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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

Confinement and ventilation systems implemented in fusion facilities using radioactive materials and
fusion fuel handling facilities ensure a safety function aiming at protecting the workers, the public and the
environment from the dissemination of radioactive contamination, including but not limited to tritium,
likely to be released from the operation of these installations.

This document applies specifically to confinement and ventilation systems for tritium fusion facilities
and fusion fuel handling facilities and their specific buildings (such as fuel handling facilities, hot cells,
examination laboratories, emergency management centres, radioactive waste treatment and storage
station).

In such fugomimstattations; tritiunr s particuatarty focused; as their trittunmr imventory may behigh and as it
is likely tohave a broader impact on workers, the environment or the members of the public/thap the other
radionuclides.

In most coyintries, a tritium quantity is declared as high for tritium inventories in a fagility site higher than
arange of 10 g to 100 g. In the tritium fusion facilities in the scope of this document; the tritium ihventory is
deemed to|be much higher than this range for the whole facility site.

© IS0 2024 - All rights reserved
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Fusion installations — Criteria for the design and operation
of confinement and ventilation systems of tritium fusion

faciliti

es and fusion fuel handling facilities

1 Scope

This docun
and ventila
fusion app|
buildings 5
treatment

In most co
to 100 g. I1f
higher thai

This docuy
of nuclear
environme

installatioms, and in particular from airborne tritium contamination with adequate confinement

The types
by ISO 178
for nuclear
ISO 17873,
driver of t}

from fusion facilities create specificities for a;specific standard (e.g. in fusion facilities, tritium is tl

routine an
involved in
tritium re

fission plants, tritium defence facilities).

2 Norm

The follow
requireme
the latest ¢

ISO 10648

tion systems for fusion facilities for tritium fuels and tritium fuel handling facilities
lications for peaceful purposes using high tritium inventories, as well as for their
uch as hot cells, examination laboratories, emergency management centres,oradioac
hnd storage facilities.

intries, a tritium quantity is declared as high for tritium inventories-higher than a ra
the tritium fusion facilities in the scope of this document, the tritium inventory is de
1 this range for the whole site.

nent applies especially to confinement and ventilation syst€ms that ensure the safe
facilities involved in nuclear fusion with the goal to ppotect the workers, the pub
nt from the dissemination of radioactive contamination originating from the operati

pf confinement systems for other facilities are covered by ISO 26802 for fission nucled
73 for facilities other than fission nuclear reactors and by ISO 16647 for nuclear w
installations under decommissioning. Theacilities covered by these three standar
include tritium as a radioactive material among the ones to be confined, but tritium
le risks for workers and for members of-the public. Nevertheless, the tritium quantitie

 accident consequences). Therefore, the scope of this document does not cover the oth
tritium releases (ISO 17873,IS0O 16647 and ISO 26802), even though these other facil
eases (e.g. non-reactor fission facilities, tritium laboratories, tritium removal faci

ative references

ng documents-are referred to in the text in such a way that some or all of their content
nts of thissdocument. For dated references, only the edition cited applies. For undated
dition.of.the referenced document (including any amendments) applies.

-2,” Containment enclosures — Part 2: Classification according to leak tightness and
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3 Term

s and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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design basis accident

DBA

accident conditions against which a facility is designed according to established design criteria, and for
which the release of radioactive material is kept within authorized limits

[SOURCE: I
3.1.2

design extensiomcomditions

DEC

postulated
process fot
material is

[SOURCE: I

Note 1 to e
facilities, fo
that were in
as well the
the facility

Note 2 to entry: For new fusion facilities using radioactive materials;this expression cover accidents sc

were also ¢
process of t
DEC covere
of vacuum a

3.1.3
beyond-de
BDBA
postulated

[SOURCE: |

Note 1 to entry: This expression was.first used for fission reactors after the first core melt accident sit

occurred in
for which s
well as the d
(DEC)” (3.
and that sh{

Note 2 to ef
and involviy
this definiti

AEA Nuclear Safety and Security Glossary (2022 interim edition)]

accident conditions not considered for design basis accidents, but consideréd)in
the facility in accordance with best estimate methodology, and for which release of
kept within acceptable limits

[AEA Nuclear Safety and Security Glossary (2022 interim edition)]

htry: This new IAEA expression has been introduced for upgrading existing facilities or de
lowing the occurrence of core melt accident situations in fission facilities: DEC cover the forme

nes that were supposed to create core melt and that are now supposed not to impact the corl
and thus that would become a design condition for the confin€ment of the nuclear facility).

bnsidered as beyond design basis accidents for former@designs, but that shall be considered i
he facility in order to limit radioactive releases within‘acceptable limits. For fusion facilities,
1 by this expression are the multiple failures scenarios (e.g. combination of loss of coolant eve]
ccidents), explosion scenarios, generalised fire s€enarios.

sign basis accident

accident with accident conditions’more severe than those of a design basis accident (3|

[AEA Nuclear Safety and Security Glossary (2022 interim edition)]

the 20th century, in qrder to identify the situations that were not considered in the design of th
ecificrequirementsshiould be considered to reduce the likelihood of fission reactors core melt
onsequences ofsuch situations, that are now covered by the IAEA expression “design extensio
). In the mostreCent years, for new facilities, BDBA cover only the accidents that are even bey
1l be practically eliminated.

try: LAEA defines also severe accidents as “accident conditions more severe than a design b4
g significant core degradation”. In a fusion facility, there is no possibility of core degradation aj
piis not used.

the design
radioactive

bigning new
I situations,

the pastincluded in the Beyond Design Basis Accidents category, related to multiple failures in the facility

tainment of

bnarios that
) the design
examples of
nts and loss

1.1)

hations that
b facility but
ituations as
h conditions
nd the DEC,

sis accident
hd therefore

3.2
aerosol

solid particles and liquid droplets of all dimensions in suspension in a gaseous fluid

3.3

air exchange rate
ratio between the ventilation air flow rate of a containment enclosure or a compartment, during normal
operating conditions, and the volume of this containment enclosure or compartment

Note 1 to entry: The SI unit is s1 but the general usage is in d'! for leaktight volumes or in h-1 for general ventilation.

© IS0 2024 - All rights reserved
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air conditioning
arrangements that allow sustaining a controlled atmosphere (temperature, humidity, pressure, dust levels,
gas content, etc.) in a defined volume, in order to ensure comfort of the personnel and/or the conditions for

adequate o

3.5
balancing
control va

peration of safety systems used in fusion facility

damper
lve

adjustable device inserted in an aerodynamic duct allowing balancing of the fluid flow and/or the pressure

of the fluid
3.6

during plant operation

barrier
physical o
phenomen

[SOURCE: |

Note 1 to en
that defineq
releases of 1

3.7
cell
shielded e

Note 1 to en

3.8
containmg
confinemg
arrangeme

the movenient between them of process materials and substances resulting from physical an

reactions f
handled pr

Note 1 to en
radioactive
also the usd

of preventing or controlling the releases of radioactive material to the environment in operation or i

Containmer]
radioactive
gloveboxes,

3.9
containmg
CcC

compartm

bstruction that prevents or inhibits the movement of people, radionuclides or’s§
bn (e.g. fire), or provides shielding against radiation

[AEA Nuclear Safety and Security Glossary (2022 interim edition)]
try: In the context of this document regarding the confinement function, it concéerns a struct

the physical limits of a volume with a particular radiological environment and that preve
adioactive substances from this volume.

closure, shielding structure, of fairly large dimensions, p@ssibly leak-tight
try: See containment enclosure (3.10).
ent

nt
nt allowing users to maintain separate-environments inside and outside an enclosur

hat are potentially harmful to wofkers, to the public, to the external environment
oducts

Lry: the word containment is used for the leak-tight performances of a static physical barrier (3.
materials, whereas confinement is used for the global function of confining hazardous materig
of active systems ensuing.a dynamic confinement (3.17). Therefore, confinement is used for

t is used for the physical structures designed to prevent or control the release and the d
substances. In the<€ontext of facilities handling radioactive materials it covers structural el

PNt compartment

entof which the walls are able to contain radioactive substances that would be gener4

e
storage cabinets,rooms, vaults, etc.), which are used to establish the physical integrity of an ;;Eea.

ome other

ral element
ts or limits

e, blocking
d chemical
or for the

b) confining
Is including
he function
h accidents.
spersion of

ents (cans,

ted by any

plausible fi

re that breaks out 1n one of the frire compartments included

Note 1 to entry: It is often more practicable to limit the spread of a fire by using fire-resistant walls, and to prevent the
spread of contamination in the adjacent volumes.

3.10

containment enclosure
enclosure designed to prevent either the leakage of products contained in the pertinent internal environment
into the external environment, or the penetration of substances from the external environment into the
internal environment, or both simultaneously

Note 1 to entry: See cell (3.7).

© IS0 2024 - All rights reserved
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Note 2 to entry: This is a generic term used to designate all kinds of enclosures, including glove boxes, leak-tight
enclosures and shielded cells equipped with remotely operated devices.

3.11

containment envelope
volume allowing the enclosure, and thus the isolation from the environment, of those structures, systems
and components whose failure can lead to an unacceptable release of radionuclides

3.12

containment system
confinement system
system constituted of a coherent set of physical barriers (3.6) and/or dynamic systems intended to confine
radioactive substances in order to ensure the safety of the workers and the public and the protection of the

environme

Note 1 to e
associated S
gases. This
during oper]
the absence]
than in othg
term confin

3.13
contaming
presence d
undesirabl

3.14

cubicle
generic ter
control) or

EXAMPLE

3.15

decontam
ratio of the
concentrat]

Note 1 to en

3.16

discharge
duct (usua
after contr

3.17
dynamic @

tand to avold releases oI radloactive materials 1n the environment

htry: According to IAEA definitions, a containment system concerns the containment §truct]
ystems with the functions of isolation, energy management, and control of radionuclides and
containment system also protects the facility against external events and providés radiati
tional states and accident conditions. These two last functions are not describeddn this docu
of link with the ventilation systems. In a fusion facility, the dynamic confinement/(3.17) is mor
r facilities because of the tritium dispersion and permeation properties. Therefore, in fusion fj
ement system is more generally used.

tion
f radioactive substances on or in a material or a humaw body or any place wher
e or can be harmful

m used to describe enclosures containing eleétrical equipment (power or instrumer
cables

Cabinets, junction boxes, switchboards.

ination factor
contaminant concentration Ox particle number upstream of a filtration system to the cd
ion or particle number dowrstream of the filtration system

try: definition derivedfrom ISO 29464:2017.

stack

bl and monitoring of contaminants

ure and the
rombustible
n shielding
ment, due to
e important
hcilities, the

e they are

tation and

ntaminant

ly vertical) ‘atthe termination of a system, from which the air is discharged to the atmosphere

onfinement
Lbacl-_ £l

action allo

At Iy sn ot b ot s o et o] o Fl oy ol ok 41 Jait ot oo wrh
Vllls, U)’ lllalllLallllllS [=} Pl CICICIILIAl AIT TIUVV CITCUIdUIVUII, t1IIC IIIIItativiIl Ul UAdCiZVTIUVYV UC

tween two

areas or between the inside and outside of an enclosure, in order to prevent radioactive substances being

released fr

3.18
event

om a given physical volume

any occurrence unintended by the operator, including operator error, equipment failure or other mishap,
and deliberate action on the part of others, the consequences or potential consequences of which are not
negligible from the point of view of protection and safety

[SOURCE: I

AEA Nuclear Safety and Security Glossary (2022 interim edition)]

Note 1 to entry: In the context of this standard regarding the confinement function, the events are those challenging
the confinement function, whether the event is internal or external to the plant.

© IS0 2024 - All rights reserved
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Note 2 to entry: EXAMPLES of internal events for fusion type facilities are plasma events, human errors, loss of coolant
(LOCA), loss of vacuum (LOVA), loss of cryogenic inventories, electromagnetic loads, failures in steam piping systems,
leakage or failure of a system carrying radioactive fluid; fuel handling accident, loss of electrical power, drop loads,
internal missile, explosion, fire, and internal flooding.

Note 3 to entry: Examples of external events are aircraft crash, external explosion, earthquake, flood or drought,
winds and tornados, extreme temperature (high and low), human induced accidents, neighbouring facilities accidents,

external fires.

3.19
filter
device inte

nded to trap particles suspended in gases or to trap gases themselves

Note 1 to entry: A particle filter consists of a filtering medium, generally made of a porous or fibrous material (glass

fibre or pap|
manner in {
where the p|

3.20

fire area
fire zone
volume co
constructe
the extinct]

Note 1 to en
the adjacent

Note 2 to ejf
easily credi

3.21

fire compartment

fire sector
FC
reference ¥
according {

3.22

fire damp
device thaf
fire throug

3.23

fire load
sum of the
materials i

[SOURCE: ]

er) fixed within a frame or casing. During the manufacturing process, the filter is mountedyin|
his frame, using a lute. Gas or vapour filters are generally found in physical or chemjdal p
rimary aim is to trap certain gases. They cover in particular iodine traps (activated chareoal).

mprising one or more rooms or spaces, surrounded by boundariés/(geographical §

ion of the fire

try: It is often more practicable to limit the spread of a fire, and\to prevent the spread of contd
volumes by using fire-resistant walls (fire barriers) via fire compartment (3.21)

try: in many countries, the use of fire compartment is preferred to fire area since fire barrie
fed in safety demonstration.

olume delimited by construction eléments (fire barrier) for which fire resistance has b
o the plausibility that a fire could break out within this volume or penetrate into it

br
is designed to prevent, generally by automatic action under specified conditions, the
h a duct or through'the walls of a room

calorific-energies calculated to be released by the complete combustion of all the ¢
h a space,including the facing of the walls, partitions, floors and ceiling

[AEA\Nuclear Safety and Security Glossary (2022 interim edition)]

a leak-tight
focess units

eparation)

d to prevent the spreading of fire to or from the remainder buildingfor a period of tinje allowing

mination in

I'S are more

een chosen

ingress of

bmbustible

3.24

fuel cycle system

system or group of systems that undertake the collection of un-used fusion fuels, their processing, and the
re-use of fusion fuels, in order to allow the recycling of these fusion fuels such as hydrogen isotopes and in
particular tritium

Note 1 to entry: Hydrogen isotopes and in particular tritium are the most used fusion fuels of interest in this document.

3.25
gas scrubbing

action that consists of decreasing the content of undesirable constituents in a fluid
EXAMPLE Aerosol filtration, iodine trapping, tritium trapping or decay storage of gases.

© IS0 2024 - All rights reserved
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3.26

iodine trap

scrubbing device, usually based on activated charcoal, intended to remove volatile radioactive components
of radioactive iodine from the air or the ventilation gases

3.27

liquid tritium treatment system

system associated to the purification of a product that decreases the liquid effluent inventory downstream
this system

Note 1 to entry: for specific tritium liquid treatment systems used for fuel cycle systems, this would lead to split the
downstream parts in two streams, one more concentrated for a further re-use, and another one with a reduction of

the concentration (generally for a further discharge).

3.28
load
physical st
can be ass

3.29
negative p
depressio
difference

in a referemce volume or the external ambient pressure

3.30
negative p
successive
from low c

3.31
off-gas tre
system oft
prior to its

Note 1 to en

3.32

pressure drop

htic or dynamic phenomena that impact the confinement systems (3.12) during-plant li
ciated with postulated internal or external events, or postulated accidents

ressure
h
n pressure between the pressure of a given volume, which is maintained lower than tH

ressure cascade
differences in pressure between the pressure of givén volumes, such as to maintain
bntaminated volumes to high contaminated volumés

atment system
bn associated with the primary circuit, that permits a decrease in the gaseous effluen
discharge in the atmosphere

try: This system might or might not be associated with the room's ventilation systems.

fe or which

e pressure

an airflow

[ inventory

pressure lgss in an air stream due te'its passing through a section of ductwork or a filter or fittings

3.33

process ventilation system

ventilation| system that.deals specifically with the active gases and aerosols arising withjin process
equipment|(such as reaction vessels, piping networks, evaporators and furnaces)

Note 1 to enfry: The'ventilation of the containment enclosures in which such equipment is generally located (¢.g. hot cells,
glove boxes,|funte cupboards or high-radioactivity plant rooms) are not considered part of the process ventilation system.
3.34

recombiner

catalytic reactor
component containing catalyst to oxidize hydrogen isotopes in gas from to water form (HQ + %2 0, -> HQO)

Note 1 to entry: Q stand for hydrogen isotopes (either H, D or T).

Note 2 to entry: The term “recombiner” is often used to name a catalytic reactor, which is a more accurate name.

3.35

safety classification
classification of structures, systems and components, including software instrumentation and control,
according to their function and significance with regard to safety

© IS0 2024 - All rights reserved
6


https://standardsiso.com/api/?name=a6467476f85727b6c38619dc7b6a6976

3.36

ISO 16646:2024(en)

safety flowrate
flow rate that guarantees air flow through any occasional or accidental opening, sufficient to either limit the
back-flow of contamination (3.13) (radioactive or other) from the working volume, or to avoid the pollution
of clean products within the working volume

3.37

tritium trap
system intended to collect tritium under specific chemical or physical forms from the air or the ventilation gases

EXAMPLE
columns.

3.38

adsorption on zeolite, condensation on cryogenic panel, isotopic exchange on trickle

or bubbler

vacuum v¢
vessel und

Note 1 to en
other voluni
with a presd
inside the v

3.39
ventilatio]

organizati¢n of air flow patterns within an installation

Note 1 to en

ventila

ventila
radiolo
particu

Note 2 to e

pssel
br vacuum where the plasma is magnetically confined

try: the vacuum vessel is not a pressurised equipment for its main function and is;cénnected
es, all also under vacuum. All forms the first containment barrier. The vacuum vess¢lis genera

ure limiting system consisting of a line and a discharge tank in case pressurisedwater is accid
hcuum vessel.

ul

try: Two systems are commonly used:

[ion in series: ventilation of successive premises by transfer of air from one to the next;
bical hazard; the term is also used to indicate that the totality of supply and extraction cirg
lar volume is directly connected to the generalnetwork (in contrast to ventilation in series).

htry: the word “ventilation” is used for both primary and secondary confinement systems,

and open to

ly equipped
entally sent

fion in parallel: ventilation by distinct networks or ‘premises or group of premises presentipg the same

uits of each

e.g. process

ventilation systems in primary confinement systems, or detritiation systems that can exist in both grimary and
secondary dystems, as well as for room ventilatien buildings (generally called HVAC stating for Heating ventilation
Air-conditigning systems).

3.40

ventilation duct

envelope generally of rectangularor circular section, allowing air or gas flow to pass through

3.41

ventilation system

totality of network ceniponents such as ducts, fans, filter units and other equipment, that ensyres proper
ventilation|and gas<leaning functions

4 Generalconfinement specificities of tritium fusion facilities or fusion fuel

handling Tacilities

4.1 General

In fusion facilities using radioactive materials, the confinement of radioactive material, and in particular
tritium, is one fundamental safety function, together with radiation protection function.

