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Aims

= Run a model inter-comparison exercise to evaluate the performance of

atmospheric dispersion models using data from previous ammonia release
experiments

— To understand the accuracy of models that may be used to design the Jack Rabbit Il trials,
e.g. to design the JRIIl sensor array

— To identify important model input parameters that we may need to carefully assess or
measure In the trials

© Crown Copyright HSE 2022
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Methodology

= Simulate 3 trials each from the Desert Tortoise and
FLADIS pressure-liguefied ammonia field trials

= Desert Tortoise
— Tests conducted in 1983 at DOE Nevada Test Site
— Release rates of 81 — 133 kg/s
— 10 — 41 tonnes of ammonia released
— Dispersion measurements at 100 m and 800 m
— Largest tests to date on ammonia

= FLADIS

— Tests conducted In 1993-4 at Landskrona, Sweden
— Release rates of 0.25 — 0.55 kg/s

— Dispersion measurements at 20 m, 70 m and 240 m
(transition from dense to passive dispersion)

© Crown Copyright HSE 2022
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= Participants provided with specified set of model inputs for Desert Tortoise and FLADIS

= Reguested to provide basic set of model outputs (as a minimum)
— Long time-averaged centerline plume concentrations for each of 6 trials

= Optionally, modelers can provide additional model outputs
— E.qg., predicted plume widths, temperatures, results from sensitivity tests

= Coordinators collated results, cross-plotted predictions against experimental
measurements and shared results with participants

= Not a competition but a collaborative effort, with the ultimate goal of improving toxic
Industrial chemical modeling tools in general

= Timeline
— Exercise Initiated over Winter 2021-2022
— Results shared with participants in Spring 2022
— Concluded in Summer 2022 with aim to present findings at GMU conference

© Crown Copyright HSE 2022
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Participation and Benefits

= Work was voluntary, conducted on a “best endeavors” basis

= Participation was welcomed from government agencies, national laboratories, research
corporations, universities, oil/gas/chemical industry and engineering consultancies

= All classes of model predictions were welcome
— Emergency planning and response
— Regulatory purposes
— Research
— e.g., nomograms, integral models, Lagrangian and CFD models

= QOpportunity to benchmark models against existing ammonia field trial data, and to
share knowledge and experience with other world experts

= Aim to publish the jointly-authored findings in one or more conference papers and in a
peer-reviewed journal

© Crown Copyright HSE 2022
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= Reguest for Information (RFI) document provided further details of the exercise

© Crown Copyright HSE 2022
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Background

The lack Rabbit Il project is being led by the Chemical Security Analysis Center (C5&C) of US
Departrment of Homeland Secority and the Defense Threat Reduction Agency (OTRA&) of WS
Departrment af Defense and will invalve large-soake anbydrows ammania release experiments in 2023

and 3024, The project follows on from the wccesstul lack Rabbit | and || programs in 2010 and 2015-
2016, The ssperiments are being conducted bo improve threast assesement of Toxic Industrial

Chemicals (THCsl, to fill critical scientific data gaps, to test new technologies and provide training
appartunities for first responders,

Aims

The aim af ths initial Jack Rabbie Il modeling exercie & to evaluate the performance of atmaspheric
digpersion models wsing data from préevious ammonia releaie sxperiments, to help us understand
the accuracy of models that may be used to design the Jack Rabhit Il trials. The exercide alio
pravides an opportunity to run sensitieity tests with models, to identify important madel input
parameters that may need to be carefully assessed or measured in the Jack Babbat I wials. it is not a
campetition but a callaborative effert, with the plimoete gy of impreving toaic industrisl chemical
madeling tock in general.

Methodology

The wark will irvalve testing models using data fram the Desert Tortoise and FLADIS ammania trials,
conducted in 1583 and 1993-4. The rationale for selecting these trials and details of the method that
Wi proposs o use For the comparison exerdise are described in the Appendix.

