Q13. Should 0.85 of lower flammable limit (LFL) be used as the dispersion end-point as
opposed to LFL?

The ERM QRA has used LFL as the end-point for dispersion modelling in line
with the UK HSE’s methodology (see PCAG Chapter 6N, para. 17). Dispersion
modelling has been performed using the DNV PHAST software.

A technical paper discussing the use of PHAST to model releases, gas
dispersion and fires involving LNG has been published by Pitblado et al. ®.
This paper relates specifically to marine incidents, involving spillage of LNG
on to, and dispersion of vapour over, water. The authors compared PHAST
predictions with the results of some experiments involving LNG spillage on
to, and dispersion over, water.

On average it was found that PHAST slightly under-predicted the distance to
LFL (compared with the experimental data) by around 6%. The authors found
that a “zero bias’ result @ could be obtained by setting the end-point of interest
in PHAST to 0.85 of the LFL instead of LFL. This suggests that, when
modelling dispersion of LNG spills over water, a more accurate prediction of
the distance to LFL can be obtained by setting the end-point of interest to 0.85
of the LFL in PHAST.

DNV have also provided ERM with a report ® describing the validation of the
PHAST dispersion model (called the Unified Dispersion Model, or UDM)
against a range of experimental data, including some experiments involving
LNG. This report also identified that PHAST under-predicted the cloud
centreline concentration when compared with experimental data for LNG
releases over water (the Maplin Sands trials). Note that under-prediction of
the centreline concentration also results in under-prediction of the distance to
LFL. However, the report also notes that PHAST over-predicts centreline
concentration (and therefore over-predicts distance to LFL) for experiments
involving LNG over land (the Burro experiments).

Therefore:

e There is an argument to suggest that using 0.85 of the LFL as the end-
point in PHAST gives an improved estimate of the distance to LFL
when modelling LNG spills over water; and,

e There is no information to suggest that use of 0.85 LFL as the end-point
is required when modelling LNG releases over land. In fact the
information available suggests that PHAST tends to over-predict
distance to LFL for releases over land.

()] Pitblado R M et al. Consequences of LNG Marine Incidents. CCPS Conference Orlando June 29 - July 1 2004.

2) 'Zero bias' means that the model under-predicts the experimental result as often as it over-predicts.

3) DNV (2005). UDM Validation Document.
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ERM has performed a sensitivity test of the QRA using 0.85 of the LFL as the
dispersion modelling end-point for releases over water (i.e. for those releases
from the unloading arms, from the equipment at the jetty head and from the
stretch of the unloading lines along the jetty). The end-point for all other
releases was unchanged at LFL.

The resulting individual risk contours for hypothetical house residents are
displayed in the figure below, alongside the original contours from the QRA.
It can be seen that modelling of the releases over water with an end-point of
0.85 LFL increases the size of the contours around the jetty, but has very little
effect on the contours on the landward side, to the south of the terminal. The
nearest residence remains outside the 1 x 10-6 per year individual risk contour.
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