In many facilities handling radioactive materials, the confinement function generally relies on the fact that
the safe shutdown of the facility is performed, using static containment systems. Nevertheless, for fusion
facilities, dynamic systems are sometimes used due to the volatile property of tritium under its gaseous
form, otherwise tritium would permeate into confinement barriers and would be partially released.

© IS0 2024 - All rights reserved
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Confinement systems for fusion facilities comprise then both static containment requirements, and where
needed dynamic confinement requirements.

To ensure the safety of a fusion facility, these safety functions shall be achieved during operational states,
during and following both design basis accidents and design extension conditions.

The function of the confinement of radioactive materials also includes the control of normal operational

discharges,

as well as the limitation of incidental or accidental releases.

The specificities of the fusion facilities compared to fission reactors are multiple:

In fission-type nuclear facilities, there may be a very wide range of radioactive materials: fission

products such as noble gases such as 85Kr, 1od1ne (31, 1291 etc.), aerosols (134Cs 137Cs 106Ry, etc.),

during
peoplsd
used. (
of aer(
standd
the mg

For fuf
fission|
of triti

, carbon 14. But most ofthe partlcles that have an impact on the workers or memberso
accidents are alpha, beta or gamma emitters aerosols in particular iodine. In Oxder
from these products, High Efficiency Particulate Air (HEPA) filters and iodine traps ar
Lenerally, for those facilities, tritium impact during accidents is negligible conipared to
sols or iodine products. For those facilities, ISO 17873, ISO 26802 and-ISO 16647 aj
rds are very oriented towards facilities with aerosol or iodine contamination, which
in risk for nuclear facilities other than fusion facilities.

ion facilities with tritium, some of the design solutions and requirements that are stand
-type facilities cannot be applied for fusion facilities without optimization since the c
um to the impact on the workers or members of the publi¢is‘one key driver, even con

extremely low radiotoxicity. In addition, fusion facilities have much lower long term waste iss

as no

risk of long term chain reaction with runaway energies-leading to request core coolin

for lonlg periods of time, as well as active components to,maintain these functions. Other s

consis

f in using cryogenic systems and superconducting imagnets.

59Fe, etc.),
f the public
to protect
e generally
the impact
bply. These
represents

ardized for
ntribution
bidering its
lies, as well
b functions
pecificities

Considerinjg these specificities, this document describes in particular all the design and operation issues

associated
requir

requir

with the confinement systems and the ventilation systems:
bments for the static containment bayriérs;

ements for the dynamic confinenient systems e.g. negative pressure range, air ch

filtration of radioactive materials;

design|
design|

However,
tritium iss

the filt
active
detriti

against external hazards\(earthquake, loss of electrical power, etc.);
against internal hazards (fire, flooding, other pressurization sources, etc.).

fome potential ‘adaptations have been already identified in this document with
les:

ers needed'to remove aerosols are passive; the ones needed to cope with tritium usu
systems:*the variety of support systems depends strongly on the technology conside
tion (coolers, heaters, demineralised water, power, etc.);

hnge rates,

regards to

hlly rely on
red for the

: + i + - e + + + 1 : P + 1 £
Whlle SUALUIC CONUAHIIICIIU IS 4 Wdy LU PIOteCt WOI'KETS dgdlISU ITILCT IIdT ©XPOUSUTT 101 A€T050

additional dynamic confinement in order to cope with tritium permeation;

air change rates in rooms or processes should be adapted to the volatility of tritium;

s, we need

the in-room volumes taken by HEPA filters is much smaller than the volume needed for detritiation

systems; while it is relatively easy to add an additional HEPA filter to improve radioactive aerosols safety,
it might not be possible to implement an additional detritiation system:

— For instance, in areas very contaminated with aerosols, there are sometimes up to 3 HEPA filters in
series in order to improve the overall efficiency and reliability. This could not be always possible for

de

tritiation systems.
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— Another example relates to the fact of having rooms inlet filters in order to avoid a backflow of
contaminated air in case of overpressurization of the room. This could not be completely applicable
to tritium facilities.

— Another example is the implementation of HEPA filters between two rooms with a different
contamination zoning in nuclear facilities; this could be impossible for tritium facilities.

4.2 Inventories to identify for fusion facilities confinement

Ventilation systems are used to strongly reduce radionuclide releases under normal circumstances, incident
situations and to mitigate the consequences of accidents. For new nuclear fusion plants, design stages
shall also include the identification and the evaluation of the source term for accident situations, including
accidents cansidered as design extension conditions In order to quantify the performances of such systems,
an evaluatjon of the nuclides inventory and source term that shall be dealt with by ventilatidn|systems is
necessary.

For fusion facilities, tritium is not the only radionuclide to deal with, as structures are eXpesed anfd activated
to neutrong up to 14,1 MeV.

Examples ¢f the main nuclides to cope with are:
— fusion|fuel tritium isotopes:
— gakeous tritium-containing hydrogen isotopologues (HT, DT, Tg);

— oxlidised isotopes under vapor/liquid form (HTO);

— tritiated organic species (C,H,T));

— tritiated nitrogenic species (NXHyTZ);

— tritium adsorbed on non-radioactive aerosols.8¥ bulk materials;
— activated structural materials (bulk materials;aerosols, dust):

— from tungsten alloys (187W, 185\, 181y47/188Re, 182Ty);

— fr¢m copper alloys (¢4Cu, 2Cu, €°Co);

— from steel (5®Mn, 5>Fe, 58Go,-89Co);

— fr¢m beryllium (19Be)-and from uranium impurity traces in beryllium (leading to traceq of Cs, Sr, 1,
Ry, Ar, Xe, etc. nuclides);

— from other liquid'metals such as lead (Pb or Po isotopes), or lithium and their impurity;

— from the above structural materials on which tritium can be adsorbed or incorporated| leading to
tritiated materials;

— activatedmaterials in coolant or purge gas: 16N, 17N, 14C;

— activated gases: mainly 41 Ar, noble gases nuclides injected to stabilise the plasma.
At last, tritium may be concomitant with almost all of these other radioactive materials (e.g. 1#CTH;).

All these nuclides can be found under gas form, vapour form, liquid form, aerosols or activated structural
solid forms, leading to a complexity of the confinement systems aiming at coping with them.

In addition, some toxic or carcinogenic products (deuterium, hydrogen, beryllium, hydrazine, mercury,
boron, lithium...) may be used depending on the technology chosen for the materials facing the plasma, or
the ones chosen for chemical processes of fluids.

© IS0 2024 - All rights reserved
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4.3 Specific systems or loads used in fusion facilities

The confinement systems are exposed to several thermal or mechanical loads that would not exist in fission-
type facilities.

shall b

arobu

e considered to design the first containment barrier;

st design of the systems exposed to these loads;

plasma events: that may generate disruption, runaway electrons, or plasma displacements; these loads

electromagnetic loads: these loads are even stronger than pressure loads for some systems and require

vacuum losses: loss of vacuum events can lead to lose vacuum progressively, resulting in a pressure

increase, that dynamic confinement systems have to compensate in order to avoid a loss of the

confin
circuitf

cryoge
superd
cryoge
volum
confin

intern
big act
maintg

or of the rooms in which the casks are transported, as well as require remote cask rescue ted

4.4 Gen

441 Ge

The confinement function is one of the main fundamental safety function of fusion tritium fac

function r¢
environme
and substa
the public,

The confin|
systems. F
whether o
of dispersi
on earth.

a) Afirst
the pe

these materials. This first confinement system is composed:

£ £ o £ A 43 i il 1o 4+ 1 1 d o1 i azat
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s, notably the vacuum vessel, enabling the possibility to create explosion loads;

nic events: Magnet systems are also specific in fusion facilities, because, of f{
onducting technology which require cryogenic technology. These systems usélarge qj
nic liquid helium or nitrogen. In case of scenarios leading to a release of-these liquid §
e instantaneously increases such as to create pressure and thermal loads able to cHi
bment systems;

]l remote maintenance and transportation events: the maintenance situations of
ivated materials require enclosures such as casks for which dose rates lead to requ
nance and remote transportation; these create needs forshielding and confinement g

bral description of confinement systems forfusion facilities

neral

nts inside and outside an enclosuré, blocking the movement between them of proces
nces resulting from physical and chemical reactions that are potentially harmful to ¥
to the external environment;or.for the handled products.

ement systems of hazardous materials of fusion facilities consists of two different c
pr future fusion reactors;-a safety analysis based on mature input data shall neverthelg
not two confinementsystems are enough regarding the nature of the risks associated
ble and radiotoxic radionuclides other than tritium, one of the least radiotoxic nuclide

confinementsystem, located as close as possible to the hazardous materials, aiming at
Fsonnel ' working closely to the hazardous materials inside the facility from airborne

— by

entrance in

he use of
hantities of
rases, their
allenge on

heavy and
ire remote
f the casks
hnology.

lities. This

pquires to confine hazardous materials via arrangement allowing users to maintain separate

5 materials
workers, to

nfinement
ss indicate
with levels
5 that exist

protecting
releases of

one or several static containment devices with leak rates specifications, such as the vac

uum vessel

and its extensions, the tritium processes, the glove boxes, the waste containers, the radwaste or hot
cells coatings (such a liner) or walls when hazardous materials is stored without first confinement
system, additional static confinement provisions to restore a system during maintenance;

asnecessary, by the associated dynamic confinement systems aiming at ensuring a negative pressure

inside this first confinement system and an adequate filtration of the nuclides of interest.

b)

A second confinement system designed to protect workers inside the facility not involved in the activities

with hazardous materials and to limit releases into the other rooms of the buildings and therefore to
limit releases towards the environment. This second confinement system is composed:

— by one or several static containment devices with leak rates specifications, such as rooms and

bu

ilding walls;
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— asnecessary, by the associated dynamic confinement systems aiming at ensuring a negative pressure
inside this second confinement system and an adequate filtration of the nuclides of interest. This is
done by conveying the collected gases including any dust, aerosols and volatile components, towards
defined and controlled points for collection, processing and elimination where possible (by using
HEPA filters, traps, storage for decay, etc.) via adequate pressure cascades.

The overall architecture of the confinement systems can be composed of only one system or different
standalone systems designed to achieve different functions. In the following paragraphs, systems are
described with their related functions.

Both first and second systems are based on static and dynamic confinement provisions, supported by
adequate supporting functions as well as by adequate nuclide detection systems.

As primary parameters for the confimement furnction, the fottowing eedsto bedefined:
— leakrgtes of “static” barriers (e.g. processes, liners, glove boxes, penetrations, buildings walls);

— pressurecascadesbetween processesand rooms,between facilityroomsaccordingtothéir confamination
risks ih permanent or accidental conditions, and between rooms and the enviroiment;

— filtration of hazardous materials:
— decontamination factor of radioactive aerosols HEPA filtration;
— dettritiation factor for tritium;
— decay time for short lived noble gases nuclides;
— adjsorption units for specific vapour nuclides.

These statlic and dynamic confinement function helps, also in performing other safety or pon-safety
functions: pn inventory control, by isolating in processgs'or in rooms, in a safe and tight way, thelhazardous
materials likely to be spread, which leads to avoid.or limit the spread of the contamination t¢ the other
surrounding volumes and the environment; this helps in the accounting of these hazardous materials:

— the monitoring of the releases of the facility by organizing air flows in such a manner 3s to allow
meaningful measurements;

— the cl¢aning of the processes or:tooms by changing adequately the atmosphere and therefore by
minimlizing the hazards associated with an accumulation of dangerous products, and reducing the risks
of sprgad of these products,

This helps o define secondary-parameters needed for confinement:

— contarhination congehtration levelsin processes, rooms and atreleases points, in permanent off accidental
conditjons;

— air floys in réoms, and air change rates versus the nature of risks;

— detectjonrtime and isolation time for I&C systems;

— ambient conditions (pressure, temperature, humidity).

Detection systems are part of these confinement systems when they actively restore confinement (e.g. when
they switch from one configuration to another configuration).

The design should be based on the possible compromise between a static containment and the different
types of dynamic confinement systems presented in Clause 6. Generally, this best compromise for the
radiological consequences is based on the operation of a ventilation system ensuring a negative pressure
with the lowest possible flow rate.

Figure 1 shows the principle of the confinement for fusion facilities with two confinement systems. Annex A
gives several schematic diagrams of typical fusion facilities confinement system designs.

© IS0 2024 - All rights reserved
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The Table 1 and Figure 1 present the general layout of confinement systems used in fusion facilities.

Table 1 — Typical examples of static containment barriers and/or systems

Material form

Type

Solid

Liquid and gas

Primary confinement

Glove box, container, walls, hot cells,
containment enclosure and associat-

ed ventilation networks

Vacuum vessel and its boundaries (neutral beam,
pressure limiter, piping, bellows), piping and
tanks, glove box, port cells during maintenance,
hot cells, containment enclosures and their
associated process and/or enclosure ventilation

networks
Secondar g COTTENIEnT ATJOIMTITNE TOOM(S) and assoctated €Tyostat, port cets (wienm vacuum yessel is
ventilation networks closed), adjoining room(s) and asseciated ventila-
tion networks, nuclear building yalls

To be notegl that two confinement systems are implemented; a third one can be also present in sp
upon a risk based graded approach, but that each confinement system may comprise several cq

barriers, equipped when necessary with their specific dynamic confinement systenis.

Figure 1 piovides examples of typical barriers for the first and second confineément systems.

ecific risks
ntainment

ent'system barriers

1
VESSTI

fuel cycle systems

extension of the vacuum vessel
auxiliary systems connected to the vacuum vessel

cooling systems with radioactive products

6.1 transport cask connected to the vacuum vessel

6.2 transport cask moving

Key

1st confine
1  vacuunrt
2

3

4

5

6

7

8 hotcells

solid or liquid waste containers or components

9  port cells in plasma operation
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oxes

11 guard pipes / double envelope

2nd confine
12
13
14
15
16
17

port ce

mainte

ment system barriers
lIs in maintenance

main fusion building

nance / hot cells building

radwaste building
fuel cycle building
process rooms

Rooms or buildings without specific containment barriers requirements

18 adjacer
19 othera

4.4.2 Fir

4.4.2.1 K

In fusion f4
along the f

Vacuum vd
strong and
electrons,
explosion,

The proces
systems (t¢
within the
vacuum ve
hazardous
detritiated

Fuel cycle 4
asecond d

Other auxi
closure pl3
barrier.

Casks tran|
barrier.

L Process TOUIILS

djacent building without radioactive materials

Figure 1 — Example of schematic drawing of a confinement systems

st confinement system

irst containment barrier

cilities, radioactive inventories are not located only in the\vacuum vessel but also, dis
el cycle systems as well as in cooling systems and majnténance and radioactive wastg

ssel boundary is the first confinement barrier as shewn in the centre of Figure 1 ar
robust containment provisions in order to enclgse all the plasma events (disruption
plasma displacements, etc.) as well as accident conditions inside it (in-vessel loss g
etc.).

s pipes and tanks, cooling the primary systems of the machine or part of the tritium
stblankets, breeding blankets) are part of the first confinement barrier for radioactive
process fluids. The parts of the process systems of in-vessel components that are ouf
ssel also provide the first barrier for inventories within the vacuum vessel. Depend
inventories, these pipes are\constituted by double envelope with or without a ven
interspace.

ystems (see 4.4.4) cofistitutes the first containment barrier, but they also incorporate
btreated containmént barrier such as a glove box (see 4.4.2.2).

liary systemgsSsuch as behind diamond window with isolation valve, stainless steel
te, coolinglifi€s, steering mirror actuator and seals, are part of extension of first cq

sporting the radioactive materials during maintenance are also parts of the first cc

ributed all
buildings.

d requires
5, runaway
f coolants,

production
nventories
side of the
ing on the
rilated and

sometimes

vaveguide,
ntainment

ntainment

Hot cells in maintenance facilities, used are the first barrier with the associated transport cask to move in

vessel com

ponent from vacuum vessel to remote maintenance area located in hot cells.

These systems shall be designed such as to prevent radioactive materials to be released in areas where
personnel are present, including in accidental situations.

4.4.2.2 Second or third containment barriers

For specific cases, in particular where maintenance is performed and the first containment barrier is likely
to be opened, additional containment barriers are enclosing parts of the first containment barrier.
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Airlock to vacuum vessel where transport could be docked to remote in vessel equipment is part of the
second barrier. Process pipes, auxiliary system and hot cells are surrounded by a second or third barrier
such as glove box, hard shells or liners.

Other examples of additional containment barriers could be formed by the aluminium waveguide, gyrotron
window with possible second valve and pumping systems.

These systems shall be designed such as to prevent radioactive materials to be released in areas where
personnel are present, including in accidental situations.

4.4.2.3 Dynamic confinement for the first confinement system

Some of the containment barriers used in the first confinement systems require specific dynamic

confineme
or hot cellg

These dyn|
their main
the spread
cascade an

These syst

ht systems. This is the case of the vacuum vessel but also of the maintenance areas (e.4
), or the glove boxes.

amic confinement systems shall be adapted to the routine operations risks,.ihclud
fenance, and be designed such as to limit impact on personnel and mempeps of the f
of radioactive or toxic materials. The purpose of these systems is to créate a negatiy
[ to limit release into other systems or into the environment.

ems are generally both detritiation systems for which the flow rate is adapted to th

of personnel: when personnel are not present, low flow lines are used while when personnel a

higher floy
Local detr
tritium is f

As fusion f
explosible
and to red

 rates are used, e.g. during maintenance.

tiation systems are also used for specific containment barriers in which high level
resent or would lead to increase tritium routine discharges.

uels are hydrogen isotopes, some local ventilatiofy systems are also used to ensure
pases in order to avoid deflagration, or to mix the ambiances in order to avoid local d
ce the risks of detonation (e.g. use of a localair mixer). See 8.6.

. port cells

ing during
ublic from
e pressure

e presence

re present,

bf airborne

dilution of
bflagration

Ventilation| systems are also used to as air coolers for removing the energy from specific systeins (e.g. the
heat dissippted by cubicles in cubicle rooms).

Liquid detyitiation systems are also used foy removing the tritium from liquid streams and fur

this tritiu

4.4.3 Se

The goal o
order to p1
releases, i

The second

the ou
the tw]

in fuel cycle systems.

rondary confinement system

[ the secondary confimement system is to ensure the recovery of leaks from the cont
otect the generalpublic and the environment and, thus, to limit non-filtered or non
particular in,the case of the accidents considered in the design, if any.

ary confin€ément may include:

fer wallof the double wall containment and the ventilation systems of the internal spa
p walls;

ther to use

ainment in
Lcontrolled

e between

the structure of the rooms enclosing the primary containment volumes and their associated ventilation

systems: rooms, ducts of the associated ventilation networks, filters installed on these ducts, etc.;

collected,

detriti

ation and room decontamination functions.

It is not necessarily comprised inside the entire primary containment envelope.

the volumes in which leaks from the penetrations through the primary containment envelope are

the associated ventilation systems which ensure a dynamic confinement function, including possible

The design of the secondary confinement shall consider the maximum quantity of radioactive substances that
are present in a dispersible form inside the primary containment, the quality of the containment barrier(s)
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and the possible consequences of the hazards introduced by the industrial process(es) being implemented.
Ventilation systems can be used to collect leaks from pipes used as an extension of the primary containment

envelope.

