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|. INTRODUCTION

|.1 Background

During the course of the GEOSAF project, membeve mted that, after decades of post-closure
safety development, little work has been undertakernationally to develop a common view on
the safety approach related to the operationalgpbfa geological disposal facility.

General guidance in this regard can be found inlAEA General Safety Requirements No.GSR-4,
Safety Assessment for Facilities and Activities [A], and | AEA Specific Safety Requirements No.SSR-

5, Disposal of Radioactive Waste [B]. The guidance in those documents are howevite generic

in nature and does not provide for detailed guidasthow to practically develop assessment of
hazards occurring during operational phase andeaddnteraction between operational and post-
closure safety.

Thus, GEOSAF decided to launch a programme of warthis topic at the plenary meeting held
on March 2010 and to establish a subgroup on dpeedtsafety.

|.2 Scope of the study

The specificities of a geological disposal facilitycomparison with conventional underground
facilities such as mines or tunnels are:
» the presence and handling of radioactive mateadlfiCial RN and higher concentration
than in mines...),
e the nuclear regulatory framework(s),
» the constraints on operations due to post-closafetys (e.g the preservation of the host
formation characteristics) and the impact of operabn post-closure safety.

The subgroup on operational safety decided, insadpproach, to focus efforts on:

» operational hazards/safety issues specific to afengnound nuclear facility (in terms of
large scale, difficult access, concurrent actisitig

* how hazards/safety issues are addressed in thatmmeof mines (conventional or uranium)
or underground facilities (tunnels...) and in the rapien of existing nuclear facilities
(including radioactive waste disposal facilities) ;

» the necessity of developing a specific safety aggitofor hazards/issues specific to an
underground nuclear facility;

« the implications of these operational issues (iticlg accidents) on post closure safety ;

» the recommendations with regard to the developraedtreview of the safety case.

As considerable experience from the nuclear inglustr design, construction and operation of
surface facilities exists, the group decided taufoon the operation of the underground part of the
facilities (including shafts and ramps).

- GEOSAF OPS Working Group - Working Material 2/



This report presents the outcome of the GEOSAF &joeral Safety Working Group as well as
recommendations for continued work in this area.

1.3 Mode of operation

The work programme developed by the group involvesits to three different underground
facilities to collect information on operationalpetience with special emphasis on management of
hazards and/or risks;
» aconventional mine (the Moab Khotsong gold min8auth Africa),
* a high-grade uranium mine (Mc Arthur River, Canaday
» a geological disposal facility for transuranic veagiWaste isolation Pilot Plant, WIPP,
USA). A workshop was arranged in conjunction witte tWIPP-visit in April 2011, to
analyse and compile the conclusions.

A summary of the main conclusions from the visits faund in appendix I.

I.4 Common Terminology

It was found valuable by the group to start on camrgrounds with a terminology that fits with
everyone’s culture and practice. The following deions are based on the two IAEA glossaries
that are currently in use [C, DJ:

Hazard: A hazard is something (e.g. an object, a propefta substance, a phenomenon or an
activity) that can cause adverse effects

Hazard assessmentHazard assessment is the process of analysingnsgstally the hazards
associated with facilities, activities or sourae®ider to identify:

(@) Those events and the associated areas for whotective actions may be required;

(b) The actions that would be effective in mitiggtithe consequences of such events.

Event: An event is any occurrence unintended by theaiperincluding operating error, equipment
failure or other mishap, and deliberate action loa part of others, the consequences or potential
consequences of which are not negligible from thiatpf view of protection or safety.

Initiating _event: An initiating event is an identified event tha&atls to anticipated operational
occurrences or accident conditions.

Risk: Risk is a multi-attribute quantity expressing hrdzalanger or chance of harmful or injurious
consequences associated with actuapaiential exposures. It relates to quantities such as the
probability that specific deleterious consequentey arise and the magnitude and character of
such consequences.

Note: this definition may be subject to various inter pretations.

Scenaria A scenario is a postulated or assumed set ofittonsl and/or events.

- GEOSAF OPS Working Group - Working Material 3/



Il ASSESSMENT METHODOLOGY

[I.1 General Context for the Methodology

Safety must be demonstrated for all the operati@tates of the facility (normal operation,
accidental situations). For nuclear facilities, etefe-in-depth is one of the main principles to rely
on when demonstrating safety (SSR-5, requiremenRéyarding operational safety, it should be
emphasised that there is no major difference inajhgroach to demonstrating safety through the
safety case whether it is dedicated to a dispasdlitiy or another nuclear facility. Assessment of
operational safety is an integral part of the psscelescribed in SSR-5, i.e. assessment of
operational hazards should be integrated in thetysafise development for a disposal facility.
The basic safety functions of a geological dispéeszility are:

» containment of the radioactive material and prodectof workers, public and the

environment during the operational phase,

» isolation and containment of the radioactive walsteng the post-closure phase.
In addition to conventional underground safety,rapenal safety of a geological disposal facilsy i
dependent on the design of the containment bamigithe radioprotection measures in normal and
abnormal conditions, while post-closure safety ajemlogical disposal facility is dependent on
proper performance of technical barriers and ofibt rock environment. Thus, proper design and
construction (including closure) of the facilitys well as safe operations, are of special impoganc
to provide for post-closure safety. Considering rapenal safety and post-closure safety of a
geological disposal facility, special emphasis $thaberefore be put on identification of hazards
associated with the construction and operatioh@fépository.

The safety approach should be based on verifyirgctimpliance with technical performances of
the protection provisions against all concernedalds, derived from the hazard analysis. In this
regard, safety functions and associated technézplirements have to be defined. The quantitative
assessment of radiological consequence from anylpted hazards is only considered as a means
of verification.

Hazard assessment requires identifying and angysirplausible hazards and ii) elements or
“targets” to be protected regarding nuclear safedglioactive materials, containment systems of
these materials, evacuation pathways and accesguipments to handle the hazard and thus
maintain the facility in a safe status...). The psiams adopted on the basis of this analysis,
organized in successive and independent levelg@diaogato defence in depth, aim at (INSAG 10):

» prevention of abnormal operation and failures,

e control of abnormal operation and detection ofuiias,

» control accidents within the design basis,

» control of severe facility conditions, includingetiprevention of accident and mitigation of

the consequences of severe accidents,

* mitigation of radiological consequences of sigmifitreleases of radioactive materials.
An approach on how to address hazards associateaperation of the facility is described below,
and schematically illustrated in figure 1.
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Figure 1 : Hazard assessment in operational safety context

In a first stepthe framework for the disposal facility will guide the initial design of the facility,
which might take into account some standard haz#éind$ are defined through regulatory
requirements — all or not nuclear — or througheimiinary analysis of hazards. In order to perform
the hazard assessment, the referates2gn and operational processeshould be described, and
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divided into assessable compartments and/or stBgsed on this and maybe on other sources such
as hazard catalogue or matrices,litheards of the facility are identified.

Then, identified hazards are assessed againstasigndand operational procedures in order to
judge whether their consequences and/or the assdaiesks are acceptable, taking into account
preventive and mitigation features.
» If not acceptable adaptations should be made of the preventivaratigation features,
which could be on the level of design (re-desigmodification) or operational procedures.
Facility re-design or design modification requiresation of hazard identification and
assessment with regard to updated features.
» If acceptablg an evaluation is made on the impact of hazardgtzenpreventive and
mitigation features on thaost-closure safety

The same process of judgement is then appliedsbghosure safety.

» If not acceptable preventive and mitigation features should be sathpvhich could be on
the level of design (re-design or modification)aprerational procedures. Facility re-design
or design modification requires iteration of hazatehtification and assessment with regard
to updated features.

» If acceptablg the design and operational processes and themreeg and mitigation
features can be finalized or updated, together thighfinal documented operational safety
assessment.

A pilot study on the fire hazard was performed beak the consistency of this methodology. An
example of the approach for fire hazard analysih@tWIPP facility is presented in Appendix IlI.
Moreover, a presentation of the French approachhenfire hazard analysis was made to the
GEOSAF group and is given in Appendix IV.

[I.2 Framework for a geological disposal facility

With regards to operational safety, the frameworkaf geological disposal facility is established on
the basis of inputs from surface nuclear faciljtmmventional underground facilities such as mines
and tunnels, and the specific features of a gecdvgisposal facility.

