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Foreword

ISO (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-gaovernmental, in liaison with ISO_ also take part in the wark |SO collaborates closely with the
Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Fart 2.

The main task of technical committees is to prepare International Standards. Draftyinternationpl Standards
adopfed by the technical committees are circulated to the member bodies for{voting. Publication as an
Interpational Standard requires approval by at least 75 % of the member bodies-casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 26802 was prepared by Technical Committee ISO/TC 85,V Nuclear energy, Subcommittee SC 2,
Radiglogical protection.
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Introduction

Containment and ventilation systems of nuclear power plants (NPPs) and research reactors ensure the
security of such installations in order to protect the workers, the public and the environment from the
dissemination of radioactive contamination originating from the operations of these installations.

This International Standard applies specifically to systems of confinement and ventilation systems for the
confinement [areas of reactors and their specialized buildings (such as command centres and particular,freas
for air purgirlg and conditioning). This International Standard is complementary to 1SO 17873, which-applies
mainly to nuflear fuel cycle installations (e.g. reprocessing plants, nuclear fuel fabrication and‘éxamination
laboratories, [plutonium handling facilities) and to radioactive waste storage, research facilities and auxiliary
buildings of nuclear reactors.
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containment and ventilation systems for nuclear reactors
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Scope

nternational Standard specifies the applicable requirements related to the design and the
inment and ventilation systems of nuclear power plants and research reactors,taking intg
ing.

huclear power plants, this International Standard addresses only reactofs that have
nement system based on
ence [10]).

esearch reactors, this International Standard applies spegifically to reactors for whig

situafions can challenge the integrity or leak-tightness of the containment barrier, i.e. in which a

or hig
off of]

For r
damg
are g

the associated ventilation systems of the containment building is required.

ge the ventilation systems, the requirements applicable for the design and the use of ventilg
ven in ISO 17873. However, the requirements-of this International Standard can also be apq

2

ormative references

The following referenced documents ‘are indispensable for the application of this documen

refer
docu

ISO
chec

ISO
insta

ICRHA
Publi

nces, only the edition citedvapplies. For undated references, the latest edition of th
ment (including any amendmeénts) applies.

0648-2, Containment,enclosures — Part 2: Classification according to leak tightness an
ing methods

7873, Nuclear facilities — Criteria for the design and operation of ventilation systems
ations ottier than nuclear reactors

103, \The 2007 Recommendations of the International Commission on Radiological Prof
cation 103, Annals of the ICRP, 37 (2-4), Elsevier

operation of
account the

B secondary

International Atomic Energy AgencyC{HAEA) recommendations (see

h accidental
igh-pressure

h-temperature transient can occur and for which the isolation of the containment building and the shut-

esearch reactors in which the increase of pressureror temperature during accidental situgtions will not

tion systems
lied.

t. For dated
b referenced

 associated

for nuclear

ection, ICRP
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3 Terms

and definitions

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

3.1

3.141

Accident

design basis accident

DBA

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

3.1.2
beyond-des
BDBA
accident con

3.1.3

gn basis accident

Hitions more severe than a design basis accident

severe accident

accident con

3.2
aerosol
solid particle

3.3

air exchang
ratio betwee
operating co

3.4

Hitions more severe than a design basis accident and involving significant core degradation

5 and liquid droplets of all dimensions in suspension in a gaseous fluid

b rate
h the ventilation air flow rate of a containment, enclosure or a compartment, during n
nditions, and the volume of this containment enclosure or compartment

air conditioning

arrangement
content, etc.

3.5

5 that allow sustaining a controlled, atmosphere (temperature, humidity, pressure, dust levels
in a defined volume

balancing d
control valv

mper

brmal

, gas

adjustable d¢vice inserted in an @erodynamic duct allowing balancing of the fluid flow and/or the pressdre of

the fluid duri

3.6

barrier
structural elq
that prevents

g plant operation

ment that defines the physical limits of a volume with a particular radiological environmen
or Jimits releases of radioactive substances from this volume

t and

EXAMPLE
auxiliary buildi

3.7
cell

Nuctear—fuet—ctadding;primary—cireuit—contaimment buitding—of auctear reactor,—contaimment—w
ngs, filters for some cases.

shielded enclosure
shielding structure, of fairly large dimensions, possibly leak-tight

See containment enclosure (3.10).

