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Outline HSE

® Background
® Aims of HSE involvement

® Jack Rabbit Il

— 2015 tests: 5—10 ton releases in mock urban array
— 2016 tests: 10 — 20 ton releases in open terrain

® Results from model inter-comparison exercise
® Ongoing work

® Future Directions
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Background: Motivation HSE

© CSAC, DHS

® Mid-2000s, US Congress expresses concerns

: . : . 'Gap Analysis
for risks to public from accidents or terrorist e

The most widely-shipped toxic inhalation hazard (TIH) chemicals in US, by route.

attacks on railcars containing chlorine and Chemical Road] Rail | Water | Total | %of Tota
. . . Ammonia (NHz3) 5,793,000 3,470,592 1,718,974|10,982,566 52.8%
other Toxic Inhalation Hazard (T|H) chemicals Chiorine (Clz) 724,000] 3,750,372| _137,202] 4,611,574 22.2%) -75%
. . 1 Sulfuric Acid (H2S04) 257,000) 207,560| 2,057,721| 2,522,281 12.1%
passing through metropolitan areas Etesconss i | e wrige]  Tis] rel e s
. Hydrogen Fluoride (HF) 29,000, 264,560 293,560 1.4%
® 4 million tons of chlorine transported by ek e A e e
railcar annually in the US? escmmonnl el x| usn oo
Nitric Acid (HNO3) 3,000 35,800 44 38,844 0.2%
® Previous incidents, e.g. Graniteville (2005): QD . e ratioch ioe's mich preutsr Ay
. « e ey e . ey~ Chlorine is TIH of greatest concern in transport 6
railcar collision, 9 fatalities, 554 injured, 5400 e e
evacuated? — —

Fied lozal news 9

Mo & At e =

Significant Chlorine Rail Incidents

Syria conflict: Aleppo ‘chlorine gas attack’  Top Swones

investigated MPs cered ‘deat o0 o deal Brewt
vote

» Alberton, MT - 04/1/96

* Minot, ND - 01/18/02

* Festus, MO - 08/14/02

* Macdona, TX - 06/28/04

* Graniteville, SC - 01/05/05
* New Haven, CT - 04/17/08

[s————

Bartow deterets T cirmeants

RAF sxcorts Pakistan plane b
Stanstea

r -

Features

Lhttps://www.dhs.gov/science-and-technology/csac o B
2http://clorosur.org/seminar2016/presentation/18/04-DHS-CSAC.DAF oo o oo orodfl about S miles sou

3 Source: Chlorine Institute Caused by unloading line corrosion and poor maintenance
of emergency shutdown equipment.

Over the well
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In 2008, scientific papers published on evaluation
of six commonly-used dense gas dispersion
models for three chlorine incidents

All models significantly over-predicted the hazard
— Predicted AEGL-3 (life threatening) > several km
— No casualties in the incidents beyond around 100 m

Concerns raised about accuracy of models

Uncertainties:
— Source terms: release rates

AICKE

Comparison of Six Widely-Used
Dense Gas Dispersion Models
for Three Recent Chlorine
Railcar Accidents

Steven Hanna,” Seshu Dharmavaram,” John Zhang,® lan Sykes,” Henk Witlox,®

Shah Khajehnajafi,’ and Kay Koslan®

* Hanna Consultants, 7 Crescent Ave, Kennebunkport, ME 04046; hannaconsult@roadmnnercom (for correspondence)
® Dupont, Wilmington, DE 19898

© Systerns Analytics, Waltham, MA 02453

413 Titan Corp,, Princeion, NJ 08543

© DNV Software, London, UK.