For instance, the regulatory basis will be compaxfaegulations for surface nuclear facilities and
for conventional underground facilities:

industrial underground nuclear radwaste
disposal
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As an example of this scheme, the Canadian nusédaty authority (CNSC) uses regulations from
nuclear facilities and mining facilities to reg@ahe operation of high-grade uranium mines.

[1.3 Design and Operational Processes

The design of an underground disposal facility $théme developed according to the framework as
defined in the previous step (e.g. requirementspmrational safety and post-closure safety).
However, post-closure safety may set constrairisate in conflict with requirements for
operational safety and as a consequence, the desggls to be optimized. For example it can be
beneficial for post-closure safety to have only fawface connections (access ramps, shafts) and
small cross-section tunnels to avoid disturbancsit@nproperties. Whereas for operational safety
and emergency purposes a design should avoid dehtitenels and be in favor of safe exit.
Examples of this kind of design constraining issaresgiven in Appendix Il

The reference design should be checked again&dhigy’s safety functions and ability to ensure
safety during the operational and the post-clophaeses.

For the purposes of hazard identification and eatédn, it may be necessary to break out the
overall facility operational process into varioysecational sections based on for example waste
handling areas and the activities performed indhargas.

I1.4 Hazard Identification

The identification of hazards inherent in wastevéats is necessary to provide a sound basis for
identifying potential accident events and perforgranhazard evaluation in order to define the
preventive and mitigative controls. Following tterse approach as for the establishment of the
framework, hazards are identified based on regulatianalysis and feedback of experience from
various types of facilities: industrial, undergraymines, surface nuclear facilities and waste
disposal facilities. Furthermore, a “Features, Es@md Processes” (FEP) list or a hazard matrix
can be used (see appendix 1) or a pre-definedfibbzard, as underlined by the WIPP operational
experience.

The hazards defined can be of different natureaandngst others result from:
v' waste handling processes,
v natural phenomena (e.g., earthquakes, lightnimgatioes, snow/hail buildup and high wind
impacts),
v" human induced external events (e.qg., aircraft afdcular impact),
v’ co-activity (construction and operation in parallel
v" Fire, loss of ventilation (active, containment)ticality...

11.5 Hazard Evaluation

The hazard evaluation is the process of analysiaggmatically the hazards associated with the
facility in order to identify the initiating eventlat would need protective or mitigating controls.
Approaches for evaluating hazards and defininggméve and mitigative controls may differ
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between countries. The next sections will develapdifferent steps that can be undertaken when
performing a hazard evaluation.

[1.5.1 Scenario Description

The hazard evaluation includes a brief descripwdninitiating event that is representative or
envelope for the type of hazard considered. Thease® includes a hazardous condition being
postulated, general location of the event, theesyst structures and components (SSC) affected,
especially those relevant to safety, the radioactivaterials, the release mechanism (e.g. fire,
pressurized release, spill).

11.5.2 Consequence evaluation

The consequences, radiological and/or non radicébgof identified scenarios should be evaluated.
In doing so, credit is given neither to alreadyniifeed preventive nor to mitigative controls. Also
margins should be taken into account for the ev@minaand uncertainties should be identified. It
might be necessary to also consider plausible caatibns of events.

Some countries adopting a risk based approachramk the hazards further according to the risk
they pose and according to the methodology devdlaopthe next section. Other countries do not
adopt this risk ranking and define the preventineg mitigative controls purely based on the
consequence analysis.

11.5.3 Risk Ranking

The goal of risk ranking is to focus attention boge hazards that pose the greatest risk. Some
countries that adopt a risk based approach ranklémgified hazards with respect to the risk they
cause, that is the combination of the unmitigatisequence levels of the hazard with the levels of
frequency of its appearance. In this process dlitatige ranking, events with an unacceptable risk
ranking or marginally acceptable risk ranking amalgzed to provide appropriate features of
prevention or mitigation.

[1.5.4 Determination and evaluation of controls

In order to cope with hazards that have unacceptairisequences (all or not radiological) or pose
an unacceptable or high risk, the next step caneisidentifying and selecting controls to be put i
place in order to prevent hazards or mitigate theirsequences. This should lead to the reduction
of the frequency of the hazard or the exclusiofitbccurrence in case of preventive controls, or
the reduction of its consequences in case of ntivigaontrols. The controls can be a combination
of both.

In any case, care should be taken to prevent ak amipossible the occurrence of hazards or to
keep the risk as low as reasonably achievable.

Preventive Features

Preventive features might include engineered feat(structures, systems and components, etc.),
administrative controls (procedures, policies, paogs, etc.), natural features based on laws of
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physics (ambient conditions, buoyancy, gravity,)etur inherent features (physical or chemical
properties, location, elevation, etc.) operatirgjuidually or in combination.

Mitigative Features

Mitigative features must be capable of withstandhggenvironment of the event. These might
include the same kind of features as for preverdorgrols, operating individually or in
combination. Mitigative features should to the exfgossible rely on passive features.

[1.6 Operational Safety Assessment

The goal of operational safety assessment is tsashe safety of the facility during the operation
phase and to identify normal operation of the fgilas well as the anticipated operational
occurrences (abnormal and accidental conditiored) rthight be the result of initiating events based
on hazards, and the means put in place to cope tivébe conditions, in line with the safety
principles such as defence in depth and optimiratio

When it comes specifically to hazards, the openaliGafety assessment demonstrates that in the
first place, sufficient effort is done to reduce firobability, or to prevent the appearance of tixza
that might impact operational safety. In particulgwerational safety assessment demonstrates that,
possibly for different initial conditions, the catgiences of the initiating events based on these
hazards are mitigated through system design orepuoes such that they do not give rise to
unacceptable consequences (radiological or otlmrg)ose an unacceptable risk. It should be
demonstrated that if the postulated initiating ésemssociated to hazards give rise to abnormal
conditions, the controls in place should be ablgub the facility back into its normal operation
envelope. It should also be demonstrated that abehinitiating events give rise to accidental
conditions, the controls in place should be ablisiep the facility in a safe state.

The assessment of the acceptability of preventingeraitigative controls can be done through the
postulation of events and the development of agmapng scenario of this event into an incident or
accident. In these scenarios, the facility is Ugyaut at its most penalising state and conseveati
assumptions are made. This assessment can benpedfdhrough a purely deterministic or a risk-
based approach as described in sections 11.5.35&4l1

An example of a deterministic approach has beepgs®d by the Institut de Radioprotection et de
surete nucleaire (IRSN) as part of the technicakre of the “Dossier 2009”, the French geological
disposal project under development. The review idensd the possibility of a fire starting on a
waste handling system being within a disposal fmllwaste packages that contain flammable
material. It was supposed that the fire on the evasindling system was not extinguished by the
selected controls developed in the actual desiga.réviewers considered that this event could lead
to severe consequences, being a fire which is isiplesto extinguish once it has started. Based on
these consequences and in spite of the very lowahitity of occurrence of such an event (as it
requires a multiple failure scenario), the assesscommended a strengthening of the preventive
and mitigative measures in place. In this exampleither risk ranking nor radiological
consequences were a tool to judge the acceptabilitye current measures.
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[1.7 Relationships between Operational Safety and ést-closure Safety

As described above, post-closure safety puts aingtron design and operation of a geological
disposal facility, e.g. on use of foreign materi@aother actions that are in favor of long term
performance or geological properties. In the undarngd facility this can mean restrictions on use
of construction materials, amount or type of rogikforcement or grouts, ventilation, fire
protection, etc.

In the same way, the operation of such a facilitgf the proposed measures to ensure operational
safety may also have some impact on post-clostieéysas well as the consequences of incidents
or accidents on the engineered or natural barriers.

Therefore it has to be verified that normal operaind anticipated operational occurrences
(postulated incidents or accidents), and the meaggontrols) put in place to ensure safe operation
as well as all monitoring systems put in place myoperation and beyond, will not have an
unacceptable effect on post-closure safety.

