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Presentation overview HSE

* Duties under law

* Hydrogen hazards in conventional workplaces
* Managing the risk

* H,In the nuclear sector

®* |ncidents at nuclear sites

® |Learning
® Sources of advice and guidance

®* Questions
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H,: a hazard in the workplace — so what!! HSE

The law holds certain parties accountable — dutyholders
Who are the main dutyholders?
Employers,
Managers,
Employees,
Manufacturers/suppliers,

Designers/consultants,
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Overarching legal duty HSE

To ensure that work activities do not adversely affect the
health and safety of:

* Employees

* The general public

By reducing risk — “the likelihood of danger”

So far as is reasonably practicable
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he H, hazard in conventional workplaces HSE
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Managing the risk HSE

The ATEX hierarchy:

* Eliminate the risk, e.g. replace the dangerous substances

® Control the risk
* Reduce the inventory of dangerous substances
* Prevent flammable atmospheres forming
« Avoid ignition sources
e Control access

* Mitigate the risk
 Reduce the number of people at risk

* Provide explosion relief, suppression or containment


Presenter
Presentation Notes
Focussing in more detail on fire and explosion hazards, ATEX prescribes a hierarchy of measures that should be followed in order to control the risk from work activities involving dangerous substances. 

The hierarchy follows the ‘common-sense’ approach of:

If you don’t use a dangerous substance then the risks associated with them is eliminated

If you must use dangerous substances then minimise the amount and do the things that will reduce the likelihood of a fire/explosion taking place

If you cannot eliminate the risk from fire/explosion by the earlier measures then minimise the impact of the hazardous event by reducing extent of the fire, the force of the explosion and the number of people likely to be at risk.


Avoid forming flammable mixtures

()
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HSE

¢ Suitable containment

* Appropriate location/orientation of equipment

Effective ventilation


Presenter
Presentation Notes
Once everything practicable has been done to eliminate/reduce the inventory of the dangerous substance(s), we should then look at measures to avoid the formation of flammable mixtures. If this can be prevented then the risk of fire/explosion is removed.

In principle there are three major approaches to prevent flammable mixtures from forming:



 Containment.

If the the flammable substance does not escape it cannot form a flammable mixture. Preventing the escape of hydrogen (or any other dangerous substances) should be the number 1 priority. When this is done well the risk from fire and explosion is dramatically reduced. 

For hydrogen, however, providing effective containment represents a significant engineering challenge. Hydrogen is a very small molecule and the gas has extremely low viscosity. Consequently, it is notoriously difficult to prevent hydrogen leaking from systems. Whilst it is very difficult to produce a system that will never leak any hydrogen, it is practicable to engineer one that will rarely leak and when it does leak those leaks will be relatively small and predictable.

In order to achieve these objectives, it is essential that hydrogen systems are designed in accordance with appropriate engineering standards, e.g. European Industrial Gases Association (EIGA), National Fire Prevention Agency (NFPA), fabricated/installed by appropriately competent technicians and operated/maintained in an appropriate manner. 



 Location

Careful selection of the location of the installation and the relative position of its component parts can greatly reduce the risk from fire and explosion. 

The starting assumption for hydrogen systems is that they should be located out of doors. If it is proposed not to locate the system outside, then the onus will be on the dutyholder to demonstrate that outside storage is not reasonably practicable and that the risk from the proposed indoor facility is tolerable and that the risk has been reduced so far as is reasonably practicable.

When locating hydrogen equipment outside, care must be taken to ensure that:

Weather protection; e.g. roofs, canopies and eaves, does not provide opportunities for dangerous quantities of flammable hydrogen/air mixtures to accumulate.

Unprotected electrical equipment (e.g.. lights, sockets etc), overhead power lines, windows etc presenting ignition sources or access to uncontrolled ignition sources for rising (buoyant) streams or high momentum directional jets of escaping hydrogen are not present.

There is appropriate access for maintenance and for emergency vehicles.

There is appropriate, suitable lighting.

 

Equipment orientation

We all know that hydrogen is much lighter than air, but frequently designers fail to allow the buoyancy of hydrogen work for them. Instead they chose arrangements in which this buoyancy works against them and then, consequently, frequently have to install measures, such as powered ventilation, to fight against it!