NOTE

of contamination in the adjacent volumes.

© ISO 2010 — All rights re;
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3.8
containment/confinement
arrangement allowing users to maintain separate environments inside and outside an enclosure,

blocking the

movement between them of process materials and substances resulting from physical and chemical reactions
that are potentially harmful to workers, to the public, to the external environment, or for the handled products

3.9

containment compartment

cC

compartment of which the walls are able to contain radioactive substances that would be gene
plausible fire that breaks out in one of the fire compartments included

rated by any

NOTH
of cor

It is often more practicable to limit the spread of a fire by using fire-resistant walls, and to pfev
tamination in the adjacent volumes.

3.10
containment enclosure

encldsure designed to prevent either the leakage of products contained in the pertinent internal
into the external environment, or the penetration of substances from the exterpal environment int
envirpnment, or both simultaneously

See ¢ell (3.7).

NOTEH This is a generic term used to designate all kinds of enclostres; including glove boxes, leak-ti
and shielded cells equipped with remotely operated devices.

3.11
containment envelope

volume allowing the enclosure, and thus the isolationfrom the environment, of those structures,
components whose failure can lead to an unacceptable release of radionuclides

3.12
containment/confinement system
systgm constituted of a coherent set™qof' physical barriers and/or dynamic systems intende

ent the spread

environment
b the internal

hpht enclosures

systems and

d to confine

radiopctive substances in order to ensure the safety of the workers and the public and the profection of the

envirpnment and to avoid releases:of‘radioactive materials in the environment

NOT According to IAEA definitions, a containment system concerns the containment structure and
systems with the functions ofiisolation, energy management, and control of radionuclides and combustibj
contalnment system also pretfects the reactor against external events and provides radiation shielding duri
stated and accident conditions. These two last functions are not described in this International Standa
abserjce of link with the ventilation systems.

3.13

contamination

presgnce’ of radioactive substances on or in a material or a human body or any place wh
undegifable or can be harmful

he associated
e gases. This
hg operational
d, due to the

bre they are

3.14
decontamination factor

measure of the efficiency achieved by a filtration system and corresponding to the ratio of the radiological

contents of the inlet and outlet of the filtration system

3.15
discharge stack

duct (usually vertical) at the termination of a system, from which the air is discharged to the atmosphere after

control

© 1SO 2010 — All rights reserved
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3.16
dynamic confinement

action allowing, by maintaining a preferential air flow circulation, the limitation of back-flow between two areas
or between the inside and outside of an enclosure, in order to prevent radioactive substances being released

from a given physical volume

3.17
event

unintended occurrence of a hazard leading to potential safety consequences for the plant and in particular for

containment systems

NOTE An-event-can-be-ntermal-or-external-totheplant
SVerHt-car-PBe e rarOf Ho—to—tHe—

ToH T

EXAMPLE 1 Internal events:

— human efrors;

— loss of cdolant accidents (LOCA);

— failures in steam piping systems;

— steam generator tube rupture;

— leakage ¢r failure of a system carrying radioactive fluid;
— fuel handling accident;

— loss of elgctric power;

— internal missile or explosion;

— fire;

— internal flpoding.

EXAMPLE 2 External events:

— aircraft cfash;

— external ¢xplosion;

— earthquake;

— flood or drought;

— winds angl tornados;

— extreme {emperature (high andNow).
3.18

filter
device intended to trap particles suspended in gases or to trap gases themselves

NOTE A |particle filter consists of a filtering medium, generally made of a porous or fibrous material (glass fi
paper) fixed within’a frame or casing. During the manufacturing process, the filter is mounted in a leak-tight manner

pre or

n this

frame, using a lute. Gas or vapour filters are generally found in physical or chemical process units where the primary aim

is to trap certain gases. They cover in particular iodine traps (activated charcoal).