It should be noted that the secondary confinement constitutes the last barrier in the event of any type of
accident, in particular when leaks are collected through these buildings and when the ventilation systems
are not designed to cope with the events that are at the origin of the accident (e.g. the total loss of electrical

supply). In

most designs, auxiliary buildings are included in the secondary confinement.

4.4.4 Fuel cycle systems

Most of tritium fusion facilities incorporate fuel cycle systems in order to process, store and further recycle

the tritiu

isotopes used as fuel, instead of discharging it. These systems host a high tritium inv

entory and

therefore {
confineme

These syst
safety imp
further re-|

Neverthele
parts that

445 Tr

Tritium ga
materials,

desorption
the adsorb
for confine

Some mate
others (e.g
term desor
materials,

polymer cq

heir structures, pipes and tanks are themselves their own containment barriers (of
t system (see 4.4.1). These containment barriers are therefore safety important,

ems also have tritium recycling and reprocessing functions. These intrinsie,functia
ortant when they are limited to process the tritium, sort and store thejtritium iso
use.

ss, the functions of controlling the tritium isotopes inventory are safety important as
ead to routine or accidental discharges into the environment.

tium material compatibility

s has the availability to be adsorbed easily in many:types of surfaces and to per

can then be in the form of tritium gas, tritium vapgour or even tritiated organic form de
ng materials. Therefore, the initial study of the tritium material compatibility shall be
ment systems directly in contact with large tritium concentrations.

rials such as stainless steel have already-proven their adequate tritium compatibility,
concrete) have shown a bad compatibility, leading to “tritium memory effects”, i.e. rela
ption (leading to tritiated waste) aiid workers exposure to tritium. Therefore, tritium
hnti-permeation barriers or adequate coatings (metal coatings lead to less memory ¢
atings such as paintings) should be used for confinement systems permanently in cq

high tritiuin concentration levels.

5 Funci

5.1 Gen

The ventilg
environme

— safety,

ions and safety-aspects for confinement and ventilation systems

bral

tion of fasjon facilities enables the improvement of the safety of the workers, general
nt and<the protection of the safety classified equipment. It plays a role of:

their first

ns are not
fopes for a

well as the

meate into

ncluding metals, and to be desorbed slowly depending on the adsorbing material properties. Its

pending on
performed

while some
tively long-
compatible
ffects than
ntact with

public and

by-contributing to keeping the work areas and the environment free of contaminatio

situati

ambient conditions to safety-related components;

in normal
adequate

protection of the equipment and the handled products (and thus indirectly to safety), by maintaining

the internal atmosphere in a state (temperature, humidity, physical and chemical properties) compatible
with the proposed operational materials and process conditions.
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5.2 Main functions

The ventilation ensures the main following functions, without ranking.

a)

b)

d)

f)

Confinement, by acting in a dynamic manner in order to counteract any defects in the leak tightness
of the static containment consisting of the physical limits of the relevant enclosures. In this case, the
“dynamic” confinement ensured by the ventilation systems has the following two aspects:

— between equipment, enclosures (or cells) and rooms of the same building (i.e. internal dynamic
confinement), the ventilation ensures a hierarchy of pressure in order to impose a circulation of
air from volumes with a low potential hazard of radioactive contamination to volumes with a high
potential hazard of radioactive contamination. This dynamic confinement is also able to isolate or
circumscribe, to process and to control the contamination as closely as possible to its source, at least

in
to
b)

at
m
co
to
m

Isolati

the rooms with radioactive materials and, therelrore, It complements the other system
protect the workers or the public against the hazards of ionizing radiations [see isalati
below];

the interface with the environment (i.e. external dynamic confinement), the-ventilat
hintains a significant negative pressure within controlled areas with a high’potential
htamination, in order to avoid uncontrolled releases as well as to direct the gaseouy
vards identified release points, and to enable, if needed, their gas_cleaning (purifig
nitoring.

bn, by closing in a safe and tight way the equipment needed to avoid or limit the sp

contarhination to the other surrounding volumes and the environment. In particular, this

requir
to con
energy
the ve

bd to maintain the required leak tightness of the rooms*hosting radioactive materialj

(increase of pressure, temperature, discharge ofwapours and gases) above the des
htilation system's components; this is a specifi¢ity of tritium fusion facilities since i

avoid large airflows to be processed due to limitation in volume able to be processed by
techndlogies, see Annex B.

Purifid
volatil
and el

ation (or gas cleaning), by conveying-the collected gases including any dust, ae
e components such as tritium, towards defined and controlled points for collection,
mination where possible (by using filters, traps, storage for decay, etc.) via adequat

cascades.

Monitg
measu|

Ventild

rements in order to demonstrate the suppression of the spread of radioactive compong

of some radiological ptefection measures inside rooms by helping to control the backgroy
natural radioactivity\(radon).

Cleani
order {

s provided
n function

ion system
fadioactive
s effluents
ation) and

read of the
function is
and likely

Fain it with regard to the activity released during accidents leading to an increase in mass and

gn level of
needed to
letritiation

rosols and
processing
e pressure

ring of the installation, by organizing air flows in such a manner as to allow meaningful

ents or fire.

tion systems, witlCer " without surveillance monitoring, can also contribute to the improvement

nd level of

hg of the~atmosphere of the enclosures or rooms, by renewing the volumes of air w
o minimiZe the hazard levels of the corresponding atmosphere, in particular, the eli

any gals necessary to create the risk of an explosion hazard by ensuring the processing of t
atmosphere such as to prevent deflagratlon (e g. use of 1gn1ters of recombmers of dllutlon

with ir

rithin it, in
nination of

e gaseous
echniques

in rooms. Nevertheless asa spec1f1c1ty of tr1t1um fusion fac111t1es 1t is needed to assess air change rates
in the potentially tritiated rooms connected to stack discharge systems since these air change rates
contribute to increase the flow discharged into the environment and therefore create large tritium
releases (see 7.2.8)

Conditioning of the atmosphere of the enclosures or the rooms, to obtain the optimum ambient
conditions for the equipment or to improve the safety of some otherwise hazardous operations. In
addition, air conditioning helps in controlling room air humidity, and, as a specificity of tritium fusion
facilities, helps in limiting the creation of liquid tritium in permanently tritiated rooms and drainage
circuits (via condensation) or in detritiation systems that would collect and condense air tritiated
humidity.
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g) Comfort (conditioning of the work place), by ensuring the processing of the air, the regulation of the
temperature and the relative humidity of the atmosphere of the rooms, in order to maintain their
ambient and hygiene conditions to suit the work that the personnel shall undertake.

According to the results of safety analyses, these functions can be considered important to safety functions.
For example, the achievement of comfort is indirectly a safety function, because “human risks”, which can be

caused by i

nadequately regulated ambient conditions, are then substantially reduced.

In any event, the confinement of radioactive materials within a nuclear plant, including the control of
discharges and the minimization of releases, is a main safety function that is ensured in normal operational
modes, anticipated operational occurrences, design basis accidents, design extension conditions, and
selected beyond-design basis accidents. In this context, these accidents should be considered during the
design of the confinement function.

According
some cases

5.3 Gen

Confineme,
clause, in 3
these func
or accident

According
during the

Before beg
design safé
assessmen

Asfarasp
tritium fac

The hazar
manageme
features th
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loads ident
inspection
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[l normal operations and maintenance conditions. Ventilation systems-shall also be abl

pssible, this approach is based on the experience derived from the design and operation|

Lo the concept of defence in depth, the confinement function is achieved by several bari
by accident mitigation systems which could be ensured by the ventilation system.

eral principles
nt systems shall be able to ensure the safety and protection functiens*defined in th

ions or some of these functions during abnormal operating conditions, exceptional if
al situations.

fo IAEA principles[22], by extension to tritium fusion facilities, DEC accidents should be
design of containment / confinement systems.

inning any detailed confinement system design,-a hazard assessment shall be m4
ty principles and actual targets can be adequately defined. 5.4 provides an outline of
[ process as it relates to ventilation design.

lities.

1 assessment addresses the functional aspects of the confinement systems, such
nt systems or mitigation systems. It also includes some general recommendatio
at can be used in new nucleatfusion tritium facilities to cope with DEC and some BDB/
care is given to the desigmof the confinement systems, in particular those aspects
ification and loads combination. General recommendations shall be followed durin
5 to ensure that the functional requirements for the ventilation systems can be met {

iers and in

e previous
e to ensure
tervention

considered

de so that
the hazard

of existing

as energy
ns for the
| accidents.
hffected by
b tests and
hroughout

ng life. Design limitS’and acceptance criteria, together with the system parameters that should be

siders the

used to vetfify them, shallbe’adopted in accordance with the safety authorities.

5.4 RisK assessmefit procedure

5.4.1 Preliminary analysis

The desigirof amappropriate confimenTent SystenT TequiTes a preinmary amatysts—tirattor

following:

a) radiological hazards arising from the materials and operations that lead to the need for the confinement
and purification function of the ventilation systems, with regard to the permitted levels of air and surface
contamination within the building and the air monitoring requirements. This can lead to a classification
of the area with respect to the contamination hazard, as defined in 7.2.2.2. In the event of radiation
exposure hazard (internal and external exposure) for normal operations, a complementary classification
of the installation into radiological areas shall be made in accordance with the recommendations given
in ICRP 103112];

b) discharge limits from the ventilation system as a whole, and the decontamination efficiency

requir

ements prior to discharge;
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the need to use the ventilation systems to mitigate design basis accidents. If DEC accidents are
considered, then ventilation systems should be used to mitigate these accident consequences;

the isolation of some containment penetrations during accidents that involves pressure and temperature
conditions in the atmosphere that exceed the design values of these ventilation systems;

the necessity for minimizing the direct leaks from the containment to the atmosphere that are not
collected by the dynamic confinement provisions;

non-radiological internal events (e.g. catastrophic rupture of containment enclosure caused by some
mechanical failure, abrupt variation of pressure, explosion, fire, corrosion, condensation, human errors)
related to the processes and equipment implemented in the enclosures that shall be ventilated and that
can necessitate or jeopardize the confinement functions;

extern|
tempe
can ch

possib
needed for the correct functioning of the confinement system;

loads 3
These
coolant accidents, pressure and temperature loads), the time history.of each load (to avoid
super(
load ¢
probal

Other

th

fol
to
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by]
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th
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]l events (aircraft crash, explosion, fire, flood, earthquake, tornados, wind.an
atures) to which the safety components and the ventilation system itself can be €xpos
hllenge the functions of the ventilation or confinement systems (see 8.7);

e temporary unavailability of fluids or energy supply (e.g. compressed diror electri

nd events combinations that challenge the operation and the desigh of the confineme
combinations shall consider whether loads are consequential ‘or simultaneous (g

osition of load peaks if they cannot be simultaneous), thé probability of occurrer

ility of each single load).
factors which should be considered when designing confinement systems include the fi
bre is a need to minimize, as far as reasonably passible, the level of radioactivity in the wo

" protection of the environment, it is necessary to design nuclear process plant sys
minimize radioactive waste produced.and radioactive releases (liquid and gaseoug
hcticable. Thus, attention shall be paidto the whole-life considerations of waste stream
operational, maintenance and/ decommissioning activities (consumable seals, filtg
htaminated fluids from lubrication, cleaning, off-gas treatment systems such as gas
). [tis also “best practice” telensure that the minimum possible quantities of waste ar
the higher categories of\radioactive waste and the maximum possible fraction in
Livity level. In particular/contaminated filters, being of low density, are very expensi
dispose of as radigactive waste and consideration should be given to the use of self-
anable filters, cyelorie filtration, etc., or filter compaction techniques;

e design of afnericlosure, through which air is exhausted via ductwork, filters, fans an
e outside atmosphere, shall consider the variations of pressure, temperature and huj
h be tolerated by each component, in an appropriate range of operational and fault con

Imfortable working conditions shall be provided for operational and maintenance staff]

d extreme
bd and that

cal supply)

ht systems.
.g. loss of-
unrealistic
ce of each

bmbination (combinations of unlikely loads should have & reduced probability relative to the

pllowing:
rkroom air;

tems so as
) as far as
s produced
brs, swabs;
scrubbing,
e produced
the lowest
ve to store
Cleaning or

1 a stack to
nidity that
ditions;

limitation of the creation of Tow Ievel tritiated waste water (optimisation of ambient air humidity,

op

timization of air change rates, optimisation of detritiation system parameters);

the necessity to apply a defence in depth approach, and to avoid designing to the limits coming from
general safety objectives of the facility in order to allow flexibility in the operation of the facility in
case of unexpected situations;

the implementation of design criteria for the main parameters of the confinement systems, such
leak rate for containment barriers, HEPA filters or detritiation efficiency for HVAC and detritiation
systems.
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5.4.2 Risk evaluation

For each element considered, the confinement systems shall be designed, using a safety risk assessment
consistent with that given by IAEA safety principles[29]),

This safety risk assessment includes the combination of a deterministic approach, applying safety criteria,
such as the single-failure criterion used for the risks linked to the process (circuits connected to the primary
circuits, fluid circuits under pressure), together with an adequate use of probabilistic methods in order to
identify the postulated events categories as well as the sequences leading to aggravating events via multiple
failures.

It is important not to primarily exclude some combinations of loads and, in case of effects between loads
(e.g. earthquake leading to a fire) or in case of load combinations with a low magnitude load, but with higher

probability.

Loads com
IAEA Safef
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y Standards Series SSG-53 (see Reference [22]) gives minimum load combinations
ht/confinement systems, including ventilation systems.
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for all the

ncluding design extension conditions, it shall be verified that thedesSign and operation of

systems meet the facility safety objectives, that shall be ALARA, and that they do
ffects or to unacceptable consequences to workers, the public or‘the environment. If
f the ventilation systems defined in 5.2 is used to limit the consequences of such acci
n shall be designed to cope with these accidents.

1 that the wording BDBA (beyond design basis accidents) is not applied anymore by |
the wording design extension conditions (DEC). These DEC are postulated accident
t considered for design basis accidents, but that are” considered in the design proc
iccordance with best estimate methodology, andfer which releases of radioactive nj
h acceptable limits. Therefore, these DEC can use assumptions and methods that ¢
e than for DBAs (but still considering unceptainties). This expression cover accident
ilso considered as beyond design basis aceidents for former designs, but that shall be
bn process of the facility in order to limit-radioactive releases within acceptable limits

facilities, IJAEA made the distinction-between:

C with no significant core degradation has to be considered for the design, with consed
ng off-site protective actipns;'and with radiological consequences comparable to those ¢
ign basis accidents.

he DEC leading to eore/melting have to be considered in the design (in particular for c
1s) such as to aveid\cliff edge effects and to limit necessary off-site protective actions j

space,
by app

and for the sityations leading early large releases have to be practically eliminated fromnj
ropriate design provisions;

For fusion
in terms o

that the pr
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conservative assumptions and methods.

applications, as there is no issue of core degradation and as fusion hazardous inventg
radigtoxicity than the one for fission NPPs by several orders of magnitude, it can be

not lead to
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Therefore, for the DEC specific case in fusion facilities, an analysis should be carried out in order to check
the absence of cliff-edge effects from combined situations and multiple failures and to establish the margins
and the lines of defence between ventilation or confinement systems design parameters and those needed
for coping with these DECs (e.g. fire with several in-depth defence lines). It shall be verified that the design
and operation of confinement systems meet the facility safety objectives, that shall be ALARA, and that they
do not lead to cliff-edge effects or to unacceptable consequences to workers, the public or the environment.

For fusion facilities, examples of DEC are:

— the scenarios where several confinement systems can be affected by one or several independent failures,
leading to a confinement bypass (e.g. scenarios leading to the break of the vacuum vessel together with
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the opening of relief panels to discharge the energy to the environment, pipe whipping effects from high
energy line breaks);

multiple failures scenarios leading to a high release of mass or energy higher than the ones used in the

design of building systems leading to a non-compensated breach in the last confinement system (e.g.
failure of cryogenic fluids together with loss of coolant scenarios, explosion scenarios, generalised fire

scenar

ios);

accidents);

— common causes failures that may affect redundant trains.

ration of additional failuractn anuincidant araccidaont cituatione indanandant fraom +
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ptical accident, the resulting scenario may be considered in the “DEC” category. DE
| in the scope of design under the defence in depth principle, in order to exclude cliff ¢
nd keep the last confinement barrier unaffected. Those DEC scenarios aréthen reass
hssumptions in order to confirm the absence of cliff-edge effects.
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the lines of defence between confinement or confinement systems design parameterg
coping with these DEC (e.g. fire with several failed in-depth.defence lines). If one of th
finement systems is needed to avoid unacceptable conséquences of such accidentg
all be designed to cope with these DEC accidents.

consider the feedback from Fukushima events, stressitests shall be considered in order
itural events (extreme winds, extreme flooding,extreme earthquakes...) that may en|
nt function and that may further lead to cliff edge‘effects. The loads associated with the
site-dependant and shall be discussed with the local safety authorities.
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on the basils of their function and significance with regard to safety. They shall be designed, const
maintained such that their quality andjreliability is adapted to this classification. The method for
the safety significance of a structure, a system or a component shall primarily be based on de
methods, ¢jomplemented wheré_appropriate by probabilistic methods and engineering judgen
account of the following:

the safety functionfs)\that it is necessary for the item to perform;
the comsequences of failure to perform its function;

the probahility that the item is called upon to perform the safety function; this has to be consil
care sincethere is not enough experience feedback to provide accurate reliability data for a pi

res, systems and components~of-the ventilation or confining systems, includin
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the time following an initiating event at which, or period throughout which, it is called upon to operate.

Appropriately designed interfaces shall be provided between structures, systems and components of
different classes to ensure that any failure in a system classified in a lower class does not propagate to a
system classified in a higher class.

All structures, systems and components (SSCs) important to safety shall be clearly identified. This
identification is necessary to focus the attention of designers, manufacturers and operators on features that
assure the safety of the plant and are associated with the application of specific design requirements (e.g.
single failure criterion, geographic separation, diversity) or of more conservative codes and standards.
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SSCs important to safety may be further sub-classified according to a number of criteria. Different safety
classification systems are used worldwide for the purpose of assigning structures, SSCs important to safety
to the different classes and controlling the application of codes and standards, as well as of quality assurance
procedures.

Examples of safety classification systems are given in Annex C.

