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Introduction to HSE

HSE Is the regulator for workplace health and safety in Great Britain
Includes onshore/offshore pipelines, chemical/oil/gas infrastructure, offshore platforms etc.

Activities: evidence gathering, policy development, consultation, regulation, incident investigation,
enforcement

In 2022-23, HSE Investigated over 230 fatal and 5,500 non-fatal incidents
2,700 total staff (FTE): £262M annual budget, 66% from Government
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HSE Science and Research Centre, Buxton, UK ‘ 4
400 staff, 550-acre test site e A
Scientific support to HSE and other Government departments
NShar ed r es eiadustryhpmjeatsrco-fiinded bhytHSE
Bespoke consultancy on a commercial basis
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Why is HSE interested in ammonia safety?

A Growth in use of ammonia to meet Net Zero targets
I Ammonia as a clean energy vector, to transport and store clean hydrogen
I Ammonia as a decarbonised fuel, especially in the marine industry

A New applications and new users who may be unfamiliar with ammonia risks

E B o Sign in 4_ Home  uM News Sport g% Weather I iPlayer ff
g maritime By 2025 we expect that: By 2035 we expect that:
S 4220 ng NEWS
or ke me .. All vessels operating in UK waters iv. The UK has built a number of clean
B maximisiﬂg the use of energy maritime clusters. These combine Home | InDepth | Israel-Gaza war | War in Ukraine | Climate | UK | World | Business | Politics | Culture
ET'FI_GIEHG? options. Al HEW vesses inirastructure and innovation for England | Local News | Hampshire & Isle of Wight
being f:"ﬂereq for HSE UK waters the use of zero emission propulsion . 2 e
are being designed with zero technologies. Low or zero emission
emission propulsion capability. marine fuel bunkering options are A . .
e 1S mmonia-powered vessel docks in
ii. Zero emission commercial vessels readily available across the UK. p
are in operation in UK waters. Southampton
ii. The UK is building clean maritime / . . \
clusters focused on innovation and e Under the assumptions made in the
il s research, ammonia is estimated to be
emission propulsion technologies,
including bunkering of low or zero more cost-effective than methanol or
emission fuel. .
L hydrogen for most ship types. y
July 2019
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/fi
le/815664/clean-maritime-plan.pdf
Published by the previous Conservative UK Government e ———
The Singapore-ﬂagged vessel Fortescue Green Pioneer docked at the Port of Southampton on Saturday
© Crown Copyright HSE 2025 https://www.bbc.co.uk/news/articles/c2er3dv9rj0o SIS

https://www.gov.uk/government/news/worlds-first-dual-fuel-ammonia-powered-vessel-arrives-in-the-uk
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Projections for growth in use of ammonia as a shipping fuel

HSE

DNV
February 2025 UK 2025

WHEN TRUST MATTERS

Climate
Change

Committee

The Seventh Carbon Budget

Advice for the UK Government

A national forecast to 2050

— By 2040, the Balanced Pathway sees ammonia meet 22% of shipping energy use and
synthetic fuels a further 17%, predominantly from synthetic methanaol.

« Ammonia (22% of shipping energy use in 2040). Low-carbon ammonia is not yet used in
ships and enters the shipping energy mix in our pathway from 2028. Ammonia is globally

fraded today, but it is toxic and requires specific handling skills and storage systems, and is
therefore only used on cargo ships in our pathway, 178175

from international ships bunkering in UK ports. In with ammonia starting to be adopted by 2030. The
Ammonia: given the global nature of the shipping market, shipping fuels are currently 2021, 85% of maritime energy demand went into inter- maritime energy mix will be a lot more varied by
oredominantly supplied via international bunkering hubs. The Balanced Pathway assumes a national marine bunkers. Maritime energy demand 2050 (Figure 3.11) and consist of 25% ammonia, 12%
continuation of this approach, with ammonia for use in shipping similarly supplied by the is expected to peak by 2027 (at 5% above today's synthetic e-fuels, 11% bioenergy and the remaining
international market. This therefore means domestic hydrogen is not required for production level) and decline slowly afterwards due to energy share made up of oil, natural gas, and electricity.
of ammonia for use in UK shipping in our pathway. efficiency improvements. By 2050, we expect UK

maritime energy demand to be 26% less than today.
https://www.theccc.org.uk/publication/the-seventh-carbon-budget/

https://www.dnv.com/enerqy-transition-outlook/uk
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Ammonia storage at ports

Hergya
MS/ https://www.yara.com/yara-clean-ammonia/

North Sea Coper;hag ESbJerg
Edingurgh . " https://hoestptxesbjerg.dk/

United 4
Kingdom

Isle of Man Hamburg

Manchester, \

Birmingharm :/f Brunsbuttel-Hamburg

Netherlands https://www.ammoniaenergy.org/articles/large-
Germany scale-ammonia-imports-to-hamburg-brunsbuttel/

https://www.hafen-hamburg.de/en/port-of-
hamburg-magazine/future-energy/clean-
ammonia-for-hamburg/

