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Ethylene Cracker 
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The UK Ethylene Pipeline Network 

•  Ethylene – C2H4 – building block of the chemical industry 

•  Shell gas pipelines Stanlow-Carrington (1960) 

•  Ethylene manufactured at ICI Wilton 1950s-60s - demand for ethylene  

at Runcorn, (chlorinated hydrocarbons for ICI Mond Division) resulted  

in the first dense-phase ethylene pipeline Wilton to Runcorn  

  -  1968 Trans-Pennine Ethylene Pipeline TPEP 

•  For UKOPA presentation by Mark Harrison on the UK Ethylene network  

see:- 

•  http://www.ukopa.co.uk/pdfs/UKOPA-09-0016.pdf 
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Timeline developments 
 
TPEP – 1968 
WGEP – 1979 
RSEP - 1980 
MGEP – 1985 
 
1989  
Publication of BS 8010 Part 1 
This Code included routing 
requirements and thick wall pipe 
in Class 2 (suburban) areas 
 
NWEP – 1992 
TSEP - 2001 
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The need for societal risk assessments 

•  Pre-1989 pipelines located away from population (>50m) 
where possible, but did not have rigorous routing applied 
 

•  No change in wall thickness in higher population areas 
 

•  Individual risk generally low, but no further assessments 
of population density within potential hazard zone 
 

•  PD 8010 Part 3 published in 2009 contained a risk criterion 
line for assessing societal risk with the following advice:- 
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The need for societal risk assessments 

“Societal risk is of particular significance to pipeline operators because the  
location of pipelines might be close to populated areas, so the impact of  
multiple fatality accidents on people and society in general should be  
taken into account.  
 
The original routing of the pipeline is expected to have taken into account  
the population along the route, but infill and incremental developments  
might increase the population  in some sections of the route.  
 
Societal risk assessment allows these developments to be assessed against 
the original routing criteria where a location class 1 area (i.e. rural) has  
a population density of up to 2.5 persons per hectare.  
 
When the societal risk has increased significantly, the pipeline operator  
might then need to consider justifiable mitigation measures to reduce the risk.” 
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The need for societal risk assessments 
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The need for societal risk assessments 
“Population density tends to vary along a pipeline route, with clusters 
of population at some locations.  
 
Assessment of the societal risk in accordance with the FN criterion line  
might still allow such variations to be classified as an acceptable situation  
not requiring any upgrading of the pipeline to reduce the risk. 
 
The FN criterion line given in Figure 6 represents broadly acceptable risk 
levels for 1 km of pipeline operation.  
 
If the calculated site-specific FN curve falls below the FN criterion line, the  
risk levels to the adjacent population are considered broadly acceptable.  
 
If the site-specific FN curve is close to or above the FN criterion line,  
then further mitigation might be required to reduce risks to acceptable/ 
negligible levels if this is economically justifiable in terms of the requirement  
to demonstrate that the risks are ALARP.”  
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Quantified Risk Assessment Methodology 

•  HSE Methodology PRAM published by Carter in 1991 
 

•  HSE tried applying MISHAP to ethylene in 2002-3 
 

•  HSE found signification reduction in initial release rate using UCL’s 
PIPETECH in 2007-8 compared to original PRAM calculation 
 

•  HSE agreed that using UKOPA failure rates was valid for ethylene 
pipelines in 2012 
 

•  No further changes in HSE methodology 
 

•  Still have issues with HSE’s ignition probability (84% for ethylene,44% 
for natural gas) and event tree probabilities (impacted jet – late ignition) 
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Quantified Risk Assessment Methodology 

•  PIPERISK™ computer code developed for ethylene 
 

•  4 page process calculates failure rates, consequence analysis, individual 
risk transect, and societal risk F-N curve 

•  Uses HSE methodology except for failure rates – uses UKOPA failure 
rates 
 

•  Shows that the limiting case for population density  of 2.5 per hectare at 
design factor 0.72 is just underneath the PD 8010 Part 3 F-N criterion 
line – therefore meeting code requirement for population density also 
correlates with the F-N criterion line. 
 

•  Therefore allows cases for higher population at lower design factor 
which still meet the F-N criterion to be used for screening assessments:- 
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Quantified Risk Assessment Methodology 
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Quantified Risk Assessment Methodology 
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Quantified Risk Assessment Methodology 
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Quantified Risk Assessment Methodology 
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Quantified Risk Assessment Methodology 
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Pipeline Population & Site Specific Assessments 

•  So this is  a limiting case where there is a buffer zone of 50m between 
the pipeline and population 
 

•  Shows population limit of 4.8 per hectare = 24 in any 100m length 
 

•  Also able to calculate population densities for no buffer, 100m buffer, 
200m and 300m buffer – due to higher risk closer to pipeline, larger 
population is permitted when there is a larger buffer between population 
and pipeline 
 

•  This then allows comparison with population surveys by RSK Orbital to 
assess where population density exceeds the limit 
 

•  Extended sections where limit is exceeded require  
Site Specific Assessments 
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Pipeline Population & Site Specific Assessments 
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Pipeline Population & Site Specific Assessments 
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Pipeline Population & Site Specific Assessments 
For site specific studies, identify populated area:- 
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Pipeline Population & Site Specific Assessments 
Transfer population data to risk grid for daytime and nightime population:- 
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Pipeline Population & Site Specific Assessments 
Run PIPERISK™ to obtain F-N Curve:- 
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Results and Conclusions 

•  2 major pipelines completed, 6 others in progress. 
 

•  33 site specific studies completed so far, 4 are above the risk criterion 
(ALARP demonstration required) 2 are on the limit, the rest below the 
criterion line. 
 

•  Able to demonstrate that population “creep” and infringements have 
been considered in line with code guidance for ethylene pipelines. 

•  Allows ongoing situation to be monitored using bespoke calculation 
model PIPERISK™ supplied for each specific location, based on 
detailed population surveys (e.g. RSK Orbital). 


