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Background

< LNG Model Evaluation Protocol (lvings et al., 2007)
<—— LNG Model Validation Database, Version 1 (Coldrick et al., 2008)

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

LNG Model Validation Database, Version 11 (Coldrick et al., 2010)
PHMSA Advisory Bulletin PHMSA-2010-0226

T Evaluation of DEGADIS 2.1, PHAST v6.6/6.7 and FLACS v9.1r2 by FERC & PHMSA

LNG Model Validation Database, Version 12 (Stewart et al., 2016)
[ LNG Model Evaluation Protocol (lvings et al., 2016)



Background

Content of the NFPA Database:

Trial Sheet Trial number Field (F) or | Obstructed Atmospheric | Substance yu
Name number Wind (0) or stability released Er water
in the tunnel uncbstructed / (W) or land
Database WT) )y (W]

Maplin 1 Zr F / C-D LNG W
Sands,
1380 2 . L — o

3 35 D
Burro, 1980 4 3 < F u B LNG L

5 7 D

(-] 8 E

T 9 D
Coyote, 8 3 F u B-C LNG L
1981 a 7 oD

10 ] D
Falcon, " 1 F (o] G LNG L
1987 12 3 D

13 4 O-E
Thomey 14 43 F u E-F Freon 12 & L
Island Nitrogen
1982-4 15 47 F
CHRC. 16 A WT u D Carbon L
2008 Dioxide

17 B (o] D

18 Cc o D
BA- 19 Unobstructed WT u D Sulfur L
Hamburg (DAD120) Hexafluoride

20 Unobstructed u D

Trial Hame
Burro 3

Tast igantitiar
BU3

1

2

3

4

5 Date of test

6 July 2 1580

7 Origin of data

& MDARedipherErmak et al 1956
] last rovislon
1 07 2003
1

Continuous release of M4 m**3 LNG mto 5Bm

diameter water basin
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13 TRIAL DATA

14

15 released Units

16 Substance LNG

17 Compasition 92.5% methane, 5.2%mol%

18 Molecular wesght 17,26 kghnal

19 Densay 432 T|kgim™3

20 Normal bailing poant 1

21 Latant haat ni’x:pmmmn 5115 l:’s PHYSICAL COMPARISON PARAMETERS
22 Specific heat far vapar 22%s7

23 Specibi heat for buid 334655 Ave-wine dota

24 3

25 g Fistance tn are )
26 Heloase [

FT Exit pressure nat apphicatie 72

28 Spil temperature 11|

29 Sou
30 Source chwvation

31 Source type

32 Siorage phass

33 Spill containment diameter
34 Spill rate

s diarrsalis

evaparating pool
lguid

Spil duratian %3
Total quantity released I
Initial concentration s
Exit_pipe height abowve water surface 1 i‘e

4

Atmospheric conditions 8
Ambeent temperature 307 %0

3 |Measunna heicht af ambient tamoeraturs 2
)

Aworagieg window (3} Averaging time (s}

Maimam acoene
Cleast wacth i
concentratan (%) |
1 24

1 a0
100 Ta 20 16
160 &1un

Aetagng lime (3] Concentestien (%)

1 1 86
1 1 12
1 1 224
1 1 20.3
1 1 224
1 1 60
1 1 80
1 100 04
1 100 ar
1 100 69
1 190 18
1 100 an
1 100 T
1 190 X!
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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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Max. Arc-wise Concentration

Measured maximum Predicted maximum Cloud
arc-wise concentration arc-wise concentration /centerline

Sensors

Method used by
e.g. Hanna et al.
(1993)

Gas source

) Meandering
Experiments Model



v

HEALTH & SAFETY

Max. Arc-wise Concentration

LABORATORY
Measured maximum Predicted maximum Cloud
arc-wise concentration arc-wise concentration /centerline
Sensors |
PHMSA method:

Gas source
used previously to
evaluate DEGADIS,
Meandering PHAST, and FLACS

Experiments Model
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Max. Arc-wise Concentration

/.

