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Briefing Note HSE Issue 07 – HSE Event Trees for Non-Natural Gas Major Accident Hazard Pipelines
15 January 2007
Introduction
1
HSE currently apply an ignition probability of 0.84 (84%) for non-natural gas substances (including ethylene, spiked crude, NGLs, propane) compared to 0.4375 (43.75%) for natural gas.  The background and logic for this is not recorded.  The result is that Land Use Planning zones are automatically made significantly larger for these substances.
2
The original event tree (Appendix A) describing the ignition probability can be derived from the worked example for an ethylene pipeline in David Carter’s 1991 paper (Ref.1) describing PRAM (Pipeline Risk Assessment Method); the subsequent HSE methodology paper Chapter 6P (Ref.2) simply refers to PRAM and does not provide any additional explanation.
3
The event tree for methane (Appendix B) is significantly different in several respects, in particular the proportion of gas releases which are unobstructed and the probability of ignition of jet fires.
4
It is recommended that a rational, logical approach be developed and applied to both natural gas and other substances for risk assessments for Land Use Planning.

Differences between Natural Gas and Other Substances

5
Immediate ignition causing a fireball is assumed to occur for 25% of rupture releases for natural gas, whereas 20% is assumed for other substances.

6
Of the remaining releases, 50% of natural gas releases are unobstructed, whereas 80% are unobstructed for other substances.  More unobstructed releases result in more long-plume jet fires causing thermal radiation effects at a greater distance from the release point (with wind tilt).
7
For unobstructed releases, 25% of natural gas releases ignite immediately whereas 80% are assumed to ignite immediately for other substances.

8
For obstructed releases, 25% of natural gas releases ignite locally giving a jet fire whereas for other substances 80% are assumed to ignite remotely giving a flash fire.

9
Natural gas is assumed to have no flash fire scenario, whereas other substances are assumed to cause a flash fire which ignites at the furthest point at the end of the flammable cloud (lower flammable limit) represented by dispersion calculations for daytime or nightime conditions.

10
The result is that significantly larger Land Use Planning zones are obtained for similar pipelines conveying non-natural gas than for natural gas.  Although some aspects may be justifiable, it is recommended that a more rational approach be developed.

Suggested Approach for Ethylene 

11
Ethylene physical properties which indicate it may ignite more often than methane include:-

a) Minimum Ignition Energy (at the ideal air-gas mixture) for ethylene is 0.12 mJ whereas for methane it is 0.22 mJ (note hydrogen is 0.019 mJ). Therefore ethylene requires less energy to ignite.  

b) Flammable limits in air are 2.7% to 36% v/v for ethylene compared to 5% to 15% v/v for methane. 

c) Ethylene 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.

12
However, there appears to be no reason why there should be a difference in the probability of an unobstructed release between dense phase ethylene and methane gas. The point at which a pipeline is punctured and the probability of the jet impinging on the crater is unlikely to be dependent on what the pipeline contains.  Most 3rd party impacts are likely to cause a hole in the top of the pipeline, so adopting the 80% unobstructed jet for natural gas and ethylene appears sensible.

13
The difference in probability of local ignition source of 25% for unobstructed natural gas jet and 80% for unobstructed ethylene jet does not seem logical.  The high pressure jet 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.  The difference in ignition energy is may make a difference in ignition probability from the high velocity jet discharge. Therefore adopting a probability of 50% appears sensible (i.e. ~twice that of natural gas which is approximately in proportion to their ignition energies).

14
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 again assume 50% (i.e. twice that of methane) of the releases find a local source of ignition, and 80% of the remaining releases find a remote source of ignition.
15
The overall ignition probabilities change as follows (event tree at Appendix C):-

	
	Existing
	Proposed

	Fireball + jetfire
	20%
	20%

	Jet fire
	51.2%
	40%

	Flash Fire + jetfire
	12.8%
	6.4%

	No Ignition
	16%
	33.6%


Suggested Approach for Propane 

16
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.

17
The difference in probability of local ignition source of 25% for unobstructed natural gas jet and 80% for unobstructed propane 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, the same as natural gas. 
18
The remaining obstructed propane 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.

19
The overall ignition probabilities for propane 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%


Other Modelling Aspects – Jet Fires and Flash Fires

20
HSE are using the JIF Chamberlain model for jet fires from ethylene pipelines despite having stopped using the method for natural gas pipelines.  However, the alternative model, called PIPEFIRE appears to give more pessimistic results for large pipeline diameters and less pessimistic results for small diameters. PIPEFIRE has a circular effect area rather elliptical, but has less “reach” than the JIF method.
21
It could be argued that locally ignited obstructed jet releases should be modelled using a crater fire model like PIPEFIRE rather than JIF.  However the effect on LUP zones may be small.

