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Introduction to HSE

Á HSE is the UK regulator for workplace health and safety

ï Includes onshore/offshore pipelines, chemical/oil/gas infrastructure, offshore platforms etc.

ï Activities: evidence gathering, policy development, consultation, regulation, incident 

investigation, enforcement

ï HSE acts as an enabling regulator, supporting the introduction of new technologies

ï 2,400 total staff 

ï £230M ($280M) budget: 60% from the Government, 40% from external income

Á HSE Science and Research Centre, Buxton, UK

ï 400 staff, 550-acre test site

ï Scientific support to HSE and other Government departments

ï ñShared researchò or joint-industry projects co-funded by HSE

ï Bespoke consultancy on a commercial basis
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Dense gas dispersion physics

Á Flow generated by density differences 

Á Plume spreads with increased horizontal and reduced vertical extent 

(as compared to a passive plume)

Á Profiles of concentration in lateral direction are often quite uniform

Á Little meandering of plume due to random environmental flow

Á Shear between plume and environment induces mixing

Á Stably-stratified conditions reduce turbulence

Á Inertia of the cloud depends on the density of the released material



© Crown Copyright HSE 2024

5

Why is HSE interested in dense gas dispersion?

Á Dense gases often fall to the ground, even if they are released from height 

Á Dispersing clouds of dense gas, spreading along the ground can lead to:

ï High concentrations of toxic gases in our breathing zones

ï Increased chances of flammable clouds reaching ignition sources 

ÁMany of the toxic and flammable substances of interest to HSE produce 

dense gases

Jack Rabbit II Trial 8 chorine release © DHS S&T CSAC https://www.uvu.edu/es/jack-rabbit/ 

https://www.uvu.edu/es/jack-rabbit/
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Substances of interest to HSE

https://www.legislation.gov.uk/uksi/2015/627/schedule/1/made 

Planning (Hazardous Substances) RegulationsControl of Major Accident Hazards (COMAH) regulations 

Etc.

https://www.hse.gov.uk/pubns/priced/l111.pdf Etc.
Many of these exhibit dense-gas dispersion behaviour

https://www.legislation.gov.uk/uksi/2015/627/schedule/1/made
https://www.hse.gov.uk/pubns/priced/l111.pdf
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Molecular mass of gas relative to air

Buoyant gases rise

Heavier than air

CO2 gas sinks to 

the ground
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Molecular mass of gas relative to air

Buoyant gases rise

Heavier than air

CO2 gas sinks to 

the ground
Buté

https://www.tradewindsnews.com/weekly/mol-outlines-

lessons-learned-from-lng-ship-cargo-release/1-1-769623 

Methane (liquefied natural gas)

Temperature and aerosols are also important

Methane, hydrogen and ammonia can all behave as 

dense gases if they are cold and aerosols are present

Hydrogen Ammonia

Experiments at HSE for www.preslhy.eu © DHS S&T CSAC www.uvu.edu/es/jack-rabbit/ 

https://www.tradewindsnews.com/weekly/mol-outlines-lessons-learned-from-lng-ship-cargo-release/1-1-769623
https://www.tradewindsnews.com/weekly/mol-outlines-lessons-learned-from-lng-ship-cargo-release/1-1-769623
http://www.preslhy.eu/
http://www.uvu.edu/es/jack-rabbit/
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Factors affecting dense gas dispersion

Á Source geometry and conditions

Á Atmospheric conditions (wind speed, stability, temperature)

Á Heat transfer

Á Phase changes

Á Dry/wet deposition and surface chemical reactivity

Á Surface conditions (roughness and obstacles)

Á Topography
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Source conditions

Spills of liquids with boiling point above ambient temperature

Spills of refrigerated liquids

Releases of pressure-liquefied gases

(Continued on next slideé)
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é more source conditions

Releases of pressurised vapour

Releases from drums and cylinders

Reactions of some chemicals can also produce dense gases, e.g., 

    acids + hypochlorites = chlorine gas 
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Heat transfer and phase change

A

B

C

D

E

F

G

H

I J

K

L

A Ruptured vessel

B  Liquid spill

C Cold temperature gas/aerosol mixture

D  Evaporation and possibly aerosols thrown into                                         

the cloud by violent boiling

E  Endothermic or exothermic chemical reactions

F  Entrainment of warm ambient air, subsequent 

condensation of water vapour

G  Ground heat flux to the surface

H Heat gain/loss due to condensation/ 

evaporation

I  Heat loss due to radiation

J  Solar energy input

K  Convective heat flux from surface to the plume

L  Heat exchange by convection

(Based on Hanna et al., 1996)
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Characterisation of dense gas behaviour