6 Archi

tecture and description of the different confinement systems

6.1 General

The confinement of hazardous materials shall be based on static and dynamic confinement for both first and

second corffinement systems:

a)

b)
into th
buildiy

The overa
standalong
their relatd

The dynamic confinement should manage aerosol and gasCeontamination, including tritium.

respective
consists of]

a radig

a firstsystem, designed to protect workers close to the radioactive materials, and therefore
close gs possible to the materials, provided in particular by static containment batriers s
vacuuin vessel and its extensions, piping, the tritium processes (including glove hoxés), the m
hot cells and by dynamic confinement via the associated ventilation systems as\necessary;

e environment, provided by static containment barriers such ‘as“the walls of the
1gs and by dynamic confinement via the associated ventilation systems as necessary.

| architecture of the confinement system can be compaesed of only one system o
systems designed to achieve different functions. In this‘paragraph, systems are desq
d functions.

located as
ich as the
aintenance

a second system, designed to protect the other workers and members of the public, and to linpit releases

rooms and

r different
ribed with

e to their

D
flowrate capacity required for these differentforms of contamination, the dynamic C(I:lnfinement

active aerosol oriented ventilation system, generally called HVAC in most designs, u

norm

during
6.2 Stat

6.2.1 Co

The bound
the barrier

These cont
and extern|

a trit:I:

operation;

m oriented ventilation system\(detritiation system), used both during normal ope
incident and accident conditions.

c confinement of radioactive material

ntainment barriers’and systems

sed during

ration and

hries of containment barriers shall be leaktight such as to avoid the need for the personnel outside

s to wear-during normal operations specific personnel protection equipment.

ainment barriers shall be designed to maintain their confining function against all t
L €vents to which they are exposed (see 4.3, 4.4 and Clause 8).

he internal

As a tritium specificity, static containment is important but not enough by itself to confine tritium since, as
a natural phenomenon, its chemical and physical properties allow it to permeate into containment barriers
in prolonged high exposure situations, leading to further contamination and waste issues. This explains the
need for dynamic confinement systems in order to reduce its concentration in barriers.

6.2.2

Isolation function (static containment)

This isolation function is useful for volumes (mainly containment building) during a DBA/DEC and for which
confinement strategy is based on a tight isolation of this volume, on leak tightness of the structure and on
the collection of leaks by a secondary confinement.
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For isolation function during accidental situations, it is necessary that additional requirements be fulfilled
for the systems located outside of, and requiring some penetrations through, the containment building.
These systems

a)

might not be needed for accident conditions or not qualified for accident conditions (they are considered

as lost); these systems shall fulfil an isolation function when located outside the containment;

b)

might not be needed for short-term accidental conditions (i.e. the systems are not designed to cope

with the peak pressure and the temperature resulting from accidental conditions, but designed to
lower pressure and temperature conditions); they are located outside the containment and require an
isolation function;

9

can be required for accident situations and designed for the accident ambient condition; whether or not
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e and quick actuation of valves or circuits.

he reliability of the isolation, the isolation valves should be redundant, hermetically se
bss of fluid (electrical supply, compressed air), be seismically reSistant and be backed y
and a permanent electrical supply, when necessary. They shall satisfy the same requi
ment structure itself.

ident zone.

materials.

aled in the
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rements as

Feasons or protection purposes, exceptions can, nevertheless, be accepted for the isol

ndancy on isolation valves can reduce the reliability of the function ensured by the v
htness criteria shall be associated with the pipes and ducts of the circuits.

ghtness of buildings and structures varies according to the risks associated with
and the risks presented in the safety demonstration. For rooms requiring a dynamic c
ing detritiation systems, stringent leak rates should be implemented in order to avoid
ws volumes within DS, otherwise this would produce large tritiated condensed watsg
reduce the DS efficiency by creating a competition between tritiated vapour (HT|
H,0) for some technologiesssensitive to humidity or to the air velocity (e.g. molecular §

imples of leak tightness_rates for containment barriers for the peak pressure and t¢g
nditions are given inlAnnex D.

nment design_Should minimize the discharge of unfiltered gas leaking from th
ht envelope to work areas or to the environment, consistent with the safety analysis.

e values®©fileak tightness of other specific isolation components, established for the pe
shouldnot affect the global leak rate of the primary containment envelope. Typical ¢
e givén in Annex D.

ion valves
that are required during an accident (e.g. systemsbelonging to the containment barr}trs and for

lves). Then

radioactive
nfinement
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r volumes,
0) and air
ieves).
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mperature

effects induced by the accident in the primary containment envelope (depending on the safety demonstration)

and by the

wind effects on the structure.

To minimize these winds pressurisation effects induced by the most severe winds, both static containment
and dynamic solutions can be used, either by adopting an adequate leak rate for the secondary confinement
envelope (see Annex D for leak rates), and/or to implement an initial negative pressure compensating the
wind pressurising effects.

Time closure of valves shall be consistent with the accident kinetics. Examples of time closure are between

3sand5s,

depending on the diameter of the valves.
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Finally, regarding static containment parts belonging to ventilation systems with confinement function,
the parts of these systems located outside the second containment envelope shall either satisfy additional
requirements related to their leak tightness and safe closure in order to limit external leaks, or the full
circuits shall be located in confined rooms. The leak tightness of ventilation ducts and filtration housing
should be adjusted according to the safety importance of these systems, keeping in mind that the leaks
through ducts and filtration housing should be minimized in such a way that the filtration performance is
not affected. Annex D gives typical leak rate values for ventilation components. ISO 10648-2 provides leak
rates classification methods.

6.3 Ventilation of the volumes within the first confinement system

6.3.1 General

These systpms are mainly located outside of the primary containment envelope.

The ventildtion systems concerned are

either

designed for only normal situations;
— or designed for ensuring both safety and protection function in the event of a Design Basis A¢cident.

The dynanjic confinement systems concerned are:

h to handle

vacuuin vessel exhaust process (process ventilation system) desighed for high contaminatio
vacuuin vessel exhaust effluent in normal operation;

vacuuin vessel pressure limiting system consisting of a linejya discharge tank and detritiat
prior tp discharge stack;

jon system

local ahd/or centralised detritiation system collecting fuel process off gas.

6.3.2 Vafuum vessel exhaust process

The vacuu
an exhaus
the variou
below 50 K
cryogenic

complex m
of chemica
The residu

These syst|
under the

m vessel and attached equipment {e.g. neutral beam injectors when available) are
vacuum process, generally a rotighing system comprising cryogenic and mechani
5 technologies used by these pumips are determined as a function of the pumping pr

UViscous flow compressors).)The unburned fuel exhausted from vacuum vessel is conf
ixture of impurities and-fuel (hydrogen isotopes). This mixture is purified with diff
| or physical purification (separators, filters, etc.). The purified fuel is returned to fuel
bl impurities, afterpurification, may be then sent to the stack.

ems usually©perate for normal operations and most of the systems are not designed
conditions ‘0f'an accident leading to an increase in mass and energy in the vacuum

served by
ral pumps:
bssure (e.g.

a for cryopanels) and hydregen isotope throughput requirements of the respective pumps (e.g.

posed of a
brent stage
fling cycles.

to operate
vessel. The

functions gnsuredby/this system regarding confinement function are:

intern that do not

lead tdg

h] ahd'external dynamic confinement during normal operations or for minor incidents
an/increase in mass and energy in the primary envelope.

— purification or gas cleaning of the vacuum vessel exhaust for minor incidents that do not lead to an
increase in mass and energy in the vessel.

6.3.3 Primary containment pressure limiter

Even though under vacuum during normal situations, there are incident or accident conditions leading
to pressurise the vacuum vessel above the atmospheric pressure, leading then to leaks from the vacuum
vessel (and connected equipment) to adjacent volumes. In order to avoid exceeding the vacuum vessel
design pressure, specific systems are implemented to maintain the induced pressure below this design
pressure, therefore protecting the first containment barrier. These systems, often called vacuum vessel
pressure suppression system, become themselves an extension of the first containment barrier during these
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accidents. These systems are located outside the primary containment envelope. They consist generally of
discharge tanks under vacuum, connected to the vacuum vessel, able to take the energy induced by LOVA
and/or LOCA accidents in order to avoid breaching the primary containment envelope.

It is necessary that they function in the event of a DBA inside the containment envelope and that their
potential failure do not lead to cliff edged consequences in a DEC event.

These systems, depending on their use, have some of the following functions:
energy dissipation inside a primary envelope such as to discharge the energy in discharge tanks;
condensation of water vapour in discharge tanks;

confin

filtration and cleaning of the radioactive materials prior to their release;

anti-de¢flagration function.

6.3.4 Lofal and/or centralised detritiation system

These syst intained in

normal opg¢

ems are located outside the containment. It is necessary that their‘functions are ma

bration and in the event of a DBA/DEC in the containment envelope.
These systpms, depending on their use, may have the following functiofis:
— dynanjic confinement in the primary envelope;

— cleaning the atmosphere, consisting mainly to exhaust and purify air in leakage of the enclosg;

— purifidation of the atmosphere might be initiated to recéver from a DBA/DEC as quickly as possible.
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e hydrogen isotopes permeation. When potential collection of these hazardous subg
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ioactive materials and to reduce the risks of hazards due to the substances contained in 1
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ring of the atmosphere

purification of the atmosphere, via detritiation or aerosol contamination removal.

6.3.6 Cryogenic systems

The use for superconducting technology requires to maintain some gases such as helium and nitrogen
at very low temperatures (around 4 K for helium, around 80 K for nitrogen) inside magnets and coils,
requiring cryogenic systems. In case of scenarios leading to a release of these liquid gases, their volume
instantaneously increases (by a factor that could reach 2 or 3 orders of magnitude) such as to create high
pressure loads and cold thermal shock loads inside rooms and buildings. These loads are able to challenge
on confinement systems if no pressure escape pathway is found to decrease the pressure.
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8.2 addresses the control provisions needed to cope with these risks.

A study of the potential radioactive content of these systems (tritium from permeation, radionuclides from
helium activation, etc.) shall be undertaken. In case these systems contain radioactive materials and are
routed outside confined buildings, the safety analysis shall proportionate the additional static confinement
requirements to the risks of releasing radioactive materials from these systems outside buildings.

6.4 Ventilation of the volumes within the second confinement system

6.4.1 General

The ventilation systems for the volumes within the secondary confinement usually operate during normal

5 e | e - pa | - DRA/INDL O
and accidentat STthations; cvenmraurmg ooy DEC:

The seconglary confinement is comprised of all the buildings and rooms that help to collect radioactive
materials in order to filter them. These buildings are either specific to the collection of leaks or designed to
collect leals in addition to other functions (for example, auxiliary buildings that are deSigned to|collect the
leaks). The system shall contribute to limiting non-filtered leaks from the primagy\€ontainment envelope
towards the environment. The system can also lead to a positive or negative pressure inside th¢ dedicated
volumes tof reach this objective.

With regard to the leaks issued from the primary containment envelopé€; these ventilation sygtems shall
fulfil the fgllowing functions:

— confingment during accidental situations resulting in the leakagesreleased from the primary cntainment
envelope thatinitiate containment radioactive materials, in particular those emerging in non-filfered areas;

— purifidation of radioactive leakages in order to minimize&he releases into the environment.

6.4.2 Rooms and building ventilation systems

These systems are located inside the second containment. Their functions are maintained durjng normal
operations|and most of the systems are not designéd to operate under the conditions of an accident.

The systems ensure the following functions:

— conditjoning the atmosphere in order to protect both safety systems (electronic and electrical systems)
and erkers, by giving them adéguate comfort;

— cleaning the atmosphere, cénsisting mainly to reduce aerosol concentration in atmosphere;
— monit¢ring the atmosphere (contamination content);

— homogenisation or dilution of combustible gases to avoid air pocket in case normal ventilatipn in not in
operatjon.

6.4.3 Detritiation systems

These systems (see 7.2.2) are located inside the containment. It is necessary that they function in the event
of a DBA/DEC in the process and buildings where tritium can be located and be spread. They are part of
the ventilation systems, but dedicated to the operational function to detritiate and help in the recycling of
tritium.

The systems ensure the following safety functions:
— dynamic confinement in the secondary envelope;

— purification of radioactive tritium and aerosol leakages in order to minimize the releases into the
environment

— support the monitoring of tritium in ducts and the control of the global tritium inventory.
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6.4.4 Local ventilation systems

These systems are located inside rooms where both radioactive and hazardous risks may exist. It is
necessary that they function in the event of a DBA/DEC in the containment envelope. They ensure the
following functions:

conditioning the atmosphere of the rooms in order to protect both safety systems (electronic and
electrical systems) and workers (in order to facilitate maintenance operations and further to reduce
human factor risks);

cleaning the atmosphere, consisting mainly to reduce ambient contamination in atmosphere (e.g. by
enhancing the flowrate in some rooms such as “elephant trunks” for specific maintenance conditions or
following abnormal situations);

monitgring the atmosphere (contamination content) for both normal situations and for situations where

low flgwrate ventilation systems (such as detritiation systems) are under operations;

s) to avoid
hnd thus to

homogenisation or dilution of combustible/explosible gases (in particular hydrogefisotops
heterogeneous concentration above explosive limits, for example. by local air mixing system,
avoid potential explosion conditions.

6.4.5 Veptilation of the volumes located outside the secondary confinement

This subcl4
that are n|
associated

use deals with the ventilation systems that ensure a confinement function for rooms 9
ot specifically designed to collect and filter leaks from the primary containmen
with the annex, fuel (e.g. tritium isotopes), waste and effluents treatment buildi

r buildings
envelope,
ngs. These

systems ugually operate during normal and accidental situations;even during an accident.

6.4.6 Miscellaneous ventilation systems not connectedwith containment envelopes

6.4.6.1 Ventilation systems for control rooms

These syst ding to the

design, the

ems are designed to operate during norial situations and accidental conditions. Accor]
y are located either within or outside the secondary confinement.

These systpms have the following functions:

condit electronic

and eld

oning the atmosphere of the control rooms in order to protect both safety systems (e.g
bctrical systems) and workers, by giving them adequate comfort;

protec
air of t
contro

tion function by ensuiring a positive pressure inside the control room and purification|of the inlet
he control roomsin order to mitigate and control potential radioactive releases that can enter the
| rooms durifig'an accident.

These two[functions participate in the “long-term habitability of the control rooms” function.

As they prevernt\the ingress of contamination (chemicals, radioactive materials, smoke, gases, €
than providing confinement, these systems shall meet special requirements regarding the prot
the purification function.

tc.), rather
ection and

As itis difficult to implement a detritiation system at the inlet of the control room ventilation layout in order
to protect the workers located in the control room, the air inlet of the control room ventilation network
shall be located such as to be exposed only to the least frequent winds, and preferably protected against
direct releases from the facilities (e.g. opposite direction to the stack or other gaseous release points). The
leaktighness of the rooms where long-term habitability is required has to be specified and periodically
checked. The leak rates should be proportionate to the risks induced by the potential need for shutting down
the air inlet ventilation system in case of an accident leading to a large tritium contamination of the site.

Concerning the air conditioning function, the control rooms host safety important components, generally
from both electrical redundant trains. Whatever this air conditioning function is ensured by a ventilation
network with cooling/heating loops or with local air conditioners, they shall be designed such as to maintain
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the adequate internal climatic conditions for the operation of these safety components, considering the full
range of external weather conditions such as to avoid a common mode failure of these redundant trains.

6.4.6.2 Smoke removal ventilation systems

The use of smoke removal system shall be avoided in rooms likely to be directly or indirectly contaminated
in routine or accident conditions since this would contribute to by-pass the exhaust filtration systems.

For rooms without potentiality of contamination (e.g. electrical building rooms), reference can be made to
national or regional standards regarding systems for the evacuation of smoke (for example, the EN 12101
series or NFPA 92 Standard for Smoke Control Systems).

6.4.6.3
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b whatever
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to Clauses 4 and 5, the ventilation;systems ensure several functions that shall fullfil several

ritium, are

r situations

a)

increase in ambient conditions (pressure, temperature, humidity level, etc.);

b)

the primary containment envelope in normal conditions and accident situations having a limited

the secondary confinement in all situations, in particular the situations for which a high risk of escape

of radioactive material from primary containment envelope is expected (e.g. when the primary
containment envelope is isolated).

© IS0 2024 - All rights reserved
27


https://standardsiso.com/api/?name=a6467476f85727b6c38619dc7b6a6976

ISO 16646:2024(en)

7.2.2 Classification of the installation into potentially contaminated areas (confinement
classification)

7221 1

ntroduction

The areas in which work on radioactive materials takes place should be classified according to the degree of
radioactive risk potential they present. The classification is usually based on the direct radiation (external
exposure) and the potential for surface contamination and/or airborne contamination (internal exposure).
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Table 2 — Usual classification of confinement areas for rooms other than containment envelopes

Class Expected normal and/or occasional contamination
c1 Means a clean area free from normal radioactive contamination, whether surface or airborne. Only
an exceptional very low contamination level can be accepted.
Means an area that is substantially clean during normal operation. Only in exceptional circum-
C2 stances, resulting from an incident or accident situation is a low level of surface or airborne con-
tamination acceptable, so appropriate provisions shall be made for its control.
Means an area in which, in normal situations, some surface contamination could be present and
with low levels of airborne contamination. In some cases, resulting from an incident or accident
C3 . . X . . L : :
situation, there is a potential for surface or airborne contamination at a level higher than in C2
areas, so that suitable provisions shall be made for its control.
rViCdllb dll dI'Cd ill WlliLll CIIIIdIITIIU dllL‘l ,Ul ULLdbiUlldl LUIlLdlllilldLiUll lt:VClb dl'© 50 lll h hat there
C4 P / 14
is normally no access permitted for personnel, except with appropriate protective equipment.
In order tq better distinguish the rooms with airborne contamination from aerosols from thel ones with
airborne tfitium, the Table 2 is splitinto 2 parts, one for the aerosols (named Ax), one for{the tritihm (named
Tx), as shoyn in Table 3.
Table 3 — Normal/occasional expected contamination,in volumes
Class (Ax Explanation of the class
Tx)
Al Clean area free from normal radioactive aerosol contamination) whether surface or airborng. Only an
exceptional very low contamination level can be accepted,
Area that is substantially clean during normal operatién.Only in exceptional circumstanceq, result-
A2 ing from an incident or accident situation, is a low leve] of surface or airborne aerosol contamination
acceptable, so appropriate provisions shall be made.for its control.
Area in which, in normal situations some surface‘aerosol contamination can be present andwith low
A3 levels of airborne aerosol contamination. In §eme cases, resulting from an incident or accidgnt situa-
tion, there can be a potential for surface orairborne aerosol contamination at a level higher|than in C2
areas; suitable provisions shall therefore-be made for its control.
A4 Area in which permanent and/or occasional aerosol contamination levels are so high that tHere is nor-
mally no access permitted for personnel, except with appropriate protective equipment.
T1 Clean area free from normal tritium contamination, whether surface or airborne. Only an exceptional
very low tritium contamination level can be accepted.
Area that is substantially/clean of tritium during normal operation. Only in exceptional circhmstances,
T2 resulting from an inCident or accident situation, is a low level of surface or airborne tritium fontamina-
tion acceptable, so-appropriate provisions shall be made for its control.
T3 Area with exhaust likely to be detritiated if a tritium contamination threshold is exceeded
T4 Area equipped with permanent detritiation in one-through mode
T4* Area equipped with permanent detritiation in recirculation and one-through mode
NOTE 1 C1 fo C4 classes from Table 2 deal with the whole contamination products, aerosols, gases as well as tritiym, and both
types have to bé\considered for establishing this classification. In Table 3, Ax cases correspond to the cases wher¢ radioactive

aerosols are

the'tontaminant. Tx cases correspond to the cases where tritium is the contaminant.

facility.

