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▪ HSE’s multi-disciplinary laboratory
– Exposure control
– Toxicology
– Fire and process safety 
– Human factors etc.

▪ Approx. 400 staff 

▪ 550 acre test site

▪ Fire galleries and burn hall

▪ Impact track and drop tower

▪ Anechoic chamber

▪ Thermal test chamber

▪ Explosives Notified Body

Brief Introduction to HSL
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Jack Rabbit II: Background

▪ Mid-2000s, US Congress  concerns about risks 
to public from accidents or terrorist attacks on 
railcars containing chlorine and other Toxic 
Inhalation Hazard (TIH) chemicals passing 
through metropolitan areas1

▪ 4 million tons of chlorine transported by 
railcar annually in the US2

▪ Previous incidents, e.g. Graniteville (2005): 
railcar collision, 9 fatalities, 554 injured, 5400 
evacuated3

1 https://www.dhs.gov/science-and-technology/csac
2 http://clorosur.org/seminar2016/presentation/18/04-DHS-CSAC.pdf
3 Source: Chlorine Institute
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Jack Rabbit II: Motivation

▪ In 2008, scientific papers published on evaluation 
of six commonly-used dense gas dispersion models 
for three large 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

– Dispersion

– Terrain effects (vapour “hold up”?)

– Deposition and chemical reactions

– Infiltration into buildings/vehicles

– Toxic effects

12th Conference on Harmonisation within Atmospheric Dispersion Modelling for 
Regulatory Purposes, 2008
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Jack Rabbit I Trials (2010)

Aims

▪ Measure source behaviour for model development

▪ Characterize the vapour/aerosol cloud movement

▪ Evaluate chemical reactivity with soil

▪ Compare ammonia and chlorine releases

▪ Evaluate field instrumentation 

▪ Develop methodology for future larger tests

Experiments

▪ Undertaken at US Army Dugway Proving Ground, Utah, USA

▪ 1 – 2 ton releases of  chlorine and ammonia: downward impinging jets

▪ Releases took place within a 50 m wide, 2 m deep circular depression

▪ Main findings: modelling of vapour “hold up” in shallow depression in light winds, 
Rapid Phase Transitions (RPTs) from porous desert playa after release finished and 
significant losses of chlorine from reactivity with soil

(© CSAC, DHS)
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Jack Rabbit II Trials (2015 – 2016)

Aims

▪ Larger-scale chlorine release experiments

▪ 5 – 20 ton pressurized chlorine releases 

▪ Mock urban array of obstacles

▪ Different release orientations

▪ Dispersion measurements to 11 km

▪ Infiltration into buildings and vehicles

▪ Measure key source terms parameters

▪ Assess chlorine reactivity with soil etc.

▪ Emergency-responders’ equipment

(© CSAC, DHS)
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Jack Rabbit II: Experiments

4.877 m (192")

5.639 m (222")

1.372 m (54") OD
21°

1.372 m (54") rad.0.940 m (37")

0.152 m (6")

ID Orifice

(© CSAC, DHS).
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Jack Rabbit II: HSL Involvement

Aims

▪ Before the experiments

– To provide dispersion model predictions to 
help position sensors

▪ After the experiments

– To help interpret measurement data

– To validate the DRIFT dispersion model that HSE uses for regulatory purposes

– To assess the PHAST dispersion model used by chemical industry consultants

– To use CFD to investigate the near-field dispersion behaviour

▪ To collaborate with other experts in the Modelers’ Working Group and 
share findings
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Jack Rabbit II

Play Videos

http://www.uvu.edu/esa/jackrabbit/
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Jack Rabbit II: DRIFT/PHAST Models
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Other recent projects at HSL
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▪ Vapour Cloud Explosions: Buncefield and other similar incidents

▪ Carbon capture and storage: CO2 experiments and modelling

▪ Liquefied Natural Gas (LNG) spills: experiments and modelling

▪ Storage of ANFO in mines: Autodyn modelling

▪ “Cook-off” in explosives (Diamond light source, LANL, Manchester University)

▪ Fires in ventilated compartments (OECD PRISME project)

▪ Flammability of oil mists

Jaipur (2009) Puerto Rico  (2009)Buncefield (2005) Amuay (2012)

Recent and Ongoing Projects
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▪ Hydrogen safety

– Hydrogen in natural gas network (NaturalHy, HyDeploy, H21)

– Hydrogen refuelling stations (HyApproval)

– Stationary hydrogen and fuel cell applications (HyPER, H2FC)

– Indoor hydrogen leaks (HyIndoor)

– Hydrogen release, dispersion, fire and explosion modelling (Susana)

– Fire testing on composite hydrogen cylinders (FireComp)

– Flame-out and re-ignition of hydrogen-powered gas turbines (ETI High Hydrogen)

– Cryogenic liquid hydrogen spill experiments

Recent and Ongoing Projects
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Recent and Ongoing Projects
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