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Regulation of LNG Facilities
• US Federal Regulation 49 CFR 193 on Liquefied Natural Gas (LNG) facilities

• NFPA 59A (2001) “Standard for the Production, Storage, and Handling of 
LNG”

• Applicants required to calculate size of exclusion zones, based on vapour 
cloud dispersion distance to ½ Lower Flammability Limit (LFL) for design spills

• Approved dispersion models (until 2011): DEGADIS, FEM3A

• Alternative dispersion models approved by US Pipelines and Hazardous 
Materials Safety Administration (PHMSA) using the NFPA LNG Model 
Evaluation Protocol
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2007 LNG Model Evaluation Protocol (Ivings et al., 2007)

2008

2009

2010

2015

2016

LNG Model Validation Database, Version 11 (Coldrick et al., 2010)

LNG Model Validation Database (Coldrick et al., 2008)

Review of LNG Source Models (Webber et al., 2009)

LNG Model Validation Database, Version 12 (Stewart et al., 2016)

PHAST v6.6/6.7 Evaluation (PHMSA, 2011)

2011
PHMSA Advisory Bulletin PHMSA-2010-0226

DEGADIS 2.1 Evaluation (FERC, 2011)
2012

2013

2014

FLACS v9.1r2 Evaluation (PHMSA, 2011)
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LNG Model Evaluation Protocol
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LNG Model Validation Database
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Previous Evaluations
FLACS v9.1
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PHAST v6.6/6.7
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Experiments

Measured maximum 
arc-wise concentration
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Example: Burro 8 sensors on arc at 
distance of 57 m

Maximum Arc-Wise Concentration

Gas source

Sensors

Meandering
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Experiments

Measured maximum 
arc-wise concentration
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Maximum Arc-Wise Concentration
Predicted maximum 
arc-wise concentration

Model: Method 1

Cloud 
centreline

Maximum concentration at any circumferential position 
and at any height
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Model: Method 2Experiments

Measured maximum 
arc-wise concentration
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Maximum Arc-Wise Concentration
Predicted maximum 
arc-wise concentration

Cloud 
centreline

Maximum concentration at any circumferential position 
and at height of lowest sensors
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Maximum Arc-Wise Concentration

PHMSA-2010-0226 Advisory Bulletin “The maximum arc 
wise concentration should be based on the location of the 
experimental sensor data that produced the maximum arc 
wise concentration relative to the cloud centerline”

Experiments

Measured maximum 
arc-wise concentration

Predicted maximum 
arc-wise concentration

Model: Method 3

Maximum at any of the sensor positions
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Aim & Methodology
• Aim: To assess how Methods 1, 2 and 3 affect the results 

for the field-scale experiments in the LNG MEP
– Does it matter which method is used?

• Methodology: DRIFT integral dispersion model
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– Developed by ESR 

Technology

– Dense/passive/buoyant 

dispersion

– GASP pool evaporation model



HSL: HSE’s Health and Safety Laboratory © Crown Copyright, HSE 2016 © Crown Copyright, HSE 2016 

Plume Meander (Method 3a)
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Experiments

Measured maximum 
arc-wise concentration

Model: Method 3a

Predicted maximum 
arc-wise concentration
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Results: Maplin Sands 27
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Method 3: Max. at 
sensor positions

Method 3a: Wind 
meandering

Method 2: Max. at 
lowest sensor height

Method 1: Max. 
anywhere

From: Colenbrander, Evans and Puttock (1984), © Shell
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Results: Coyote 6
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© LLNL

Method 3: Max. at 
sensor positions

Method 3a: Wind 
meandering

Method 2: Max. at 
lowest sensor height

Method 1: Max. 
anywhere
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Results: Overall
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Maximum Arc-Wise Concentrations

Maplin Sands (Tests 27, 34, 35)

Burro (Tests 3, 7, 8, 9)

Coyote (Tests 3, 5, 6)

Falcon (Tests 1, 3, 4)

Short time-averaged concentrations

Factor of two
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Method 1 Method 2 Method 3 Method 3a

Mean Relative Bias, 
MRB

-0.21 0.31 0.59 0.41

Mean Relative 
Square Error, MRSE

0.34 0.38 1.1 0.59

Geometric Mean 
Bias, MG

0.79 1.4 6.6 1.9

Geometric
Variance, VG

1.5 1.6 2e13 15

Factor of Two 78% 61% 54% 56%

Results: Overall
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Method 3a

Method 1

Method 2

Over-prediction Under-prediction

𝑀𝑅𝐵 =   
𝐶𝑚 − 𝐶𝑝

1
2 𝐶𝑝 + 𝐶𝑚

𝑀𝑅𝑆𝐸 =   
𝐶𝑝 − 𝐶𝑚

2

1
4 𝐶𝑝 + 𝐶𝑚

2

𝑀𝐺 = 𝑒𝑥𝑝   ln
𝐶𝑚

𝐶𝑝
𝑉𝐺 = 𝑒𝑥𝑝   ln

𝐶𝑚

𝐶𝑝

2

𝐶𝑝 = predicted concentration𝐶𝑚 = measured concentration

Method 3

Method 1

Method 3a

“Acceptability” criteria

Method 2
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Conclusions

• Choice of method for maximum arc-wise concentrations is important

• Depending on the choice of method, a model may be found to under/over-
predict the measurements on average

• Method 3 (used by PHMSA) is more likely to indicate that a model under-
predicts on average than other methods for max. arc-wise concentration

– This is a precautionary approach given uncertainties in ensemble mean 
concentrations (it will tend to make the ½ LFL exclusion zone larger)

– It accounts for the strong vertical gradient in concentration near the ground

– It accounts for sensors not being aligned to arcs in some experiments

– It encourages development of plume meandering models

• Further work is needed to investigate the plume meandering model in DRIFT 
and the sensitivity of results to the cloud height in the near-field
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