! safer Systems, Camarillo, CA 93012

¥ The Dow Chemical Company, Freeport, TX 77541

— Dispe rsion 12th Conference on Harmonisation within Atmospheric Dispersion Modelling for

Regulatory Purposes, 2008

— Terrain effects (va pour “hold u p" ?) GAPS IN TOXIC INDUSTRIAL CHEMICAL (TIC) MODEL SYSTEMS

— Deposition and chemical reactions
— Infiltration into buildings/vehicles

Steven Hanna' and Joseph Chang’

'Hanna Consultants, Kennebunkport, Maine, USA: "Homeland Security Institute, Arlington, Virginia, USA

Abstract: There are concemns regarding the hazards to the public due to the releases of toxic industrial chemicals (TICs) to the

TOXiC effects atmosphere as a result of accidents or intentional acts. For recent chlorine railcar accidents, where 30 to 60 tons of pressurized

liquefied chlorine were released in rural areas, the number of casualties estimated by several widely-used model systems far
exceeded the number of casualties observed, raising concerns by decision makers about the accuracy of the model systems. The
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HSE Involvement in Jack Rabbit II HSE

Background

® 2014 —2015: Heath School planning inquiry — focus on chlorine dispersion modelling
® March 2015: HSE introduced to Jack Rabbit Il project coordinators by DSTL

® Spring-Summer 2015/2016: Modelers Working Group telecons every two weeks

® Summer 2016: 3 week visit to NCAR and Dugway Proving Ground for VIP day

® Summer 2017: 1 week visit to NCAR to work on joint journal paper

® 2015-2017: Conference presentations at GMU, Harmo, IChemE Hazards, EuroChlor

Aims of HSE Involvement

® Contribute modelling results and help support Jack Rabbit Il project

® Validate HSE’s regulatory dispersion model (DRIFT) against Jack Rabbit Il data
® Assess capabilities of widely-used industry dispersion model (PHAST)

® Improve links with top international experts on: source terms, dispersion, deposition etc.

© Crown Copyright, HSE 2019
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Jack Rabbit Il (2016) Trials6 -9 HSE

v  August 31
[180°-down]

v September 02
[135°-down]

v September 11
[0°-up]

x September—4—

v September 17

Images © CSAC, DHS [180°-down]



JRII 2015 and 2016 Trial Summary %S%:

Area of circle proportional to
mass of chlorine released (kg)
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JRII 2015 and 2016 Trial Summary %S%:
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Concentration Sensor Array (2015) HSE

Concentration sensors (saturation levels) stacked 20-foot Conex ~Indoor Study

Structures First Responder

16 UV Jaz (100,000 ppmv) Tank Vehicle
Upwind Structure
28 Canary (10,000 ppmv)
128 MiniRAE (2,000 ppmv)
58 ToxiRAE (50 ppmv)
3 Scanning Lidars
Images © CSAC, DHS
T Mock Urban Standard Layout 1 ""':"‘
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Jack Rabbit Il Trials (2015) HSE

HSE predictions prior to the 2015 trials for positioning of sensors

Jaz sensor may saturate

Maximum Concentration at Each Sensor Arc

1,000,000 -
100,000 --fmei _—— b 100,000 ppm (Jaz)

10,000 - ESRRARYRPRRR SRR 10,000 ppm (Canary)
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1,000 -

Max concentration (ppmv)

100
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100 m 200 m 500 m 1km | 2 km S5km 11 km = PHAST Baseline
| W PHAST Sensitivity 1 (Rainout)
Use Jaz sensor |\ J
Y ® PHAST Sensitivity 2 (D6)
Use Canary sensor @ DRIFT Baseline
Baseline = 10 ton (9072 kg) release in F2 l Y ) s ORIFT Sensitivity 1 (Rainout)

o 1 DRIFT Sensitivity 2 (D6)
Use MiniRAE sensor
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JR Il 2015: Concentration Data HSE

CFD Prediction

Azimuth of grid centerline: 345 deg
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JR 11 2015: Concentration Predictions
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JR Il 2015: Toxic Load Predictions gg
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Jack Rabbit Il Trial 7 (2016) %S%:

© Utah Valley University,

htto:/fwww.uvu. edu/esaliackrabbit/ CFD modelling by HSE to understand near-field

dispersion behavior

Final Report

The Jack Rabbit Il Project’s Impacts on Emergency Responders U sefu | repo rt on Eme rgency Res ponse
Catastrophic Releases of Liquefied Compressed Chlorine 2015 - 2016 . .
: lable on UVU website
At U.S. Army Dugway Proving Ground, Utah aval