3.19
fire area

volume comprising one or more rooms or spaces, surrounded by boundaries (geographical separation)
constructed to prevent the spreading of fire to or from the remainder building for a period of time allowing the

extinction of the fire

4 © 1SO 2010 — All rights reserved
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fire compartment

FC

reference volume delimited by construction elements for which fire resistance has been chosen according to
the plausibility that a fire could break out within this volume or penetrate into it

3.21

fire damper
fire blocking valve
device that is designed to prevent, generally by automatic action under specified conditions, the ingress of fire

throu

3.22
fire |
heat

gh a duct or through the walls of a room
pbad
energy that can be released in the event of a fire involving the whole combustible contents

inclugling the surfaces of the walls, partitions, floors and ceilings

3.23
gas ¢
scru
actio

EXAM

3.24

tleaning
bbing
h that consists of decreasing the content of undesirable constituents in a fluid

PLE Aerosol filtration, iodine trapping or decay storage of gases:

iodine trap

scrul
radio

3.25
load

phys
asso

3.26

bing device, usually based on activated charcoal, intended to remove volatile radioactive cq
bctive iodine from the air or the ventilation gases

cal static or dynamic phenomena that.impact the containment systems during plant life or
Ciated with postulated internal or exterhal events, or postulated accidents

neg

ive pressure

depression
difference in pressure between-the pressure of a given volume, which is maintained lower than th

a ref

3.27

rence volume or the-external ambient pressure

negative pressure/system

regul
zone

3.28

bted ventilation system, which ensures a negative pressure between the ventilated area and
or the external ambient pressure

of a volume,

mponents of

wvhich can be

e pressure in

an adjoining

off-g

system often associated with the primary circuit, that permits a decrease in the gaseous effluent inventory
prior to its discharge in the atmosphere

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

3.29

prefilter
filter fitted upstream from the main air filters to minimize, by removal of large particles, the dust burden on the

latter

3.30

pressure drop
pressure loss in an air stream due to its passing through a section of ductwork or a filter or fittings

©I1SO
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3.31

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

NOTE

The ventilation of the containment enclosures in which such equipment is generally located (e.g. hot cells,

glove boxes, fume cupboards or high-radioactivity plant rooms) are not considered part of the process ventilation system.

3.32

safety classification
classification of structures, systems and components, including software instrumentation and control,

according to

heir function and Qignifir‘anr‘p with rpgnrd to qnfpty

3.33

safety flow 1
flow rate tha
back-flow of
products with

3.34
ventilation
organization

NOTE ™

ventilatio

ventilatio
radiologid
particular

3.35
ventilation d

ate

I guarantees air flow through any occasional or accidental opening, sufficient te either lim
contamination (radioactive or other) from the working volume, or to avoid thepollution of
in the working volume

of air flow patterns within an installation

0 systems are commonly used:
h in series: ventilation of successive premises by transfer of air from one to the next;

h in parallel: ventilation by distinct networks or premise§’;or group of premises presenting the
al hazard; the term is also used to indicate that the “totality of blowing and extraction circuits of
volume is directly connected to the general network (in‘contrast to ventilation in series).

uct

envelope gemerally of rectangular or circular section;allowing air or gas flow to pass through

3.36

ventilation §ystem

totality of ne
and gas clea

4 Functi

4.1 Gene

The ventilati
environment

work components such as(ducts, fans, filter units and other equipment, that ensures venti
hing functions as defined\inithis International Standard

pns ensuredby the ventilation system

al

bn of nuclear reactors enables the improvement of the safety of the workers, general publi
afd, the protection of the safety classified equipment. It plays a role of

it the
clean

same
each

ation

c and

safety, by contributing to keeping the work areas and the environment free of contamination in normal

situations, to mitigating releases during incidental or accidental situations, and to providing adequate

ambient

conditions to safety-related components;

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.