It i& repogniped that some modeling teams may heee mone redgurces than others and therefore
different level of autputs are reguested: 3 mandatory basic st of model outputs, and optionally a
mane comprshansivie et of cutpets, It s hoped that all participants will be able to praduce the
mandatary wot of outputs and those with sufficient resources will b= able o provide more
wamprefhernsive results,

Participation

The exercse is nat being funded by the exercse coardinaters, CSAC nor DTRA The work is waluntary,
tao be conducted on a “best endeavors” basie Particoigation in the exercise i welcamed fraom
gowernment agencies, mational laborataries, research corporations, universities, the oilfgas/cheamical
ndpgtry and engineering consultancies. &l claes of model predictions are welcame, including
madels used far emergency planning and response, for regulatory purpases and for ressarch, &g,

namograms, inbegral madels, Lagrangian and CFD models

Benefits

The main bemnafits bo participation in the exercice s that it provides an opportunity to benchmark
madels against existimg ammania field trial data, and to share knowledge and experience with ather
world experts. The intentiaon & to publsh the jpintly-sutboced findings in one or mare conference
papers and in & pesr-resiewed journal.

The focal point for discussions shout fack Rabbit |1 will be the annoal George Mason University
conference aon atmaspheric transport and dEpersion modeling. Further details of the exercise
deseribed here will be given at the 257 annual meeting, which is being held online an 2-4 November
2021 {httpef foampuoas gmueduy).
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DT1 DT2 DT4 FLADIS9 FLADIS16 FLADIS24 ] A” trials involved horizontal
Orifice diameter m 0.0812 0.0945 | 0.0945 0.0063 0.004 0.0063 releases of pressure-liquefied
Release height m 0.79 0.79 0.79 1.5 1.5 1.5 ammonia over flat, unobstructed
Exit temperature °C 21.5 20.1 24.1 13.7 17.1 9.45 terrain
Exit pressure® bara 10.1 11.2 11.8 6.93¢ 7.98¢ 5.70¢
barg 9.22 10.3 10.9 5.91 6.96 4.69
Release rate kg/s 80.0¢ 117¢ 108f 0.40 0.27 0.46 N Data taken prlmarlly from SMEDIS
Release duration S 126 255 381 900 12008 600 _
Site average wind speed m/s 7.42 5.76 4.51h 6.1 4.4 4.9 database (https://admic.com/smedis-dataset)
at reference height | m 2 2 2 10 10 10
Friction velocity m/s 0.442 0.339 0.286 0.44 0.41 0.405
Surface roughness m 0.003 0.003 0.003 0.04 0.04 0.04 =  Cross-checks carried out with other
Monin-Obukhov length m 92.7 94.7 45.2 348 138 -77 infOrmation sources
Pasquill stability class - D D D-Ek D D-E C-D!
Ambient temperature |°C  |288 1304  [324 | 155 | 165 | 175 . — Modelers Data Archive
at reference height | m 0.82 0.82 0.82 1.5 1.5 1.5
Ambient pressure bar 0.909 0.910 0.903 1.020 1.020 1.013 o REDIPHEM
Relative humidity % 13.2 17.5 21.3 86 62 53.6 . Original data repOrtS, e.o.
Averaging time for mean values | s 80 160 300 600 600 400 Goldwire ot aI (1985)

— Notes provided to explain
choice of values

© Crown Copyright HSE 2022
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Modeling and Measurement Uncertainties

= Standing water on the surface of the normally dry lake bed in the Desert Tortoise trials
— Affected DT1 and DT2 trials, but dried out by the time DT4 test took place
— Suggested to undertake sensitivity tests with enhanced humidity and/or unstable boundary layer

= Wind speed decreased during the DT4 trial

— WiInd speed also not recorded successfully
— Largest release and jetting effects may have affected measurements out to 800 m
— Suggested to undertake sensitivity test with lower wind speed

=  Ammonia liquid rainout in DT4
— “alarge pooling on the ground (over 2000 m? in extent, and out to 90 m)”

= Pasquill Stability Classes in DT4, FLADIS16 and FLADIS24
— Conditions on the borderline between Class D-E or C-D

= Wind and turbulence profiles in FLADIS trials
— Effect of upwind obstacles on dispersion behavior