PHMSA method for max. arc-wise concentrations

N

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”

e Precautionary, given uncertainties in ensemble mean concentrations
(it will tend to make the % LFL exclusion zone larger)

* |t accounts for the strong vertical gradient in concentration near the
ground

e |t accounts for sensors not being aligned to arcs in some experiments

* |t encourages development of plume meandering models



Max. Arc-wise Concentration

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

OTOGRAPHIC DATA

Example:
Maplin Sands 27
experiment

© shell
Results summary for V"
Maplin Sands, Burro,
Hanna et al.
Coyote & Falcon: PHMSA
Acceptable

Mean
Relative Bias
(MRB)

0.31

0.41
-0.4<MRB <
0.4

14
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Results for DRIFT model

Hanna et al. (1993) PHMSA

s
é 12 L
,% 10 n
E 8
B | ]
<. 2
2o
0 100 200 300 400 500 600 700
Distance (m)
m Experiment =——Hannaetal. =——PHMSA
Mean Relative Geometric Geometric  Factor of
Square Error Mean Variance Two
(MRSE) (MG) (VG) (FAC2)
0.38 1.4 1.6 61%
0.59 1.9 15 56%
MRSE < 2.3 0.67<MG VG<3.3 FAC2 >50%

<15

Geometric Variance (VG)

0.125 025 05 1 2 4 8
Geometric Mean Bias (MG)
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Additional Experimental Data

Maplin Sands (1980) experiments -

5A. PONTOON MAP Spill No.27

~Loestons waare gon wes. smncine

7. PHOTOGRAPHIC DATA Spill No. 27

TIME-SERIES OF HC CONCENTRATION
TRIAL 027/CL DATE:(090S60/103734

~ CHAN RRAD ANGLE
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PERCENT
lEI.D

0.0

|

5.0

.
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Time-series data processed for point-wise concentrations

TIME (S)

240.0 260.0 200.0 300.0 320.0 0.0 360.0

| I
T8 200 £ s

sed
Distance from source,

m



13

Thorney Island (1982)
experiments
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Time-series data processed for
point-wise concentrations
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Errors in Experimental Data

Schatzmann et al. (1991)

BA-Hamburg experiments

MeBstrecke

(1.5m breit, 1m hoch,
4m lang) mit
auswechselbarem

Stromungsrichtung
- Boden
- PP -

] =] =] =
1Ll

I n CO rre Ct : NFPA database, version 11
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Table 15. Hamburg experiments with o semi-circular fence downwind of the release, Continuous Release.
see figure Je. Obstacle: Semi—circular wall m I.:. - ':_:E_
lnslantaneous release Conlinucus release of F.!elghf: 2.2 Lec and | =T i
Radius 23 Lcc. N
fence fence  velocity lence fence  wvelocity Ground—level Concentrations 3
height  diameter @ Ly height  diameter @ Lg; measured downstream from o
File ol (ke W] | Fite looc  [be]  [th] the Source. B T bl ol
DAD5S02 0.4 4 1 DADSDL 2.24 224 1 P —— o
DAOSLT 0.4 1 1 DAD332 221 22.4 1 . =
Fig. 26: Concentration versus time tracea at different locations for a continuous heavy
gas release into flat terrain obstructed by a semi-circular wall.