© 1SO 2010 — All rights reserved
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4.2 Main functions

The ventilation ensures the main following functions, without ranking.

a)

g)

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
' ' i frrati i i i i to isolate or
circumscribe, to process and to control the contamination as closely as possible to its 'source, at least
in the reactor building and, therefore, it complements the other systems proyided t¢ protect the
workers or the public against the hazards of ionizing radiations [see isolation function b) pelow].

+ At the interface with the environment (i.e. external dynamic confinement), the ventilation system
maintains a significant negative pressure within controlled areas with & high potential radioactive
contamination, in order to avoid uncontrolled releases as well as (to) direct the gasepus effluents
towards identified release points, and to enable, if needed, theitf’gas cleaning (purification) and
monitoring.

Isolation, by closing in a safe and tight way the equipment ficeded to avoid or limit the gpread of the
¢ontamination to the other surrounding volumes and the“environment. In particular, this function is
fequired to maintain the required leak tightness of the reaetor building with regard to the actfvity released
in the reactor building during accidents leading to an increase in mass and energy (increasq of pressure,
temperature, discharge of vapours and gases) above the design level of the ventilatjon system's
¢omponents.

urification (or gas cleaning), by conveyinghe collected gases including any dust, aerosol$ and volatile
omponents, towards defined and controlled points for collection, processing and elimipation where
ossible (by using filters, traps, storage‘for decay, etc.).

onitoring of the installation, by Jorganizing air flows in such a manner as to allow meaningful
easurements in order to demenstrate the suppression of the spread of radioactive compdnents or fire.
entilation systems, with op-without surveillance monitoring, can also contribute to the improvement of
ome radiological protection measures inside rooms by helping to control the background lejel of natural
dioactivity (radon).

leaning of the atmosphere of the enclosures or rooms, by renewing the volumes of air withjin it, in order
minimize the‘hazard levels of the corresponding atmosphere (for example, the eliminatign of any gas
ecessary to.cteéate the risk of an explosion hazard).

onditioning of the atmosphere of the enclosures or the rooms, to obtain the optimum ambient
onditions for the equipment or to improve the safety of some otherwise hazardous operations.

; ; lation 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 inadequately 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 and selected beyond-design basis
accidents. In this context, according to IAEA principles for nuclear power plants (see Reference [12]), severe
accidents should be considered during the design of the confinement function.

© 1SO 2010 — All rights reserved 7
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According to the concept of in-depth defence, the confinement function is achieved by several barriers and in

some cases by accident mitigation systems that can be ensured by the ventilation system.

5 Architecture and description of the different ventilation systems
5.1 Ventilation of the volumes within the primary containment envelope

5.1.1 General

These systems-arelocated-mainty-trside-thereactorbuitding:
The ventilatigns systems concerned are
— either dg¢signed only for normal situations (see 5.1.2), or

— designed for ensuring both safety and protection function in the event of a design basisyaccident ang
be locat¢d either inside or outside the reactor building, according to the type of reactor’design (see 5

5.1.2 Ventilation systems designed for normal operations

5.1.2.1 V@ntilation systems located inside the reactor building
In these designs, the ventilation systems usually operate for normal operations and they are not generally
to operate under the conditions of an accident in the reactor building;<dde to the potentially high pressure

temperatureg that can be reached in the reactor building during su¢h accidents.

These systems ensure three main functions:

— conditioing the atmosphere;
— cleaning the atmosphere of the reactor building'when people enter in the reactor building;
— purification of the reactor building atmosphere.