= Further detalls given in RFI document

© Crown Copyright HSE 2022



RESEARCH AND g%
GUIDANCE FROM HSE

RAND :
Equivalent Vapor-Only Source Terms

= Several modeling groups required equivalent vapor-only source conditions

= None avalilable in SMEDIS for DT4 and so CERC method was coded up independently
to provide DT4 conditions for modelers
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Version 1 -2.- 12 IEHUHTF 2022 1 |Calculation of equivalent vapor-only source conditions for Desernt Tontoise Trials 1, 2 and 4
? |based on the method described in CERC [2000) SMEDIS Model Evaluation Protocol. Report SMEDISIAGIEID. Yersion 2.0, Cambridge Environmental Research Consult
. . - . . 2 |For a description of the calculation presented below . see file: "JRIIl MWG equivalent source conditions for Desert Tontoise vl 2 pdf”
Simon Gant!, Graham Tickle?, Rory Hetherington® and Joseph Chang* R
5 | stage 1 2 3
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1 UK Health and Safety Executive (simon.gant@hse.gov.uk) i
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Summary of Equivalent Vapor-Only Source Conditions for the Desert Tortoise Trials e 2 20| Color coding:
21 Inputz taken from the Desert Tortaize experiments [see file: "JRIlinitial modeling exercize description w2, 3. pdf”]
. 22 Ertered manually by user from looking up properties in MIST Webbook [see MIST Webbook Warkshest), i.e. if the conditions in green changed, then theze would need to be locked up 2gain
Summa y of CERC tz D'DD:I Calculation Method ... - 2t 3 23 - Recalculated manually by user using "Goal seek” function in Excel, this is not automatically updated and if conditions in green change then this too will need to be re-run
5 1 Fash V. . . a4 24 Equivalent vapar-only source conditions for use in atmospheric dispersion models
taEE a% apﬂ'rlzatlﬂln e —————— - . . e ettt t e e e e £ Rttt e e et et mm ot ammm 26
26 |Stage 1: Calculation of flash vaporisation
Stage 2 Air entrainment and evaporation of ammonia 2erosol droplets. ... 7 a7 or1 D12 | 074 Sl Units Source
28 Mazs flow rate of ammonia mdat &0.0 v.0 10580 kgls Table Tin "JRllinitial modeling exercize description v2. 3. docx”
C - . £ hal g8 24 Diameter of pipe exit O_e 0051 00345 0.0345 m Table 1in "JRllinitial modeling exercize description vz, 3. dock”
onservation ot entha PY e - - - e e et et s s e 30 Pressure at pipe exit F_e TOIE+06  1.12E+06 1.18E+06 Palabs] Table 1in "JRillinitial modeling erercise description w2, 5. docs”
ki | Temperature at pipe exit T_e 23465 23325 23725 K Table Tin "JRIllinitial madeling exercise dezcription vZ. 3. docw”
Conservation of mass........... R R n n e g 32 Atmospheric pressure P_a J.0SE+04 9.0E+04 3.03E+04 Paizbs) Table 1in "JRlinitial modeling enercise description v2. 3. docy”
33 Atmospheric temperature T_a 30135 30355 30555 K Table 1in "JRllinitial modeling exercize description v2. 3. docx”
- - - - . 34 ‘I_l.
Density of ammonia vapor and air mixture at the end of evaporation.......oooooooo . 10 o Temperatre atthe endofflashing i T T e ETR Caloulated fomEquation (5] 77 = 7 —joe 7 ~¢
. i 36 Density of ammonia at pipe exit [pressurized liquid ammonial  rho_e G085, 28 E10.47 EO4.5 kglm™3  FromNIST \Webbook
Solution of Enthalpy, Momentum and Mass EQUations e 11 a7 Diersity of ammonia liquid atend of flashing tho_Lf 424 G841  E8d.41 kolm'd  FromMIST Webbook
38 Denszity of ammonia wapour atend of llashing  rho_w_f 0a0466 080543 073928 kg/m™3  FromMIST \Webboaok
Distance to equivalent vapor-only source _____. - e m et e e e e e e e e e e e e nnn 13 3 Specific enthalpy of ammonialiquid at pipe exit k. Le 4.47E+03 4.40E+05 4.53E+05 Jikg  FromNIST Webbaaok
40 Specific enthalpy of ammonia liquid at the end of Hazhing h_Lf 185E+05 185E+05 1.54E+05 Jkg FramMIST 'Webbook ;
H Heat of waparization of ammonia at the end of flashing H_f 137E+06 1.3TE+0E 1.37TE+06 Jkg From Ozborne -4an Dusen (Equation B Hy = 1000 Il.%?.@] [133 =T}
Momenclature ...........cooeeeeees ; ; - - ettt ettt ettt ettt et e e ann 16 i v
43 Brea of pipe exit b_e 000515 000701 Q00701 mt2 Calculated from & = pilr2 {4
¥
BEferBmCRs s . . . e ——————_— 1 e e 18 Bt A A8t e At B e n et e e e e 17 44 Welacity of ammonia at oioe exit v e 255 273 Z5.5 mis Caleulated from Eauation 171 Vg =—1 i-
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Trial Downstream Velocity Molar Conc Temperature Half-width?®
" Distance (m m/s Yo K m
Desert Tortoise : (m) | (m/s] %} (K) (m)
DT1 51.0 7.5 13 205 6.40
DT2® 48.3 6.0 13 205 28.40
DT4c 49.5 8.59 14.3 205 6.99