The impact or consequences of incidents or acadentpost-closure safety needs to be further
investigated (both the requirements for the ingegibn in the safety case and the investigations to
perform after the incidents/accidents have occirred
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[l CONCLUSIONS

During the course of the GEOSAF project, membeve mted that, after decades of focus on
mainly the post-closure safety of geological digpdacilities, little work has been undertaken
internationally to develop a common view on therafienal safety of such facilities. As many
member states are coming closer to licensing oogezal disposal facilities, continuing efforts,
such as the one presented in this report, shoulohdertaken in the forthcoming years in order to
further develop international consensus on howdtlreéss operational safety issues for geological
disposal facilities.

The conclusions in this report is limited to opemaal hazard assessment, which was the main focus
of work during the one year of activity of the optgonal safety working group of GEOSAF.

The operational safety work group gained experigficen several field trips, amongst others to a
conventional mine, a high grade uranium mine agdalogical disposal facility of transuranic
wastes. These visits, together with the considaraif different practices in different countrieslan
numerous discussions and analysis led the grotigettollowing conclusions:

- In general, the framework for a geological dispdaallity is based on inputs from
different sources: practices, experiences and atignk from nuclear surface facilities,
conventional underground facilities (mines, tunnejsstandard industrial facilities and
specific features unique to a geological disposal.

- The basis on which operational safety assessmuaitiding hazard assessment) will be
performed consists of an identification of all stires, systems and components
together with their safety functions, an identifioa of the activities and processes that
will be conducted within the facility, as well dgetidentification of all hazards that can
impact the facilities’ safety.

- A general methodology for hazard assessment cautteleeloped, based on the
experience in different countries. The final obipebf the application of this
methodology is to ensure that measures taken bgpérator to manage hazards are
adequate to ensure the safety of the facility, @ during operations as with respect to
post closure safety. It was noted that all coustsieare the same basic principles of
hazard assessment:

o The identification of the design, including all SS@nd their safety functions,
and of the operations and processes that will pédee in the facility (and
dividing the facility/and or processes into pantgbases that can be assessed)

o0 The identification of the hazards by several pdesifeans

0 The assessment of the possible (unmitigated) coesegs (all or not
radiological) of the hazards

o The identification of preventive and mitigative txarts

0 The assessment of the acceptability of these dsntro

o The type of actions to take in case controls asessed being insufficient or not
acceptable
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o The assessment of the consequences of the hazaddgreventive and
mitigative controls on long term safety and theetyb actions to take in case the
consequences are not acceptable.

- Such methodology is specific to a geological dispéecility, compared to other nuclear
installations. But the unique character lies inftet that the assessment is performed in
the frame of an underground installation, which itmswn particular set of hazards (see
Appendix Il) which differ from considered for sucgafacilities. This underground
environment also set some particular boundary ¢immgi to the way one can cope with
these hazards. Another aspect, common with sudigpesal facilities, is the necessity
to consider also the effect of hazards and theivgmtive and mitigative controls on the
post-closure safety of the facility.

- The practical implementation of this methodologg gary significantly between
member states (e.g. risk based or deterministic).

- A pilot study on fire hazard was conducted by défe countries. This study showed
that the general methodology was applicable antieapim the different cases. The
study also underlined in a certain case the ditiiesiassociated to the assessment of
hazards in the specific configurations of a gealabdisposal facility, exposing the
necessity to develop new models, to search forresqpze feedback from installations
with similar configurations and to develop new asseent tools.

- Strong relationships between operational safetypmst-closure safety were outlined.
Post-closure safety puts constraints on requiresrfenthe operation of a geological
disposal facility, such as the choices of matealthe techniques that can be used for
construction. In the same way, the operation ohsutacility also has some impact on
post-closure safety. It has therefore part of #fety demonstration to ensure that
operations in general, and more specifically :

- all normal operations

- anticipated operational occurrences (postulateddéemts or accidents),
- the measures (controls) put in place to ensuregadeation, as well as
- all monitoring systems put in place during operatémd beyond,

will not have an adverse effect on post-closuretyaf
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IV NEED FOR FUTURE WORK

The working group collected some recommendationfutare work, based on their experiences
and on discussions with member states at the GOFfikiary meeting from may 2011.

Development of quidelines

GEOSAF made strides in providing tools and guidsifor operators and regulators to build and/or
assess the safety of a geological disposal fatiiityugh the use of the safety case with a strong
focus on post-closure safety. However, operatisadty assessment shall be included in the safety
case as well, but few guidelines exist that areifipally addressing geological disposal facilities
help operators and regulators in doing so. A gdad sould be the identification of detailed
contents of the safety case for the topics relaiexperational safety and the adaptation of tools
(questionnaire,...) developed during the GEOSAF ptdp@ the specific part on operational safety.

Operation states of a geological disposal facility

The definition of normal operation (normal operatenvelope) and anticipated operational
occurrences (incidents and accidents), and theiassd set of safety margins and limits to get
from one state to the other, is an area of knovéddtigt needs to be developed. As few experience
feedback is available from existing geological dsq facilities, efforts could be made to gain as
much as possible experience from other (nucleaiijtfas.

Safety Evaluation Report and the Safety Case

The way how to develop a safety evaluation repbat g@eological disposal facility and its relation
to the safety case, is an issue that has not beshwiith before. It will, however, become impottan
as several member states are moving towards asécgpplication.

Here one could start for example with a questiaenia the different member states in order to see
the different approaches that are currently fone$eethe development of a safety evaluation
report.

Especially the fact that construction and filling-of the facility are activities that are performed
throughout the lifetime of the facility is challang, as a safety evaluation report is aimed at ydwa
reflecting the current state of the facility. THealenge is here to take into account an ever-
changing environment, with potential variationghs# hazards & risks induced by these ever-
changing activities.

Inputs for the implementation of hazard assessmerih the safety assessment

As for a lot of member states, the consideratiooparational safety of a geological disposal
facility is relatively new and very particular, tieas a need for a better development of know-how
on the practical assessment of hazards, such agigmtification of their effects, the determination
of performance criteria (temperature, pressure, giasition...), the development of scenarios
involving incidents, accidents, failures of safeyggtems or controls and their modelling.
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Co-activity

A geological disposal facility is built, equippeddaoperated at the same time. As a result, differen
processes, nuclear (emplacement of waste packagedljing...) and non-nuclear (mining, civil
engineering...) are likely to take place in the f&giht the same time. The consideration of this co-
activity in the operational processes and also margcularly when looking at hazard

identification and assessment, is an area thatsreetther development.

Relationships between operational safety and postesure safety

Impacts of post-closure constraints on the desighi@mplementation of the geological disposal
facility and its safety envelope for the operatigrizase is something that has already been
identified in many programs. In contrast, the intpEmperations (in its largest meaning, including
construction) on post-closure safety is somethivag $hould be more developed.

One could clarify or study for example the way ihieh the consideration of anticipated
operational occurrences (incidents and accidehtd) elate to the post-closure safety assessment.

Relationships between operational safety and closar

The closure of the facility will consist in a sdtprocesses that will take place at the end of the
operational phase. Therefore, the consideratiapefational safety issues during the closure
processes are identified as a potential domaincthatl be developed.

The impact of partial closure both on operatiomdty and on post-closure safety could be
identified as a particular issue to address farrutvork as well.

Reversibility/Retrievability
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APPENDIX I: Observations made in underground facilities

McArthur River facility, Canada and the Moab Khotsong, South Africa
In particular, the group had the opportunity:

1. To tackle ventilation issues with operators (bathirg the Saskatoon and South African
meetings), including maintenance and dimensionfngentilation systems. The operators
underlined the absence of limitation in terms offlaw, however the maximum capacity of
the air intake and outflow have to be determinetha@thaft design, prior to the construction
of the first drifts. In fact, the dimensions andwher of shaft can be impacted by such
constraints, and the ventilation systems have wiimensioned to allow for the extension of
the underground areas. They also stressed thédnat¢hat can be assigned to the ventilation
systems, such as radon rate control, and the vesg thunctions can be implemented in the
mine. For example, at the McArthur River faciligyery underground area has to be
ventilated to allow for works, therefore specifimods equipped with radon sensors prevent
ventilated areas to be mixed with un-ventilatechare

2. To gain experience in the Canadian approach toillmamining regulation. The Saskatoon
meeting underlined the risks related to exposuradation, including the radon risk. Both
the regulator and the operator explained the inaa#e of sensible tele-operated mechanical
devices for the mining operations: the extractiomcpss itself is designed to prevent human
presence in the vicinity of the uranium ore, arglltrries and skips are equipped with radio
controlled systems in order to prevent workers faparating close to the extracted ore.