Stanlow

https://www.stanlowterminals.co.uk/stanl
ow-terminals-at-the-heart-of-global-
hydrogen-enerqy-transition-with-
development-of-open-access-green-
ammonia-import-terminal/

Ireland

Immingham

https://imminghamaqet.co.uk/

https://national-infrastructure-
consenting.planninginspectorat
e.gov.uk/projects/TR030008

London
@

Rotterdam

https://www.ammoniaenerqgy.org/articles/preparing-

&

Shoreham © Google Maps the-netherlands-for-large-scale-ammonia-imports/
https://www.shoreham-port.co.uk/need-to- https://www.gasunie.nl/en/projects/ace-terminal
know/news/shoreham-port-and-getech- Antwe rp' B Fu g g e
{2?(;/ree-:r)\r-ve\:ﬁg(-JV\\/lltf?l;EYsc;\r/t?]aer;gﬁirs-rggge/)nt- https://advario.cqm{d _rivinq-europes-hvd rogen-strategy-
fluxys-and-advario-join-forces-to-develop-a-green-
ammonia-import-terminal-at-the-port-of-antwerp-bruges/
© Crown Copyright HSE 2025 https://www.fluxys.com/en/projects/ammonia-antwerp-

terminal
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https://advario.com/driving-europes-hydrogen-strategy-fluxys-and-advario-join-forces-to-develop-a-green-ammonia-import-terminal-at-the-port-of-antwerp-bruges/
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https://hoestptxesbjerg.dk/
https://www.shoreham-port.co.uk/need-to-know/news/shoreham-port-and-getech-move-forward-with-five-year-commitment-to-green-energy-hub-partnership-2095/
https://www.shoreham-port.co.uk/need-to-know/news/shoreham-port-and-getech-move-forward-with-five-year-commitment-to-green-energy-hub-partnership-2095/
https://www.shoreham-port.co.uk/need-to-know/news/shoreham-port-and-getech-move-forward-with-five-year-commitment-to-green-energy-hub-partnership-2095/
https://www.shoreham-port.co.uk/need-to-know/news/shoreham-port-and-getech-move-forward-with-five-year-commitment-to-green-energy-hub-partnership-2095/

Clean ammonia production facilities

Air Products NEOM (Saudi Arabia)

Green ammonia, due to start operating 2026

Solar/wind farm covering 150 km? area

1.2 Mt/yr ammonia to be exported to by ship to

Rotterdam, Hamburg and Immingham

NGHC Upstream Hydrogen Downstream

Electrolyzer
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HEGRA (Norway)

HErgya GReen Ammonia

Aim to electrify ammonia plant owned
by Yara, Aker and Statkraft
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https://www.yara.com/yara-clean-ammonia/

https://www.airproducts.com/enerqy-transition/neom-

green-hydrogen-complex
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Air Products Louisiana Clean Energy (USA)

$4.5bn investment for blue hydrogen and ammonia,
due to start operating in 2026

CO, Capture Permanent Sequestration in

> Air Products Dedicated
Underground Facility

Natural

Gas Natural Gas
Gasification
5750 Million SCFD Blue Hydrogen Injection into the

Air Products
~700-Mile Long

Oxygen Hydrogen Pipeline
on the Gulf Coast
Nitrogen
* Blue Ammonia

Ammonia Plant Exported to Global
Hydrogen Markets

https://www.airproducts.com/enerqy-transition/louisiana-clean-energy-complex

Barents Blue (Norway)

HOAST PtX Esbjerg (Denmark)

Green hydrogen and ammonia
FID in 2025, operating 2028

AIOIST

PTX ESBJERG

/‘

/

https://hoestptxesbjerg.dk

Commercial progress for the
Barents Blue project

11. February 2025

https://horisontenergi.no/projects/barents-blue/



https://www.airproducts.com/energy-transition/neom-green-hydrogen-complex
https://www.airproducts.com/energy-transition/neom-green-hydrogen-complex
https://horisontenergi.no/projects/barents-blue/
https://www.yara.com/yara-clean-ammonia/
https://hoestptxesbjerg.dk/
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Potential new uses of ammonia

dev

ammcgen

ammania to hydrogen
conversion project
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Delivery to
Tyseley Energy Park

<H2SITE's

A world-leading ammonia to
hydrogen project at Tyseley
Energy Park

£6.7 million from the Department for Business, Energy .
and Industrial Strategy (BEIS) UNIT

stations where it is cracked to hydrogen

Site was operated from April to December 2024
Demonstrated successful operation of ammonia cracker
Ammonia transported to site via road in 530 kg barrels
Up to 10 tonnes of ammonia storage on site

200 kg/day produced hydrogen, which was flared due to
Issues contracting with hydrogen vehicle refuelling facility

