle  640

Outer 680

Thick Wall

Inner 0

Middle  520

Outer 610

Rupture Frequency 2.93E-03

Inner Zone 10-5

0

Middle Zone to 10-6

425

Outer Zone to 3 x 10-7

578

Risk 2.12 2.11 2.07 1.88 1.49 1.16 0.66 0.24 0.02

Scenario and Wind Direction

Rupture 

Frequency

Event 

Probability

Frequency 

per metre  x 

10-6

Circular 

Radius

Distance 1 50 100 200 300 400 500 600 700

Rupture Fireball 2.93E-03 0.2 5.86E-04 270.3 Circle

0.32 0.31 0.29 0.21

Rupture Jet Fire Wind towards 2.93E-03 0.128 3.75E-04 620.0 Circle

0.465 0.464 0.459 0.440 0.407 0.355 0.275 0.117

Rupture Jet Fire Wind neutral 2.93E-03 0.256 7.50E-04 520.0 Circle

0.780 0.777 0.766 0.720 0.637 0.499 0.214

Rupture Jet Fire Wind away 2.93E-03 0.128 3.75E-04 425.0 Circle

0.319 0.317 0.310 0.281 0.226 0.108

Rupture Daytime Flash fire 2.93E-03 0.0512 1.50E-04 670.0 Ellipse

0.201 0.201 0.199 0.192 0.180 0.161 0.134 0.089

Rupture Nightime Flash Fire 2.93E-03 0.00768 2.25E-05 870.0 Ellipse

0.039 0.039 0.039 0.038 0.037 0.035 0.032 0.028 0.023

Jet fire assumes 6630 kg/sec for 15 minutes

Total Risk

2.12 2.11 2.07 1.88 1.49 1.16 0.66 0.24 0.02

NOTE small release cases NOT INCLUDED HERE give higher risks closer in

BP Forties Risk Transect - 63.85 barb
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Appendix C  - Sheet 9 - Risk Transect for PIPETECH Release Rates and 15.9 mm HSE Failure Rates showing effect of reduction of Natural Failure rate by a factor of 10 AND reduction in Corrosion Rate by 50%

[image: image11.emf]BP Forties Risk Transect  - HSE replication  -  new PIPETECH release rates

System Pressure 63.85

HSE results

As Notified

Inner 500

Middle  640

Outer 680

Thick Wall

Inner 0

Middle  520

Outer 610

Rupture Frequency 1.88E-03

Inner Zone 10-5

0

Middle Zone to 10-6

271

Outer Zone to 3 x 10-7

519

Risk 1.36 1.35 1.32 1.21 0.95 0.74 0.42 0.15 0.01

Scenario and Wind Direction

Rupture 

Frequency

Event 

Probability

Frequency 

per metre  x 

10-6

Circular 

Radius

Distance 1 50 100 200 300 400 500 600 700

Rupture Fireball 1.88E-03 0.2 3.75E-04 270.3 Circle

0.20 0.20 0.19 0.14

Rupture Jet Fire Wind towards 1.88E-03 0.128 2.40E-04 620.0 Circle

0.298 0.297 0.294 0.282 0.261 0.227 0.176 0.075

Rupture Jet Fire Wind neutral 1.88E-03 0.256 4.80E-04 520.0 Circle

0.499 0.497 0.490 0.461 0.408 0.319 0.137

Rupture Jet Fire Wind away 1.88E-03 0.128 2.40E-04 425.0 Circle

0.204 0.203 0.198 0.180 0.145 0.069

Rupture Daytime Flash fire 1.88E-03 0.0512 9.60E-05 670.0 Ellipse

0.129 0.128 0.127 0.123 0.115 0.103 0.086 0.057

Rupture Nightime Flash Fire 1.88E-03 0.00768 1.44E-05 870.0 Ellipse

0.025 0.025 0.025 0.024 0.024 0.022 0.021 0.018 0.015

Jet fire assumes 6630 kg/sec for 15 minutes

Total Risk

1.36 1.35 1.32 1.21 0.95 0.74 0.42 0.15 0.01

NOTE small release cases NOT INCLUDED HERE give higher risks closer in

BP Forties Risk Transect - 63.85 barb
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Appendix B  - Sheet 5 - Risk Transect for Original Release Rates and 15.9 mm HSE Failure Rates showing effect of new Event Tree

[image: image12.emf]BP Forties Risk Transect  - HSE replication  -  new PIPETECH release rates

System Pressure 63.85

HSE results

As Notified

Inner 500

Middle  640

Outer 680

Thick Wall

Inner 0

Middle  520

Outer 610

Rupture Frequency 4.73E-03

Inner Zone 10-5

0

Middle Zone to 10-6

336

Outer Zone to 3 x 10-7

558

Risk 1.79 1.77 1.73 1.53 1.06 0.84 0.51 0.22 0.03

Scenario and Wind Direction

Rupture 

Frequency

Event 

Probability

Frequency 

per metre  x 

10-6

Circular 

Radius

Distance 1 50 100 200 300 400 500 600 700

Rupture Fireball 4.73E-03 0.2 9.46E-04 270.3 Circle

0.51 0.50 0.48 0.34

Rupture Jet Fire Wind towards 4.73E-03 0.05 2.37E-04 620.0 Circle

0.293 0.292 0.289 0.278 0.257 0.224 0.173 0.074

Rupture Jet Fire Wind neutral 4.73E-03 0.1 4.73E-04 520.0 Circle

0.492 0.490 0.483 0.454 0.402 0.314 0.135

Rupture Jet Fire Wind away 4.73E-03 0.05 2.37E-04 425.0 Circle

0.201 0.200 0.195 0.177 0.142 0.068

Rupture Daytime Flash fire 4.73E-03 0.0384 1.82E-04 670.0 Ellipse

0.243 0.243 0.241 0.232 0.218 0.195 0.162 0.108

Rupture Nightime Flash Fire 4.73E-03 0.00576 2.72E-05 870.0 Ellipse

0.047 0.047 0.047 0.046 0.045 0.042 0.039 0.034 0.028

Jet fire assumes 6630 kg/sec for 15 minutes

Total Risk

1.79 1.77 1.73 1.53 1.06 0.84 0.51 0.22 0.03

NOTE small release cases NOT INCLUDED HERE give higher risks closer in

BP Forties Risk Transect - 63.85 barb
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