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e
Gexcon’s mission P
Release

Consequence

Root cause

Chemical substances in industrial processes may take the
form of liquids, powders or gases. They may be flammable or
toxic. Consequently, they may pose risks to life, the
environment and capital assets.

Root cause

W

Gexcon assists clients to prevent releases of hazardous substances, to understand causal mechanisms and consequences so that effective
mitigation measures can be established in the event of inadvertent releases.

How do we do this?
Gexcon applies physics, chemistry and mathematics to build numerical models for dispersion, fires and explosions. The models are
implemented in software products which are used to predict the outcomes of releases of hazardous substances, providing crucial

knowledge into the design and operation of industrial facilities.

The models and analytical approach is constantly updated to cater for new technologies, materials and methods in the industries we
serve.

At Gexcon, we commit to protect people, the environment and minimize the risk of financial loss.
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Global expertise with
local understanding

Located across the globe, our teams
can support your project anywhere
in the world.
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Hydrogen at a glance

Extremely buoyant:

* 14 times lighter than air

* Rises 6 times faster than natural gas

* Odourless and non-toxic

* Wide flammability range: 4 -75 %

* Very small molecules — leaks easily

* Laminar burning velocity about 3 m/s, which is 6
times faster than hydrocarbon gases

* Low ignition energy: 0.02 mJ which is about 10%
of the ignition energy for hydrocarbon gases

* Negative Joule-Thompson effect and tendency
for auto-ignition of leakages from high pressure
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Hydrogen safety in buildings

Hydro Hergya, 1985
Explosion with 10-20 kg hydrogen
2 fatalities

For a safer world
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Full Scale test - confined

24 vol% H2

No vent devices
Internal pressure
approximately 1.1 bar

Test 09
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Full Scale test - vented

 21vol%H,

*  Plastic foil vent devices in
ceiling

* Very low overpressure

Gexcon.com
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Hydrogen Concentration Sensitivity

Identical Set-up, 12 vol% Hydrogen (left), 15 vol% Hydrogen (right)

For a safer world Gexcon.com



GEXCON

The effect of Hydrogen concentration

* Even a small difference in hydrogen concentration has a
significant effect on explosion pressure

* The two graphs on the right shows pressure-time histories
of experiments with 12 and 15 vol% hydrogen, respectively

* Rate of pressure rise in the two experiments
e 0.1 bar across 0.25 seconds — 0,4 bar/s
* 0.5 bar across 0.07 seconds — 7,2 bar/s — 18 times
faster

* This may be what separates explosions which can be
vented effectively, and those which can not.
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HySea Test 27

Implemented in Software

e 21vol%H,

¢ Commercially available
pressure relief panels

* Very good agreement with
experiment

* Can be used for preditions
and support design.
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Segmentation

* Limiting inventories which may be released in a
leakage event is crucial to safety

* Manifolded equipment should be isolated
individually towards the manifold to limit the

duration and overall volume of leakages

* The result is smaller clouds with lower
hydrogen concentration

Gexcon.com
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Effect of segmentation
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Building design

Explosion
relief

N

N

Explosion
relief
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Design development and verification

Two main criteria to fulfil

* Dilution of secondary grade releases in accordance with IEC 60079-10

* Determine size and position of explosion relief panes so that

Building design
information

For a safer world

Simulate
ventilation
conditions

Simulate
secondary grade
releases

Compareto
criteria

Modify design (*)

Internal explosion pressure does not jeopardise structural integrity

Explosion pressure waves are directed away from vulnerable areas

Determine
leakage scenarios

Simulate
dispersion and
internal
explosions

Compare to
criteria

i

Gexcon.com

Input to structural
design




GEXCON

Other good safety practises

* Natural ventilation where possible

* Avoid possibility for accumulation of buoyant gas

* Limit size of isolatable process segments

* Limit potential leakage sources

* Fully paved areas under pressurised systems

* Avoid asphalt paving under cryogenic systems

* Ignition source control ATEX ‘lIC’ or ‘lIB + Hydrogen’

* Management of change

* Develop and enforce suitable maintenance and inspection procedures

* Training of personnel
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Verification by Safety Studies
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Fire, explosions & toxic clouds cause disasters

Industrial disasters may occur ) ) o
Fires can cause extensive damage to facilities and pose

upon release C_)f hazardous significant threats to workers and surrounding communities.
substances, failure of safety

systems, or human error, as
seen in numerous chemical

accidents over the years. Explosions can destroy infrastructure, causing fatalities, and
lead to secondary fires or toxic releases.

h Toxic clouds can expose people to harmful substances,
leading to respiratory issues, long-term health problems, or

even death.
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Now, why do we need these tools? Industrial disasters can arise from hazardous substance releases, safety system failures, or human errors, as seen in numerous chemical accidents:
Fires can damage facilities and threaten workers and communities.
Explosions can destroy infrastructure and lead to fatalities and toxic releases.
Toxic clouds can spread over vast areas, causing health issues or fatalities.
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Is it acceptable to build here
considering hazards from

Historical context nearby chemical facilities ?