Table 1 Recommended equivalent vapor-only source conditions for the Desert Tortoise trials for

the Jack Rabbit Ill modeling exercise

JRIII MWG equivalent source conditions for Desert Tortoise v1.2.pdf

Table 4 Equivalent source conditions at the location where all the ammoma liguid has vaporized for the FLADIS trnals,

taken from the SMEDIS database
Trial Downstream Velocity Maolar Conc | Density | Temperature | Diameter
Distance (m) (m/s) (%) (kg/m?) (K) (m)
FLADIS FLADISO 4.2 4.75 12 1.67 203.7 0.88
FLADIS16E 3.1 5.12 12 1.64 203.9 0.73
FLADISZ24 4.4 4,22 12 1.64 204.0 1.06

© Crown Copyright HSE 2022
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RAND
For the FLADIS trials: detalls of Landskrona test site geometry provided to help setup
Jack Rabbit [IIl Modelers Working Group
FLADIS Geometry and Wind Directions

CORPORATION
Version 1.0, 7 December 2021
Joseph Chang! and Simon Gant2

. Building heights:
“% ' ! 1: 20m
2: B.0m
F: B0
- N g 4 d.dm
: 2| ! RAND Corporation (jchang@rand.org)
s » 3 Ldnc{a,a;réihanm& L butdngs Z UK Health and Safety Executive (simon.gant@hse.gov.uk)
pin ?llda by the .'I
Contents
NordicaRaw MaterialsjAB |
2250 / BaCRBTOURI .o m o emm e e s e s e s amnn 1
— Maps and location of the FLA DS te st SIte e mnemn 1
‘ - paieians Sweden AB gﬁ ile of 0 | 5.?h. - .ui.:.r.. L LT L e OSSOSO 5
o N I B i e me e e e mee s et s e et e s et e s et et e annen 8
' b ACEESS T0 FLADIS GATBEET oo oo oo e e e e e e e e e et e e eee s e eeeneseeeenmenee 10
= L T Tl 11
T
S0erm Gross Bush ||I
o o /
Gepgle Earth 0 /
S « / Background
Imagery Date: 5/30/2018 55°51'35.70" N 12°50'42.20" E elev 4 m eye alt 1.08%m . .'I . . . .
: / At the Jack Rabbit Ill Modelers Working Group meeting on 3 December 2021, several CFD modeling
LI S Ill." teams said that they would like to construct a three-dimensional geometry of the FLADIS test site to
. . . i Illl" model the wake effects from buildings located upwind of the release location.
https://xnet.hsl.gov.uk/fileshare/public/3385/approximate- — [ | _ o _
T— 30em Grass ! im Rush / The purpase of this document is to summarize the information available on the FLADIS site geometry
. . | = | x - . - . .
ﬂad |S—re|ease-pO| nt_ kmz .'I E;’tﬂ:fgn’if“' ll.-" f and wind directions in Trials 9, 16 and 24.
| R 1an i ]
II| = = |II“— = = b I|II|I I|IIll
—— T T Maps and location of the FLADIS test site
B The FLADIS experiments took place at the test site of Hydro-Care in Landskrona, Sweden.
Maps of the FLADIS test site are given in Figures 1 and 2 below, showing the location of buildings, the
release point and the sensor array. The heights of buildings and other obstacles are given in these two
_ figures. Photos of the FLADIS experiments that were distributed with the FLADIS dataset are also
= fem Grass . " shown in Figure 3.
L = A - L] = \c
105 Morten Niglsen (Danish Technical University) kindly provided a KMZ file with the approximate location
,--__‘ E;T troes of the release point, which can be downloaded from the following link:
FLADIS test site geometry and wind directions v1.pdf
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Desert Tortoise Cloud Aspect Ratio

= Aspect ratio of Desert Tortoise cloud for modelers using equivalent vapour-only source
conditions: independent assessment for DT trials based on analysis of experimental data

