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Meeting to discuss Ethylene Pipeline Risk Modelling, 5 July 2006

Dear Nigel,

Thank you for the opportunity to meet with you at Bootle on 5 July to discuss aspects of ethylene pipeline risk modelling as applied to Land Use Planning Zones. 

As promised I have written a note explaining some of the issues which we would like to discuss, and hope that the meeting will be helpful in increasing our understanding of how HID CI5 are developing the methodology for ethylene pipelines.

Topics of key interest are:-

1
How predictive modelling for 3rd party failures is applied to ethylene pipelines.

2
The most appropriate database to use for mechanical and corrosion failure rates for ethylene pipelines.

3
Appropriate ignition probability to use for ethylene. 

4
Logic of modelling ignition of the flash fire at the very end of its LFL cloud rather than part way downwind.
We are looking forward to an interesting discussion to improve mutual understanding of these issues.

Yours sincerely,
 

Rod McConnell
Background Notes on Ethylene Pipelines Risk Assessment Methodology
1
Summary

The recent proposal for a golf course and associated works near the NWEP pipeline has brought into focus current thinking on QRA applied to ethylene pipelines to obtain Land Use Planning Zones.  HSE have recently considered using PIPETECH, and this newly-developed release rate computer program reduces the consequence effects of a large ethylene release compared with earlier modelling methods.

However, any reduction in consequences by adopting PIPETECH release modelling for ethylene is more than offset by applying higher pipeline failure frequencies, especially rupture frequencies.

HSE panel minutes 6 March 06 and associated paper to panel by Ian Hirst indicate that new data would change LUP zones for NWEP as shown:-

	
	Inner zone 10 cpm
	Middle Zone 1 cpm
	Outer Zone 0.3 cpm

	Existing for Standard Wall
	85 metres

 (based on fireball radius
	240 metres
	320 metres

	New calculation with new frequencies and PIPETECH
	88 metres 

(based on 10-5 risk = 10 cpm)
	511 metres
	820 metres

	Existing for Thick Wall 11.91 mm DF = 0.28
	3 metres
	3 metres
	3 metres

	New calculation with new frequencies and PIPETECH
	17 metres

(based on 10-5 risk = 10 cpm)
	228 metres
	458 metres


HSE have now kindly made available the data and logic behind their new failure rates (“Observations on the derivation of the failure rates used in HSE’s LUP assessments of the North West Ethylene Pipeline” received 8 June 2006).

2
Previous LUP Zone Calculations

The original PRAM calculations were based on an analysis of US failure rates carried out by Technica in the late 1980s.  HSE adopted their overall frequency analysis which defined total failure frequency as:-

0.273 per 1000 km.years

This frequency covered all hole sizes.

HSE modified the analysis such that the Rupture frequency was dependent on pipeline diameter, and the remaining failure frequency represented punctures which they analysed as 2” diameter holes.

For NWEP (in common with some other ethylene pipelines) the failure frequencies used were:-

Rupture
-
0.0208 per 1000 km.years

Puncture
-
0.252 per 1000 km.years

4
Recent Changes affecting Failure Rates

Four significant changes have revised HSE’s analysis of the failure rates for ethylene pipelines:-

4.1
HSE have developed a 3rd Party predictive model (PIPIN) which was designed to predict failure rates for large diameter natural gas pipelines where there was no or very little failure rate data.  They are also applying this to small pipelines (where there may already be sufficient data to predict failure rates). When applied to natural gas pipelines during the period 2001-2, most Transco pipelines were thick-walled in “S” locations so the effect of the high 3rd party failure rate was less marked.  For NWEP, with a high Design Factor, the effect is very apparent.  The predictive model appears to be giving higher failure rates than historical data would suggest is realistic.

4.2
Failure rates are analysed in constituent parts such that different pipeline databases show different constituent failure rates – i.e. use of the CONCAWE database shows higher corrosion and mechanical defect failure rates.

4.3
HSE appear to have initially decided that the UKOPA database failure frequencies for corrosion and mechanical defect do not apply to ethylene pipelines and that CONCAWE data is more applicable. 

4.4
As part of the revision of LUP Zones for natural gas in 2001-2002, HSE decided to apply full QRA to thick-wall pipes rather than using the nominal 3 metres BPD as the LUP zone.  When doing this, due allowance was made for reduction in 3rd party, corrosion and mechanical defect failure rates. HSE have now applied this QRA approach to a thick-walled ethylene pipeline and it has given higher LUP Zones – however no reduction has been applied for corrosion or mechanical defect failure rates compared to standard wall pipe.