NOTE 2 Examples can be that one room can be Ai for radioactive aerosols, Tj for tritium, but the classification C considers the
global contamination Ai + Tj, expressed in DAC. See Annex A for guidance.

NOTE 3 T1 and T2 cases are theoretical: they may exist in principle if the contaminant is only due to tritium but in this case, they
can be considered as C1 and C2.

NOTE 4 Other classifications can also exist in parallel for rating the confinement needs for chemical products present in the

7.2.2.3 C(Classification into radiological areas

In the event of a radiation exposure hazard (internal and external exposure), a complementary classification
of the installation into radiological areas exist in all countries according to the ICRP 103[12] and IAEAI2¢]
recommendations. The following radiological area designations are used: supervised, and controlled areas,
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the other adjacent areas being not restricted with regards to radiological risks. Areas in which internal
or external exposure levels are very high shall be forbidden for human access during normal operations,
however access can be possible under certain circumstances if allowed by national regulations.

Definitions of these different radiological areas are given in national regulations. They can overlap with the
previous containment-area classification, but the superposition of these two areas classifications shall be
analysed in order to avoid incompatibility (a C4 class can only be a forbidden area, C3 and C4 classes are in a
controlled area, etc.).

In all cases, the overall classification system (complying with these two classifications) shall consider and

comply with the pertinent national radiation protection and safety regulations.

7.2.3 Factors influencing the design of ventilation systems

In order t¢ ensure the adequacy of the dynamic confinement function in all operational regimes of the

installation, criteria should be defined during the design stage, considering the influence of severfal factors.
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those in which the ducts are at positive pressure (i.e. downstream from a fan) without tightness

provisions and which shall be maintained at a negative pressure in order to cope with leaks of the ducts,
even if the ducts are located downstream from the filtration systems, such that the filtration systems are
not able to filter all gases.

Table 4 gives some examples of the usual values of negative pressures depending on the confinement class

(see Tables

2 and 3). Examples of levels of contamination are given in Annex A.

When adjacent areas have different classification levels, the differential pressure should be chosen to
suit particular conditions, but it should be at least 40 Pa. For the interfaces between C1 and C2 areas, the
differential pressure may be reduced.
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[t should be noted however that very high negative pressures can be required for glove boxes or containment

enclosures

(e.g. vacuum vessel, port cell to access vacuum vessel).

Table 4 — Guidance to negative pressure values

Nature of room or area Negative pressure value? Confinement class
Control rooms Positive pressure Unclassified
. A heri g
Non-controlled rooms or areas free from contamination tmospheric pressure or Unclassified
small overpressure
Supervised areas with very low levels of surface or airborne
contamination in abnormal (exceptional) situations only 0 Pato 60 Pa C1
These areas shall be uncontaminated in normal operations.
Controlled kreas substantially clean during normal opera-
tion a_md with !ow le\{el of surface or alrbo_rne contamination 80 Pa to 100 Pa ch
only in exc¢ptional circumstances, resulting from an inci-
dent or acc{dent situation
Controlled preas in which some surface or airborne contami-
nation could be present at low levels in normal situations,
and in somg cases resulting from an incident or accident sit- 120 Pato 140 Pa C8
uation, there is a potential for surface or airborne contami-
nation at a high level
Controlled preas with very high levels of surface or airborne
contaminafiion even during normal operations
8 P . 220 PAtd 300 Pa All 4
Areas that fire not accessible except under specific circum-
stances
a2  Comparkd to the reference pressure or, for rooms inside C3/C4 containnment envelopes, the pressure inside this pnvelope.
7.2.5 Air velocities between areas
Ventilation| systems can be used in some cases to _eénsure dynamic confinement between two|areas that
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For the particular case of gaseous tritium products, a minimal air velocity (safety flowrate) of 1,5 m/s is
recommended due to the high volatility of tritium. Nevertheless, each situation shall be studied on a case-
by-case basis, according to the potential risk of contamination and (indirectly) the containment area
classification of the room, the design of its ventilation system, the influence of heat sources, the number
and position of measurement points, etc. In many situations, the use of a ventilated airlock-chamber should
represent a satisfactory alternative solution for ensuring a complementary dynamic confinement.

For the particular problem of achieving dynamic confinement for incidental or accidental openings, it is
currently rather difficult to provide very precise recommendations. Because of the characteristics presented by
each installation, each case shall be examined separately and validated, if necessary, by an experimental study.
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sic air pattern and clean-up systems

The functions attributed to the system of ventilation and the classification of rooms according to the risk of
contamination lead to the construction of a hierarchy of ventilation networks.

a) according to the risks induced by the nature of the effluents transported;
b) according to the following parameters:

— required reliability (redundancy, quality of construction, electricity supply, etc.);

— number of regimes of functioning required for the particular objectives of operation;

— saving of energy (electricity, heating, etc.);

— safety requirements (redundancy of the ventilation and/or air-cleaning systems, @néfrgy supply,

permanency of ventilation and filtration functions);

— opleration and installation constraints (decontamination, dismantling).
In order tg guarantee a secure state of the installation in all cases, the study of the nominal [regimes of
functioning of the different types of ventilation networks shall be completed with a thorough examination
of the totallity of the transitory regimes of the installation following an incidenPor accident.
C1 areas would normally not need to be filtered at the exhaust. Only appropriate air treatment should be
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The air in C3 areas, relative to that in C2 areas, is likely to be sufficiently contaminated to require more than
one filtration stage (HEPA filters, iodine traps, detritiation devices) adapted to the type of contamination.
The number and the type of filtering devices are determined according to a risk assessment considering
the potential releases that can occur during accident situations. It should be noted, in this context, that the
level of activity in areas with operator access is not directly relevant to the need for filtration; this latter
requirement arises more from the need to keep discharges as low as reasonably achievable (ALARA). Due to
the safety requirements for the plant, inlets to C3 areas shall be equipped with particulate air filters, class
E or H according to ISO 29463-1, to protect against possible back-diffusion of contamination due to loss of
extract flow from the C3 areas. Releases shall be made through a stack allowing sufficient dilution (with an
adequate height).
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Containments for T3 or T4 areas, such as glove boxes, hot cells, etc. require special consideration. The activity
extracted from these facilities is directly proportional to both the airborne contamination concentration and
the extract air flow rate. As a general rule, detritiation systems for the exhaust are appropriate for managing
and controlling tritium routine releases. Releases shall be made through a stack allowing sufficient dilution
(with an adequate height).

When in addition, there is aerosol airborne contamination corresponding to C3 or C4 classes, HEPA filters
shall also be added on the exhaust (see Annex A for guidance).

If the deposition of radioactive materials on the main filtration devices during accidents leads to excessive
external exposure of operators, then adequate protection measures against gamma radiation shall be taken,
such as installation of shielding or implementation of primary filtration stage upstream from these filters.
This main filtration device, which is generally located in the filtration unit, constitutes the last cleaning

stage befof

If the depg
internal e}
adequate T
confineme
specific pr

7.2.7 (I3
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The calcul
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areas,
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consid

e release into the environment via the general stack.

sition of radioactive materials on the main filtration devices during accidents léads$ t
kposure of operators in post-accident situations necessary to maintain the 'Safe

rotection measures against tritium contamination shall be taken, such_ asxinstallat
ht systems (double pipes, glove boxes, specific enclosures) around the tritiated source
htective personnel equipment designed against tritium.

issification into ventilation types

hts, a classification into ventilation families can be established, permitting the defin
1les for the general design and equipment specific to the different ventilation network

ves an example of such a classification, which is based on the maximum expected con
o normal operations as well as the potential accident contamination levels.

timization of air exchanges

teneral

er of air exchanges is determined by the conventional ventilation requirements
resh air, and remove odours$, potential asphyxiants, vapours and heat, etc. In addit
ates can be determined by the radiological requirement to maintain the proper negatiy
vs between areas, and to allow efficient air monitoring, where this is required.

htion of ventilationCair-change rates for areas, containment enclosures and rooms re
eps described infdetail in 7.2.8.2 to 7.2.8.6:

tion of the typical air flow rate according to the classification of the working areas (1
containnrerit areas);

lent faccident situations;

D excessive
state, then
jon of first
s, or use of

e previous
tion of the
S.

tamination

necessary
on, the air
e pressure

quires five

adiological

eratign-of reducing radioactive releases and internal doses for the workers; i.e. air cleaning needs

eration of the specific risks such as management of explosible risks;

study of the confinement function;

maintenance of the ambient and hygienic conditions.

The first three steps are directly dependent on the nature of the principles and operating conditions of the
process implemented. The last two steps consider the design and the construction of the building.
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irst step

This step provides for the definition of a minimal air exchange rate, considering the level of air contamination
under normal and accidental conditions. For accident situations, the following operational conditions should
be considered:

level, e

principles of intervention;

tc.).

methods of intervention (permanent or temporary);

conditions for return to the normal operating state (duration ofimmobilization, acceptable contamination

7.2.8.3
Two situat

Normd
short-

Accide
as low
contril
nuclidg

econd step

hnd long-lived radionuclides.

ons shall be considered: normal operation and accident situations.

| operation: air exchange rate does not have a significant impact on the radioactive

releases of

nt situations: whatever the lifetime of the nuclides, radiological consequences shall be fnaintained
as possible for the members of the public and the workers. The reduction of air excange rates
putes directly to the reduction of the consequences on the public, significantly for
s, but increases the consequences for the workers. An optimization shall therefore be yndertaken

short-lived

in ordpr to define the appropriate air exchange ratel). Tables¢5yand 6 below give guidapce for the
corresponding indications of air change rates with regards_te/global contamination risks|and to the
preserice of personnel.
Talle 5 — Guide to air exchange rates accordingto global contamination risks (C class)
Compartment Typical alrheo)ilcslanges per Area (confinement class)
Change rogms, air locks 4t05 C1,C2or (3
Normally clean air corridor 1to2 C2
Normally npn-active rooms 1to?2 C2
Controlled preas of medium potential hazard 1to?2 C2
Maintenange areas for primary containment of risk 1to5 c3
process plants
_Coqtroll_ed hrea of high potentiathazard, including 41010 c3
iodine-riskjrooms
Maintenange areas for pritnary containment of high-
: 10 C3
risk procesp plants
Inter-space| volume of double-wall containment <<1 C3 or C4
1to 30
Primary coptainment without personnel entrance (depending entirely on pro-
. . . C4
(glove box, [containment enclosure or shielded cell) cess_volume of the contain-
ment enclosure and hazard)
1to4
Large primary containment without personnel en- (cde?sgflr:agﬁ%;}itrllzls},’ 3:)115;;' c4

trance (e.g.

vacuum vessel)

of the containment enclosure
and hazard)

1)  All these air exchange rate values can be reduced according to the approach defined in the third step (see 7.2.8.4),
taking into account whether or not personnel are present in the rooms and an evaluation of the radiological consequences

subsequent

to an accident
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Table 6 — Guide to air exchange rates for rooms, according to whether or not personnel are present
in the rooms in routine operations

Units are in air exchanges per hour

Presence of Presence of per-
. . . . sonnel in enclo-
Compartment (typical | Typical confine- Situations personnel inen- |~ < without Absence of
examples) ment class closures with air air cleanin personnel
cleaning needs needs g
Normal 1to102 1to42 <<1
rooms (vacuum vesse Accident with persomnel is
) - T - a
Hot cells, radwaste Shorzllll(;,:: nu lto3 evacuated, then 0ltol
process roqms), specific C3,C4 0,1tol2
tritiated enclosures ;
’ . . 1 to 10 until
rooms adjafent to highly Accident with personnelis
. — H - a
contaminated rooms long hved nu 1to 10 evacuatedythen 1to5
clides 01Ge’1 2
Normal 1to 10 Ito 4 <<1
Accident with 1ef‘202n11112?ils
short-lived nu- 1to3 evlacuate d. then <<1
Tritium building, To- c2 C3 clides 01 to’l
kamak building galeries ’ !
Accident with 1;?5(1)?1rlll:ltilsl
long-lived nu- I\to 10 evlacuated then 0,1to1l
clides 01to1
a2  Presencp of personnel in highly contaminated rooms is not allowed, except in exceptional circumstances wjith personal
protective equipment and subject to acceptance in national regulations.

7.2.8.4 Third step

Consideratfion of hazards and the specific constraints such as

— explosjve and inflammable gases, for-example H, isotopes;

— preserfce of radioactive gases (e(g.)tritium);

— tritiunp releases in the roons;

— preserice of inert or toxiegases, and

— thermal constraints'due to processes or equipment located in the room, etc., shall be considdred during
the defermination®ofthe required air exchange rate ofthe room. This evaluation necessitates arj individual
study, which€airlead to increasing the air exchange rates above the values indicated in Tablgs 5 and 6.

For rooms hostlng circuits w1th hydrogen 1sotopes or other explosible gases, hlgher a1r Change rates should
be implemle C » ites should
be limited when these rooms also contaln tr1t1um contamlnatlon that is e1ther permanent or likely to be
released in quantities exceeding 4 000 DAC in accident, since it would lead to large tritium releases. In such
cases, the use of efficient local air mixing systems should be recommended in order to homogenise quickly
the potential release of explosive gases and therefore to limit explosion risks.

7.2.8.5 Fourth step

In order to ensure the dynamic confinement of the room, i.e. to maintain the necessary negative pressure,
the leak rate of the room is determined according to the characteristics of construction, operational
requirements (occasional openings) and foreseen accidental conditions threatening the containment.
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Depending on the relative values of the foreseen leak flow rates, it is advisable to verify that the air flows
transported by the ventilation (mainly the admission and transfer air flow rates) remain sufficient to
guarantee the confinement. In cases when the exhaust air flows required to compensate for the predicted
leak flow rates appear to be excessive, a cost optimization study should be undertaken, balancing the cost
of the ventilation against the cost of improvement of the leak tightness of the room, while achieving the
required degree of safety of the installation.

7.2.8.6 Fifth step

This step consists of making an inventory of the thermal loadings and associated air flow rates (contributions,
losses, etc.) in order to determine the air flow rate required to maintain the ambient conditions of the room,
considering the equipment, processes and personnel.

A study shall be undertaken for both the normal and likely off-normal functioning of the installation, which

considers

— the influence of the location of the rooms;

— the possibilities of air transfer or of recycling, respecting the application of the(principles defined in the
diagrams given in Annex A;

— the ungertainties linked to the functioning of the ventilation system, and

— the fresh air that it is required to provide to ensure acceptable industrial-hygiene conditions in the areas
that arje normally occupied.

7.2.8.7 Determination of the final air flow rates

The optimigation process defined above can require severaliterations. In practice, the methodology| consists of

— analysiis of the results obtained in the five steps, and

— retentjon of the optimized air flow rate derive@from these steps, considering the necessity tp minimize
radioaftive releases into the environmentland internal doses for workers, while ensuring the safe
functigning of the installation.

The air flow rates thus obtained (the optimized air flow rate resulting from all the steps) are the air flow

rates consi

It shall be
overall air
In establis}

a)

C1 are

[dered for dimensioning the.ventilation system.

exchange rates.

hing the air éxellange rates, the following provisions shall be considered:

than €0 maintain the proper air circulation towards the surrounding C2 areas. Thi
He-the use of ventilation in these areas, as determined by the climatic and ambient
hted with these rooms

noted that for a given-room, several air exchange rates can be allocated dependiing on the
operationall situations defined:for this room. In this case, the ventilation systems shall be able t

b cover the

hs, by defirition, are free from contamination and generally do not require special copsideration

s does not
conditions

In those areas that have a potential for airborne activity, increasing the air exchange rate might not

result in a significant reduction of airborne activity to the level of the operator. Excessive flow rates
should be avoided, since they can cause a suspension of the contamination and, hence, increased
airborne activity levels. However, increased flow can reduce the average concentration in the area as a

other

preclu

associ
b)

whole.
)

Distribution of the clean air at the operator level is important.

The air flow rates into C2 areas may include a proportion taken from the C1 volumes or from the exterior.

In certain circumstances, subject to hazard assessment and by agreement with the responsible safety
authority, a significant fraction of the air exchange rate may be obtained by recirculating the air within
the areas or transferring air from different areas. In areas having a potential for high contamination, the
air shall be filtered through adapted filtration devices (HEPA filter, iodine trap, etc.) before recirculating
or transferring to a lower contamination risk room.
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7.2.9 Layout and location of the ventilation ducts

The layout
a)
b)
9

of the ventilation ducts shall be studied in order to

avoid the abnormal deposition and the accumulation of radioactive matter in ducts;

reduce wind effects (for air inlets);

reduce the risk of spread of contamination resulting from air movement from any high-activity area

to a lower-activity area. For this reason, the designer shall always consider the following installation
principles:

in
in

7.2.10 El

This activi

contai

by def
therm

by chal

At the end
throughou
knowledge
one, the mi

At the end
the locatio
detailed to

The calcul

]

d

by def

by defi

install the inlet ducts in less-contaminated areas;

btall extraction ducts in the most-contaminated areas;

class C4 areas, limit the length of ducts and implement adequate tightness (e.g. welded

iboration of the ventilation diagram and calculation of the pressure drpps
'y consists of defining the architecture of the installation:

ining all rooms according to the nature of the risks (type of ventilation, fire com
hment compartments, iodine risk rooms);

ning the main parameters of the ventilation: negative pressure in the rooms, air exch
hl releases, leak rates, internal temperature, climatic conditions (in winter and summer

racterizing the admission or extraction units;
ning the systems of regulation, isolation and filtration.

of this analysis, an outline ventilation diagram shall be drawn. This diagram shall
[ the subsequent progress of the project, accommodating the increasing precis
of the environmental conditions required in the rooms or group of rooms, which refin
nimum required air flow rates (admission, extraction, transfer).

of this study, a complete layout diagram defining the distribution of the ventilation
I of the ventilation networks 'will have been created. This final diagram should be
allow the prediction of theflow dynamics of the ventilation systems.

htion of the associated/pressure-drop losses shall consider the predicted clogging m3

filtration devices, the negative-pressure of the rooms, the pressure drops of the heating compone

In order to
can be use

Annex A gi
7.3 Filtn

7.3.1 Ge

dimension eack’junction and section, appropriate aerodynamic calculation codes or 11
, combined;where necessary, with fire calculation codes.

ves seme typical examples of ventilation diagrams.

ducts).

partments,

Ange rates,
extremes);

be refined
ion of the
es, for each

ducts and
sufficiently

rgin of the
nts, etc.

omograms

ation

neral

Air-cleaning (or scrubbing) devices shall be designed and constructed in such a way that they suitably resist
the various stresses, predictable mechanical loadings, transient or periodic, and especially for accident

conditions

radiation effects and any chemical attack by corrosive gases or transported vapours.