CO rre Ct : NFPA database, version 12

Wind Direction Wind Direction
—-> —>
$R
e o :
VA /
Source Fence Source Fence

Marotzke(1993)

Ein solcher halbkreisformiger Schutzzaun kann zum Beispiel dann zur Anwendung kom-
in einer Richtung von einer potentiellen Schwergasquelle zu schiitzende
Ziune mit unterschiedlichen Radien verwendet:

men, wenn sich nur

Einrichtungen befinden. Es wurden zwei
o quellnaher Zaun: Radius 2.5 Le bzw. 14 Lec und Zaunhthe 0.4 Lg bzw. 2.2 Lec

Ly bzw. 22.4 L und Zaunhdhe 0.4 L bzw. 2.2 Lee

o quellferner Zaun: Radius 4
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Deliverables

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)

Revised LNG Model Evaluation Protocol

— Relatively minor changes from version 11
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EHit pipe heght above water surtace 1 m

Atmospheric conditions Yalue Units. I_AB 0 RATO RY
mbient temperature 30775 K
Measuring height of ambient temper ature 1 m
Ambient pressure 0936 atm
wind speed 658 mis
E XC e I 2 O 1 0 Measuring height of wind speed 3 m
Daomain-avg wind speed 54 mts
Domain-avg sigma wind speed JAL] mts
Jomain-3u g Sigma wind direction 13 degrees
readshe et et ims for domistg s 00 j
Brray certerling 228 degrees from trus North, zeue from S ta NE
Wind direstion 224 wind from this andle, in degrees fram true korth
- Pasquill-Giffard stal class. C VLY
Manin-Obukhoy length -5.087
version tton eiochy o2
V4 Fielative humi 52
Terrain and obstacles Yalue
Surface roughness 0.0002 m
e g B urro e ot male s
8.

PHYSICAL COMPARISON
PARAMETERS
Paint wise data

Magimum Cancentration (% viv)
. Absolute Maxl
o . Fized-Averaging Model Output . =
® (m) ¥ (m) Z(m) hweraging window (shveraging time (s| */* 5 Aueta olling Average | 1odL PSS | Temp. (K) otes
0 ES 158 EZE] T Bt &7 Datafrom (m
4 287 158 3130 1 iz 208 Data from 3 m
555 43 X 3130 1 224 24 Data from 8 m
T "3 182 030 1 203 203 Data excluded from SPM oaloul
[ 287 X 2030 1 224 232 ud bifureation
3 3 ¥X] 2030 1 0.0 €3 “Temperalure included o referense anl, data iz ot used 25 part
2 ot 158 30730 1 0.0 0.0 af LNG MEP assessment
7 58 138 3030 1 62 23 - a0 al
10 . L35 20130 ! S0 30 ** Cloud width calculsbed using data from sensors #t1m cnly
W ranstormed sensor o ions For Use whers models are onil
T2 st 13.8 30130 1 00 00 capable of d-algned vid
360 Bt} 138 EEE] T [ [
362 3 158 50150 1 (13 06
355 538 158 50150 1 12 12
35 1 188 56150 1 0.0 0
360 17 152 5050 1 0o 00
38 793 138 170270 1 [ 03
54 159 a8 10270 1 [y 07
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Validation Database for Evaluating Vapor
Dispersion Models for Safety Analysis of LNG
Facilities
Guide to the LNG Model Validation Database
Version 12, 29 April 2016
MSU201612

DRAFT Version 1

Report Approved for Issuc By | Charles Oakley, CEng FIMechE
Date of Issue: | 29/04/2016

Lead Author: | James Stewart, BSc MSc

Contributing Author(s): | Dr Simon Coldrick CEng MINcchE
E

Technical Reviewer(s):

Editorial Reviewer:

TISL Project Number: | PE00387

Production of this report and the work it describes were undertaken under a contract with Oak
Ridge National Laboratory. lts contens, including any opinions and/or conclusion expressed o
recommendations made, do not necessarily reflect policy or views of the Health and Safety
Executive.
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—
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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

e 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.