Scrubber in vent used to remove ammonia slip in vented
gases

ELECTROLYSIS
Principle: distribute ammonia to local vehicle refuelling ) V
g

https://ammogen.co.uk/

© Crown Copyright HSE 2025
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Potential new uses of ammonia
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https://amburn.co.uk

Amburn: ammonia for heating at commercial/industrial sites
not connected to gas network

I Burning ammonia is cheaper than hydrogen
I Biofuels do not offer a long-term, scalable solution

I Direct electrification requires significant grid upgrades,
which can be costly and has long lead times

I Heat pumps are unsuitable for high temperature
operations (>150 °C)

Amburn partners: Flogas, Enertek, Cardiff University

and Element Energy, ERM

Phase 1: feasibility study funded by BEIS, ended 2022

Phase 2: demonstration 1 MW ammonia-fired boiler
(awarded £3.4m funding from DESNZ)

© Crown Copyright HSE 2025

PROTECTING PEOPLE 5@3
AND PLACES FOR HSE

Centrica Energy, |,
Bord Gais Energy

and Mitsubishi
Power Announce
Development of
Europe’s First
Ammonia Fired
Power Generation
Facility

Bord Gais Energy's Whitegate Combined
Cycle Gas Turbine (CCGT) power station
in Cork, Ireland. Centrica and Mitsubishi
Power Europe Limited have signed a

Memorandum of Understanding to explore
the development, construction, and

operation of Europe's first-ever ammonia-
fired power generation facility at Bord Gais

Energy's Whitegate Combined Cycle Gas
Turbine (CCGT) power station in Cork,

Ireland. Photo: Bord Gais Energy

https://www.centrica.com/media-centre/news/2023/centrica-energy-bord-gais-energy-and-mitsubishi-power-announce-

development-of-europes-first-ammonia-fired-power-generation-facility/

https://www.bordgaisenergy.ie/news/20232911



https://www.bordgaisenergy.ie/news/20232911
https://www.centrica.com/media-centre/news/2023/centrica-energy-bord-gais-energy-and-mitsubishi-power-announce-development-of-europes-first-ammonia-fired-power-generation-facility/
https://www.centrica.com/media-centre/news/2023/centrica-energy-bord-gais-energy-and-mitsubishi-power-announce-development-of-europes-first-ammonia-fired-power-generation-facility/
https://amburn.co.uk/
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Onshore transport of ammonia

RWE and VTG develop logistics concept for
ammonia: from import terminal to customer by rail

From import terminal

to customer by rail: [ RWE
RWE an d VTG d@\"@ ‘ op . ¢ Green ammonia terminal
logistics concept - A
for ammonia

S, AT A7
4 1(- L A
Wi ) _‘E';B (‘i{-\;\
| Transport of fertiliser,

_green ammonia RSN

Netherlands ‘;;'-_.
o by rail to chemical industry

~
-
-
w
-
-
-
"
=
-
:
-
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Customers in Germany and the Netherlands can be reached without pipelines or inland ports
Investigation of supply routes and required filling and transport capacities underway

Essen/Hamburg, 13 February 2023

News on RWE's planned green import terminal for ammonia in Brunsbuttel: RWE plans to use rail
transport for the onward journey of this fuel. To this end, the company is working with the global logistics
company VTG to deliver the ammonia by tank wagon to customers in Germany and neighbouring
countries. The two companies today signed a Memorandum of Understanding (MoU) to this effect.

https://www.rwe.com/en/press/rwe-supply-and-trading/2023-02-13-rwe-and-vtq-
develop-logistics-concept-for-ammonia/

© Crown Copyright HSE 2025
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\\ \ I ) onh 3:?12 Provincie
fota %‘.i;@ smart delta ? Zeeland
resources (ﬁ

14 November, 2024

Publication of main conclusions of the
ammonia network study

Ammonia transmission pipelines in the Netherlands, Belgium
and Germany

In March 2024, North Sea Port, Smart Delta Resources and the Province of Zeeland
decided to conduct a feasibility study into an ammonia network from the port of
Vlissingen to the hinterland in Germany, the Netherlands and Belgium. The study
shows that transport via pipeline can be done safely and is economically feasible,
provided that a number of conditions are met.

https://www.waterstofnet.eu/en/news/feasibility-study-for-ammonia-network-in-north-sea-port
https://www.smartdeltaresources.com/en/node/162

HSE
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Ammonia storage and transport conditions

14
12
2
Q 10
g 3 E=
© Liquid At a typical atmospheric
> © \temperature of say 15°C, a
At normal atmospheric o 4 pressure of 7.2 bar will
pressure of 1.01 bar, the = Vapour liquety ammonia
boiling point of ammonia X Conditions typically used for
IS -33°C

road, rail and pipeline transport
-40 -30 -20 -10 0 10 20 30

Conditions usually used for Temperature (deg C)

bulk storage and ship transport

https://webbook.nist.gov/cqi/cbook.cqi?ID=C7664417&Mask=4#Thermo-Phase

Stull D.R. (1947) Vapor Pressure of Pure Substances. Organic and Inorganic Compounds, Ind. Eng.
Chem., 39, 4, 517-540, https://doi.org/10.1021/ie50448a022