© Crown Copyright, HSE 2019
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Global Sensitivity Analysis with DRIFT
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HSE

Model Parameter Min

Chlorine amount
Rainout fraction
Wind speed
Temperature
Inverse M-O length

Dry deposition velocity

4 tonnes

0

1.5 m/s

15°C

-0.12

0

Max

9 tonnes
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30 °C

0.08

5cm/s

[ interaction M Main B Cumulative variance range

100%-

75%-

50%-

Main Effects + Interactions)

~ 25Y%-
% o]
i . .
LU
g O%_ I
= ™ R o @
4o ot 0\«‘3(\ ae a2 @
05“0(\ W © <
089
Parameters

Deposition velocity has the strongest effect on the results
(when using wide range of deposition velocities)
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Surface plot showing physical effects HSE

Largest dispersion distance
/ with high wind speed and

Distance to 8000
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concentration
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(m)
2000

6000

0
5
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JRII model inter-comparison exercise HSE

® Aims:
— To compare models to measurements on equal basis
(same inputs and standardized outputs)
— To understand capabilities/limitations of different models
— To share information and new understanding

® Kick-off telecon March 2018
® First stage comparison: Trials 1, 6 and 7

® Model inputs:
— Atmospheric conditions defined by Steve Hanna
— Source conditions defined by Tom Spicer and Graham Tickle

© Crown Copyright, HSE 2019
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JRII model inter-comparison exercise
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Country Organization Model(s) used
USA  |DTRA Reachback HPAC 6.5
USA  |National Center for Atmospheric Research (NCAR) Integral Dense-gas Dispersion Model (IDDM)
USA RAND Corporation ALOHA, SLAB-R
USA  |Safer Systems Trace
USA  |Hanna Consultants Britter & McQuaid Workbook (B&M)
Canada [Environment and Climate Change Canada Canadian Urban Dispersion Modeling (CUDM)
UK DNV GL PHAST
UK ESR Technology/GT Science and Software DRIFT
UK Health & Safety Executive (HSE) DRIFT
France |Aria Technologies SA Parallel-Micro-SWIFT-SPRAY (PMSS)
France |Atomic Energy Commission (CEA) Parallel-Micro-SWIFT-SPRAY (PMSS)
France |INERIS PHAST, SLAB, FDS
Germany |Federal Institute for Materials Research and Testing (BAM) VDI 3783 Parts | & Il
Sweden |Swedish Defence Research Agency (FOI) PUMA
Finland |Finnish Meteorological Institute (FMI) ESCAPE
EU EU Joint Research Centre, Ispra Accident Damage Analysis Module (ADAM)

© Crown Copyright, HSE 2019




JRII model inter-comparison exercise

Trial 1 Arc Max Concentration

100,000 A _
i P 4.5 tonnes chlorine
- 1.5 m/s wind
10000 g g L Mock urban array
' F * Vertically-down release
3 . S TN
o W
= 1,000 A ¢ B b {
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§e ¢ > \g
E=
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S - 8 ~«. 4
—+ -~ -
8 100 5 8 ~ \5 A
Q 8 =~ ._,U.
10 + ¢ s
. <o
O
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IDDM ' PHAST PMSS A PUMA A SAFERTRACE SLAB-| /. SLAB-R
A VDI + RAILCAR ¢ RAILCAR — )< Data, Raw -5/3 line

ALOHA

Quic

From Hanna S., Chang J. and Mazzola T. (2019) Summary Findings of the Model Evaluation and
Comparison: Jack Rabbit Il Case Study, 19th International Conference on Harmonisation within

Atmospheric Dispersion Modelling for Regulatory Purposes (Harmo-19), Bruges, Belgium, 3 - 6 June 2019




JRII model inter-comparison exercise

Trial 1 Arc Max Concentration
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JRII model inter-comparison exercise
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JRII model inter-comparison exercise