At every step of the process, the regulator undedlithe need to either design barriers or
allow enough distance between the sources of radiahd the workers. The exposure time
factor had to be taken into account in the leasside cases in the underground areas, thus
the safety case had to provide sufficient contnoth regard to radiation screening or distance
from sources. Radon risk was controlled mainly bgtifation systems and security measures
(locked doors...).

3. To stress the need for adequate fire protectiotesys The South African meeting and the
discussions between the group and the gold minetgpeput light onto the way such a
hazard might be taken into account in undergrouarksy The gold mine operator introduced
the group to the method developed by his fire mtaia experts, in order to prevent fires to
lead to unacceptable consequences. This methodymelies on an occurrence/gravity
matrix that is often used in reliability managemedat instance. The group was interested to
discover the whole set of constraints that the ajpeiincludes in this matrix: security, but
also environmental issues, social issues, etcinstance, a fire leading to human casualties
has consequences on the production, but also groghdation acceptance of the operator in
the area of the facility, or on the stock pricare parent company. All these variables are
taken into account in the fire hazard analysis ey by the operator.
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Waste Isolation Pilot Plant, Carlsbad, New Mexico {JSA
Tour of WIPP.
1. Bulkhead and Airlock operations in the underground

During the IAEA-GEOSAF Operational Safety Workingo@p tour of the Waste Isolation Pilot
Plant, the group noticed that the drifts were safear by large metal doors that were air operated to
permit passage of workers and equipment from onf @ir another without disrupting the
underground ventilation supply air. The undergmwentilation system serves the WIPP
underground to provide acceptable working condgiamd a life-sustaining environment during
normal operations and off-normal events includingsi® handling accidents. In the event of a
breach of waste containers, the underground véntilasystem provides confinement of
radioactivity. The underground ventilation system designed as an exhausting system that
maintains the working environment below atmosphprassure The design and operation of the
underground ventilation system meets or exceedsritexia specified by the Mine Safety Act (30
CFR 57) and also the New Mexico Mine Safety CodeAth Mines. The underground mine
ventilation is designed to supply sufficient quaes of air to all areas of the repository. Codple
with the need to maintain airflow requirements, ragien of diesel equipment in the underground is
subject to minimum airflow requirements for eactgei of equipment operated.

The ventilation system in the underground is dididieto four separate flow paths supporting the
construction area (mining); the waste disposal;aitea north area (URL/Experimental Activity);
and the waste shaft station. The waste disposaktieation, and the north areas receive their air
supply from common sources; the air intake shadt #e salt handling shaft. The purpose of the
Airlocks and bulkheads is to separate waste shatiibs ventilation from the other three circuits.
The four air circuits combine near the exhaust tshalfiich is the common discharge from the
underground. The pressure differential maintaibetiveen the construction circuit and the waste
disposal circuit ensures that air leakage is towheddisposal circuit. The pressure differentsal i
produced by the surface fans in conjunction witd tinderground bulkheads and air regulators.
Pressure differentials across selected bulkheatigeba ventilation circuits are monitored from a
location called the Central Monitoring Room. Thedarground ventilation system consists of six
centrifugal exhaust fans (three main fans in thenab flow path and three smaller fans in the
filtration flow path), two identical HEPA filter aemblies arranged in parallel, isolation and back
draft dampers, filter bypasses, and associatedvduict

Normal operation of the main fans provides an axiprate underground flow of 425,000 standard
cubic feet per minute (scfm). The smaller filtoas fans provide approximately 60,000 scfm each
and are located at the Exhaust Facility Buildingtlo® surface. During filtration operations, only
one filtration fan operates, while the main fansndo operate. Any one of the three filtration fans
is capable of delivering 100% of the design 60,86fn flow rate with the HEPA filters at their
maximum pressure drop. Two of the three filtratfans can also be operated, with the HEPA
system bypassed, to provide underground ventilaggnirements, when needed.

There are two modes of operation:

* Normal mode. During normal operation, five different levelswantilation can be established
to provide five different airflow quantities.
a. Normal ventilation. Two main exhaust fans operating to provide am@pmate flow
of 425,000 scfm unfiltered.
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b. Alternate ventilation. One main exhaust fan operating to provide an apprate flow
of 260,000 scfm unfiltered.
c. Reduced ventilation. Two filtration fans operating as ventilation fansoyide an
approximate flow of 60,000 scfm each unfiltered.
d. Minimum ventilation. One filtration fan operating as a ventilation fanprovide an
approximate flow of 60,000 scfm unfiltered.
e. Maintenance ventilation. Simultaneous operation of one or two main ventlatans
« Filtration mode. This mode mitigates the consequences of an uralerg waste handling
accident by directing the underground effluent tigto HEPA filters located on the surface in
the Exhaust Fan Building. This mode also redulsesirflow in the underground. Filtration is
activated automatically on a high radiation signain one of the Continuous Air Monitors in
the exhaust of the active disposal panel or maybglthe Central Monitoring Room operator.
During shift to filtration, the main exhaust farre ghut down and their associated isolation
dampers close slowly, between 60 and 90 secondsinimize the effects of any pressure
pulse back through the system. In filtration mdtle,underground exhaust air passes through
two identical HEPA filter assemblies located in #€B. The filters remove airborne
radioactive particulates that may result from aabheof waste containers before the air is
discharged to the atmosphere.

2. Use of Vehicle Horns in the underground to alarm idividuals of approaching vehicles

The IAEA-GEOSAF Operational Working Group also net that vehicles approaching corners,
intersections, etc. use a horn to notify other afmes/personnel that they are coming to the
intersection. This is a safety feature that saffito alert unknowing individuals in the area that
vehicle is approaching. Using this methodologg aafety feature greatly reduces risk of collision
and/or injury in the underground environment. Hiecarts are used for transportation, and a
formal training program exists to ensure that irdlrals meet qualifications rand requirements to
operate the electric carts at WIPP. Also, whelkgurthe cart must be chocked by placing a metal
braking block on a wheel. This prevents an unmdmnahicle from movement to prevent a
collision or rolling onto a worker resulting in accident or injury.

3. Dry Chemical Fire Suppression in the underground athe location of the fuel depot

The group also discussed the fuel depot locatéiteiminderground with specific reference to the
dry chemical fire suppression system in that afgze fire suppression system uses a dry chemical
to suppress the fire until the fire brigade cambeseen to fight the fire. The overall philosomify
fire suppression at WIPP is a system to keep dimadl from becoming large until the fire brigade
can come on scene to extinguish the fire. Thecgmical system can be manually or
automatically operated and is tested per U.Spfliodection practices.
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APPENDIX II: General Hazards Matrix

Hazards & safety issues are identified throughotarisources relevant to a GD: industrial faciljties
underground facilities such as mines or tunnelsl anclear facilities. The OPS working group
worked extensively to identify those hazards.

For instance, the group consolidated the followmgtrix after gaining feedback from mine
operators (AngloGold Ashanti from RSA and CameoonfCanada) and a regulatory body (CSNC

from Canada):

Hazards Conventional High grade Control and Nuclear facilities Relevance to Deep
Mines (e.g. Uranium Mines | mitigation (waste Geological Repositories
Moab (e.g. Mc measure in Mines management)
Khotsong) Arthur River)

Radiation Not applicable Sources: radon, Ventilation, mining Waste packages Handling of used fuel
dust, gamma methods, shielding, Spent fuel containers towards
exposures freezing, - shieding and emplacement constitutes

ventilation radiation hazard
- procedures
Criticality Package design Package design

Facility design
Administrative
controls

Facility design
Administrative controls

Stability of

Yes. Ore bodies

Yes. Ore bodies

Ground control

Not relevant

Ground instability would

shafts and | are usually are usually measures: bolting, be less of a problem. DGR
galleries associated with associated with meshing, arches, are usually associated with
fractured rocks fractured rocks shotcreting competent and sparsely
with relatively with relatively Monitoring for rock fractured rocks. However,
high in-situ high in-situ deformation there is a need to control
stress stress damage zones induced by
excavation, and
subsequent heat loss.
For LT safety : optimize
use of foreign materials
for reinforcement->
balance operational safety
and LT safety
Internal Yes in general, Yes. High water | Pumping capacity; Breach on circuit Less of a hazard. Most of
Flooding since ores are inflows rates freezing; grouting. Fire extinction DGR are located in low
associated with associated with permeability rocks but non
fractured rocks. | fractured rock. controlled inflow can
However at cause flooding (granite
Moab Khotsong, site)
not an issue,
since the rock is
not saturated .
External Depending on site Need to be addressed in
flooding - siting, site selecting site or in
protections (fences, | designing the accesses to
dams) disposal (shafts or acces
ramp)
Fire Yes. Sources: Yes but not as Refuges; flammable gas, Fire hazard could be as
flammable gas, significant. ventilation; electrical and fuel relevant to DGR. Sources

blasting
operations,

electrical and
fuel sources,

Sources: burning
vehicles,
electric cables.

personal equipment,
sectioning with fire
resistant walls, fire
extinguishers, good
housekeeping, use
of low toxicity and
fire retardant
cables, more than
one shaft for
escape, emergency
drills, etc...

sources.
(risk handled
through : limitation
of burning load

+ fire detection
system+ fire fighting
systems + fire
compartments)

could be comparable to
UG mines.