During the design stage, consideration is also given to the necessity of installing devices that allow the
isolation of parts of the air-cleaning system in order to facilitate interventions without disrupting either the
confinement function or the air cleaning.
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Filtration systems are also recommended for the air inlets to reduce the quantity of dust and impurities
burdening the extract filters and, hence, prolong their lifetime.

Filtering and air-cleaning devices shall be designed in order to limit the volume of waste that they produce. If
filtering and air-cleaning devices in the design of ventilation systems are considered replaceable, it shall be
possible to replace them without risk of spreading radioactive contamination and without risk of excessive
exposure of the workers during the operation. If necessary, remote handling means shall be provided.

Potential loss of the efficiency of filtration systems shall lead to the inclusion of redundant equipment for the
ventilation areas (e.g. C4, T3/T4) that have a high-risk contamination classification. Informative layouts are

provided in Annex A.

7.3.2 HE

PA filters

The design
The desigr
ventilation
normal op¢

In particul
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of HEPA filters for fusion facilities is exactly the same as for those of other nucledn in
, control methods and tests are indicated in ISO 17873. The requirement for)'"HEPA
systems shall be assessed according to the expected maximum contamination lg
erations and during accident situations in rooms.

econtamination factor shall not be lower than 1 000 at the most penetrating particle s
| E). HEPA filters for nuclear applications are defined according to this criterion.

Falidated normative methods shall be used in order to testperiodically the efficien
se methods shall give conservative values and shall usé\the ratio of the mass upst
b that downstream from the filter of the MPPS in order to be representative of the n
Ces of normal and off-normal releases.

n of the nozzles used for injection upstream froin the filter being tested and the tak
icles upstream from and downstream from the filter being tested shall be qualified
mogeneous spread of these particles at thesé take-off points.

s shall also be qualified for nuclear cehditions (resistance to ionizing radiations, agf

ince is considered in 8.6.

" detritiation system

clides contribute a major part of the radioactive inventory in the case of routine op
n accident, so the @sSociated chemical process requirements shall be implemented ver
ation process wasideployed in several nuclear facilities. The success of such systems fi
sion and work exposure to tritium has resulted in their deployment in every major fus

y be in vanious forms such as elemental, oxide, hydrocarbon and adsorbed in aerosols

inarytep, tritium in all forms is collected in process volumes or rooms into duct layou
nd-all the conditions of the rooms.

stallations.
\ filters on
vel during

ar, for HEPA filters located at the last filtration stage or those used.for the safety apalysis, the

ize (MPPS)
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r reducing
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In order to protect and make easier the detritiation process steps, several devices can be implemented
depending on the safety analyses regarding the streams to detritiate in routine or accident conditions:

— Generally, an HEPA filtration step in order to reduce the concentration of aerosols, tritiated or not, in
the streams to detritate: this has a double positive effect, it reduces thanks to the HEPA filtration, the
tritium under aerosol form and avoids to send aerosols to the detritiation core that would lead to a lower
detritiation efficiency and waste effluents issues (especially in case of polluted environments such as in
a fire event).

maintain an optimal temperature of the stream to detritiate.
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implemented (e.g. passivation columns).

Annex B provides examples of detritiation technologies.

In case of collected streams with potential chemical products (e.g. acids), a specific chemical stage can be

In the detritiation core, two main steps are deployed: a tritium conversion step (transforming gaseous

tritium int

o tritiated vapour), and a tritium vapour collection step:

The first processing step consists in sending the collected streams to chemical/thermal process (catalytic
recombiner at high temperature) converting, and cracking the gaseous molecules into water vapor to
transform the tritiated mixture into streams easier to detritiate. The tritium oxidation step is accomplished
by heterogeneous catalytic reactors at several temperatures depending on the chemical tritiated forms
(around 170 °C for elemental form, more than 300 °C for more complex chemical forms).

After this ¢

The tritium vapour collection step is performed by;

either
cycle s
cycle s

detriti

The requir

factor requ
same methodology as for HEPA filters, i.e. permanent and aceident situations contamination levels

The follow

a) the de

the dif]
b)
)

the qu

The d
Sensib

tel

re

ag|
ch

or scriibber columns. The latter is a counter-current contactor between-a gaseous stream
tritiatg
concer

the achievement of periodic tests-proving the tritium decontamination factor.

xidation step, there may be a cooling step in order to improve vapour condensation.

molecular sieve-based adsorbers (tritium traps), that will need to be regenerated |
ystems, removing then the tritiated vapour prior to its discharge in a stack (or reproce
ystems),

bd water and another stream of liquid tritium-free water. ThiS)step divides the stre
trated tritiated liquid, sent to liquid tritium treatment.System in fuel cycle syste
hted stream sent to the discharge stack.

ement for tritium conversion and tritium collection shall be defined to reach the decon
ired for detritiation system. The tritium decontamination factor shall be assessed accof

ng aspects are considered with regard to this objective:

contamination factor required during<routine situations and during accidents, assoq
ferent tritium chemical forms;

hlification of detritiation system\during the whole accident period;

bcontamination factor “ef detritiation system depend on oxidation and trapping
ility to parametersdepend on the selected technology. Oxidation efficiency is sensitivg

mperature controlof the oxidation reactor bed;
sidence timie-(ratio of volume over the flowrate passing the reactor bed);
eing diieto short- or long-term poisoning (such as halogens)

emical form of the tritium released during an accident (e.g. elemental, oxide and hydrog

hter in fuel
ss into fuel

containing
ams into a
'ms, and a

tamination
ding to the
in rooms.

iated with

efficiency.
to:

carbon).

Tritium trapping efficiency is sensitive to:

— Tritiuminventory in the device prior to test and tritium concentration upstream (for molecular sieve);

— Ratio between water vapor to liquid water (Scrubber column).

Therefore,

a)

the following provisions shall be considered.

In order to limit, upstream from the tritium trap, the maximum temperature, which can degrade

detritiation factor, a thermal study for all routine or accident conditions shall be performed in order
to assess the need for a cooler to be installed upstream from the device. Relevant information shall be
continuously available in order to control the parameter. It shall be demonstrated that the provisions
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with respect to the maximum value of each component, mixture or parameter are adequate either by

design

b)

feature or by monitoring and control.

In order to ensure high efficiency and the optimum retention time of tritium inside the trap, the air-

speed limit shall be lower than the value achieving this goal (i.e. 1 to 1,1 m/s for oxidation or tritium
trapping). It shall be demonstrated that the provisions with respect to this value are adequate.

Stand-by detritiation system shall be tested as frequently as those in normal operation.

decontamination factor used in the safety assessment.

f)

g)

ventil

detritip

h) Packe

proce

Decontami
required b

10 for
reducs

is reqy

1000
HEPA {

iption system and on the overall ventilation system of the surrounding room). Senso
-py while used only during the periodic efficiency test.

100 for

tion/detritiation ducts should be located at the lewest part of the rooms in order to ¢
tion function the longest as possible.

bed used for detritiation system shatlybe designed to increase surface contact be
sed and trapping solid or liquid.

nation factors for tritium in f@sjon facilities are generally (depending on the spe
y the safety analyses, these values can be higher or lower):

detritiation efficiency (e:g. halogenated products produced in fire conditions);

all gaseous or vapour tritium form in routine or all other accident situations in which ¢
ired (e.g. tritiated’'water leaks, tritium leaks);

for tritiumtaerosols; corresponding filtration is ensured by at least one HEPA filter {
ilters inseries could bring higher decontamination factors.

It shall be

In a gener

The chemical form of tritium during accidents shall be known in order to be able to establish the

It shall be demonstrated that detrltlatlon system when used in stand- by mode can guarantee their

e-ventilation
' spread of
bd to verify

ventilation
is achieved
hat prevent
lestruction
ms for the
I can be in

ipn systems
nI). Exhaust

ntinue the

tween gas

rific needs

baseous or vapour tritium ih accident situations that involve chemical products that are likely to

letritiation

tage, more

Ioted that these values are not equivalent in terms of retention.

etritiation

systems, since these halogens, once released in rooms (e.g. in fire conditions), will generate chemical species
in catalytic reactors that reduce the efficiency of detritiation systems.

Periodic in situ tests shall be performed for all stand-by detritiation systems. The periodic tests include
tritium detritiation factor as well as the tests of all the parameters that support the detritiation efficiency
(e.g. catalyst temperature sensors, air flows sensors, inlet water temperature and flowrate sensors, tritium
detection sensors). For the detritiation systems that are routinely used to detritiate effluents, the ratio of
tritium concentration between upstream/downstream the system is enough to quantify routinely the DF,
together with period tests of all the parameters that support the detritiation efficiency. For all detritiation
systems, periodic tests shall be performed according to the most severe condition in the facility (e.g. air
saturated of water).
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According to IAEA recommendations (see Reference [25]), fusion facilities should be designed to cope with
design extension conditions. Therefore, the filtration systems, in particular detritiation system, used to
mitigate the consequences of such accidents should be designed with regard to these accident conditions
and source term inventory.

Depending on the results of the safety assessment, in particular when this function is used to cope with
DBA and DEC, the detritiation system function (tritium oxidation and traps, with associated control and
protection devices) should be based on redundant components, seismically classified and supported by a

safety back-up power supply.

7.3.4 Other gas-trapping devices

Other gas-

rapping devices, such as permeator, bed such as uranium or zirconium-cobalt, an

cold trap

should me
accident cd

Activated

et requirements allowing the demonstration of their efficiency during normal opg
nditions.

farbon traps are used, via dynamic adsorption, as retention beds that permitsome d

radioactivity of the releases. These systems are the most efficient for short-half-life nu¢lides.

Detritiatio
a trapping

The purific

8 Mana
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h devices, mainly based on the oxidation of tritium gas and on the retention of oxidized
device (e.g. a molecular sieve), shall be designed to cope with hydregen combustion an

ation devices shall be designed according to the quantity of gas-being treated.

gement of specific risks

rol of combustible gases in the buildings

For norma

operations, as wells for abnormal/incident/accident situations, large amounts of ¢

gases (e.g. hydrogen isotopes) can be released to the atihosphere of the containment, potentially
the flammability limit and jeopardizing the integrity of the containment. Later in the accident s

the event
In order tg
threats to {
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a best-estimate approach. The assessment should cover the generation, transport and mixing of ¢
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le containment, combustjoi-phenomena (diffusion flames, deflagrations and detong
f thermal and mechanicalleads, and the efficiency of mitigation systems.

to IAEA recommendations (see Reference [25]), the efficiency of the means of mitiga
ull amount of hydrogen isotopes in the systems, coupled with appropriate kinetics
tration of hydregen in the containment compartments would at all times be suffi
e a detonation=Design provisions for achieving this goal are, for example, an enhang
ability of\the containment atmosphere coupled with a sufficiently large free volun

local ‘air mixers in rooms with low air change rates is a good practise in order to h
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The means of hydrogen mitigation provided can be the same for DBA/DEC conditions and for some BDBA
accident conditions.

The leak tightness of the containment for the most probable accident sequences should be ensured with
sufficient margins to take into account severe dynamic phenomena, such as a fast local deflagration, if these
cannot be avoided.

Even in a containment that has been rendered inert, hydrogen and oxygen generated over a long period of
time by water radiolysis can eventually cause the flammability limit to be exceeded. If this is a potential
threat, passive autocatalytic recombiners should be installed to deal with it.

Provision should be made for hydrogen monitoring or sampling.
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Severe accident conditions can pose a threat to the survivability of equipment inside the containment due to
high pressures, temperature, radiation doses and dose rates (including those due to aerosol deposition), and
concentrations of combustible gases.

8.2 Control of cryogenic liquid/ gases in the buildings

Helium and/or nitrogen gases are used in cryogenic conditions in tritium fusion facilities with
superconducting magnets. At such low cryogenic temperatures (around 4 K for helium, around 80 K for
nitrogen), these gases are under a liquid form.

Several postulated initiating events assume the break of cryogenic circuits, leading to a discharge of the
liquid cryogenic fluids to the areas where the circuits are located, and therefore leading to a large pressure
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Tritium adsorption on surfaces and desorption from surfaces, as well as tritium permeation are natural
physical phenomena that occur even at ambient temperatures.

These phenomena are of safety interest when outgassing would lead to tritium airborne contamination, and
is related to temperature increase. This is particularly the case for tritiated components and waste.

Therefore, the control of ambient conditions shall be performed in areas where tritium is present in tritiated
components and waste. In such a case, the air conditioning function ensured by ventilation systems helps in
maintaining the room airborne contamination zoning.

NOTE
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8.3.2 Air conditioning of safety-classified components

Rooms containing safety-classified components shall identified and be ventilated in order to maintain the
range of temperatures required for the safe operation of these components?2).

Requirements for the air-conditioning function of these rooms shall be consistent with the importance of
the safety-classified components in the safety analysis, as well as dew point control.

The sizing of the heating and cooling capacities shall consider the extreme external temperature range.

Typical temperature values of safety components are given in Table 7.

Table 7 — Guide to temperature resistance of safety components

Minimal temperature require- Maximal temperature|require-
ments ments
Component - - - -
Accidental con- | Normal condi- | Normal condi- | ‘Accidental con-
ditions tions tions djtions
E_lectro_mc ind electrical equipment 5 oC 15°C 25 R b5 oC
(including ¢ontrol rooms)
Pumps 5°C 15°C 25 °C 15 °C
B_ack—up power supply equipment (e.g. 10°C 15°C 35 oC 0 °C
diesel genefator)
For rooms|with permanent tritium contamination levels (e.g. mare*than 0,1 DAC) or contain]ng tritium
handling systems, high levels of air humidity in rooms would lead:to produce liquid tritium quantities once

detritiated|

a comfort flunction regarding the air conditioning humidity.fof’workers comfort.

833 Ve
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These syst
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Back-up cantrol rooms are necessary either if personnel shall remain in the control room for Ig

after an ac
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shall ensuy

. Therefore, for such rooms, producing less tritiated water should take precedence to

htilation systems of the control rooms

feneral

ems shall meet special requiremerits as they prevent the ingress of contamination
materials, smoke, gases, etc.) rather than providing a confinement function.

feneral requirements

Cident in order te:survey the facility, or if the main control room (MCR]) is not designeq
ensure long-tehm habitability of the control room. It is important to mention that,
cident situations, the long-term habitability shall be ensured for only one, not bot
ms.

bng-terin habitability of one of the control rooms is threatened by an accident, ventilati
e

a) withregard to the single-failure criterion and common mode failures:

co

ntrol rooms;

global redundancy of the air-conditioning (heating and cooling) of both control rooms;

o}

aintaining

(chemicals,

ng periods
to protect
in order to
h, of these

bn systems

complete separation (geographical and physical) between the ventilation systems of the two

a specific redundancy of the air-cleaning function of the ventilation system, at least for the MCR;

2) These components are generally qualified to the conditions in which they are expected to be used during normal
operations and accident conditions, in particular when the temperature exceeds the range of typical temperatures

mentioned i

n Table 7.
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b) with regard to seismic conditions:

— the complete qualification of the ventilation systems of the control rooms against earthquakes, at
least for that of the MCR;

¢) withregard to the permanency of the electrical supply:

— its operability in case of loss of normal power supply by back-up diesel generators, at least for the
MCR ventilation systems.

8.3.3.3 Specific requirements for the design

The following specific requirements shall be introduced for these systems:

— implen

hentation of a positive pressure in the MCR ventilation systems to avoid air infiltrati

filtration in the MCR;
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aps (e.g. iodine traps)and noble-gas delay systems. Examples of such equipment are d
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8.5 Prevention of risks linked to the deposition of matter in ventilation ducts

In order to avoid the deposition of radioactive products, flammable matter, corrosives or toxic material in

ventilation

ducts, the following preventive measures should be adopted:

with special justification;

adoption of an air velocity inside the ducts sufficient to entrain the predicted particles;

separation of the ventilation duct networks to avoid cross-contamination;

© IS0 2024 - All rights reserved
44

installation of appropriate air-cleaning or filtering devices as near as possible to the source points, except


https://standardsiso.com/api/?name=a6467476f85727b6c38619dc7b6a6976

ISO 16646:2024(en)

— choice of layout, form and nature of construction materials of ventilation ducts, reducing as much as
possible the retention of matter and facilitating their cleaning, where appropriate.

8.6 Prevention of fire hazard

8.6.1 Compartmentalization

To inhibit the spreading of a fire, the best strategy for prevention consists of creating fire compartments (FC),
sometimes called fire sectors, inside the building or the rooms. The aim of these compartments is both
to limit the propagation of fire and smoke beyond these compartments, due to pressure phenomena and
thermal loads induced by the fire, and to contain internal fires within predefined volumes for a sufficient
period to facilitate intervention for extinguishing the fire, and to protect these compartments against

possible ex
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e compartments (fire sectors)
rtments shall fulfil the following requirements:

hlls and the material of construction of a fire compartment boundary (including its pe
e designed to resist to the maximum fire that\can occur inside or immediately out

er the constraints due to maximum pressute variations (that could reach a few kPa
htive pressure) and temperature induced by the possible fire, especially when the cont
d only by means of static barriers during'the fire.

compartment can include one or'several rooms, the choice depending on safety con
ing the necessity of avoiding common-mode failure) and on the possibilities for exting
iration, accessibility, etc.).

fire compartments are(likely to contain radioactive substances such that a possible
ificant consequencesfor the environment and the general public, it is strongly rec
bsigners avoid making the fire-compartment walls coincide with those of the extern|
ires. It is prefefable to insert a room or group of rooms with specific ventilatior
ed with adapted filtration devices (such as HEPA filters, more rarely iodine trap:s
valls. To facilitate the early detection of fires and, hence, prevent any compromise of t
g the fife)compartments containing radioactive substances, specific measures sha
ct these fires, in particular by external means (doors equipped with fire-proof wind
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nt information 1dentified 1n the plant safety report and design provisions (e.g. or te

mperature,

pressure, presence of smoke) shall be continuously available to allow the operation of the ventilation
system in an appropriate way, with regard to smoke, hot gases and dust.

The ventilation shall be capable of being isolated, unless it can be demonstrated that the ventilation

equipment is not challenged by the fire and that smoke, combustion gases, heat and the spread of
radioactive materials cannot challenge the equipment in the other rooms and inlet and extraction
network. In addition, air supply to the fire source shall be restricted.

f)

A target in terms of maximum tritium inventory and a maximum explosive gas inventory shall be

established for fire compartments; specific safety prevention provisions shall be implemented in order

to avoi

d these inventories to be spread in fire scenarios.
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g) A compromise between the closure of the fire compartment and the question of whether or not to
maintain the functioning of the extraction network and the air-cleaning system shall be obtained, in
order to:

considered in the safety analysis;

ensure the control of the dynamic confinement as long as possible during and after the possible fires

minimize creating the risk of an explosive atmosphere within the containment areas or rooms, this

point is a major key point in fusion facilities where hydrogen isotopes are handled, requiring to
perform specific analyses aiming at calculating heterogeneous diffusion of these hydrogen isotopes;

tactthalact filtration laval from chamical and haoat Attaclin ardarta ~unid unecantrall
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hintained by the installation of suitably positioned fire dampers<within the associated
cts, with the exceptions mentioned above. The control deyices of these fire dampe|
ptected against the effects of the considered fire.

e extraction circuit designed for use during a fire shall:consider the following.