Densely populated areas close to industrial sites require strict regulation on
public safety.

= Catastrophic chemical industry accidents in the 1970s, led to the
=9 implementation of Seveso Directive.

These directives mandate companies to develop safety reports (including
31_ QRAs) to comply with government safety requirements.

@ National authorities have developed local regulations on the basis of the
Q Seveso Directive. (Norway: Storulykkeforskriften)

Today, risk criteria are used during land use planning.

al&
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Nowadays, densely populated areas that are close to industrial sites require strict regulations on public safety.
In the 1970s, catastrophic chemical industry accidents led to the establishment of the Seveso Guidelines, mandating companies to perform QRAs. 
These directives mandated companies to develop safety reports to comply with safety requirements.
The development of the Coloured Books marked the first clear guidelines on how to perform consequence analysis and quantitative risk assessments.
Today, risk criteria are integral to urban development planning.
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How to ensure process safety?

It all starts with loss of containment.

— Awareness starts with realising what
might happen upon a “Loss of
Containment” (LoC)

— Consequence from LoC depends on
chemical, storage conditions and
release scenario.

For a safer world
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How can we prevent these scenarios?
Essentially, the answer to this question is, by understating the mechanisms behind these physical events, as all accidents begin with loss of containment. 
Event trees help analyze phenomena resulting from such scenarios based on factors like:
Release type: instantaneous or semi-continuous?
Chemical state: liquid, gas, or pressurized?
Ignition: direct, delayed, or none?
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Consequence modelling

— Predict the consequences of an
accidental release of a hazardous
material

— Calculate the consequences that a fire,
explosion or dispersion scenario have
on surrounding population and
structures.

— Understand these consequences to
design and operate safe facilities (i.e.,
implementing prevention and
mitigation measures).

For a safer world Gexcon.com


Foredragsholdernotater
Presentasjonsnotater
Consequence modelling predicts the outcomes of hazardous chemical releases, helping design safer facilities through effective prevention and mitigation measures.
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Risk modelling follows consequence modelling in Quantitative Risk Assessment (QRA):
Step 1 consists of assessing potential consequences from an accidental release.
Whereas Step 2 quantifies risk using failure frequencies, weather data, and population distribution, determining if the risk is acceptable under safety regulations.
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Public approval and stakeholder interaction

For a safer world Gexcon.com



GEXCON

Major Hazard Facilities — Public approval

Hydrogen facilities in Norway with total inventory exceeding 5000 kg will be subject to the Major Accident Regulation
(Storulykkeforskriften). This means that the site owner must apply to DSB for a consent to operate.

As part of that process, a Quantitative Risk Analysis (QRA) must
be developed in accordance with applicable guidelines. | Vs Group

. . ’ ::;"""F'W"HN kvontitativeg
Methods and acceptance criteria for 3™ party fatlg s TRt fot aloge som hanuerer
risk are defined in these documents

Revilint s

= runm bust o bradsins {oal

Similar principle in several other countries, but
with differences in acceptance criteria and documentation
requirements.
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Influence zones

Zone [Descripon | Riskthreshold (perannum)

Inner zone This is usually the facility site itself. 1x10°

In addition, it can include areas used for agricultural purposes.
Only short-term human presence is acceptable, such as people
passing through on already established hiking trails.
Middle zone Public roads, railroads, docks and similar. Permanent places of 1x 10°
work, such as industry or offices, is also acceptable in this zone.
However, there shall be no hotels or residential buildings.
Scattered residences may be accepted in some cases.
Outer zone Residential areas and areas with access for the general public 1 x 107
may be inside the outer zone, including shops.

Buildings with high occupancy such as schools, day care centres
and hospitals, shall be located outside the outer zone.
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Societal lethality vs DSB limits

* Requirements for safety around major
accident sites in Norway are generally
very strict compared to general mortality
in society
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Mortality per year

Mortality by age - NORWAY
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Stakeholders to consider

* Local authorities, police, fire brigade etc.

* National authorities — typically for consent to operate Major Hazard Facilities
* Local community, including local press

* Neighbours

* NGOs

* Engage with stakeholders from an early stage of the project
» State your intentions
* Be visible — hold open meetings
* Explain how safety is implemented and ensured throughout the project development
* Use tangible examples
* Be straightforward about potential impacts (both positive and negative)
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Thank you for your

attention Geirmund Vislie

Senior Vice President — Global
Consulting

For questions:
geirmund.vislie@gexcon.com
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