© Crown Copyright HSE 2025
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Comparison of ammonia hazard thresholds

Asphyxiation: possibility of fainting within a few minutes without
/ warning and risk of death with < 11% v/v oxygen (which equates to
> 48% v/v of an inert gas) https://www.eiga.eu/ct_documents/doc044-pdf

Asphyxiation

Carbon dioxide has lethal effects with CO,

Carbon dioxide | < — corcentations > 10% viv

https://www.eiga.eu/uploads/documents/SI1024.pdf
https://www.rivm.nl/sites/default/files/2018-

Ammonia [ . O -cuson o Rt

Ammonia AEGL-3 (10-minute exposure) is
2,700 ppm or 0.27% v/v

Ammonia - \https://www.epa.qov/aeqI/ammonia-results-aeql-proqram

Hydrogen _ [

Ammonia flammable range 151 28% v/v

\ Hydrogen flammable range 4 7 75% v/v

Methane :-

S~_ Methane flammable range 51 15% v/v

0

D Too dilute to burn

© Crown Copyright HSE 2025

https://www.osti.qov/biblio/7355338/

20 40 60 80 100
Percentby volume in air (% v/v)
- Flammable D Too rich to burn - Toxic (AEGL-3) or equivalent
(but could ignite if diluted) life-threatening health effects or death

Ammonia is detectable by smell at ~ 17 ppm
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/290981/scho0307bmkt-e-e.pdf

See AIHA for alternative occupational exposure levels www.aiha.org



https://www.eiga.eu/ct_documents/doc044-pdf
https://www.eiga.eu/uploads/documents/SI024.pdf
https://www.rivm.nl/sites/default/files/2018-11/20091002_Evaluation_toxicity_CO2.pdf
https://www.rivm.nl/sites/default/files/2018-11/20091002_Evaluation_toxicity_CO2.pdf
https://www.epa.gov/aegl/ammonia-results-aegl-program
https://www.osti.gov/biblio/7355338/
http://www.aiha.org/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/290981/scho0307bmkt-e-e.pdf
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Ilgnition of ammonia and hazardous area classification
_

Boiling pointA a(°C)
Dynamic viscosity*@ (uPa.s)

Specific heat capacity at
constant pressure*? (kJ/kg.K)

Burning velocity? (m/s)
Detonation cell size® (mm)
Autoignition temperature®c (°C)
Minimum ignition energy®c (mJ)

Minimum quenching distance®
(mm)

Maximum experimental safe
gap? (MESG) (mm)

Minimum Igniting Current¢
(MIC) ratio

Temperature Class®
Equipment Group®

A Sublimation temperature for CO,
* Properties given at 15°C and ambient pressure

© Crown Copyright HSE 2025

-161
11
2.2

0.37
25071 310
595
0.26
2.0

1.1

1.0

T1
A

-253
8.7
14

3.2
15
560
0.01
0.5

0.29

0.25

T1
11C

a https://encyclopedia.airliguide.com

b Drysdale (1998)
¢ Babrauskas (2003)

4dBS EN 60079-20-1:2010 (BSI, 2010)

0.7 14
2.2 0.8

651 I
680 I

3.2 I

6.9 I

T1 |
A |

Danger

Explosive atmosphere
ATEX Category 3

ooooooooooooooooooooooooooooooooooooooo
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Ignition of pools of refrigerated liquid ammonia

Presented at the Air Separation and Ammonia Plant Safety Symposium at the 1963 San Juan meeting of the

Experiments undertaken on ignited pools of cryogenic liquid
ammonia in the 1960s by Phillips 66 HAZARD OF LIQUID AMMONIA SPILLS FROM

LOW PRESSURE STORAGE TANKS
Found it difficult to sustain a pool fire 4. W. Husa and W. L. Bulkley

A
American Qil Co.
A Water sprayed onto pool increased the ammonia evaporation Whiting, ind.
rate and increased the fire intensity Afte & fow minutes, th boilng subsided and neas
A

steady-state conditions were established. An ignited
railway fusee was then passed through the vapor above

. . . . . the liguid surface and threough the vapor cloud rolling

u = !- ] i ] , B ¥

Combustion was incomplete: toxic ammonia hazard persisted e e from e srince i the it pwerd o

. . .wr..-e:al inche 5_. Mo sl.lsltaint:d flame was nhmzlr-rnd.

downwind from burning pool T

with the fusee tip did not intensifly or extend the flame,
Subrmerging the tip extinguished the flare.