It should also be noted that the probability of ignition for ethylene is twice that assumed for natural gas, and this increases the LUP zones considerably compared to natural gas.  This issue is discussed below.

3
New HSE Failure Frequencies

The full listing failure frequencies are presented. However it should be noted that only rupture frequency contributes significantly to Land Use Planning zones – other holes sizes only give consequences out to ~60 metres for jet fires, and a very small contribution to risk out to ~ 250 metres for flash fires, but these are not significant in defining LUP risk zones.

Following the Golf Club proposal HSE carried out a frequency analysis called FR80. Results were as follows for standard wall (all per 1000 km.years):-

[image: image1.emf]FR 80 Frequencies

Standard Wall

Pinhole Small Large Rupture TOTAL

Mechanical 0.0754 0.0479 0.0248 0.0288 0.1769

Corrosion 0.141 0.084 0.042 0.00828 0.27528

Natural 0.006 0.002 0.0002 0.002 0.0102

3rd Party 0.0778 0.0176 0.00446 0.23 0.32986

TOTAL 0.3002 0.1515 0.07146 0.26908 0.79224

Pinhole Small Large Rupture TOTAL

Mechanical 9.5% 6.0% 3.1% 3.6% 22.3%

Corrosion 17.8% 10.6% 5.3% 1.0% 34.7%

Natural 0.8% 0.3% 0.0% 0.3% 1.3%

3rd Party 9.8% 2.2% 0.6% 29.0% 41.6%

TOTAL 37.9% 19.1% 9.0% 34.0% 100.0%


Note how 3rd Failures dominate the rupture frequency (85% of ruptures).
[image: image2.emf]Thick Wall

Pinhole Small Large Rupture TOTAL

Mechanical 0.0754 0.0479 0.0248 0.0288 0.1769

Corrosion 0.141 0.084 0.042 0.00828 0.27528

Natural 0.006 0.002 0.0002 0.002 0.0102

3rd Party 0.00592 0.00071 0.000128 0.00315 0.009908

TOTAL 0.22832 0.13461 0.067128 0.04223 0.472288

Pinhole Small Large Rupture TOTAL

Mechanical 16.0% 10.1% 5.3% 6.1% 37.5%

Corrosion 29.9% 17.8% 8.9% 1.8% 58.3%

Natural 1.3% 0.4% 0.0% 0.4% 2.2%

3rd Party 1.3% 0.2% 0.0% 0.7% 2.1%

TOTAL 48.3% 28.5% 14.2% 8.9% 100.0%


Note Mechanical Failures dominate the rupture frequency (68% of ruptures).

In their “Observations” note, HSE compare this with the original 0.273 used for setting the LUP zones and their new failure rates, noting that mechanical and corrosion failure rates are significantly higher than Technica’s failure rates.  

However what is not highlighted is that the rupture rate has increased by a factor of 13 times, from 0.0208 to 0.2691, and that 85% of this is from 3rd Party failure.  It is this which generates such large LUP zones for standard wall pipe. 

Note also no change is made to Mechanical and Corrosion failure for thick-wall pipe – as a result these, especially mechanical, dominate the failure rate for thick wall, and so generate large LUP zones for thick-wall pipe.

This may not be consistent with a presentation made by Stuart Pointer of HSE to the WGP in 2002 (reference WGP/02/0008) at which he was presenting the methodology HSE were developing for thick-wall pipelines.  His presentation appears to state that thick-wall pipes (in S areas) have a Mechanical Failure rate reduced by a factor of 3.6 compared to standard wall pipes.  For Corrosion failures for natural gas pipelines, Pointer proposed using EGIG data which was already very low (0.00037 rupture rate).

The HSE “Observations” note does indeed go on to discuss an alternative approach which revises the frequencies by using data for corrosion (EGIG) and mechanical failure (UKOPA) which were used for natural gas pipelines.

The results (best fit) are shown below.