Whenever possible, arrange the components of your installation so that the buoyancy of hydrogen will help to keep the gas away from obvious sources of ignition. Using the buoyancy of hydrogen is an example of a passive safety system, these do not require power or outside activation. Consequently, effective passive systems are preferred over active or powered arrangements.

Ventilation

It is important to assume that a leak will occur at some time during the life of the installation, the provision of effective ventilation can ensure that this will not generate a major risk.





 The area into which hydrogen may leak should be provided with effective ventilation that will dilute the maximum foreseeable leak (MFL) below 10% LEL (0.4% v/v hydrogen). 

The estimate of the maximum leakage rate should not normally include a catastrophic failure; such as a line fracture, vessel rupture or similar highly unlikely event. It should include reasonably foreseeable normal operational leaks such as seal/coupling etc failures.

The incoming dilution air should enter the area being ventilated at as low a level as possible and the potentially contaminated air should leave at the highest practical level. Care should be taken with equipment location and ventilation arrangements to ensure that all areas are effectively purged. In particular, care should be taken to recognise the significant hazard presented by the potential for flammable hydrogen/air mixtures to accumulate in unventilated false ceilings, apexes and beneath high level bulkheads. 

The hydrogen/air flows in complex and/or highly congested areas will probably need to be modelled using CFD in order to ensure that ventilation is effective and prevents the build up of pockets of flammable mixtures.
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Reduce the likelihood of ignition = 4 =
HSE

® Carry out a hazardous area classification

* |ocate electrical/mechanical sources in safe areas
®* Use appropriate equipment in hazardous zones

®* Use bonding, earthing and anti-static clothing

® Control hot work, smoking, mobile phones etc

® Consider protection against lightning


Presenter
Presentation Notes
There is a requirement under ATEX 137 (DSEAR) for dutyholders to carry out a hazardous area classification (HAC) exercise. This is composed of two principal parts:

Determine whether or not hazardous areas are present in the workplace.

Identify the location and extent of the hazardous areas.

Determine the extent and classification of the hazardous zones that are present within the hazardous area(s) identified in (ii). 



All fixed potential sources of ignition, e.g. machinery and equipment, should be identified and located in non-hazardous areas. The temporary presence and/or use of potential sources of ignition within hazardous areas effectively controlled (by the use of permits to enable/control hot work, smoking, mobile phones etc). 



Ensure that all electrical or mechanical equipment that needs to located in a hazardous area is certified to the appropriate zone.
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Mitigate the effect of an explosion HSE

* Reduce the number of people at risk

® Contain the explosion

* Relieve the overpressure

® Suppress to progress of the explosion


Presenter
Presentation Notes
For hydrogen projects, the main mitigation strategies are:

Reduce the number of people likely to be affected.

Provide measures to prevent the propagation of fire/explosion

Provide explosion relief etc to reduce the harmful effects

Whenever reasonably practicable, explosion relief should be provided for the room or enclosure in which the system is located.

This may be in the form of lightweight walls or roofs, relief panels or swinging doors. It is essential that these measures are designed and implemented in such a manner that they do not generate further risks from flying panels or inappropriately directed flame/blast.
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Security and access control =1 =

HSE

Security provisions should be appropriate to location

Appropriate balance between ventilation & security

Perception of Reqgulator is likely to exceed the real risk

“Precautionary principle” should be used


Presenter
Presentation Notes
As discussed earlier, there is a general expectation that hydrogen-using equipment will be located outside whenever reasonably practicable. Whilst this will usually give a significant reduction in the risk from the accumulation of a flammable atmosphere, the risk from unauthorised interference will usually be much greater than for an indoor location. Consequently, the risk associated with the location should be assessed and appropriate security arrangements identified. 

When designing appropriate security arrangements,  it is frequently challenging to reach an appropriate balance between the requirements for good security, maintaining adequate ventilation and enabling maintenance work to be carried safely.