Thefirstlevel offiltration, whereitexists, shallbe designed in ordertoavoid clogging ord
loss of efficiency too rapidly. Its destruction shallnot necessitate the interruption of the
ventilation. Its clogging shall not rapidly leadte a reduction in the extraction air flow r4
an extent that a significant positive pressite excursion can arise, or the dynamic ¢
becomes ineffective. In order to avoid this phenomenon, a bypass can be used.

The lastlevel of filtration shall be designed in order to guarantee its functioning and it

throughout the duration of thefire (by dilution of the gaseous effluents, for example).

The ventilation ducts and their connection flanges outside a fire compartment, et
leak-tight and shall be deésigned to maintain their initial behaviour with regard tc
(dilatation, smoke, pressure) in the rooms that they serve or cross. If it cannot be ay
ducts cross other fite compartments, these ducts shall be fire-resistant to at leas|
safety level requited for walls of the fire compartments that they cross.

The admissjon ducts to a fire compartment can be equipped, if necessary, with o
stage, located as close as possible to the compartment and upstream from a su
resistdntisolation valve in the admission line.
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rooms shall be made impossible in new installations. For existing installations, if such a transfer

exists, 1t should be equipped by adequate provisions. Air-recycling systems should, a
meet the same requirements.

The releases in the event of a fire shall be calculated considering the maximum leak
fire compartment.

Air mixing systems shall be implemented in fire compartments where there is a r
concentration above the flammability limit, in order to reduce detonation risks.

ccordingly,

rate of the

isk of local

It arises from the above that certain general safety principles shall be followed when designing fire
compartments, namely the following:
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the systems shall be designed to keep to a minimum the size and number of penetrations in the
associated barriers;

where a ventilation duct penetrates a fire barrier, a fire damper shall be fitted with the same standard
of fire resistance as is required by the safety analysis for the wall through which it passes;

fire insulation materials shall be implemented on the ductwork between the fire dampers and the
walls in order to reconstitute the fire compartment boundaries, except if it can be demonstrated
that the fire compartmentalization is maintained.

fire dampers and barriers shall be tested and approved with regard to expected performances by a
competent authority in accordance with a nationally recognized standard. The designer shall ensure

that the fire damper is installed in the same manner in which it was tested;

the materials of construction for fire dampers shall be suitable for the likely environm

the duct. It is necessary to take care in the presence of acid and other reactive vapours
capise long-term corrosion. It is necessary to take care regarding the temperature; in par
dampers with intumescent materials for which the reaction temperature, around 100
below the maximum permitted operation temperature of the associated filtration systems and as a
copsequence, cannot be used when it is necessary to maintain extractions\from fire con
during a fire;

depending onindividual circumstances, it can be required that some.of the fire dampers be

from a safe location, e.g. a control room. The requirement for this capability is dependen
such as the ease of access to the damper location, likely locakenvironment in the vicinity
and the importance of the damper in the overall fire-control philosophy (see 9.6.2);
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om radioactive sources, safety systems, worker escape routes, etc.

es, a specific fire assessmenttshall be performed in order to prove that this separation i
d to the phenomena induced by a fire (temperature, pressure, smoke). In case of
bnts or other mitigation(syStems with safety requirements shall be adopted
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including the fire compartment(s) concerned. Access and inspection of the walls of the containment
compartment and of the associated fire compartments shall be possible from both sides, except if it is
demonstrated that the functionality of the walls allows the control of liquid and gaseous releases from

this co

mpartment.

The ventilation of the containment compartment shall have a ventilation network equipped with adequate

purification devices (HEPA filters, iodine trap) and shall maintain, as long as possible, its performance
against the effects of the fire in the fire compartment. Thus, it is preferable to build a specific ventilation
network for the containment compartment.

those emanating from the walls of the associated fire compartments.
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In the region where a wall of the containment compartment constitutes an integral part of the structure

of the external building wall, or constitutes the limit of volumes having specific ventilation networks not
equipped with filtration systems, the containment enclosure shall be entirely free from penetrations.

In order to limit the risk of the spread of radioactive contamination within the facility, and to facilitate

interventions and subsequent decontamination, the walls of the containment compartment shall be
located as near as practicable to the associated fire compartments.

In order not to break the confinement of radioactive substances, the accessibility to containment

compartments for intervention shall be achieved either via an appropriate ventilated airlock chamber
or directly via the surrounding rooms, with provisions aimed at restoring static confinement during the
fire and that consider the potential for the additional spread of radioactive materials during the design
of the ventilation of these surrounding rooms. In case of openings to the outside of the buildings, only the
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[itiation systems. Specific 1&C, based in particular en' adequate room or duct con
, shall be implemented in order to stop normal HVAC either when the safety den]
resee its maintain under operation, or when thismormal HVAC is likely to release con
ssing through the stacks and their stack radiolegical monitoring system.

uishing systems shall be implemented in\fire compartments enclosing radioactive

han intervention is not possible (e.gxbecause of magnetic fields, of external radi
ic contamination, or other risks in the rooms), except if it can be demonstrated wit
robust assumptions that the fire-duration can be limited naturally to a duration low
rtment resistance duration (e.g. by oxygen starvation).

sideration of external hazards

of the plant should-take into consideration a variety of risks from external hazards, v
ng or minimizing'the release to the environment of radioactive material, and to main
hfety functionsdefined in Clauses 4 and 5.

vities in‘the vicinity of the plant, as well as natural hazards that can challenge the inte
d thefunctions of the confinement systems.

t“external events shall be evaluated to determine the possible effects, to establish

$moke and

bropriately

k of a fire. The ventilation systems of the rooms constituting the containmentiegompartnjent should

]l as of the

entire duration of a fire, the containment compartment shall, to the extent possible, be maintained
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Some examples of external hazards are aircraft crash, explosion of a combustible fluid container, earthquake,
strong winds, tornados, flood, fire, lightning, external missile impact, extreme temperatures (high and low).

The objective is to adapt the design of ventilation systems considering the probability and the effects of
these events and maintaining at least one effective confinement system between the radioactive substances
and the environment for any plausible risk during the projected lifetime of the plant. For that purpose,
confinement systems shall be designed in such a way that external events do not lead to

— total loss of the safety-classified function required to cope with these events;
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— total loss of the monitoring function for radioactive releases for events leading to radioactive releases;

— unacceptable consequences for the general public and the environment.

In order to mitigate the consequences of these hazards, preference should generally be given to designing
the necessary protection features into the static containment barriers (i.e. passive features) rather than the
dynamic confinement systems.

The role of ventilation systems in maintaining the other safety functions shall be assessed and the chosen

design shal

| reflect the reliability required for these systems.

Examples of ventilation and confinement systems and systems for considered external hazards include the

following:

a) withr
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9 Dispa

eoard to external fire, explosion or releases of toxic gases, damage inside the buildin
d [e.g. using passive features or closure of inlet air balancing dampers activated b
brs (smoke, pressure, toxic gases)]. In the latter case, a specific analysis shall be pe
the interaction of this closure with the other functions ensured by the ventilation and c
1S;

pgard to strong winds and tornados, specific analysis shall be performed to assess t
ffects on air intakes from by the wind, on the stacks and on negative-pressure being
rooms; this assessment can lead to the implementation of passive or active balancing
hkes or exhausts and to a specific operation of ventilation systemis;

eoard to extreme temperatures, specific analysis shall beperformed to assess the poter
safety functions ensured by the ventilation systems in order to check the necessity
b or heating capacities;

pgard to earthquakes, safety-classified confinement systems should have a seismic cld
egrity, operability).

sitions concerning the managenient and the operation of the ventilation|

9.1 Org4nization and operating procedures

The manag
of the conf
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principles

The follow
install
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test pr

decom

ement team shall develop operational procedures establishing the rules and principles o
inement systems, as well ‘as the support systems necessary to operate the confineme
systems, cooling systeinis, air compressed, demineralised water, radiological mea
fation and control,ete?) in order to guarantee compliance with the requirements of
hnd the pertinentsafety regulations.

ng features<shall, therefore, be incorporated in these procedures:
htion considerations;

Cal‘Operating instructions (see 9.2);

it
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7 adequate
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nfinement
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ampers on

tial effects
[0 increase

1ssification

systems

foperation
nt systems
surements,
the design

1onal managementissues (see 9.3);

ocedures and maintenance (see 9.4);

procedures applicable in the event of an internal hazard such as a fire;

missioning considerations.

9.2 Technical operating instructions

The technical operating instructions shall include the normal and abnormal regimes of functioning of the
ventilation and filtration systems as considered in the design. The instructions shall accordingly consider
the availability of the different components and equipment comprising the protection against internal
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hazards, including the monitoring and control systems, the integrity of the static containment barriers, the
correct functioning of the ventilation systems, the efficiency of the filtration and other air-cleaning systems,
as well as the support systems necessary to operate the confinement systems.

This addresses the need to distinguish operation modes:

— where

plasma operations are done and the vacuum vessel under vacuum conditions;

— maintenance is performed on components without affecting confinement barriers; in such conditions, the
workers may be present according to the room ventilation zoning, with specific provisions considering

extern

these s

al exposure radiation zoning;

maintenance is performed on confinement barriers with opening operations of confinement barriers;

th
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ve boxes);
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redundant
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equipment to cope with an incident;xaccidental failure or deliberate withdrawal fi
ce shall be identified. In addition, the preparations necessary to achieve safe shutd

installation as well as the procedures and time required to recover normal operational conditio
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technical operatingdnstructions shall contain at least:
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barrie

quired-leak tightness for static containment features (primary and secondary cq
g isolation valves, hot cells, glove boxes, etc.);

sure using
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| associated with these different regimes;

different types of rooms containing radioactive materials;

clogging parameters;
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the nominal and minimal flow rates in the stack and in the main conducting ducts;
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9.3 Operational management issues

The management team shall develop all procedures related to at least the range of items listed below:

differe

surveillance and periodic checking of the parameters of the confinement systems;

nt rooms;

containments (doors, windows, plugs, penetrations, airlock chambers, etc.);

procedures for exceptional intervention or maintenance;

periodic review of risks induced by any internal hazard, including verification of the fire loads in the

periodic monitoring of the status of the equipment contributing to the static barriers of the different

survei
integr}

efficie

aroundl the filtration units (in the case of highly contaminated air flow), etc.;

feedbq
influer

emerg
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also to detf]
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Before init

tests in situ (e.g. at least annually), and against a clear definition of the filter replacement crit

lance and periodic checking of all the structures and control system elements playing 3
ty of the fire and containment compartments;

ncy of the last filtration stage, the pressure drop across each filtration system, the rad

ck of operational experience;
ice of any modifications to the plant within the ventilated areas;

PNICY exercises.
procedures and maintenance

neral

ement systems, their necessary support systems and their associated monitoring 3
shall be subject to acceptance tests, functionality tests, commissioning, maintenance

nt chains shall be developed.

nt test procedures shall fulfil the requirements given in 9.4.2 to 9.4.5.

alification

cation process forall-safety confinement systems and the systems supporting the c
all be performed;-evidences of this qualification shall be kept in a traceable process. T|
ritiation system)qualification process for all conditions, e.g. tritium concentration, f
presence, in‘which detritiation systems are supposed to operate.

p-comiftissioning inspection tests

idting any commissioning test in situ, a systematic inspection of the ventilation nef

role in the

eria, of the
iation field

nd control
and other

5ts. In addition, a clear set of technical specifications, standing orders, operating instructions and

nfinement
his applies
lowrate or

works and

the associa

ted alr-cleaning devices 1s required to verily the compliance or the equipment with t

design drawings.

he detailed

The inspection shall also permit the verification that the equipment of the plant was not damaged during
transport or installation.

According to the role of the ventilation network, the quality of ducts as built shall be checked before
commissioning. In particular, the leak tightness of the extraction ducts under positive pressure (downstream
fans) or the ducts upstream the first filtration stage shall be checked by using simple inspection methods
(soap bubbles, tracer gases, etc.).

The use of traces of tritium during pre-commissioning tests inside the fusion facility is not recommended.
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ceptance tests

The purpose of the acceptance tests is to:

— verify

— verify

the correct behaviour of each individual component;

the overall compliance of the equipment with the specifications.

These tests shall focus on the following equipment:

equipment, including motordriven fans and continuously adjustable compensation dampers;

ventilation and detritiation networks, ducts, dampers or control valves and associated flow dynamics

— regulation and monitoring networks, gas trapping and filtration systems;

— fire dalmpers and fire detection systems;

— associated fluid (e.g. compressed air, inert gases, demineralised water used in scrubber columns) and
electricity supplies;

— tightnegss of confinement barriers.

Acceptance tests shall be undertaken in conditions as representative as possible)of the operational conditions

specified for the design of the confinement systems, their necessary suppert systems and their|associated

monitoring and control equipment. They include tests on individual items‘(such as gas cleaning dgvices) and

on the whaqle assembly. The results of these tests shall be comparedawith the values established|during the

design stugly whose aim was to define the different operating conditions of the confinement syste
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transitory
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After the
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These veri
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p tests shall also include the simulation of some failiires of equipment (to simulatg

phases (sequences with operations of redundant or stand-by systems) do not create ai
1s or enclosures.

mmissioning tests

completion of the acceptance tests, and corrections of any faults identified, com

berational sequences andthe nominal functional performance.

ications shall be realized in all the functional regimes: manual, automatic, etc., and ope

| monitoringloops, measurement of leaks of assemblies or of the whole network, etc.

these tests'is to achieve the desired conditions of the confinement system (e.g. flow d
Fion system). For this purpose, the operators shall adjust the leak detection, air flow ra
essunes using appropriate regulation devices.

m.

abnormal

ates of the ventilation systems, extractor fans autof order, unintended closing of a valve, partial
or total failure of a support equipment, etc.) leading to a degraded situation. Tests shall demon

strate that
- back-flow

prehensive

tests of the equipment shall be undertaken in order to demonstrate the achievement of the

rated from

nt control consolesCBuring these tests, a number of system adjustments and measuregnents shall
be made, including the adjustment of the air supply and exhaust flow rates in the rooms, the pr¢

p-setting of

ynamics of

tes and the

The verific
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doors are installed and closed;

the apparatus and process equipment are in operation;

ering devices are installed;

as during the acceptance tests; and

a)
b) allthe
)
d) thefilt
e)
f) theins

trumentation and control devices with all thresholds are in operation.
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When the filtering devices are installed, the efficiency of the filtering medium and the gas cleaning equipment
shall be verified, using appropriate standardized test methods suitable to the performance requirements.

According to the objectives defined in the safety analysis, it is useful to verify other parameters, such
as the correct distribution of the air flows, lack of dead areas, air exchange rates, etc., using appropriate
methods (e.g. fumigants, trace substances). The use of tritium during commissioning tests inside the fusion
facility is not recommended. Nevertheless, if required to perform commissioning tests demonstrating the
safety of the facility, such a use is submitted to the same risk's assessments than the ones during operation
(contamination, workers exposure, waste, releases, etc.)

In addition to the air flow verification and filter testing described above, the complete confinement system
should be tested to ensure that it meets the functional requirements both during normal operation,
abnormal and accident conditions. For accidents, the representativity of the tested accident conditions shall

be demons

those §
(wherd

stoppil
transfg

interlo

After appr
for the ven

The design
in the safg
by commis
performed|

Testing with a reduced pressure with regard to_full design pressure is acceptable if an ex

method of
cracks or g
containme
of a leak r4
of tritium i

trated. This shall include tests of the automatic control devices such as the following;

issociated with the start-up of the standby fan in the event of failure of the normal‘op
such a system is installed);

ng of input fans and closure of associated dampers in the event of the failure of'the system e
b1 to alternative power sources in the event of the failure of the normial supply;
cks related to preserving the pressure differences.

priate tests, valves explicitly used during commissioning to-efisure the correct design j
tilation systems should be locked in nominal position byappropriate devices.

of the containment systems shall provide the capahility for proving that the leak rate
bty analysis are maintained throughout the operating lifetime of the plant; it md
sioning tests using the methods developed inISO 10648-2. The commissioning te
at the full design pressure of the leak rates used in the safety analyses or at a reduced

the leaks to the full design pressure is*validated, in particular with regard to the seal
ther weak points of the containment,"depending on the proportionate risks associatec
ht barrier and the use of the leakates in the safety analysis (i.e. in the safety analysis, t
te in limiting direct radioactive releases in an overpressure accident event involving

erating fan

xtract fans;

arameters

s assumed
y be done
sts can be
pressure.

frapolation
5, potential
| with each
he function
high levels
ituations).

s more important than its function of reducing low level tritiated effluents in normal §

9.4.6 Maintenance and otherperiodic tests

The follow|ng features shall-bethe subject of maintenance programmes:
a) structfyires, walls and-various construction elements constituting of
1) the primary and secondary containment barriers (if any);
2) the other containment barriers, including those of peripheral buildings;
3) thefireamnd comtainmment COMpPartents.
b) equipment and devices contributing to fire detection and fire extinguishing;
c¢) ventilation networks and air-cleaning systems contributing to the confinement of radioactive

substances, and the associated fluid and electricity supplies, monitoring and control equipment.

The whole system shall be periodically inspected and tested in order to identify potential failures and
disturbances.

Provisions shall, therefore, be made to allow periodic test measurements of pressure drops, air flows
and air cleaning efficiency. For this purpose, the designer shall ensure that sufficient and meaningful test
points are provided and located within the ventilation system and the filtering equipment to enable these
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measurements. The methods, periodicities and accuracy of these tests shall be defined, considering the
relevant safety regulations in force.

The maintenance schedule shall also address potential degradation of the system over prolonged usage, e.g.
increase of bypass leakage of dampers when closed, reduction in speed of actuation of dampers and clogging
of the filters ensuring that trends are interpreted to allow further maintenance intervention before reaching
end-of-life conditions. In particular, weak points of the barriers (doors, airlocks, ground siphon, seals) shall
be noted and submitted to special periodic maintenance in order to control an increase of the leaks of the
static containment features that can be collected by ventilation systems. The type and periodicity of control
shall be adapted to the importance for the confinement of potential leaks (an annual visual check as a
minimum).

A recommended method for determining leakage rates of the primary containment envelope during normal

operation |s the absolute pressure method, in which the leakage flow is determined by med
pressure decrease as a function of time. For this method, the temperature and pressure of the ¢
atmospher, the external atmospheric temperature and pressure, and the humidity of-the cq
atmospherje should be continuously measured and factored into the evaluation. Means Ghall be
ensure uniform humidity and temperature of the containment atmosphere during thetést.

Leakage of fluids inside the containment from circuits such as compressed air, nitrogen or wa
can cause pressure or temperature increases in the containment. To detect-such leaks and als
leaks from| the containment, continuous monitoring of the leak tightness of\the containment is
Measuremgnt of this leak tightness is ensured by the record of the lossof mass inside the co
accounting for variations in other parameters, such as temperatiife, pressure and humic
measurements should be recorded to show trends.