SMEDIS assumed gy, = g, yHalf-width o,
—» o _
i 2oyjo. =8 D12
! Height o ; 1 | Jack Rabbit III Modelers Working Group
. z T
I - )
: . 0 e _ . ‘ .
—— - 1\ Equivalent Vapor-Only Source Conditions: Cloud Aspect
G roun d > / /"‘/ J’_r"'-“? . \'\ \l..\ . . .
Y ey o\ | Ratio for the Desert Tortoise Trials
/ ff /'/‘ AN \\ N\ , .
T N \ \-]l \ Version 1.1, 30 March 2022
2 = | r-b" e SRR | ]
N S o \\_ \ ! o Simon Gant!, Rory Hetherington?, Alison McGillivray?, Graham Tickle*.
R N
0 ‘ : B L 11 - 1 UK Health and Safety Executive (simon.gant@hse.gov.uk)
‘ y (m) - 2 UK Health and Safety Executive [

rory.hetherington@hse.gov.uk)
: UK Health and Safety Executive (alison.megillivray@hse.gov.uk)
* GT Science and Software (graham tickle@gtscience.co.uk)

Contents
T T = U 1
o Loy T T USSR 1
D TOr Ol W o0 PO B e e e e ee e e e e e e bbb bn e e ee e e ee e s s e s e e sn s smnn 3
Desert Tormoise oM N D A e e 4q
L T A T = o OSSR 5
| N | | CIOUH FUIFWIEER, 2o 5
Table 4 Recommended equivalent vapor-only source conditions for the Desert Tortoise trials for the Cloud Height. @ .
Jack Rabbit Il IT]DE“-?HHQ exercise Cloud Cross-Sectional Shape at 100 Mmoo g
ReVISed aSpeCt ratIO Of Trial | Downstream | Velocity | Molar Density! | Temperature | Full-Width, | Height, PirEpolation of Cloud BImensions from 00 M 18 30 M -
. 3 a a Summary of Equivalent Vapor-Only Source Conditions .o e 12
Distance (m) | (m/s) Conc (kg/m?) (K) 20, (m) o, (m)

2 O' /O' — 5 o ¥ MMM ATUTE ... e e e e s e e e e e e 13
y Z ] { /6] B T B I T ettt et oo e et et e 14

DT1® 51.0 7.5 13 1.46 205 20.2 4.0

DT2" 48.3 6.0 13 1.46 205 26.6 5.3

DT4¢ 495 8.59 14.3 1.44 205 22.1 4.4

© Crown Copyright HSE 2022 JRIII MWG Aspect Ratio for Desert Tortoise v1.1.pdf
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Coordination of JRIIl Modeling Exercise

= 2 Nov 2021: GMU conference briefing

= 27 Jan 2022: Meeting with participants to discuss exercise with Q&A session

= 28 Feb 2022: Deadline for submission of initial results

= 25 March 2022: Meeting with participants to review of initial results from 16 groups
= 16 May 2022: Meeting with Phast modelers (HSE, DNV, Syngenta, DGA)

= 25 May 2022: Meeting with CFD modelers (Gexcon, DGA, INERIS)

= 17 June 2022: Meeting with participants to review all results from 19 groups

= 26-28 June 2022: GMU conference presentations

= 27-30 Sept 2022: Harmo conference presentations (Portugal)

Timeline of roughly 6 months from start to end of exercise
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Learning Points as a Coordinator

Need to take Into account that different models have different requirements
(e.qg., Lat-Long for HPAC, geometry for CFD modelers) when drawing up
specification documents

Need clear definition for parameters like cloud width, o,,

Should have highlighted that specified exit pressures and temperatures for
some FLADIS trials were “vapor” according to phase diagram, despite release
consisting of practically 100% liquid fraction 1

13
12

Four detalled specification documents =
(65 pages In total) were produced as the
work progressed

— Better to produce complete specification
up-front with a concise summary?

~#° ——DIPPR
---NIST
DT1
A DT2
DT4
X FLO9
+ FL16
X FL24

—
o o

Pressure (b

Vapor

8
7
6
S
4

0 S 10 15 20 25 30
Temperature (deg C)
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Summary

= Widespread support from the atmospheric dispersion modeling community:
26 sets of dispersion model predictions from 21 groups (USA, UK, Europe)

= Useful open discussions in main MWG meetings and in smaller sub-groups
= Insight Into performance of models and their sensitivity to Inputs

= |mproved understanding of how best to run certain models

= Appreciation for some important parameters to measure or assess

= Networking between different groups (e.g., users of same model)

= Good preparation for next steps:

— Modeling of previous large-scale ammonia incident(s)
— Preparation for future JRIII trials, e.qg., sensor arrays placement
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