Spillage to surroundings

A portion of the liguid in the pan was spilled
onto the surrcunding slag where it boiled vigorously.
]:-.-':r.'-'..'ing the flare intd the VRPGT claud resalted in
ignition. The vapor burned with & colerless flamea
which persiated after the flare was removed. The
flame was stable in the brisk wind, and same tonEues
of fire were 10 fi. long. Fadiation from the flame
could be felt, but its intenaity was considerably less
tharn that {rom & hydrocarbon fire of comparable size,

Burning ceased when boiling stopped. With the
addition of liguid amronia, the fire could be rekindlead,
bBut it was smaller, With each sueccessive addition of
ammonia, the fire diminighed in size and eventually
degenarated inte a wisp of flame in the lee of the pan
lip. The ammonia-wetted slag was quite cold to the
touch,

When water was sprayed onto the cold ammoniz-
wetted slap, vigorous boiling cccurred. The vapor
burned and the flames were stable in the wind. The
burning seguence was repeated with spills anto fresh
slag. However, at no time could the flame be made to
propagate back into the liquid ammonia pool in the pan.

Although the ammonia flames were noticeably
httDS://WWW.VOUtUbe.ComlwatCh?V:TeZJBZGUUUW legs intense than hydrocarbon flames, subseguent teses
demonstrated that ammeonia flames can ignite hydro-
carbon-air mistures and readily cembustible solids
such as paper and wood splinters.

© Crown Copyright HSE 2025
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Asset Integrity Issues
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Stress Corrosion Cracking (SCC) sometimes experienced In ammonia transport and storage tanks
Depends on type of steel, ammonia impurities and stresses in the material
Mainly occurs in welds and heat-affected zones

Uncommon in cryogenic tanks operating at -33°C

Addition of 0.2% water to ammonia acts as corrosion inhibitor
Water-inhibited tanks can still suffer SCC in vapour space

Primary cracking promoter is oxygen (Just 0.5 ppm can lead to SCC)

Lunde & Nyborg (1987) found that maximum SCC rates occurred with 3-10 ppm oxygen and up to
100 ppm water

Zinc, copper and copper-based alloys are susceptible to SCC and should not be used with
ammoni a* ( NS e auS@wlorosi@pdiianBleitidn/162/Epaédn-cracking )

L. Lunde and R. Nyborg (1987) Stress Corrosion Cracking of Different Steels in Liquid and Vaporous Ammonia, Corrosion 43 (11): 68071 686 https://doi.org/10.5006/1.3583849

* HSG30 Storage of anhydrous ammonia under pressure in the United Kingdom, Health and Safety Executive (also CGA G-2.1-2023)
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Asset Integrity Issues

A

A

Embrittlement at low operating temperature of -33°C

Need to use suitable grades of steel and/or heat treatment

Corrosion under insulation

Caused by water trapped underneath insulation in contact with steel pipework

For further details, See. https://www.hse.gov.uk/foi/internalops/hid_circs/technical _general/spc_tech gen_18.htm

Non-metallic materials*

Nitrile and neoprene rubber parts are suitable within their temperature limitations

Butyl and ethylene propylene rubbers should only be used in ammonia vapour systems
PTFE, polypropylene, polyethylene and nylon are relatively unaffected by ammonia
Most other rubbers and plastics are unsuitable, fluoro-elastomers are badly affected

See also ammonia standards and guidance, e.qg.

PGS-12 https://publicatiereeksgevaarlijkestoffen.nl/publicaties/online/pgs-12/2023/0-1-fase-1-december-2023

ANSI/CGA G-2.1 https://webstore.ansi.org/standards/cga/ansicqa2014

https://www.fertilizerseurope.com/
https.//www.icheme.org/media/l11771/hazards-26-paper-34-review-of-global-requlations-for-anhydrous-ammonia-production-use-and-storage.pdf

* Source: HSG30 Storage of anhydrous ammonia under pressure in the United Kingdom, Health and Safety Executive
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COMAH regulations

Control of Major Accident Hazards (COMAH) Regulations 2015

Implements the majority of the Seveso Ill Directive (2012/18/EU) in Great Britain
Competent authority: HSE, Environment Agency (EA, SEPA, NRW), ONR

All sites: reduce risks to As Low As Reasonably Practicable (ALARP)

Adopt relevant good practice as a minimum (ACOPs, ISO, CEN, API etc.)
Quantified Risk Assessment (QRA) not always necessary to demonstrate ALARP
Two thresholds: lower and upper tier COMAH sites

Additional duties for upper tier sites: safety report, major accident prevention policy, test external
emergency plan, provide public information

Aggregation rules for multiple different hazardous substances stored on the same site

To o o To Io I o o I

Hyd rogen 5t 50t https://www.hse.gov.uk/pubns/priced/I111.pdf

Ammonia 50t 200t
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Seveso land-use planning requirements are implemented in GB by the Planning (Hazardous
Substances) Reqgulations 2015