22
For dispersion calculations, the results from HSE’s CRUNCH appear to be pessimistic judging by the outer zones distances currently being obtained by HSE.  In fact previous LUP zones have had the 4/3rd rule applied where the outer zone is 4/3rds of the middle zone.
23
Several key parameters affect the dispersion distances – especially the initial velocity, initial temperature, rain-out, and proportion of air assumed mixed into the ethylene (these make up the “source terms”), which are input manually into the model.  Later, more sophisticated models should be able to model the source terms more accurately and may result in less pessimistic results.

24
The current model assumes that the cloud ignites at the very end of the lower flammable limit plume which is the most pessimistic assumption because the full extent of the cloud is then assumed to have fatal (dangerous dose or worse) effects.  If the cloud ignites quarter or half way down the LFL cloud, the fire will flash back to source and the remaining cloud area will not then be affected by the gas cloud.  

25
The logic that the cloud drifts to its fullest extent before igniting is not consistent with the other assumptions made for Land Use Planning – that the source of ignition probability is much higher than historical data would suggest (typically 5% to 10%) because of the proximity of the new (proposed) populated development.   Any such development would also ignite a drifting cloud long before it reached the 500-1500 metre end of LFL Cloud.

Recommendation

26
It is recommended that a more rational, logical approach be developed and applied to both natural gas and other substances for risk assessments for Land Use Planning.  Event tree logic and the associated probabilities should be more transparently based on physical parameters and historical incident rates.

R A McConnell

15 January 2008
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Appendix A – Existing Non-Natural Gas Event Tree
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Ethylene Event Tree

Immediate Release Delayed Delayed

Ignition Unobstructed Local Remote  Totals

Ignition Ignition

0.2 0.8

Windspeed 1 Yes Fireball + jetfire 0.04

(Night time)

No Yes Yes 0.8 Jetfire 0.1024

0.2    

 No  No No Ignition 0.0256

Yes 0 Jetfire 0

 No Yes 0.8 FlashFire + Jetfire 0.0256

 No No ignition 0.0064

Windspeed 2 Yes Fireball + jetfire 0.16

(Day time)

No Yes Yes 0.8 Jetfire 0.4096

0.8    

 No  No No Ignition 0.1024

Yes 0 Jetfire 0

TOTALS  No Yes 0.8 FlashFire + Jetfire 0.1024

Fireball + Jetfire   0.2

Jetfire   0.512  No No ignition 0.0256

Daytime Flash Fire + jetfire 0.1024

Nightime Flash Fire + jetfire 0.0256 1

No Ignition 0.16


Appendix B – Existing Natural Gas Event Tree

[image: image2.emf]Methane Event Tree

Immediate Release Delayed Delayed

Ignition Unobstructed Local Remote  Totals

Ignition Ignition

0.25 0.5

Windspeed 1 Yes Fireball + jetfire 0.05

(Night time)

No Yes Yes 0.25 Jetfire 0.01875

0.2    

 No  No No Ignition 0.05625

Yes 0.25 Jetfire 0.01875

 No Yes 0 FlashFire + Jetfire 0

 No No ignition 0.05625

Windspeed 2 Yes Fireball + jetfire 0.2

(Day time)

No Yes Yes 0.25 Jetfire 0.075

0.8    

 No  No No Ignition 0.225

Yes 0.25 Jetfire 0.075

TOTALS  No Yes 0 FlashFire + Jetfire 0

Fireball + Jetfire   0.25

Jetfire   0.1875  No No ignition 0.225

Daytime Flash Fire + jetfire 0

Nightime Flash Fire + jetfire 0 No Flashfire assumed for methane 1

No Ignition 0.5625


Appendix C – Proposed Event Tree for Ethylene

[image: image3.emf]Ethylene Event Tree

Immediate Release Delayed Delayed

Ignition Unobstructed Local Remote  Totals

Ignition Ignition

0.2 0.8

Windspeed 1 Yes Fireball + jetfire 0.04

(Night time)

No Yes Yes 0.5 Jetfire 0.064

0.2    

 No  No No Ignition 0.064

Yes 0.5 Jetfire 0.016

 No Yes 0.8 FlashFire + Jetfire 0.0128

 No No ignition 0.0032

Windspeed 2 Yes Fireball + jetfire 0.16

(Day time)

No Yes Yes 0.5 Jetfire 0.256

0.8    

 No  No No Ignition 0.256

Yes 0.5 Jetfire 0.064

TOTALS  No Yes 0.8 FlashFire + Jetfire 0.0512

Fireball + Jetfire   0.2

Jetfire   0.4  No No ignition 0.0128

Daytime Flash Fire + jetfire 0.0512

Nightime Flash Fire + jetfire 0.0128 1

No Ignition 0.336