As these sysfems are used only for normal‘Operations, the associated functions described above are sim
those developed in ISO 17873 and the corresponding ISO 17873 requirements shall be met.

may
1.3).

able
5 and

lar to

5.1.2.2 Ventilation systems located outside the reactor building but ventilating its inner atmosphere

These systems usually operate for normal operations and most of the systems are not designed to op
under the cgnditions of @n. accident leading to an increase in mass and energy in the reactor building
initiates the igolation of the fluid systems. They ensure the following functions:

— internal pnd{external dynamic confinement during normal operations or for minor incidents that d

erate
that

p not

lead to gnlincrease in mass and energy in the reactor building;

— purification or gas cleaning of the reactor building atmosphere for minor incidents that do not lead
increase in mass and energy in the reactor building;

to an

— monitoring of gases and aerosols in the atmosphere of the reactor building during normal operations or

for minor incidents that do not lead to an increase in mass and energy in the reactor building;

— isolation during accidental situations to maintain the integrity of the primary containment envelope and

leak tightness.

For the first three functions, the systems shall fulfil the corresponding requirements of ISO 17873.

For isolation function during accidental situations, additional leak-tightness requirements for the isolation

valves and ducts shall be fulfilled (see 7.1.4).

8 © 1SO 2010 — All rights reserved
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5.1.2.3 Ventilation systems used as off-gas treatment systems

These systems are associated with the operation of the components of the primary circuits of the reactor, or
are connected to it, where they remove large quantities of gaseous effluents. The systems ensure the
following functions:

— purification of the process off-gases prior to their discharge into the environment;

— isolation during accident situations in order to rapidly halt radioactive releases to the environment;

— cleaning and protection by avoiding the mixing of gases in the off-gases systems with those of the room's
atmosphere.

The ¢ff-gas treatment systems can also be useful during radioactive measurements made-at_the gtack level, in
partiqular associated with routine release measurements.

5.1.3| Ventilation systems designed for accident conditions

5131 General
Thesg systems are designed to cope with accidental conditions and can ‘also deal with normal opérations.

Two kinds of systems are described in 5.1.3.2 and 5.1.3.3.

5.1.3|2 Ventilation systems ensuring both safety and protection function in the event of @ DBA

Thesp systems may be located either inside or outside the containment. It is necessary that they function in
the epent of a DBA in the containment envelope or.support buildings.

Thesg systems, depending on their use, may have the following functions:

— ¢leaning the atmosphere, consisting:mainly to reduce the hydrogen by detection and mitigation (e.g.
ecombiners, systems for the homogenization or dilution of combustible gases);

— monitoring the atmosphere (pressure, temperature, humidity, hydrogen content, contaminatipn content);
— purification of the atmadsphere;

— [solation of radioactive materials contained in the reactor building atmosphere;
— ¢onfinementof radioactive products.

In addition:to.the requirements during normal operations, it is necessary that these ventilation pystems fulfil
specific fequirements, in particular associated with behaviour and leak-tightness requirements (sge 7.1.3).

5.1.3.3  Ventilation systems ensuring a mitigation function in the event of a severe accident (mainly
for NPPs)

These ventilation systems may be located either inside or outside the containment. They can also be used to
clean up the atmosphere following other types of accidents.

They ensure the following functions:
— confinement of radioactive materials;

— isolation of radioactive materials located inside the reactor building;

© 1SO 2010 — All rights reserved 9


https://standardsiso.com/api/?name=80dfbc2ed9dc587b6db305a64b354d8f

ISO 26802:2010(E)

purificati

cleaning

on of the releases;

the atmosphere with regard to the management of combustible gases;

monitoring the atmosphere content in order to be able to manage the severe accident.

These systems function to limit the consequences of a severe accident. It is necessary that these ventilation
systems fulfil very specific requirements, in particular associated with integrity, leak-tightness and filtration
requirements (see 7.3).