New sites handling substances above controlled quantity are required to seek land-use planning
consent

Process led by planning authority, HSE Is statutory consultee

HSE assesses residual risks to people using combination of risk and consequence-based
calculations, e.g., models such as DRIFT for dispersion

HSE advises local planning authority, who makes decision to grant permission or not
| f consent I s granted against HSEOs advice: pot

For existing consented sites: HSE provides public safety advice to developers and planning
authorities via web aAPP hitps://mww.hse.gov.uk/landuseplanning/planning-advice-web-app.htm

Land-use planning requirements

Io J>» I  T>o o T >

2
| S T )
/ _,«_,_({.,

G (59

AW

et N N _ Consent threshold Lower than COMAMH lower tier threshold

Hyd rogen 21 https://www.hse.gov.uk/landuseplanning/about.htm

Ammonia 50t https://www.leqislation.gov.uk/uksi/2015/627/schedule/1/made
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A Understanding the complex dispersion behaviour of ammonia
I Ammonia clouds can be buoyant or heavier than air, depending on presence of aerosols and temperature

I Behaviour Is affected by release mechanism: pressure- or temperature-liguefied ammonia source, size of
release, catastrophic vessel failure or jet, impinging, evaporating pool characteristics etc.

I Ammonia reacts with moisture and releases heat in the process
I Ammonia reacts with surfaces (e.g., vegetation, soil), which may reduce airborne concentrations

Research questions

A Knowledge of ammonia dispersion behaviour is limited to relatively few experiments

I Desert Tortoise, USA (1983)

A 107 41 tonnes of ammonia released, largest tests to date

A Dispersion measurements at 100 m and 800 m

A Lack of data in far field to determine size of hazardous cloud
I FLADIS, Sweden (1993-4)

A Release rates of 0.257 0.55 kg/s

A Dispersion measurements at 20 m, 70 m and 240 m

A Releases too small to exhibit full range of dense-gas effects

L oL
g https://www.osti.gov/biblio/6393901

' ©Risg
~ National
Laboratory
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Research questions

A Other ammonia experiments
I Mourmelon (Resplandy, 1969)
I A.D.Little (Raj et al., 1974)
I ICl (Reed, 1974)
I Unie van Kunstmestfabrieken (Blanken, 1980)
i Landskrona (Nyren and Winter, 1983)
I Ecole des Mines D 0 A |(Bara & Dussere, 1997)
I INERIS (Bouet, 1999)
i Jack Rabbit | (FOX & Storwol d, 2011) Figure 11: RS-3F refrigerated, pressurized ammonia release
I Red Squirrel (Dharmavaram et al., 2023)

Red Squirrel test http://dx.doi.org/10.1002/prs.12454

A Hanna et al. (2021) and Batt (2021) reviewed the experimental data and identified limitations

I Lack of reliable data for catastrophic vessel failure, two-phase jets, refrigerated releases, spills of ammonia
on water, issues of scale, instrumentation, quantification of rainout and deposition, experimental
uncertainties etc.

Hanna et al. (2021) Gaps in toxic industrial chemical model systems Improvements and changes over past 10 years, https://dx.doi.org/10.1002/prs.12289
Batt (2021) Review of dense-gas dispersion for industrial regulation and emergency preparedness and response, https://admlic.com/publications/
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A Only one experimental waterborne liquid ammonia spill dataset produced to date, by Raj et al. (1974)
A Maximum release size in experiments: 50 US gallons (~200 litres) of ammonia, spilled into a lake
A Review by Griffiths (1977) was strongly critical of their interpretation of the experimental data

Research questions

Griffiths, R F (1977). Critical review of the USCG report by Raj et al. (1974) on spills of liquid anhydrous
PREDICTICN OF HAZARDS OF SPILLS OF ANHYDROUS ammonia on to water, with an alternative assessment of the experimental results, SRD R67

AMMUHIﬁ UN HATER / This report is principally devoted to a criticism of experiments R

formed by Raj et al {Reference 10} in which it was demonstrated that
PREPARED FOR IF"IRTHUR D- LITTLEJ IHC’JRPQR&TED spills of LNH3 (liquid anhydrous ammonia) on to water from refrigerated
storage tanks result in releases of ammonia to the atmosphere. Ha] et al

concluded that such releases are adeguately described in texms of a
Mﬁ.ﬂtl‘l lg?q busyant plume rise model, in which "|t- 1s assumed that the ammonia is
releaszed as a pure undiluted vapour.

CoasT GUARD

Raj, P.K., Hagopian, J., and Kalelkar, A.S.