Same protection and
mitigation measures as UG
mines could be applied.

Optimization between
Operational Safety and
post-closure safety wrt
number and location of
accesses to surface
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Explosion Blasting Blasting Blast resistant Gazes from waste If excavated in phases,
operations, operations, walls, strict (control of materials | proper procedures for
procedures for in WP) separation of disposal and
handling explosives, excavation activities
Natural flamable gases +
gazes generated by waste
Earthquake Mining at great Not as relevant, | Control the mining Siting, system and Excavation induced
depths in high since depths are | rates; try to structure design seismicity would be
in-situ stress less important, configure the relevant for granite
environment and rock is less tunnels so that compared to sedimentary
can trigger brittle. mining does not get rocks. Depth of a
movements of For Mc Arthur, too near a fault,... repository should be
faults, that the mine is chosen with due
generate located in a low | Depending on the considerations of isolation
earthquakes. seismic zone. epicentral distance, and containment functions
Also, if mine is usually underground versus magnitude of in-situ
located in structures are less stress .
seismic zones, vulnerable to In most countries,
earthquakes can seismic activity. repositories would be sited
also occur in low seismic zones.
naturally and Design repository to resist
affect mine earthquakes.
stability.
Hoisting Yes, potential Yes, potential Prevention: Prevention : : Yes, both conventional and
equipment hazard hazard Handling Handling radiological in case WP is
failure / procedures, single procedures, single handled. In this case:
elevator failure proof failure proof mitigation:
. hoisting machinery; hoisting machinery; ventilation/procedures/se
blocking maintenance/good maintenance/good ction closure, refuges...
housekeeping. housekeeping.
And mitigation :
ventilation
Ageing Yes, long Yes, long Maintenance, Maintenance, Yes, operation for possibly
operation, operation, inspection, inspection, more than century. Should
infrastructure infrastructure repair/replacement | repair/replacement | be addressed
degrades as degrades as
function of time | function of time
Decomission | Reduce impact Reduce impact Surface Yes, all related to post-
ing and | of mining of mining infrastructures closure safety. Mining
impact of | activity on activity on should be technique, ventilation,...
operational environment, so | environment, so | dismantled; mine has impact on post-closure
e e decommissionin | decommissionin | wastes should be safety.
aFt1V1t1§s g is relevant g is relevant managed with Backfill/buffer.
(including consideration of Dismantle operational
e.g. utility post-closure infrastructure and impact
infrastructur environmental of remains on post-closure
e) on post- impact; safety. Should be
closure underground addressed in Safety
safety openings should be assessment.

backfilled to reduce
likelihood of surface
subsidence,etc.

Breach of
security

Arson, sabotage,
theft of
valuable
materials and
equipments,...

Arson, sabotage,
theft of
valuable
materials and
equipments,...

controlled access;
security screening
of workers and
visitors

Arson, sabotage, theft of
valuable materials and
equipments, ... are all
relevant. In addition,
needs security and
safeguards measures wrt
radioactive materials.
Sabotage of LT term site
properties
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APPENDIX IIl: A generic example from WIPP (US)

GENERIC EXAMPLE OF THE WIPP PROCESS OF HAZARDS IDEN TIFICATION,
EVALUATION, AND CONTROL APPLICATION PERTAINING TO A FIRE IN THE
UNDERGROUND

Methodology

At the Waste Isolation Pilot Plant located nearl€kad, New Mexico — USA, fires in the
underground have been identified as one of mangridaz Standard Industrial Hazards are
identified also, however particular to the openatid a deep geologic repository, waste is emplaced
for disposal by diesel powered equipment that meguiombustible fuel. One event postulated is a
fuel pool fire as a result of several accident aces and is the topic of this writing.

Table 1, below identifies hazards commonly expetdedvaste operations for deep geologic
repositories and surface waste preparation faslitiThe fire event described in this writing has a
hazard source and material group identified infitis¢ 7 groups under fires in the Hazard Sources
and Potential Events in Table 1.

The listing in the table below represents majorandzsources and material groups toaild be
potential initiators for specific accident evensbie discussed in the safety report. Wherever these
hazards are present in a given waste operatiomalysiss must evaluate the applicability of the
corresponding accident event(s). It is importanidte that hazards identified in above table do no
always result in accidental release of radiologmaterials or hazardous chemicals. Depending on
the location and specific characteristics of theand, it may be considered a Standard Industrial
Hazard. Standard Industrial Hazards can be di¢tisea hazard that is:

. routinely encountered in general industry and construction, and for which national
consensus codes and/or standards exist to guide safe design and operation without the need
for special analysisto design safe design and/or operational parameters/

It is not the intention of the safety report toad® analysis of SIH type of hazards. Rather, tagsar
in the table above are evaluated to the extentthiggt act as initiators and contributors to acdslen
that result in a radiological or chemical releag&pplying appropriate levels of hazard screening
during the hazard identification process can bgfbkln distinguishing between SIH and those that
must be evaluated by the safety report.

Now that the source is identified, the hazard idfieation process progresses to a particular mode
of operation that involves a diesel powered vehstieh as a transport vehicle, forklift, etc. that i
involved in an accident that results in a spillagéuel from the fuel tank and that fuel pools unde
the vehicle or can spread to the material at risksfe). Once the event is identified and a
comprehensive identification of all known hazardonaterial and energy sources coupled with
diesel powered equipment operated in the undergraainompleted, the hazard evaluation process
and accident analysis can be performed. This eiffichtides the event categorization, identification
of event cause(s), assignment of event frequenay @mmitigated consequence level, and
identification of potential mitigative and prevargifeatures.
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Table 1

Hazard Sources and Potential Events

Hazard Source and
Material Groups

Potential Accidents

. Fires - In combination with combustible/flammable material Explosions
Electrical

Fires - In combination with combustible/flammable material Explosions
In combination with explosive material. Criticality Increased
concentration

Thermal

Fires - Pyrophoric fire; may serve as ignition source for larger fires and

Pyrophoric Material explosions when in combination with explosive material

Spontaneous Fires - May serve as ignition source for larger fires Explosions -
Combustion In combination with explosive material

Fires - In combination with combustible/flammable material Explosions

Open Flame (Events 5-8) - In combination with explosive material
Flammables Fires - In combination with ignition source
Combustibles Fires - In combination with ignition source

Kinetic Energy (Linear Loss of Confinement/Containment - Impacts, acceleration/deceleration,

and Rotational) missiles Criticality - Loss of configuration or spacing

Potential Energy Loss of Confinement/Containment - Impacts, missiles Criticality -
(Pressure) Loss of configuration or spacing

Potential Energy Loss of Confinement/Containment - Impacts (falling objects), dropping Criticality -
(Height/Mass) Loss of configuration or spacing

Internal Flooding Loss of Confinement/Containment - Ground/surface water runoff Criticality -
Sources Increased moderation

Physical Loss of Confinement/Containment - Puncture, dropping

Radiological Material All Events - Potentially releasable material

Hazardous Material All Events - Potentially releasable material

lonizing Radiation Direct Exposure - Direct exposure to worker

Direct Exposure - Direct exposure to worker Other -

Non-lonizing Radiation May interfere with equipment operation

Fissile Material Criticality
External Initiated Event

Non-facility Events

Vehicles in Motion External Initiated Event
(external to facility)

Natural Phenomena Natural Phenomenon Hazard (NPH) Events

However, before beginning the evaluation, thiial conditions for the facility in question are
postulated. Initial conditions are specific cordis that are a part of facility operations or
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parameters used in the analysis. Initial conditioay include assumptions, inventory information
and specific passive features (i.e., no mecharocahuman involvement) such as the facility
construction.