Á Richardson number 

Á Froude number Ὂὶ=
ό

Ὣᴂὒ 
 Ὂὶ=

ό2

Ὣᴂὒ 
 

or in some 

references

Inertial forces 

Gravitational forces

ὙὭ=
Ὣᴂὒ

ό2
 where Ὣᴂ= Ὣ

”Ὣ ”ὥ

”ὥ
 is the reduced gravity

Source: Britter & McQuaid (1988) ñWorkbook on the dispersion of dense gasesò 

https://xnet.hsl.gov.uk/fileshare/public/3583/britter-mcquaid-1988-workbook-on-dense-gas-dispersion-crr88017.pdf 

https://xnet.hsl.gov.uk/fileshare/public/3583/britter-mcquaid-1988-workbook-on-dense-gas-dispersion-crr88017.pdf
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Decay of concentration with distance

Source: Hanna, Chang & Mazzola (2017) ñAnalysis of Variations of 

Concentrations with Downwind Distance and Characteristics of 

Dense Gas Plume Rise for Jack Rabbit IIï2015 and 2016 Chlorine 

Field Experimentsò, Harmo-18

https://www.harmo.org/conference.php?id=18 

https://doi.org/10.1016/j.atmosenv.2018.08.009 

Theoretical basis supporting -5/3 power 

law decay of concentration by Jeff Weil

https://www.harmo.org/conference.php?id=18
https://doi.org/10.1016/j.atmosenv.2018.08.009
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Decay of concentration with distance

Complex behaviour in some dense-gas dispersion experiments with momentum-

dominated flow (jetting) and transition from dense to passive dispersion

Desert Tortoise ammonia experiments

© LLNL https://www.osti.gov/biblio/6393901

https://www.osti.gov/biblio/6393901
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Decay of concentration with distance

Complex behaviour in some dense-gas dispersion experiments with momentum-

dominated flow (jetting) and transition from dense to passive dispersion

FLADIS ammonia experiments

Nielsen M. and S. Ott, 1996: FLADIS field experiments: final report, 

Risø-R-898(EN), Risø National Laboratory, Roskilde, Denmark, 

July 1996
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Decay of concentration with distance

For passive dispersion

Source: Hanna, Briggs & Hosker ñHandbook of atmospheric 

diffusionò https://www.nrc.gov/docs/ML0926/ML092640175.pdf 

https://www.nrc.gov/docs/ML0926/ML092640175.pdf
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Buncefield, UK (2005): Gasoline vapour

Á Incident caused by overfilling a gasoline bulk storage tank

Tank 912
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Buncefield, UK (2005): Gasoline vapour
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Blair, Nebraska (1970): Ammonia

Á Overflow of ammonia from 36,000 t refrigerated storage tank

Á Tank levels not carefully monitored, alarm and shut-down system failed to operate 

Á Overflow discharge valve failed to operate at the set pressure, so that the liquid level in 

the tank rose until it reached the roof, at which point the overflow valve did open

Á Discharge continued for 2.5 h, producing a dense vapour cloud that blanketed the 

surrounding area, 10 m thick and extending to a distance of 2.7 km

Á Cloud eventually dispersed and avoided populated areas, three people hospitalised

45

The Enterprise newspaper, 1 October 2004, www.blairnebraska.com  

Photos kindly provided by Steven Hanna (originally from Rex Britter)

See also: Lees Loss Prevention, ISBN: 978-0-12-397189-0

 

http://www.blairnebraska.com/
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Houston, Texas (1976): Ammonia

Á Road tanker crashed through highway bridge rail at intersection

Á Vessel holding 19 t of pressure-liquefied ammonia ruptured on impact

Á Dense cloud of ammonia vapour covered an area of 300 m x 600 m

Á 100 people injured, 6 deaths
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Photograph taken by Texas Air Control Board 

© Texas Commission Environmental Quality copyright 1976

https://www.houstonchronicle.com/news/houston-texas/houston/article/In-

1976-an-ammonia-truck-disaster-claimed-the-12906732.php 

https://www.houstonchronicle.com/news/houston-texas/houston/article/In-1976-an-ammonia-truck-disaster-claimed-the-12906732.php
https://www.houstonchronicle.com/news/houston-texas/houston/article/In-1976-an-ammonia-truck-disaster-claimed-the-12906732.php

