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Background 
2007 LNG Model Evaluation Protocol (Ivings et al., 2007) 

2008 

2009 

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

LNG Model Validation Database, Version 1 (Coldrick et al., 2008) 

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

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

2011 
PHMSA Advisory Bulletin PHMSA-2010-0226 
 Evaluation of DEGADIS 2.1, PHAST v6.6/6.7 and FLACS v9.1r2 by FERC & PHMSA 

2012 

… 

2016 
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LNG Model Evaluation Protocol (Ivings et al., 2016) 



Content of the NFPA Database: 
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Background 



Aims of the Update 
• To add new features into the database to meet the requirements of PHMSA Advisory Bulletin 

PHMSA-2010-0226 
– Maximum arc-wise concentrations 
– Point-wise data for Maplin Sands and Thorney Island 
– Concentration Safety Factor, Concentration Safety Factor to LFL, Distance Safety Factor to LFL  
– Experimental uncertainty 

• To correct errors  
– BA-Hamburg: incorrect geometry  
– Other small mistakes 

• To provide more extensive documentation and guidance 
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Predicted maximum 
arc-wise concentration 

Model 

Measured maximum 
arc-wise concentration 

Max. Arc-wise Concentration 
Cloud 
centerline 

Method used by 
e.g. Hanna et al. 
(1993)  
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Predicted maximum 
arc-wise concentration 

Model 

Measured maximum 
arc-wise concentration 

Max. Arc-wise Concentration 
Cloud 
centerline 

PHMSA method: 
used previously to 
evaluate DEGADIS, 
PHAST, and FLACS 
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Experiments 

Gas source 
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Max. Arc-wise Concentration 
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PHMSA-2010-0226 Advisory Bulletin states: “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” 

• Precautionary, 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 

PHMSA method for max. arc-wise concentrations 



Does it matter which method is used for maximum arc-wise concentration? 

Example:  
Maplin Sands 27 
experiment 

Results for DRIFT model 

Results summary for 
Maplin Sands, Burro, 
Coyote & Falcon: 
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Method Mean 
Relative Bias 
(MRB) 

Mean Relative 
Square Error 
(MRSE) 

Geometric 
Mean 
(MG) 

Geometric 
Variance 
(VG) 

Factor of 
Two 
(FAC2) 

Hanna et al. 0.31 0.38 1.4 1.6 61% 
PHMSA 0.41 0.59 1.9 15 56% 
Acceptable -0.4 < MRB < 

0.4 
MRSE < 2.3 0.67 < MG 

< 1.5 
VG < 3.3 FAC2 > 50% 

PHMSA Hanna et al. (1993) 

Max. Arc-wise Concentration 

© Shell 
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Additional Experimental Data 

Time-series data processed for point-wise concentrations 
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Maplin Sands (1980) experiments 

© Shell 



Thorney Island (1982)  
experiments 

Additional Experimental Data 
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Time-series data processed for 
point-wise concentrations 
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Errors in Experimental Data 
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BA-Hamburg experiments 

Incorrect: NFPA database, version 11  Correct: NFPA database, version 12 

Wind Direction 

  D 

Fence Source 

Wind Direction 

  
R 

Fence Source 

REDIPHEM (1996) Schatzmann et al. (1991) 

Marotzke(1993) 



Contents 
16 

• Background 
• Aims 
• Methodology 

– Maximum arc-wise concentrations 
– Additional experimental data: Maplin Sands and Thorney Island  
– BA-Hamburg experiments: errors 

• Deliverables 
• Timeline 
• Possible future work 



Deliverables 
1. NFPA Model Validation Database version 12  

a) Microsoft Excel 2010 spreadsheet 
b) ASCII data files (plain text version of spreadsheet) 
c) Database Guide (125 pages) 

 
2. Revised LNG Model Evaluation Protocol 

– Relatively minor changes from version 11 
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Deliverables 
Excel 2010 
Spreadsheet 
version 12, 
e.g. Burro 3 



Deliverables 
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Database Guide 
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Timeline 
• 1 May 2016  

• 27 May 2016  

• End of June 2016 

• End of July 2016 

• End of Aug 2016 

 

21 

Draft database spreadsheet and guide circulated for review 

Comments due on database and guide 

Revised MEP report circulated for review 

Comments due on MEP report 

Final NFPA Database version 12 issued 

Tentative 
dates 
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Possible Future Work 
• LNG MEP focuses on spills of LNG (import terminals) 

– Source terms: evaporating pools of cryogenic liquids 

• For LNG export terminals, range of other source terms: 
– Flashing jets of pressure-liquefied refrigerant gases, e.g. propane, mixed refrigerants 

– Spills of condensates 

• Experimental data could be added to LNG MEP, e.g.: 
– Flashing jets: Lathen (propane releases with obstacles),  Desert Tortoise and FLADIS 

(ammonia), Jack Rabbit (chlorine) etc. 
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