Once the initial conditions are known, a hazardlwatéon process begins by investigating the
unmitigated results and themmitigated (controls). The scope of the hazard evaluationhis t
scenario includes the following:
= Performed in amnmitigated manner to determine the risks (frequencies and/or
consequences) involved with the facility and itscesated operations without regard for any
safety controls or program&Jnmitigated refers to the determination of the frequency and
consequences without credit given for preventive or mitigative features other than the
specified initial conditions and assumptions regarding facility inventory.

During the hazard evaluation process the materiask reflects the available hazardous inventory
that can be acted upon during the postulated ewahno credit is taken for any controls; however,
the laws of physics are applied.

This particular hazard evaluation and accidentyamaidentified several additional events that were
similar to the primary pool fire event, and thug @dded to the evaluation and analysis. The
identified hazardous events are then binned ik éivents using the minimum set of events using
Table 2 below as a guide. The hazard evaluatioh thig¢ highest risk ranking from each event bin
iIs selected as thbounding event for the event bin and is assigned a unigplaahumeric
designator and as the HE event scenario. The etlesits were retained as representative events for
the event bin. When the event required furtheryamaland possible control selection, the bounding
hazardous event is evaluated first for further ea@bn and control selection.

Now we select our controls to mitigate the eveFtie controls are then evaluated for completeness
by evaluating their effectiveness to reduce theliliood or consequences of any representative
events in the bin that also had an unacceptaldearsk or a public high consequence level. If the
controls are determined to be inadequate to rethecask of the representative events, additional
controls are selected to reduce the risk ranke@etrents to an acceptable level.

The hazard analysis and hazard evaluation of ewasatsollected and organized into a single hazard
evaluation table that represents both the wastdlimgrnprocesses as well as other facility process
areas. For these events the following are included:

v' Event number is a unique identification number provided forckimg the event through
analysis and also for easily identifying the ewghen in reference to a specific accident
scenario under consideration.

Event descriptionincludes a brief description of a postulated HErgv

Initiating frequency level is a qualitative or semi-quantitative process ihablves
assigning a frequency level to each event in thadiie

v" Unmitigated consequence levealre evaluated at the following receptor locatianagsess
health effects associated with the postulated event

Preventive featuresare features expectedreduce the frequency of a hazardous event
Mitigative features are any features expectedrtnluce the consequences of a hazardous
event

AN

AN
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Minimum Waste Activity/Hazard Evaluation Event Matr ix

Table 2

H d Evaluation Event Character- Container|venting |Staginc |Retrieval Wasteg Container
azard kvaluation Even ization  Handing |&/or and and RepacK Loading/
Abating/ |Storage |Excavation aging Unloading
Purging
Fire Events
Fuel Pool Fire X X X X
Small Fire X X X X X
Enclosure Fire X
Large Fire X X X X
Explosion Events
Ignition of Fumes Results in i X X X X
Deflagration/Detonation (external to
containt
Waste Container Deflagration) X X X X X
Multiple Waste Containe
Deflagration X X X X X
Enclosure Deflagration X X X
Loss of Confinement/Containment
Vehicle/Equipment Impacts Waste/Wast
Container X X X X X X
Drop/Impact/Spill Due to Improperly
Handled Container, et X X X X
Collapse of Stacked Containers X X X
Waste Container Over-Pressurization X X X X X
Direct Exposure to Radiation Events X X X X X X X
Criticality Events X X X X X X
Externally Initiated Events
Aircraft Impact with Fire X X X X X X X
External Vehicle Accident X X X X X X X
External Vehicle Accident with Fire
(Combustible or Poc X X X X X X X
External Explosio X X X X X X X
External Fire X X X X X X X
NPH Initiated Events
Liahtning X X X X X X X
High Wind X X X X X X X
Tornado X X X X X X X
Snow/Ice/Volcanic Ash Build-up X X X X X X X
(Event 23)
Seismic Event (Impact Only) X X X X X X X
Seismic Event with Fire X X X X
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The result of this effort is a table such as Tabbelow which describes the event and associated
events. In this case, we identified three possbt@dent scenarios that involve a fire in the
underground.
1. Fuel Pool Fire (Event 1)
2. External vehicle accident with fire (combustiblefoel pool) (Event 17)
3. If vehicle impact is the initiator of this evengrdrols from vehicle/equipment impacts with
waste/waste containers (Event 9) must be added.

Minimum control functions are determined and liste@ihree minimum control functions are
identified: 1) limit the fire size, 2) separate thaterial at risk from the fuel, and 3) minimize
releases. The preferred control to limit the fimmgitem 1) is to ensure an automatic fire
suppression systems is in place OR limit the amotiftel permitted in the vehicle. The material at
risk can be separated from the fuel bu gradingsémping berms in the underground or providing
vehicle barriers (stop vehicles from close proxyntdt the material at risk). Item 3 minimizing
releases can be addressed by ensuring an opetatiofimement ventilation system.

However, alternative controls are also identifiad &commended. In this case, alternative fire
protection controls, which are approved by a qiglifire protection engineer, are implemented to
reduce the fire size such as limiting flammables e@mbustibles. Also, to separate the material at
risk from the fire, rerouting vehicles, creatingtand off distance, and establishing refuelling
locations away from the material at risk. Spaand fire breaks are used to minimize releases and
also limiting of the fuel and material at risk.

The final area that needs addressed is to proeigeence to relevant criteria and discussion such

as; regulatory requirements, standards, natiofi@lyseodes, and a discussion if necessary
concerning systems for clarification.

General Example of Methodology concerning a Fire Event in the Undeground

Minimum Control

Accident Functions Preferted Controls iy Relevant CriteriaDiscussion
Fuel Pool Fire Limit fire zize (P} Automatic Fire Supprezsion System (FSS) | Atemale fire protection contois | DOE 042018
(Event 1) approved by qualified fire

OR protection engineer (.., Note 1; FS5 iz not applicable to
External Vehick Accdent with flammabies and combusfbles outside pool fires. Facilities with
Fire (Combustible or Pooly Vehick Fuel limit lifrt ) potential far indaor paol fires
{Event 17) should consider both Preferad
Conlrods,

If vehicle impactis the intlator of
this event, controls from Note 2: These controls an
Vehicle/Equipment Impacts expectad tobe supplemantad by
Waste/Waste Containars the overall Fire Protection
(Event 8) must he added Pragram sufte of contrals to

prevent of mitigale accidents
{24, flammable and combustible
limits).

Separate the MAR | Grading and slaping; bems; vahicke Caontrol vehicle route; stand off
from fuel (P} bamiers distance;
establish refueling location;

Minimize releases | Non-combustible containers Spacing,
(M) fira breaks
AND
Confinemeant Ventlation Systam [CVS) MAR limil andior vehicle fus limd | CVS dafined in DNFSB 2004-2

(Indoar aciviies anly)
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APPENDIX IV: Presentation made by IRSN on fire

IRSH

INsTITUT
DE RADIOPROTECTION
€1 DE SORETE NUCLEAIRE

IAEA Technical meeting
GEOSAF

16 to 20 May 2011

Faire avancer la streté nucléalre

IRSN approach on fire
analysis of nuclear fa

Yannick ORMIERES

Bases of reflexion

I Take into account the whole of the effects of the fire |
Effects of the fire often restricted at the temperature of gases

= Smoke:
= Dysfunctions of equipments
= Toxicity, visibility...
= Thermal radiant flux
= Variations of pressure related to fire (~daPa)...

1 Evolution of the state of the art in the field of fire
analysis
= Performance-based approach
= Evolutions of French legislation
= National or international standards (AFNOR, ISO...)