The design] of the containment envelope shall provide the capability for periodic in-service tes
leak rate t¢ prove that the leak rate assumed in the safety analysis is maintained throughout the
lifetime of|the plant using the methods developed in 1SO<10648-2. The in-service leak rate tes
performed|periodically at least every ten years, and maybe made at either

a redu
leak r4
been p

ced pressure that permits a sufficiently aceurate extrapolation of the measured leak
tes at the accident pressures considered in the safety analysis when commissioning
erformed at the design pressure; or

a pressure that corresponds to the design pressure, including design margins due to thermal

Testing with a reduced pressure with regard to full design pressure is acceptable if an ex
method of the leaks to the full designpressure is validated, in particular with regard to the seal
cracks or dther weak points of the containment, depending on the proportionate risks associatec
containmept barrier and the ise of the leak rates in the safety analysis.

Secondary
containme
at different

containment. walls, when present, shall be tested at least with the same periodicity
ht walls. Methods should consist in testing the leak tightness of the secondary contain
pressureé lévels, including negative and positive values.

All the other parameters mentioned in the technical operating instructions shall be submitted
tests. The periodicity of tests shall be in accordance with the importance for the safety of the eq

suring the
ntainment
ntainment
rovided to

fer circuits
b potential
necessary.
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lity. These

ting of the
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rate to the
tests have
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5, potential
| with each

hs primary
ment walls

to periodic
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the functionensured:

Nevertheless, an annual test, or when not possible, during outages, shall be performed for the parameters
that can degrade during the normal operation (filter efficiency, etc.). Negative pressure in rooms shall be
controlled more frequently due to the sensibility to external conditions.

Qualification tests after component maintenance, including filters, shall be carried out as soon as possible,
with the components being considered as unavailable until the acceptance of the tests results.

9.5 Monitoring of the confinement system

The aim of the monitoring or surveillance system is to verify the continued proper performance of the
ventilation system, and when necessary to identify possible corrective actions. The operation of ventilation
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systems is verified using devices located in the permanently accessible areas and by means of calibrated
remote-sensing equipment. The results of such monitoring can demonstrate that the ventilation system is
performing its safety functions as described in the technical operating instructions.

The measurements of the most important parameters (see 10.2) shall be formally recorded in the central
control system, where information on the configuration of the equipment shall also be kept up-to-date.

Periodic checking of relevant parameters (air velocities on openings, pressure drops, etc.) shall be performed
by suitable qualified personnel.

9.6 Control of the ventilation system to prevent fire hazards

9.6.1 Geperal

When compined with an appropriate distribution of fire detectors in fire or containment compartments, the
ventilation|system can contribute to the detection and mitigation of a fire.

Accordinglly, the design of the ventilation control system of a fire compartment fequires a preliminary
safety analysis in order to determine whether the static containment provisions.dre sufficient|to prevent
the propagpation of the fire and limit the spread of any radioactive contaminatiom;or if dynamic c¢nfinement
should be maintained by the extraction networks.

The choice|between these two configurations depends essentially on:
— the ev¢lution of the fire;

— the quplity of the static containment of the boundary of the fire compartment or area, in pafrticular its
leak tightness related to the pressure excursion induced by the fire;

— the qupntity and toxicity of the radionuclides present in the fire compartment or area, as well as the
forms [n which they appear (solid, powder, liquid; €tc.), and;

— theeff|ciency in dealing with the combustion pfoducts of the different filtration barriers betwgen the fire
compajrtment, the adjoining rooms and theéxternal environment in removing the combustioh products.

9.6.2 Fire control philosophy

9.6.2.1 Hire control analysis

The option| of favouring an immediate automatic closure of all the ventilation ducts of the room of cell when
a fire occurs within it can have-an effect opposite to the desired isolation, as increasing the internpl pressure
is liable to ppread the contamination, as well as accumulation of smoke, to surrounding rooms.

Accordingly, the method of operating the ventilation systems in case of fire shall be analysed ip the early
stages of the design'procedure. This analysis can, in particular, consider the type, the mass, the physical and
chemical pfoperities of the combustible, the fire loads, the quantity of oxygen available for the determination
of the fire ehav1our of the materlals 1nvolved or can be evaluated by using modellmg codes simulating the
developmelntc 3

The point shall be emphasised that the fire situation control strategy depends strongly on the particular
design philosophy adopted, and in this document, itis possible only to indicate general areas of interpretation.
[t should also be noted that one of the prime objectives should be the protection of the means of escape for
the safe evacuation of the building and for the fire fighters to gain access to the seat of the fire.

Ventilation systems that continue to operate, in general, help to promote personnel safety since clean air is
drawn into the contaminated areas from the corridors and specific work places, by setting up a pressure
hierarchy, and thereby keeping them free of smoke due to the higher pressure levels in these areas.

For areas that have only a small dispersible radiotoxic inventory in fire scenarios and that also have
unfiltered connections to the exterior, the object is to isolate the fire within the fire compartment or area. If
appropriate, the heat and smoke should be extracted to prevent neighbouring areas from being endangered
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and to allow manual fire fighters safe access. The response of the ventilation system and associated fire
dampers should be under the supervisory control of building management from a protected area.

For areas that have a large inventory of dispersible radiotoxic material, or for a multi-compartment building
where the spread of radioactive or the propagation of smoke, notably through the ducting, can be a problem,
then confinement shall be the prime consideration. Then, it shall be assessed whether automatic or manual
tripping of the inlet and extract fire dampers shall be considered with regard to radiological consequences.

The global fire strategy shall consider the safety rules applied according to IAEA principles. According to
the principles, some safety rules should be carefully assessed, in particular the applicability of single failure
criterion.

9.6.2.2 Application of the analysis

Depending|on the results of the previous analysis, several options shall be considered:

a) closing the fire damper in the admission duct on a fire signal (e.g. smoke detectors)or tgmperature
signalg (e.g. sensor or fusible), or contamination thresholds in the stack;

b) continpiation of the air extraction for as long as possible without destroying the integrity of the filtering
device|due to the increase in the temperature of the extracted air and combustion products; this can
requirg cooling the combustion products, dilution, water-spray devices’ or high-temperature HEPA
filters put preference should be given to passive protection component'such as high-tempergture HEPA
filters;

c) closing the admission and extraction dampers, together with alproven reliable solution thaf limits the
excursjion of pressure either by relief into the surrounding.areas through appropriate devides, such as
cooling devices, without breaking the containment or actiye*cooling of the fire compartmentwalls.

Automatic|control with manual backup of these actions is recommended. It is generally recommlended that
the air-admission fire damper be closed as quickly.as,;possible. This equipment is, therefore, [in general,
automated|and controlled by signals from fire detectors located in the fire compartment.

The closing of the extraction fire dampers can be.initiated as a response to the alarm signal

— of a hdat detector installed upstream from the last extraction HEPA filter for non detritiatgd streams,
and the one(s) protecting the detritiation systems for detritiated streams;

— of a snhoke detector downstreamfrom the last extraction HEPA filter for non detritiated stfeams, and
the ong(s) protecting the detritiation systems for detritiated streams;

— of a fire detector installed’/in the room or the extraction duct. The response to this detector shall, in
such dases, be confirmed by the simultaneous detection of radioactive contamination upstream or
downstream of theJast extraction HEPA filter for non detritiated streams, and the one(s) priecting the
detritiption systenis for detritiated streams.

In addition, a complete halt of the extraction network can be considered in the event of the thrde previous
alarm signpls;as well as the maximum pressure clogging limit of the last extraction HEPA filter as well as
the one(s) protecting the detritiation systems.

It shall be noted that the special extraction duct design, often adopted in nuclear facilities to assist the
removal of radioactive dust from the room and comprised of extraction vents in the lowest part of the rooms,
shall be evaluated carefully, considering contradictory aspects such as:

— stratification and potential degradation of ceiling by the heat, which can necessitate extraction at
ceiling level;

— stratification of hydrogen isotopes concentration, which may be above deflagration risks or detonation
risks limits, and

— potential degradation of the fire compartment boundaries, as well as of the ducts and filters due to the
heat and smoke produced during the fire, which can necessitate extraction at ground level.
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The fire dampers should be equipped with manual opening and closing facilities which can be reached in a
wide range of predictable situations, notably during the fire fighting. The re-opening after an incident should
of course only be allowed after the fire has been extinguished and a normal situation has been recovered.

10 Instrumentation and Control (1&C)

10.1 Control

The details of the control system are determined by the architecture of the confinement systems and
its necessary support systems shall function during the normal conditions and foreseeable plant fault
conditions. Co-ordination of the control system operatlon is essential: several control panels shall be
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res of control systems (notably in the case of fire, earthquake, flooding, siteccontd
the necessary support systems of confinement systems shall be submitted to/the s
hts than the confinement systems themselves.

hfinement systems should be designed to continue in operation in the‘event of part
lure, i.e. by careful design of control logic in order to recognizecable disruption;

maintained contacts or DC voltages should be preferred to pulsed outputs, which require a spec

to control {

he lines and the signals.

In the event of an accident, access to parts of the building can be restficted and considerations

given to th
to an incid

signal tran

Automatic
supply fail
of aloss of
have a rep

well-defing

the fans. R
when nece

e requirement for a specific ventilation-incident control room, or the need to transmit i
bnt control room outside the boundaries of the buildinguinvolved. This can influence t}
smitters.

start-up of the standby fans shall be considered;.to cover a failure of the main fan (fa
flow. If there is a requirement to rapidly start'an emergency standby component, the sJ
d sequence, which forms part of the.control system, shall be developed for starting ar

bdundancy and diversity of the control and instrumentation components shall be cons
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manual c01|1trol of certain components of the ventilation systems in the event of an incident.

The importance at the construction stage of proper testing and commissioning of the plant to a written
test schedule shall be stressed. The design shall also allow periodic testing of standby components, to
demonstrate their state of readiness. Periodic testing of the operational components simulating abnormal
conditions can also be required to demonstrate the necessary reliability. If this is the case, the design shall
make provision for such testing and the reasons, method, etc., shall be recorded in the operating procedure.

10.2 Instrumentation

It is recommended to equip the ventilation system with the following:

duct flow measurements;
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continuous monitoring of the status of fire detectors and dampers, motorized control dampers, regulation

valves, detritiation systems support systems, fans and power supply (running and stand-by);

indication of the condition of all filters based on the pressure drop across each filtering stage;

nozzles at adequate locations for allowing the correct measurement of the filter efficiency as specified

for the system; this is of considerable importance, since the safety justification for the operation of the
facility is based on the verification of the criteria for the radiological considerations;

in addition, radioactivity detectors shall be installed in order to monitor the activity in the air, in

agreement with the requirements of the safety regulatory body. Techniques required for the sampling,
monitoring and achievement of these measurements are described in ISO 2889.
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Annex A
(informative)

Guidance on airborne contamination risks

A.1 Guidance on classification of type of ventilation for tritium fusion facilities

Table A.1

adapted fo
and tritiun
ISO 17873

Table A.1 — Classification of rooms for tritium fusion facilities

ndicates a guidance on the classification of rooms derived from ISO 17873:2004, Annex B,

F tritium fusion facilities, according to the specific levels of airborne aerosols contamination (C,)
1 contamination (Cy), together with the global contamination (C; = C, + C). A cempd
is made hereafter. Both contaminations are expressed in DAC number

rison with

Specific tritium classification

Specific classification for C
aerosol and nuclides els%
than tritium a \

)Global classificatio

in DAC)

h (expressed

NOTE 2 The
Ax if the classifi

NOTE 3 The

real’class depends on the safety analyses associated with the spread of radioactive materials in the rooms.

N e
Specific perma- Specific con- U bzl O cGa]toigilbcallizfili)ln
nent contam|na-| taminationin | cOTfinement |Requirementson | confinement R i global contam- | R¢quirements
tion (DAC‘ accidents (DAC) class based on filtration class based iltration ination (DAC)
C+(Tx) on C,(Ax) N Co = Cr+ Cy
0 <1 T1 Al / C1
/ Similar to
<<1 <80 T2 A2 1SO 17873 Cc2
with exhaust Similar to
<1 <4000 T3 likely to be detris A3 1S0 17873 €3
tiated if a contam- - -
<1 24000 T4 ination thresbold Included in C4” class in C4 REquirements
is exceeded 15017873 similar to
with'\permanent Similar to SO 17873,
<80 <4000 T4* detritiation for A4* C4* except for
in-leaks 15017873 filtration and
adaptations for
with purge and ailf change rates
- permanent oo Similar to oo
<4000 24000 Tt detritiation for A4 150 17873 4
in-leaks
with recycling
ko and permanent ko Similar to ks
>4000 24000 T4 detritiation to A4 1SO 17873 C4
extract in-leak
NOTE 1 The|DAC number is.calctulated in this document from ICRP 103:2007, Appendix BI12],

contaminatiervalculation considers the contribution from all nuclides, including tritium. As a convention, the confinement class c
cation is.due to aerosols, Tx if it is due to tritium, C if it is due to the global contamination from aerosols and tritium.

n be written as

For instance, if the contamination in normal operation is less than 1 DAC for both tritium and aerosols else
than tritium, and if the contamination in accident is 60 DAC for aerosols and nuclides else than tritium
(corresponding to A2), and the tritium contamination in accident is 40 DAC (corresponding to T2), then
the total contamination in the room is 100 DAC and the global room classification corresponds to the C3
category, see Table A.2. This notation is not mandatory but helps to identify the nuclides responsible for the
classification.
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Table A.2 — Typical informative examples of rooms with permanent and accident contamination
involving aerosols and tritium

Permanent contamination Accident contamination Global a.cad.ent Confinement class
contamination
Aerosols and Aerosols and
nuclides else Tritium nuclides else Tritium
than tritium than tritium
External corric}or_barely connected <1 w1l <1 <1 <1 c1
to a nuclear building
External C(.)I'I'.idOI‘ connected to a <1 <1 “ <80 <80 c2
nuclear building
Internal corridor of tritium building <<1 <1 <<1 <4000 <4000 T3
Internal corrigeseftekamak 4-000-0+ T3 or
building <<l <1 <4000 <4000 >4 000 T4
. . ¢
Fuel_cycle room with efficient 15 <1 <1 “1 ~4000 ~4000 T4
confinement ystem
Cooling loop oom with efficient 15t
confinement gystem, usual rooms <1 <1 <<4 000 <<4 000 <4000 C3lor T3 or A3
adjacent to thg vacuum vessel
ici st -
?’_HTS room w|th efficient 15t con <1 <1 >4 000 4000 >4 000 C4lor T4 or A4
inement systpm
Tritiated wasfe storage rooms after <1 <80 “ <4000 <4000 T4
waste detritidtion
Fuel cyc_le room with non-efficient <1 <80 < >2,000 ~4000 T4k
1st confinemept system
PHTS room wjth non-efficient 15t
confinement qystem, specific rooms <1 <80 <4000 >4 000 >4 000 C4** or T4**
adjacent to thg vacuum vessel
Storage room ffor in-VV components ca 4 or T4*** or
or highly contgminated glove boxes >4 000 >4 000 >4 000 >4 000 >4 000 Aqrr
with tritium gnd aerosols
Purely tritiat¢d glove box <1 >4 000 <1 >4 000 >4 000 T4***
A.2 Assgciated recommended ventilation configuration
Table A.3 |ndicates the arrangement reecommended for most of the confinement classes and |associated

filtration s

The follow]
HEPA filte
situations

A transfer

ystems (the table is not comprehensive for all theoretical cases).

from any contaminated area to a lower contaminated area is not allowed.

Table A.3/— Recommended ventilation layouts for different confinement classes

ing schemes are basedon aerosols and tritium dissemination analysis and consequpntly show
rs and detritiation (systems, according to the permanent contamination (Pc) and accident
Contamination levelS/(Ac).
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Table A.3 (continued)

Foreseen radioactive contam-

Organization of the ventilation systems

Filtration unit

ination
b 3
> v
1 “a
Pc: Not significant C1 <T’
Ac: Low ,—> l
Cases concerned: A1, T1, C1
21 QO A
b)
; 7\
< |
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global 1
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and global L
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5| 6| 2 3
0)
f A
1l > A /__T
Pc: Low for|tritium and aerosol A3, (3 Ny
Ac: High forperosol, low for tritium l
Cases conc¢rned: A3, L
C3 if Cy low
1
8| ¢ 1
d)
< /\
Pc: Low for|tritium and aerosol
. “a
Ac: High or|very high for tritium, 1 C3 - /‘—T
T3, Tk
low for aergsol l N
Cases concgrned: T3/T4 if C, low
DS startedl on contaminatien 4 iy
threshold gnd all air inletf)the e orerore
concerned| rooms are _stopped 8 a1 1
tightly. (2
PC: LOW fOr tl ;t;ulll aud dacll UDU}
Ac: High for tritium, high for aerosol 1 c3
Cases concerned: T3/T4, C3/C4
if C, high
DS started on contamination
threshold and all air inlet of the orerorororororo
concerned rooms are stopped 8 (1 1
tightly. (2
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Table A.3 (continued)

Foreseen radioactive contam-

Organization of the ventilation systems
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Table A.3 (continued)

Foreseen radioactive contam-
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Not significant
Low

Medium

High

Very high
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Concentration <<1 DAC

Concentration <1 DAC

1 DAC < Concentration < 80 DAC

80 DAC < Concentration < 4 000 DAC
Concentration >4 000 DAC

Permanent contamination

Accidental contamination

Positive pressure in operating areas

Direct admission from outside of the building

/\/(DD-OU‘&DH R R R R R R RO 0NN U W R O ™
~ Ul A WN RO a o

\
/

Framsfer fromra €t operatingares; without fitration

Recycling

Potential transfer to the same or higher classification areas through an independentventil
Transfer from a C1 operating area, through an industrial grade filter
Transfer from a C2 operating area, without filtration

Transfer from a C3 operating area, without filtration

Transfer from a C1 or C2 operating area, through an industrial gradéfilter
Transfer from a C4* operating area, without filtration

Transfer from a C1, C2 or C3 operating area, through a HEPA<ilter
Transfer from a C3, C4* or C4** operating area, without filtration
Transfer from a C2 or C3 operating area, through a HEPA filter

Transfer from a C2 or C3 operating area, through a HEPA filter

The iodine filters could be by-passed during noettal operations

From purge gases (compressed air, inert gases)

The air inlet should be the least exposed\te tritium releases, otherwise specific provision
tritium for entering inside the controlrpoms

Optional additional detritiation depending on the safety analyses

Cascade of higher pressures to'non-contaminated areas

Cascade of lower pressures from non-contaminated areas

Cascade of lower pressures from non-contaminated or low contaminated areas
Cascade of lower pressures from low or medium contaminated areas

Cascade of lower.pressures to operating areas

Leakage
Fan

Main stack

aition system

s to prevent

=R\VAV/

Collector to main stack

Coarse or fine filter

High efficiency filter
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