Until more experience with hydrogen installations is accumulated, it is likely that the precautionary principle will be used by the Regulator, and their perception of risk is likely to exceed the ‘real’ risk.
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he story so far HSE

®* You are responsible!
* People will get hurt if you are careless/incompetent

* People like you are key to the safe use of hydrogen

Embrace the learning,

meet the challenge!



Health and Safety EE

Executive HSE

Hydrogen in nuclear workplaces

Peter Donnelly




The plants

Large plants with significant inventories of material
Variety of conditions
Variable operating histories


Presenter
Presentation Notes
Hydrogen is not used in most aspects of the Nuclear Industry.  It is primarily an unwanted by-product  



Plants vary in age, dating form the Late 1940’s onwards and were built and operated under a variety of regimes and requirements.

Typically the design aim is on containment of nuclear material and thus plants are enclosed in steel and concrete, which makes hydrogen dispersion a problem.



Nuclear industry has a good understanding of the issues of Hydrogen owing to the potential hazard it poses.  Remember hydrogen itself may not cause a problem, but the secondary consequences of a hydrogen explosion are generally unacceptable. 
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Sources of hydrogen HSE

Radiolysis :-
Radiation + H,O = H, + 20,

Reactive Metals:- typically Corrosion
M + xH,0 - M(OH), + xH,

Are they really a problem?


Presenter
Presentation Notes
Radiolysis:- Problem is primarily in high radiation environments and sealed systems containing water.  Build-up and rate of Hydrogen generation is reasonably predictable and understood.  However, sometime water gets into places that are not expected and problems may occur.



Reactive metals are typically a corrosion problem.  All metals corrode, but it can be unpredictable and rates can change quickly if the environment changes even slightly.



Hydrogen can occur unexpectedly owing to corrosion of materials.  Hydrogen not just the only problem, but one of many when dealing with reactive metal corrosion and thus the hazard may get lost.
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Radiolysis - Brunsbuettel BWR HSE

* Occurred 14t Dec 2001
* |nvestigated February 2002

®* Reactor pressure vessel spray head
nipeline within secondary containment

* 100 mm diameter pipe.


Presenter
Presentation Notes
Brunsbuettel is a 770 MW BWR reactor in Schleswig-Holstein in Germany



The Reactor Pressure Vessel spray head is used during outages to reduce the time taken to cool the reactor.  The secondary containment is a steel construction.

The pipeline is usually kept full of water during operations.  Line normally isolated from the reactor by valves, so it is a sealed system, but exposed to high radiation fields from the reactor.



   


B

Radiolysis - Brunsbuettel BWR

P et
W F

3m long section
lost.

Plant out of
action for

12 months.

No activity

released.


Presenter
Presentation Notes
Plant investigation considered it to be radiolysis of water leading to a high pressure in the pipe, the pipe fracture and releases explosive gases that ignite rupturing the line.



Lost revenue is approximately 1 million GBP per day.  Economic cost is significant.  Also, is there an issue with all similar BWR reactors?  Significant social cost of keeping the lights on!



No measurable activity release to the external environment.  No increase in contamination detected. 
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Corrosion iIssues HSE

®* Reactive metals are an issue
(Mg, Al, U, Na and K)
* The most significant of these is Mg.

* Mg is a significant component of Magnox
fuel cladding.


Presenter
Presentation Notes
UK



Magnesium is the biggest current corrosion and thus hydrogen issue with regard to UK.

Other metals may have issues during waste treatment processes.

Some metals are legacy wastes from the Fast Reactor programmes.



Problems are similar across the world wide industry;

Hanford has tank and foam issues

Cadarache has reactive metal from Fast reactors

Eastern Europe and Russia have similar issues with materials and hydrogen generation 



Remember hydrogen may recombine with some materials and form other hazards (Metal Hydrides)     
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Corrosion Issues HSE

Dungeness Magnox
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Corrosion Issues HSE

Magnox corrodes
Mg + 2 H,O - Mg(OH), + H, + energy



Presenter
Presentation Notes
Picture shows Magnox Swarf  and Magnesium Hydroxide
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Corrosion Issues HSE

Active
Sludge
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Corrosion iIssues HSE

Energy released by corrosion in the form of heat.

Corrosion of Magnox is temperature dependant —
Rate doubles per 8-10°C increase above 22°C.