Thies conclusion is challenged on the grounds-that it is l?::rpu ible
with the experimental measurements. An alternative interpretation of the
The vapor puff formed is very buoyant and rises into the air data is proposed which is shown to be consistent with the observed beha-
viour. In this scheme the ammonlia 1s consldered to be released as a plume
as it travels dosmwind. The rate of rise depende on the wind \n—.,a'—.'wg both vapour and liquid droplet aerssol, by virtue of which 1:/
L3 rendered non=buoyant.
velocity. Ucder low wind conditicne the cloud forms a
The difficulties inherent in providing a rigorous descriptlion of such
characteristic mushroom cloud before ﬂi!?ﬂl‘ﬂiﬁg- The Path a release are circumvented by use of a esi.l'l:.*-lz";l:'l.‘l madel of the dispersion
ﬂf tha B.lﬂlld can be ﬂﬂtmtﬂd ﬂt'h re.smhle H.I'.'Ellriﬂ‘f 'b}r beh El."'l"".]'l'" which is used to calculate downwind l':]_":UI'JI'_E. level concentrations
(GLC) of ammonia vapour. Comparison caleulations are performed to demon-
existing plume thecriss. Because of the rapid rise in strate that the hazard ranges for a given consequence are significantly
greater if the releasze 1s non-bucyant.
low wind, the toxic hazard at ground level is smaller for low s N
It is concluded that the study performed by Raj et al does not pro-
winc than for hiﬂh wind. vide the infomation needed to perform hazard assessments for LKHs
https://apps.dtic.mil/sti/pdfs/ADO779400.pdf releases on to water, and that further experimental studles are required,
© Crown Copyright HSE 2025 \. J
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Recent activities and ongoing research projects

A Review of ammonia incidents, operational experience and emergency response

I Joint presentation by HSE, Star Refrigeration and Ricardo/NCEC at the FABIG Technical Meeting,
London, UK, 23-24 October 2024

I Immediate causes of incidents: brittle fracture of vessel, fatigue cracking, incompatible material for
hoses, tank over-pressurization, third-party activity, vehicle collision, connection failure etc.
I Slides available on request simon.gant@hse.gov.uk

Ammonia pipeline release, Kingman, Kansas (2004)

Ammonia storage tank overfilling, Blair, Nebraska (1970)
https://www.ntsb.gov/investigations/AccidentReports/Reports/PAB0702.pdf Photos kindly provided by Steven Hanna (originally from Rex Beritter)

© Crown Copyright HSE 2025
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Recent activities and ongoing research projects

A Presentation at AIChE meeting in Sept 2024 by Rory Hetherington (HSE)

https://www.aiche.org/conferences/annual-safety-ammonia-plants-and-related-facilities-symposium/2024

2024 Annual Safety in Ammonia

Plants and Related Facilities Analyzing Ammonia Dispersion
Symposium Under Varying Atmospheric
Conditions Using DRIFT

Atmospheric conditions, such as ambient temperature and relative humidity, can influence dispersion

Manchester Grand Hyatt, San Diego, CA of toxic chemicals. Ammonia is hygroscopic and therefore has complex interactions with water vapor
present in the atmosphere. The integral model DRIFT has been utilized to predict ammonia disper-

sion and downwind concentrations for a range of temperatures and humidities. We have simulated
ammonia dispersion for two types of release: (i) long-duration, typical of a leak from a hole in a ves-
sel; (ii) instantaneous release, typical of a catastrophic vessel failure.

September 9, 2024 to September 12, 2024

The two cases studied in this paper are somewhat idealized representations of what can happen dur-
ing loss of containment. However, both release scenarios contribute knowledge to how a release of
ammonia interacts with the environment, and how this affects downwind dispersion.

Rory Hetherington, Alison McGillivray, Simon Gant
Health and Safety Executive

Gemma Tickle
GT Science & Software
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Recent activities and ongoing research projects

A Health and safety workshop at the Second Symposium on Ammonia Energy, Orléans, France,
11-13 JUly 2023 nttps://ammonia-energy.sciencesconf.org/

I Attendees include ship certification authorities, ammonia engine testing experts, safety
professionals, academics

I Workshop discussions summarised in journal paper http:/dx.doi.org/10.18573/ae.30

A Annual George Mason University (GMU) Conference on Atmospheric Transport and Dispersion
I\/IOdeIing, Fairfax, Virginia, USA nhttp:/camp.cos.gmu.edu/

I Meeting place for discussions about Jack Rabbit Il ammonia project
I Examples from GMU 2024 conference include:
A Matt Rowley: Jack Rabbit Il ammonia chamber studies at Battelle Institute, Ohio, USA
A Tom Spicer: Jack Rabbit Il ammonia dry deposition experiments at University of Arkansas

© Crown Copyright HSE 2025
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Recent activities and ongoing research projects

A Jack Rabbit Il ammonia release experiments (2021-ongoing)
I Led by US Departments of Homeland Security and Defense

I Aims: A Conduct large-scale releases of ammonia, similar to Jack Rabbit Il chlorine trials
A Validate dispersion models
A Improve preparedness of emergency responders

I HSE co-chairs the Jack Rabbit Ill Modelling Working Group and has coordinated
iInternational dispersion model inter-comparison exercises

