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Societal Risk F-N Curves – Proposed F-N Criteria for PD 8010 Pipelines
1
Introduction

Code supplements are currently (2006) being developed for UK pipelines for IGE/TD/1 and PD 8010 covering:- 

“Application of Pipeline Risk Assessment to Proposed Developments in the Vicinity of Major Hazard Pipelines”
The Gas Industry code IGE/TD/1 Edition 4:2001 – High Pressure Gas Pipelines  contains a  published F-N Curve describing the boundary between “Negligible or acceptable risk”  and Tolerable risk based upon ALARP considerations” for the frequency F of possible gas release accidents causing N or more casualties.  This curve is used to assess population encroachment / infringement in the proximity (e.g. within 4 times the minimum Building Proximity Distance) of high pressure gas pipelines
No similar criteria have been published for PD 8010 pipelines.  The proposed new Code Supplement refers to the possible assessment of population developments during the life of a pipeline which would require the use of F-N criteria and their possible application to UK pipelines.  This paper develops a proposal for an F-N Criteria for inclusion in PD 8010.

2
Development of the IGE/TD/1 F-N Criteria Curve
The F-N criteria curve published in IGE/TD/1 Edition 4 was originally derived in 1993.  Extensive analysis was carried out to derive the extent of residual risk applying to population of density adjacent to high pressure gas transmission pipelines after full application of the requirement of the IGE/TD/1 code.  The results of this work were a curved F-N curve (Figure 20 in IGE/TD/1) as shown below:-
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IGE/TD/1 Criterion (dotted line) for 1.6 kilometres
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The curve covers a range of difference cases of pipeline diameter, pressure and design parameters (wall thickness, design factor, area classification etc.)  The limiting cases of the application of the codal requirements provide the boundary line shown above.

 “Figure 20 provides a sample of an actual F-N criterion based upon extensive application previous editions of these recommendations, to pipeline systems, for a case length of 1.6 kilometres.”

The risk curves are dependent on distance – for 1.6 kilometres, the overall pipeline failure frequency (typically 0.2 per metre per million years) is multiplied by 1600 to give a frequency of 320 per million years or 3.2 x 10-4 per year over that distance.  This curve therefore is measuring an “extensive” property – dependent of how much pipeline is included.  This curve is used to examine longer or shorter length of pipeline adjacent to populated areas by factoring the curve to the actual number of metres divided by 1600.

3
Application to PD 8010 Pipeline Substances

In the UK, similar substances to natural gas transported in high pressure pipelines and currently notified under the Pipeline Safety Regulations as Major Accident Hazard Substances include ethylene (as dense phase), propane and butane (as liquids and gases, also called Natural Gas Liquids NGLs), spiked crude (crude oil with 10-20% NGL).

However, one major characteristic of these substances is that their vapour at atmospheric pressure is likely to be heavier-than-air, so drifting clouds can cause flash fifes which have longer hazard ranges than similar natural gas fire scenarios.  As a result more people could potentially be involved in incident involving releases of PD 8010 substances.

Due to this flash fire effect and larger number of people who could be affected, the F-N characteristics are different and require a different shape criteria line to cover this area, shaded in red below:-
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IGE/TD/1 Criterion (dotted line) for 1.6 kilometres and 

additional area to allow for flash fires for PD 8010 substances
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4
HSE’s Societal Risk Criteria
HSE have proposed a  Societal Risk Criteria based on their published document “Reducing Risks, Protecting People” (R2P2).  The proposal is that “the risk of an accident causing the death of fifty people or more in a single event should be regarded as intolerable if the frequency is estimated to be more than one in five thousand per annum”.  In the HSE’s Hazardous Installations Division paper SPC/09, paragraph 9, (attached as Appendix 2) develops this single point into the following:

· The unacceptable region: the region above the line of slope –1 through this point on the lnF v lnN plot; and 

· The broadly acceptable region: the region below a line two orders of magnitudes below and parallel to the above line. 

· The tolerable if ALARP region lies between these two lines. 

In paragraph 8, HSE define F as the frequency of an accident killing N or more people

The low boundary line can be plotted as follows:
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HSE Proposed Societal Risk Criteria for a Major Hazard 

Installation from SCP 09
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This curve was proposed for a Major Hazard Site as defined by COMAH for demonstrating ALARP when considering major hazard events.  It has since been withdrawn pending further consideration.

The application of the curve was to:- 

“the risk of multiple fatalities occurring in one event from a single major industrial activity”

paragraph 9 in SPC/09

5
Combining the IGE/TD/1 F-N Curve and HSE F-N Criteria

If the IGE/TD/1 F-N curve for 1 kilometre of pipeline length and the HSE curve for the risk of multiple fatalities from one event from a single major industrial activity are plotted on the same graph they coincide in the central region of the curves:-
[image: image4.emf] 

Comparison of HSE Societal Risk Criteria (solid line) and 

IGE/TD/1 Criterion (dotted line) for 1 kilometre
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The difference between the curves at the low Number of Fatalities-end is not significant as this criteria is only of relevance to very small pipeline diameters and relatively low consequence events.  At the high Number of Fatalities-end of the curve the difference makes allowance for the flash fire cases discussed above.

6
Proposed F-N Curve for PD 8010 substances

It is therefore proposed that the HSE criteria should be adopted for PD 8010 substances, applied to 1 kilometre of pipeline length:-[image: image5.emf] Proposed PD 8010 Substances F-N Risk Criteria 

based on 1 kilometre of pipeline length
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