[image: image3.emf]Revised Frequencies using Gas Data for Mechanical 

and Corrosion and 4 X 3rd Party for thick wall S area

Standard Wall

Pinhole Small Large Rupture TOTAL

Mechanical 0.126 0.00002 0.000008 0.000008 0.126036

Corrosion 0.078 0.0055 0.0005 0.00037 0.08437

Natural 0.006 0.002 0.0002 0.002 0.0102

3rd Party 0.0778 0.0176 0.00446 0.23 0.32986

TOTAL 0.2878 0.02512 0.005168 0.232378 0.550466

Pinhole Small Large Rupture TOTAL

Mechanical 22.9% 0.0% 0.0% 0.0% 22.9%

Corrosion 14.2% 1.0% 0.1% 0.1% 15.3%

Natural 1.1% 0.4% 0.0% 0.4% 1.9%

3rd Party 14.1% 3.2% 0.8% 41.8% 59.9%

TOTAL 52.3% 4.6% 0.9% 42.2% 100.0%


[image: image4.emf]Thick Wall

Pinhole Small Large Rupture TOTAL

Mechanical 0.123 0.00002 0.000008 0.000008 0.123036

Corrosion 0.002 0.0055 0.0005 0.00037 0.00837

Natural 0.006 0.002 0.0002 0.002 0.0102

3rd Party 0.02368 0.00284 0.000512 0.0126 0.039632

TOTAL 0.15468 0.01036 0.00122 0.014978 0.181238

Pinhole Small Large Rupture TOTAL

Mechanical 67.9% 0.0% 0.0% 0.0% 67.9%

Corrosion 1.1% 3.0% 0.3% 0.2% 4.6%

Natural 3.3% 1.1% 0.1% 1.1% 5.6%

3rd Party 13.1% 1.6% 0.3% 7.0% 21.9%

TOTAL 85.3% 5.7% 0.7% 8.3% 100.0%


The main changes are:-

a) adopting lower failure frequencies for corrosion and mechanical defect in line with natural gas pipelines

b) multiplying the heavy wall 3rd party failure rate by a factor of 4 to allow for increased 3rd party failure.

The result is that 3rd party failure now dominates the thick wall failure rates.

As stated at the end of this section in the “Observations” note:

“While the use of UKOPA data for gas pipelines clearly brings about closer agreement between HSE and Technica analyses it does beg the question of whether or not the mechanical and corrosion components of the Technica analysis are appropriate for an ethylene pipeline. This is an area that may merit further discussion with Shell”.

HSE point out that the comparison of overall failure rate data shows closer agreement with Technica failure rates.  However again the note does not recognise that the rupture failure rate  is still a factor of 11 times higher than used by Technica for standard wall.

Simulation of the LUP Zones for these reduced failure rate cases shows that the LUP zones for Standard Wall do not changes much, but the LUP zones for thick wall change substantially:-

	
	Inner zone 10 cpm
	Middle Zone 1 cpm
	Outer Zone 0.3 cpm

	Standard Wall FR 80 frequencies
	88 metres 


	511 metres
	820 metres

	Standard Wall  reduced frequencies
	~85 metres 


	~480 metres
	~800 metres

	Thick Wall 11.91 mm DF = 0.28
	17 metres
	228 metres
	458 metres

	Thick Wall  reduced frequencies
	No 10-5 risk
	~120 metres
	~150 metres


5
Comparing these Failure Rates with Historical Experience

Shell NWEP pipeline has ~5700 kilometre.years of operation.  A total failure rate of 0.792 per 1000 km.years and a rupture rate of 0.269 per 1000 km.years suggest that up to now we might expect:-

4.5 leaks to have occurred

Of which 1.5 would be ruptures
If similar failure rates apply to the whole ethylene network (1150 km with 24500 km.years experience) we might expect

 19.4 leaks to have occurred

Of which 6.6 would be ruptures

With no recorded leaks having occurred, it appears the predictive data is out-of-step with historical experience.

Even with the frequencies reduced for mechanical and corrosion, the expected incident rates are

NWEP

3.1 leaks of which 1.3 would be ruptures

All pipelines
13.5 leaks of which 5.7 would be ruptures.

Therefore the HSE’s  3rd party predictive model appears to be over-predicting 3rd party failures for small diameter pipelines.