Images of previous series of
Jack Rabbit Il chlorine trials
conducted in 2015-2016

Images © DHS S&T CSAC and Utah Valley University
https://www.uvu.edu/es/jack-rabbit/

© Crown Copyright HSE 2025
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Summary of results from the Jack Rabbit Il
International model inter-comparison exercise on
Desert Tortoise and FLADIS

Simon Gant!, Joseph Chang?, Sun McMasters3, Ray Jablonski3, Helen Mearns?3, Shannon Fox3, Ron Meris*, Scott Bradley?,
Sean Miner4, Matthew King#, Steven Hanna®, Thomas Mazzola®, Tom Spicer’, Rory Hetherington?!, Alison McGillivray*, Adrian
Kelsey!, Harvey Tucker!, Graham Tickle8, Oscar Bjornham?®, Bertrand Carissimol°, Luciano Fabbrit, Maureen Wood!, Karim
Habibl?, Mike Harperi3, Frank Hart3, Thomas Vik!4, Anders Helgeland!4, Joel Howard!®, Veronica Bowman?'®, Daniel Silk*>,
Lorenzo Maurit®, Shona Mackiel®, Andreas Mack!®, Jean-Marc Lacome?l’, Stephen Puttick'8, Adeel Ibrahim?!8, Derek Miller!?,
Seshu Dharmavaram?!®, Amy Shen?®, Alyssa Cunningham?®, Desiree Beverley?®, Ma t t h ey LaGrénN\erdiérst, Stéphane
Burkhart?t, Chris Dixon??

lHealth and Safety Executive (HSE), ?RAND Corporation, 3Chemical Security Analysis Center (CSAC), Department of Homeland Security (DHS),
“Defense Threat Reduction Agency (DTRA), ®°Hanna Consultants, Inc., 8Systems Planning and Analysis, Inc. (SPA), “University of Arkansas, 8GT
Science and Software, °Swedish Defence Research Agency (FOI), 1°EDF/Ecole des Ponts, 'European Joint Research Centre (JRC),
12Bundesanstalt fur Materialforschung und -prifung (BAM), 13DNV, Stockport, **Norwegian Defence Research Establishment (FFI), 1°"Defence
Science and Technology Laboratory (DSTL), 1°Gexcon, Y/Institut National de I'Environnement Industriel et des Risques (INERIS), 8Syngenta,
Air Products, “°Naval Surface Warfare Center (NSWC), %!Direction Générale de I'Armement (DGA), 2?Shell

21st International Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes
27-30 September 2022
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Hanna Consultants, USA

Britter & McQuaid WB

19 Gaussian plume model
20 DRIFT v3.7.12

21 HSE, UK PHAST v8.4

22 |INERIS, France FDS v6.7

23 [JRC, ltaly ADAM v3.0

24 INSWC, USA RAILCAR-ALOHA

25 |Shell, UK FRED 2022

26 |Syngenta, UK PHAST v8.61

RAND . : . : :
CORPORATION
Participants in the JRIII Initial Modeling Exercise
# Organization Model Model Type Desert Tortoise FLADIS
Empirical nomogram/ Integral Gaussian Puff/ | CFD 1 2 4 9 16 24
Gaussian plume Lagrangian
1 |Air Products, USA VentJet
2 AUSTAL
3 BAM, Germany VDI
4 PHAST v8.6
5 DGA, France Code-Saturne v6.0
6 |DNV, UK PHAST v8.61
7 |DSTL, UK HPAC v6.5
8 |DTRA, ABQ, USA HPAC v6.7
9 |DTRA, Fort Belvoir, USA HPAC
10 | EDF/Ecole des Ponts, Code-Saturne v7.0
11 | France Crunch v3.1
12 |Equinor, Norway PHAST v8.6
13 |FFI, Norway ARGOS v9.10
14 |FOI, Sweden PUMA
15 |Gexcon, Netherlands EFFECTS v11.4
16 |Gexcon, Norway FLACS
17 |GT Science & Software DRIFT v3.7.19
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All Model Results
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Recent activities and ongoing research projects

A HSE is partner in the ARISE Joint Industry Project led by INERIS, CEDRE and Yara Clean Ammonia

A Aims: i Conduct multi-tonne spills of ammonia at sea
I Improve understanding of dispersion in water and air
I Provide dataset for validation of models
I Develop methodology for risk assessment for marine applications

A Experiments planned for 2025
A Contact: Laurent.Ruhlmann@yara.com

www.arise-partnership.org
Ammonia Response In Sea Emergencies
EY Cedre B ONERA Y ®
L mais  Se——wS===  Yara Clean Ammonia "~ = we-aoman mgs:u“m? !Qgﬂlé BAT Miincs Alde (D SINTEF
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https://www.sintef.no/en/projects/2023/safeam increased safety of ammonia handling for maritime operations