IRSH

safety analysis for nuclear f:

Fire and Nuclear safety considerations

| Fire could damage structures, systems and components
(SSCs) important for safety

| Fire could spread out radiological materials

IRSH BE

Fire safety analysis for nuclear facilities

.

IRSN approach on nuclear fire safety analysis

| Position on the management of fire safety analysis in
nuclear installations by specifying:

= the fire risk analysis process

= the demonstrative elements expected in terms of nuclear safety

IRSHM

INsTITUT
DE RADIOPROTECTION
£7 DE SORETE NUCLEAIRE

Process for fire safety analysis

Faire avancer la sireté nucléaire

.

Fire safety analysis of a nuclear facility

I The fire analysis aims to achieve the highest possible
level of safety

1. Take into account safety goals specific to the studied facility (to
maintain functions important for safety, to protect SSCs...)

~

. ldentify fire hazards
= By a deterministic method
= Probabilistic method is used for external hazards that the operator
does not control: industrial environment of the nuclear facility,
external road or railroad hazards (e.g. LPG truck explosion on an
external road)...

3

4. Estimate consequences on facility safety in case of fire for degraded
situations

. Justify the adequacy of fire protection measures in case of fire

IRSH
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gpet.ion

IRSH

Fire safety analysis for nuclear facilities

Specificities of nuclear facilities

| SSCs important for nuclear safety
= Fire can damage nuclear risk (criticality, irradiation...) protection
measures
= Fire smoke is toxic and could affect staff with safety actions to achieve

| Radiological materials
= Dispersion hazards
= Fire could cause an airborn release of radiological materials
= Liquid extinguishing agents could be contaminated
= Criticality

for nuclear facil

Fire safety anal

Specificities of nuclear facilities

| Behaviour of structuresin case of fire

= Fire stability of structures housing or supporting safety targets must be
guaranteed for the duration required to implement and maintain the
facilty in a safety state

= This stability means for a fire occurring within or outside safety buildings,
considering the consequences of possible interactions due to a fire
developing in adjoining buildings.

Fire safety analysis for nuclear fa

pecifitt
wecmc :
suclearfaciities
in caseot fire SSCs important for
nuclear safety
Radiological materials

Confined fires

Fire and nuclear
ventilation
requirements

Behaviour of
structures in case of
fire

el
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safety analysis for nuclear f:

Specificities of nuclear facilities

| Confined fires

= The prevention of risks involving the uncontrolled dispersion of
radioactive materials in the atmosphere is based on containment systems
= These systems can amplify the effects of fire
= The production of unburned gas generated by under-ventilated fire,
due to containment, is a significant risk of smoke explosion and fire
spread by ignition of unburned gas (in particular by ventilation
system)

| Nuclear ventilation in case of fire

= The pressure and temperature, increase together with the smoke
produced by fire, can disorganize air circulation in the facility and
destroy the ventilation filters. Release to the environment could then
ensue.

IRSH JEN

Defensein depth
Combined events
Safety margins

Appropriate analysis
tools

a
apera®o?

IRSH BB

Fire safety analysis for nuclear facilities
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Principles to include in a safety demonstration

| Defense in depth (1/2)

= Defence in depth is implemented primarily through the combination of a
number of consecutive and independent levels of protection:
= prevention of abnormal situations
= preventing their degradation
= limitation of their consequences

= Fire defence in depth levels:
= Preventing fires from starting
= Detecting and extinguishing quickly those fires which do start, thus
limiting the damage;
= Preventing the spread of those fires which have not been
extinguished, thus minimizing their effects on essential plant
functions

Principles to include in a safety demonstration

| Defense in depth (2/2)

= It is a deterministic method, since a certain number of incidents and
accidents are postulated

= When properly implemented, defence in depth ensures that no single
technical, human or organizational failure could lead to harmful effects,
and that the combinations of failures that could give rise to significant
harmful effects are of very low probability [IAEA SF-1]

Principles to include in a safety demonstration

| Combined events
= Occurrence of events that affect an installation in the same time
interval. If there are no link between these events, they are know as
independent :
= Fire and other dependent events
» Earthquake and fire,
» Explosion and fire...

= Fire and other INdependent events is postulated
- in conjunction with each event with a high frequency rate that is
likely to affect fire protection measures:
» winter conditions (freeze, snow...)
» Lost of offsite power...
- after an event durably degrading the safety of the installation
without compensatory provisions

Fire safety analysis for nuclear

Define design
objectives
Develop performance
criteria

Develop fire scenarios

Ana’ytical

ac!
appr° performance criteri

Assess the robustness
of the safety
demonstration

—
P

&
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Fire safety analysis for nuclear

Other principles

| Appropriate fire model depend on:

= Studied fire scenario
= Available input parameters
= Expected outcomes

| Take into account margins and uncertainties on

= Input data or parameters
= Outcomes

Identify facility characteristics

| Basic characteristics
= Type of construction
= Number of floors
= Processes
= etc.

| Identify fire loads
= Electrical rooms
= Flammable liquids
= Transient fire loads
= etc.

| Fire protections measures

= Fire detection systems

= Fire compartments/walls
= Sprinklers

= etc.
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Fire safety analysis for nuclear facilities

Safety objectives
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Fire safety analysis for nuclear facilities
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Fire safety analysis for nuclear facilities

Develop fire scenarios

Assess the robustness
of the safety
demonstration

Define safety targets in case of fire

| Identify objectives
= Nuclear safety
= Radiation release
= Life safety
= Interruption

@ Define « targets » to be protected from the fire to
achieve these objectives:

= Radiological materials
= nature and physical status (gas, liquid, solid)
= quantity
= Structures, systems and components important for safety
= identification of equipment taking part of safety functions
= redundancy identification
= Personnel
= etc.

IRSH B

Fire safety analysis for nuclear facilities

Targets to protect against fire to achieve safety objectives

Dynamic containment system

X[‘ =
Static containment \ ‘ll @
joves box _\

_— mn

Indirect aggression
Bursting risk
Storage \

Geometrically ff;ﬁ'e‘:al
Electrical sub critical
cabinet storage
S ]
1 E G
K
Fire safety analysis for nuclear facilities l R s En 2 ‘

Performance criteria

| To adapt fire protection measures to the vulnerability of
the safety targets
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Performance criteria

= Definition of performance criteriais based on goals and given the
vulnerability of targets to the effects of fire. For example, performance
criteria might include values for thermal radiation exposure (kW/m?) or
air temperature.

= These criteria will be used to evaluate the designs proposed by the
operator.

= These criteria are associated with meeting the safety objectives, they are
determined with margins.

Failure threshold of target EE——— Uncertainties

Safety margin

Per riterion
%

Fire effect

IRSH

I Uncertainties

Performance criteria

= Performance criteria depend on the sensitivity of targets to fire
(temperature, smoke, toxicity...) + safety margins.

Temperature, soot —1 s
clogging limits, etc. . 1
Thermal flux limit for oo ° J@Q
load bearing structures _\ Thermal flux and pressure ‘\
limits for containment
O
A 4

o )
A4
Thermal flux < bursting
Thermal flux limit for flux
sub-critical geometry
Thermal flux, internal
pressure...
geometrically
Electrical sub critical
cabinet storage
g

ﬁ

Result of real tests

| HEPA filters

—

IRSH B

| Glove box componants

| Drums

Fire safety analysis for nuclear facil

IRSH JEN

Fire safety analysis for nuclear facilities

Identification of possible fire scenarios

| Ignition is postulated

= A fire is by definition an accidental event that occurs only in abnormal
operating conditions. It makes no sense to say that nothing can burn
because it refers only to normal operation.