Magnox Is a good conductor of heat away from
corrosion point.

Magnesium Hydroxide is a good insulator.

Hotspots possible in the waste. - EXCURSIONS!


Presenter
Presentation Notes
Corrosion rates are predictable, but temperature increases can lead to thermal runaway giving problems.



Also there are issues about hold-up of gases within sludges and this can cause sudden release of gas and thus high hydrogen environments.
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Excursions — normal corrosion HSE

Heat removed
by evaporation

Heat dissipated
through cover
water

Reaction
produces heat



Presenter
Presentation Notes
Corrosion at a known rate , which can allow hydrogen to be dispersed appropriately as it is released and any liquid/vapour release is minimised
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EXxcursions — corrosion progresses HSE
o Heat output
rises
53k Temperature
rises

Sludge build up
restricts heat loss



Presenter
Presentation Notes
Sludge builds up – creates insulating effect and thus local temperature rise which in turn, accelerates local corrosion rates generating increased hydrogen.



Increased hydrogen also causes increased carry over of active species to the environment from water droplets.
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Excursions — the limit HSE

“ depth

amenrssessase |0SS less than
heat generated


Presenter
Presentation Notes
Sludge build up causes hotspots in the waste that create localised boiling of saturated solution.



Available metal in hotspots is used up at a high rate. Excursion subsides once available metal is used up.



Large hydrogen generation but also high aerosol carry over.
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Corrosion - Dounreay shatft HSE

®* 1959 — used to dispose of radioactive
wastes, including sodium contaminated
items.

* Shaft is wet owing to ground water
Ingress.

* 1971 — Other storage available so shaft
use limited to unconventional items.


Presenter
Presentation Notes
Introduce shaft – Dounreay research facility in northern Scotland for fast reactor research .

What am I talking about here – explain slowly shaft history



Note site was self regulating – not subject to independent nuclear regulation!


Corrosion - Dounreay shaft

* \Waste being
loaded into
shaft in
1960s



Presenter
Presentation Notes
The old days – 

Not modern standard and not how things should be done

Again cover the issue of self regulation


=13

Corrosion - Dounreay shaft HSE

* 10 May 1977 around 04.00
¢ Detonation in shaft

® |nvestigation considers Hydrogen
explosion from Sodium — Water reaction
to be the cause


Presenter
Presentation Notes
Early morning  no real site activity.


Corrosion — Dounreay shaft




Corrosion — Dounreay shaft
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Corrosion — Dounreay shaft HSE

* No operators injured

* Ongoing monitoring and local community
ISsues.

¢ Still have to recover the waste


Presenter
Presentation Notes
No one injured, no one in location

Off site release of activity uncertain particles are still being found offsite, but this may be down to other operations rather than this event. Difficult to quantify as records of what was disposed of and is thus inventory poor, so tracking is a problem

Continual off site monitoring, mainly the beach has lead to a steady number of active particles being found over the years creating significant local issues and political issues.

Explain issues regarding improved instrument sensitivities.



Still have to recover the waste


Corrosion — Dounreay shaft HSE

* \\aste to be
recovered

* Still possible
hydrogen
generation
problems if
disturbed.



Presenter
Presentation Notes
This is an old photo, but waste is still in very similar condition when last viewed in 2008.

Design of retrieval systems and recovery mechanisms are still ongoing.

Simple but difficult!
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Managing the issues HSE

Principles similar to ATEX

. Eliminate
° Reduce

° Control

* Mitigate

* |t can be difficult to do the first two points
with existing hazards.


Presenter
Presentation Notes
Nuclear Industry try to follow a risk management approach similar to ATEX



Remove the risk if possible by:

Reducing inventories

Changing Physical State of material

Minimising energy potential

All these drive an Inherent Safe design



If this is not possible then we move into ensuring facility is not sensitive to potential faults.
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Managing the issues HSE

* Manage using a hierarchy and multiple
layers of protection

— Redundancy
— Diversity
— Independence



Presenter
Presentation Notes
If this is not possible then we have defence in depth against potential significant faults:

Passive not active systems,

Redundancy – duty/standby

Diversity  - different types of kit that provide same function – avoid common mode failure

Independence – total different ways of getting the same result inerting vs forced ventilation

Mitigation following an event.