EGIG data analysed by WS Atkins for PIPIN in 1997 gave the actual historical failure rates for European Pipelines as follows:-

	
	Rupture Failure Rate

Per 1000 km. years

	EGIG 126 mm to 304 mm diameter pipelines
	0.079

	NWEP Predicted by HSE
	0.23


CONCAWE Clean Product Pipelines data was analysed by R A McConnell for the period 1971 to 2003 giving the following result for European pipelines:-

	
	Rupture Failure Rate

Per 1000 km. years

	CONCAWE Clean Product pipelines 1971-2003
	0.045

	NWEP Predicted by HSE
	0.23


6
Conclusions concerning Failure Frequencies
6.1
The HSE failure rates for ethylene have been based on their PIPIN predictive model for 3rd party failure rates and CONCAWE data for mechanical and corrosion failures.  As a result the failure rates appear to give results which are higher than historical data would suggest.

6.2
LUP zones for ethylene using these failure rates gives large LUP zones for NWEP – 88 metres inner, 511 metres middle and 820 metres outer for standard wall, and 17 metres inner, 228 metres middle and 458 metres outer for thick wall.

6.3
Reducing the mechanical and corrosion failure rates by using EGIG/UKOPA data does not have a significant effect on the standard wall LUP zones which are dominated by 3rd party rupture rate, but does have a substantial effect on the thick-wall pipeline.  Also Natural failure rates then become significant for thick-wall pipes, and this frequency rate is under review following an extensive study by PIE presented to HSE in February 2006.

6.4
In both cases, the predictive modelling of 3rd party failures for small diameter pipelines appears pessimistic compared to historical data.  The original intention of predictive modelling was for large diameter pipelines where failure rate data was non-existent or very sparse.  Extrapolating the method to small diameter pipelines appears to over-predict failure rates.

7
Main Factors affecting Ethylene Risk Assessment

There are 5 main factors which influence ethylene LUP Zones:-

i)
Failure frequency – this is the key multiplier which affects the LUP Zone distances – this is discussed above.

ii)
Release rate – HSE have recently adopted the PIPETECH model for the rupture case which give significantly lower release rates and therefore smaller LUP zones than previously.  


iii)
Ignition Probability – based on historical assessment the ignition probability used by HSE is ~ 84% probability of ignition of a release of ethylene.  This compares with ~44% for natural gas.  The effect is to increase the risk zones considerably compared to natural gas – this is discussed below.


iv)
Jet Fire – HSE are using the JIF Chamberlain model for ethylene jet fire modelling. For natural gas the HSE changed to PIPEFIRE because JIF was under-predicting the effects of very large releases of natural gas.  However for smaller pipeline diameters, PIPEFIRE may predict lower effect distances compared to JIF.

v)
Flash Fire – For natural gas, this scenario is not used because releases are considered too energetic or buoyant.  For ethylene, an obstructed release is assumed to cause drifting cloud which eventually ignites at the end of the lower flammable limit cloud.  HSE use CRUNCH dispersion model which gives long plume widths and lengths, especially for nightime conditions.

8
Ignition Probability and the Event Tree
HSE currently apply 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 below) 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 ethylene.

Of the remaining releases,

50% of natural gas releases are assumed to be unobstructed

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

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

a)
Minimum Ignition Energy (at 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.

However, there appears to be no reason why there should be a difference is unobstructed releases between ethylene and methane. The point at which a pipeline is punctured and the probability of the jet impinging on the crater is surely not 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.

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).

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.

The overall ignition probabilities change as follows:-

	
	Existing
	Proposed

	Fireball + jetfire
	20%
	20%

	Jet fire
	51.2%
	40%

	Flash Fire + jetfire
	12.8%
	6.4%

	No Ignition
	16%
	33.6%


9
Jet Fire Calculations

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 fro small diameters. PIPEFIRE has a circular effect area rather elliptical, but has less “reach” than the JIF method.

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.

10
Flash Fire Calculations

The results from 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.

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.

Also 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.  

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.  Surely, any such development would also ignite a drifting cloud long before it reached the 500-1500 metre end of LFL Cloud?

R A McConnell

12 June 2006

Existing Event Tree

[image: image5.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 0.8 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


Proposed Event Tree

[image: image6.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


Internet Address: www.ukopa.co.uk
      Email Address: info@ukopa.co.uk


UKOPA is formed as a Company Limited by Guarantee, funded as a non-profit making organisation by membership fees paid by the pipeline operator members.   Registered in England and Wales (Company No. 4052297).  Registered Office: Pipeline Maintenance Centre . Ripley Road . Ambergate . Derbyshire  DE56 2FZ . The names of the directors may be obtained from that address
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