References HEALTH & SAFETY

PHMSA Advisory Bulletin, docket PHMSA-2010-0226 LABORATORY
- http://phmsa.dot.gov/pv_obj cache/pv _obj id B1E12F1E74C27BEAB343DEB90D621DF5BB340700/filename/ADB-10-07%20LNG%20Facilities.pdf
DEGADIS 2.1 evaluation for LNG MEP
- https://www.ferc.gov/industries/gas/indus-act/Ing/degadis-report.pdf
PHAST v6.6 and v6.7 evaluation for LNG MEP
- http://www.regulations.gov/#!docketDetail;D=PHMSA-2011-0075
FLACS 9.1r2 evaluation for LNG MEP
- https://www.regulations.gov/#!docketDetail;D=PHMSA-2011-0101
Hanna et al. (1993)
- http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA270095
Witlox et al. (2013)
- https://www.dnvgl.com/Images/Validation%200f%20Phast%20dispersion%20model%20as%20required%20for%20USA%20LNG%20Siting%20Applications 2013 tcm8-
13569.pdf
REDIPHEM
- Nielsen, M. and Ott, S. (1996), A collection of data from dense gas experiments, Riso-R-845 (EN), Riso National Laboratory, Denmark, March 1996.
Schatzmann et al. (1991)
- Schatzmann, M., Marotzke, K. and Donat, J. (1991), Research on continuous and instantaneous heavy gas clouds, EV 4T-0021-D, Meteorological Institute, University of Hamburg, February 1991.
Marotzke (1993)

- Marotzke, K, 1993, Untersuchung von Hindernisstrukturen bei der Storfallausbreitung, Diploma thesis, Meteorological Institute, University of Hamburg, Bundesstrae 55, D-2000, Hamburg 13,
Germany, UFOPLAN — Ref No. 104 09 110, 15 January 1993



http://phmsa.dot.gov/pv_obj_cache/pv_obj_id_B1E12F1E74C27BEAB343DEB90D621DF5BB340700/filename/ADB-10-07%20LNG%20Facilities.pdf
https://www.ferc.gov/industries/gas/indus-act/lng/degadis-report.pdf
http://www.regulations.gov/#!docketDetail;D=PHMSA-2011-0075
https://www.regulations.gov/#!docketDetail;D=PHMSA-2011-0101
http://www.dtic.mil/cgi-bin/GetTRDoc?AD=ADA270095
https://www.dnvgl.com/Images/Validation%20of%20Phast%20dispersion%20model%20as%20required%20for%20USA%20LNG%20Siting%20Applications_2013_tcm8-13569.pdf
https://www.dnvgl.com/Images/Validation%20of%20Phast%20dispersion%20model%20as%20required%20for%20USA%20LNG%20Siting%20Applications_2013_tcm8-13569.pdf

Acknowledgements

Julie Halliday (PHMSA)

Simon Rose (Oak Ridge National Laboratory)

David Rosenberg (FERC)

Michael Schatzmann (Hamburg University)

Lorenzo Mauri (GexCon)

Steven Hanna (Hanna Consultants)

Joseph Chang (US Department of Homeland Security)

Henk Witlox (DNVGL)

Morten Nielsen and Sgren Ott (Technical University of Denmark)

Gert Konig-Langlo (Alfred Wegener Institute Polar & Marine Research)

Shell, for permission to use Maplin Sands images

HEALTH & SAFETY
LABORATORY

Daniel Gorham, Kathleen Almand and Janna Shapiro (NFPA)
Jay Jablonski (HSB)

Richard Hoffmann (Hoffman-Feige)

Leon Bowdoin (Hess LNG)

Frank Katulak (GDF Suez)

Kevin Ritz (BGE)

Jeff Beale (CH IV International)

David Butler (City of Everett, MA)

Andrew Kohout (FERC)

Filippo Gavelli (GexCon)

Phani Raj (DOT)

Anay Luketa (Sandia National Laboratories)



	Slide Number 1
	Contents
	Background
	Background
	Aims of the Update
	Contents
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Contents
	Additional Experimental Data
	Additional Experimental Data
	Contents
	Errors in Experimental Data
	Contents
	Deliverables
	Deliverables
	Deliverables
	Contents
	Timeline
	Contents
	Possible Future Work
	References
	Acknowledgements