= The feedback shows that the risk of a fire is important

| Consider operating conditions of the facility
= Normal operating conditions
= Reduced power operation
= Scheduled maintenance or shutdown
= etc.

| Take into account combined events with fire

Fire safety analysis for nuclear fa

Ana‘)’tica,

ﬂppr'r)i":

performance cri

Assess the robustness
of the safety
demonstr:

IRSH

Fire safety analysis for nuclear facilities

Fire Scenarios
() Hazard fire sources

P~ = s
e Fire protection measures & @@

@ =)
N i}
geometrically E:‘:‘_(nr:al

Electrical
cabinet

sub critical

for nuclear f;
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Define “reference fire scenarios”

| “Reference fire scenarios”, a subset of the possible fire
scenarios

= It is usally necessary to reduce the possible fire scenarios to a
manageable number of credible “reference fire scenarios”

= reference scenario n°1
l = reference scenario n°2

Worst

Worst

et

. 1
Fire scenarios \w -’
.'.Q’.../ Family

Worst | = reference scenarion’3

Worst = reference scenario n°4

scenario of the

Fire safety analysis for nuclear facili

IRSH

Reference fire scenarios
| these scenarios were selected because they are envelope
of all scenarios identified in terms of attacks on targets:

= Electrical cabinet fire in the “gloves box room” _qw‘\ @)q
= Electrical cabinet fire in the “storage room” ° J

P
A

|

sub critical
storage

Fire safety analysis for nuclear facilities

Determining if design meets performance criteria

= Electrical cabinet fire in the “gloves box room”
= Electrical cabinet fire in the “storage room”

Mla ¢
s o
o & o
s o
Seomricald
sub critical

stor:

Fire safety analysis for nuclear facili

Reference fire scenarios

I these scenarios were selected because they are envelope
of all scenarios identified in terms of attacks on targets:

& &=

= Electrical cabinet fire in the “gloves box room”
= Electrical cabinet fire in the “storage room”

& &
8 ricald

ceomeiricaliy
sub critical
storage

2

Fire safety analysis for nuclear facilities

Ana’ytiw'
appr0ac

Assess the robustness
of the safety
demonstration

IRSH

Fire safety analysis for nuclear facilities

Determining if design meets performance criteria

Failure threshold of target

Safety margin

T 4
Effectoffire : Uncertinties t

]
!

Performance criterion is

Performance criterion is
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Determining if design meets performance criteria

| Storage room

» Performance criteria
= Sub critical storage
- 400 °C : safe geometry
= Roomstructure
- (T°,t) : structure resistance

I Glove box room

- Performance criteria
« Target 1: gloves box (nuclear
containment)

- 100 °C, 2kW/m?

» Target 2: dynamic containment system
- 180 °C, AP(filter)=1800 Pa

+ Target 3: room structure
- fire thermal flux < walls thermal

flux resistance

= Fire scenario effects=50 °C:

- Fire scenario effects
- performance criteria are met - 70"

C;0,5kW/m? -> GB performance
criteriaare met

« 150 °C (fire code) ; 1000 Pa (test) -> DC
performance criteria are met

» Structure performance criteria are met

All performance criteria are met

For studied reference fire scenarios, it is demonstrate that fire
protection measures protect targets.

IRS

Assess the robustness of the safety demonstration

| The failure of fire protection measures can lead to fire
scenarios more severe than design fire scenarios.
= So, performance criteria could not be respected.

“When properly implemented, defence in depth ensures that no single [...]
failure could lead to harmful effects, and that the combinations of
failures that could give rise to significant harmful effects are of very low
probability” [IAEA SF-1]

| This stage consists in checking the robustness of the safety
demonstration by making sure that the consequences for
safety remain acceptable in spite of:

= failure of a fire protection measure
= Deterministic approach
= Probabilistic approach
= “Maximum possible fires” = both automatic systems fail and the fire

brigade does not respond.
IRSH

Assess the robustness of the safety demonstration

= Study the consequences of a fire with each passive or active fire
protection system individually rendered ineffective
&=

e

geometrically
sub critical

——

Fire safety analysis for nuclear facilit

—

Ana’ytica'

Assess the robustness of the safety demonstration

= Deterministic approach
= Study the consequences of a fire with each passive or active fire
protection system individually rendered ineffective

- Check that none of these failures lead to a fire whose effects
would generate a questioning of performance criteria.

- If necessary (if performance criteria are not meet), it is advisable
to assess the consequences for the safety of this resulting fire
and to check that they don’t lead to unacceptable consequences.

= Probabilistic approach
= probabilistic assessment of fire protection failures
- Assess the total frequency of fire protection failure
- Assess the contribution of each fire protection measure on the
total frequency
- Radiological consequences

Assess the robustness of the safety demonstration

| Storage room

+ Performance criteria
+ Sub critical storage

I GB room

« Performance criteria

» Dynamic containment system

- 400 °C: safe geometry - 180 °C, AP(filtre)=1800Pa
» Roomstructure « Gloves box (containment)

- (T*, 1) : structure resistance - 100 °C, 1 kW/m?
* Room walls

- (T°, 1) : walls integrity

« Fire scenarioeffects=200 °C (sprinkler « Fire effectsin case of one fire protection
failure) : failure
= 180 °C (fire tools), 1000 Pa (test) :
« dynamic containment » criteria are
Performance criteria are met et

- a : " = 300 °C: « GB » criteriaare not meet
despite fire protection failure e b el

If the consequences are not
acceptable, design modifications
have to be taken

Fire safety analysts for nuclear facities IRSHN
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Assess the robustness of the safety demonstration...

| Maximum possible fires

= If the consequences are not acceptable,
design modifications have to be taken

rﬂ'@é

TN ) A
Y e

\ geometrically

\ | “sub critical
storage

o

Fire safety analysis for nuclear facilities

Design and
implementation
Maintaining the level of
performance

oper ation Documentation
— IRS

45

Operations and maintenance

1 Ensure that the performance of the fires protectionsin place
are sustainable (availability, integrity...).

= Testing plan includes testind criteria and procedures
= equipment maintenance (preventive and corrective maintenance)
= maintaining the skills of people (training, exercises...)
+ The frequency and nature of controls, periodic tests and exercises are based on
the particular importance of the relevant fire protection measures in the
demonstration of safety, resistance to stress and vulnerability to aging.

| Countervailing measures in case of unavailability of the fire
protection measures (failure, maintenance ...)

1 Managing facility changes

Process for fire safety analysis

| There is a progression in our analysis process

= Basic fire scenarios
= References fire scenarios

= Degraded fire scenarios
= Failure of fire protections measures
= Maximum possible fire scenarios

| Defense in depth approach

= Several levels of protection => several levels of analysis

for nuclear f:

.

Fire protections design and implementation

| Check that fire protection measures are designed to meet

= the requirements determine in the safety demonstration
= the fire protection design brief (given the combination of events to take
into account)

| The design should take into account the effects of aging,
the life cycle of the facility and the environmental
conditions

| Putting-into-service tests must be realized

| Feasibility and operational effectiveness of organizational
measures have to be validate

Fire safety analysis for nuclear facilities

Documentation

1 The fire risk analysis requires a single dossier that contains the following
elements in particular to be created:
a description of the installation,
ihe safely principles retained,
rements to be
the it SY targets and thelrfunctmnal reqmrements
e per criteria’ o the ire measures,
* the fire hazards during 's vari
the organizational measures (management of combustible (oacs, etc.)

LR e Biation procm e et 3 e,

+ the justification of the |nstallat|ons organization on which the safety demonstration s based in
terrs of operability and e

e e oS retaed and their selection proc

- the presentatmn of the rsference scenario simulation results together with input data groups and
associated uncertainties (data, results) and their comparison with the performance criteria*

ired,

+ verification of the robustness of the safety i firesand
flshovers and calculating their conse for safety, d the environment,
justification of the suitability of th o oo oA TEone aF e it e secerios

considered,
. per|od|c maintenance and test measures that concern the fire protection measures,
- presentation diagrams of the installation showing at each level the targets, fire. hazards and fire
protection measres (fire detectionand extinction systems, access routes, hydrants,
compartmentation elements, etc. ).

1 A summary of this document must be included by the operator in the
installation's safety report

+ With regard to the fire scenarios studied, the summary must recall the hypotheses and boundary
conditions used so that it can be understood by a third party

for nuclear faciliti

IRSHN
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CONCLUSION

Faire avancer la streté nucléaire

Fire safety analysis for nuclear facilities

IRSH

£7 OF SORETE NUCLEARE

Faire avancer (a sireté nucléaire

Fire safety analysis for nuclear facilities IRSH 50

T —
CONCLUSION

| Fire protections measures should be implemented
according to a defense in depth approach

| Principles to include in a safety demonstration:

= Defense in depth approach

= Consider all the states of operation of the facility
= Safety margins

= Consider combined events

= Use appropriate models

= Etc.

The prediction of fire phenomenon is complex
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