Trial 6 Arc Max Concentration
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JRII model inter-comparison exercise

Trial 6 Arc Max Concentration
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JRII model inter-comparison exercise

Trial 7 Arc Max Concentration
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JRII model inter-comparison exercise

Trial 7 Arc Max Concentration
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JRII model inter-comparison exercise

Trial 1 20 ppm width
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JRII model inter-comparison exercise

Trial 6 20 ppm width
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JRII model inter-comparison exercise

Trial 7 20 ppm width
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Sensitivity Tests
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HSE

— DRIFT1(U,)  — DRIFT2 (U¥)
Trial 1
1,000,000 1,000,000
E 100,000 E 100,000
= \ -
S 10,000 S 10,000
% A N\ .%
£ 1,000 LB £ 1,000
Q Q
S 100 N 100
10 | 10
0.1 1 10
Distance (km)
Wind speed

'\ 1.5m/s

Mock urban array
Vertically-down release

and direction

Chlorine
mass released

Distance (km)

\ 2.4 m/s

Unobstructed

— DRIFT3 (No Deposition)
Trial 6
A
0.1 1 10

Vertically-down release

Exp

1,000,000
100,000
10,000
1,000

100

Concentration (ppm)

10

A Exp (under-reporting?)

Trial 7
A
x
B
0.1 1 10

Distance (km)

4.0 m/s

Unobstructed
45-deg down release



34

Chlorine Institute - Pamphlet 74

30
m Edition 5
25 .
M Edition 6
B Edition 7 |

N
o

Distance (km)
[EY
w

=
o

\S X \S
£ & &P @ S D S S S
NS q?& A & & S A\ & \J & \J & ° & & @
C 3 \3 \ \ “Z
© ® (?} &0(\ N &Q; (\6\ A \\}Q, AW \)@/ AW \)@/ N -b‘\ @Q \.\Q’
0(\ A K’b § o) S‘(b' RN §<2} RN §<2} -\\ < O 00 \\’b
VN VS‘@ P&V N LITF L Q&OQ v N
S STF FTFSTFLTF P @
N RIS N IS O
A NS O WS (VS S
N hd MM T M (Y &
N &
&
N
NS
(:b

Pamphlet 74

Guidance on Estimating
the Area Affected by a
Chlorine Release

Edition 7

Comparison shown for
worst case (Pasquill Class F)
atmospheric stability

© Crown Copyright, HSE 2019



FLACS error with chlorine probit HSE

Email received Tuesday 3 December 2019

\View this email in your browser

GEXCON

SOFTWARE

FLACS v11.0 release information, chlorine issue and new FLACS product
manager

Dear FLACS user,

We also need to inform you that we have discoverad a critical issue in the Chlorine Probit values used
in all version of FLACS v8.x and v10.x, which can result in an under-prediction of the TDose, Probit and
Lethality output for built in toxic chlorine component. Mare information about this issue can be found

below.

© Crown Copyright, HSE 2019
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Ongoing Work HSE

® Special JRIl issue of Atmospheric Environment journal = mosmesc

ENVIRONMENT

Aamar . Com

— 15 papers by different groups (deadline 1 Feb 2020)
— Guest Editors: Steve Hanna and Simon Gant

® Chlorine deposition experiments in a new closed-
circuit wind tunnel at Arkansas University
— Work sponsored by Dept. Homeland Security
— Contact point: Prof Tom Spicer (tos@uark.edu)

Images © Arkansas University

© Crown Copyright, HSE 2019
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Future Work? HSE

Calculate statistical model performance measures

— Both with/without data-points where sensors under-reported
concentrations?

Model comparisons in terms of toxic dose?
— Comparison to SLOT/SLOD

Inter-model comparison for Trials 2, 3, 4, 8, 97
— Source conditions and meteorology already defined
— Uncertainties in Trial 9 as no load cells (road tanker)

Re-analysis of chlorine railcar incidents?

— Based on new findings resulting from JRII

Jack Rabbit IlI?

© Crown Copyright, HSE 2019
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