Multiple systems with significant time lags before operators need to take action. (The 30 minute rule)
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Managing the issues HSE

® Set operational and design Limits
Typically:
< 1% H, normal operations

< 4% H, fault conditions

< 2% limiting O,


Presenter
Presentation Notes
Upfront design principles to ensure safety throughout lifetime of operations.


anaging the Issues

Preferred Path

Acceptable - still straight forward

Acceptable but not desirable - may need to show low
consequence of explosion

Generally unacceptable as a stand alone solution

This sheet applies to both new and exisitng transport and storage containers

Define source of
hydrogen
explosion hazard

0.1

Decide on the
best approach

0.2

Use intrinsically

The rate of
hydrogen/oxygen
generation in the
container will
never reach 1%/

Identify sources and the quantify rate of generation/release.

When designing new containers, ensure hydrogen generation
rate is kept to a minimum.

Designs should eliminate sources of ignition.

The thicker lines only indicate which methods are more

favoured/acceptable purely with regard to explosion prevention
- It is only one factor in deciding the best approach for a
specific case. In many cases there will be no option but to
take a less preferred approach

It is the responsibility of the design authority to provide an

auditable and defensible record of decisions made.

Use control of
hydrogen

Use getters to
control oxygen

Design so that
fault conditions

Use administrative
arrangements to
control hydrogen/

Use mitigating

safe design . N 2 will not lead to design features
2% respectively or | concentration concentration A%H 590 oxygen 0.16
03 is zero. e.g. di 0.4 0.12 oF, or 5%60, concentrations ’
- €.g. ary . . 0.14
fuel flask I 0.15
Use passive - —_—
methods to control Use active
hydrogen methods to control |
concentration e.g. hydrogen
inerting, concentration I
recombiners 0.8 1
0.5 Provide design
solutions to
prevent an Design container
—_———— — unmitigated to withstand
I explosion hazard, maximum
1 e.g. bursting disks achievable
Reduce the Reduce the Reduce the to keep pressures explosion hazard
frequency of frequency of frequency of below maximum 0.18
Ensure that any flammable Design so that . flammable flammable ibl
. s Use active back possible
credible fault atmospheres passive removal atmospheres atmospheres

condition will not
lead to the
formation of a
flammable
atmosphere
0.6

forming under
fault conditions as
far as reasonably
practicable and
make a case
based on the low
risk of explosion
0.7

methods will
prevent flammable
atmospheres
forming under
fault conditions
0.9

up system to
prevent the
formation of
flammable
atmospheres
0.10

forming under
fault conditions as
far as reasonably
practicable and
make a case
based on the low
risk of explosion
0.11

forming under
fault conditions as
far as reasonably
practicable and
make a case
based on the low
risk of explosion
0.13

Consequences of
explosion are
negligible and not
ALARP to provide
mitigation or
prevention.

0.20

0.17

Vent container to
filtered extract
before fully
openining

0.19



Presenter
Presentation Notes
Diagrammatic representation of a hierarchy for management of hydrogen.





The darker lines represent the best approaches and typically the responses on the left hand side are better than the responses on the right, which are more mitigation following high hydrogen rather than problem avoidance. 



Remember the hydrogen explosion may not be the problem as operators may be remote from explosion, but the consequences of a hydrogen explosion can be very serious. 


()
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Information and guidance HSE

e HSG 243: Fuel cells; understand the hazards, control
the risks

®* European Industrial Gases Assoc. (IGC Doc 15/05E)
* NASA (Safety std for hydrogen & hydrogen systems)
* |SO/DPAS 15916: Safety of hydrogen systems

* |nstallation permitting guidance for H, and fuel cell
stationary applications (HSL RR715, 2009)

* HSE DSEAR ACOPs (L134-138 inc)
* BS EN 60079 Electrical app. for explosive gas atms


Presenter
Presentation Notes
Several of the these guidance documents are available free of charge via the Internet. 


That’s all folks!




Questions? HSE

e

Gordon Newsholme

Peter Donnelly
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