5.2 Ventilation of the volumes located within the secondary confinement

The ventilatipn systems for the volumes within the secondary confinement usually operate during normg
accidental sifuations, even during an accident in the reactor building.

| and

The secondary confinement is comprised of all the buildings and rooms that help to collect radioactive

materials in

specific to the collection of leaks (for example, the annulus space around the reactor, building) or design
collect leaks|in addition to other functions (for example, auxiliary buildings that aredesigned to colle
leaks). The |system shall contribute to limiting non-filtered leaks from the primary containment env
towards the pnvironment. The system can also lead to a positive or negative pressure inside the dedi

volumes to r

With regard
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envelop
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envelope. In
confinement:
confinement

Regarding th
following add

monitori

cleaning

rder to filter them. Depending on the design types of the reactors, these, ‘buildings are

ach this objective.

o the leaks issued from the primary containment envelope, these ventilation systems shal
functions:

hent during accidental situations resulting in the leakages released from the primary contair
b that initiate containment radioactive materials, in‘particular those emerging in non-filtered &

on of radioactive leakages in order to minimjze the releases into the environment.
n the design, the secondary confinement either provides only additional confinement aroun
hinment envelope penetrations and extensions, or completely surrounds the primary contair
the latter case, it is necessary that specific requirements be fulfiled by the seco
leak tightness, integrity and-protection (e.g. against aircraft crashes, missiles) and dyn
(e.g. ensuring negative pressure in order to cope with severe winds).
itional functions:

hg function;

function;

— conditioTing function.

bither
ed to
't the
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e components or equipment located in these volumes, the ventilation systems shall fulfil the

For these additional functions, the systems shall fulfil the corresponding ISO 17873 requirements.

5.3 Ventil

ation of the volumes located outside the secondary confinement

This subclause concerns the ventilation systems that ensure a confinement function for rooms or buildings
that are not specifically designed to collect and filter leaks from the primary containment envelope, associated
with the annex, fuel, waste and effluents treatment buildings. These systems usually operate during normal
and accidental situations, even during an accident in the reactor building. As these systems are not designed
specifically for the reactor itself, the requirements they shall fulfil are specified in ISO 17873.
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5.4 Miscellaneous ventilation systems not connected with containment envelopes

5.4.1 Ventilation systems for control rooms

These systems are designed to operate during normal situations and accidental conditions within the reactor
building and auxiliary buildings. According to the design, they are located either within or outside the
secondary confinement.

These systems have the following functions:

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

— protection function by ensuring a positive pressure inside the control room and purification qf the inlet air
of the control rooms in order to mitigate and control potential radioactive releases ‘that gan enter the
¢ontrol rooms during an accident.

Thesp two functions participate in the “long-term habitability of the control rooms” function.
As they prevent the ingress of contamination (chemicals, radioactive materials, smoke, gases] etc.), rather
than providing confinement, these systems shall meet special requireménts regarding the protegtion and the
purification function (see 7.2).

Congerning the conditioning function, the requirements given indSO 17873 shall be fulfilled.

5.4.2] Smoke removal ventilation systems
The gmoke removal ventilation systems in contaminated areas shall fulfil the requirements of ISO[17873.

NOTEH For smoke removal systems in non-contaminated areas, reference can be made to natiorjal or regional
standprds regarding systems for the evaluation of smoke (for example, the EN 12101 series!®)).

5.4.3| Ventilation systems ensuring the protection of safety systems
Thesp systems are associated withthe operation of the safety systems of the reactor, such as elgctrical power
supply (back-up power and normal), water injection systems, electronic control systems. These|systems are
designed to operate whatever, the situation in the reactor building. They are also classified as safgty systems.
The functions ensured®ythese systems are
— ¢leaning function;

— ¢onditjioning function.

They|shall fulfil the corresponding requirements of ISO 17873. Nevertheless, the conditioning fupction can be
higmmmm# support the

safety systems.

6 Safety aspects for ventilation systems

6.1 General principles

Ventilation systems shall be able to ensure the safety and protection functions defined in the previous clause,
in all normal operations and maintenance conditions. Ventilation systems shall also be able to ensure these
functions or some of these functions during abnormal operating conditions, exceptional intervention or
accidental situations. According to IAEA principlesl'9], severe accidents in nuclear power plants should be
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considered during the design of containment systems. In this context, the associated requirements are given

in7.3.2.

For new research reactors, it is not possible to take severe accidents into consideration during the design of
the containment systems if the probability of the occurrence of such events is extremely low (e.g. P < 10~71y),
or if a sufficient number of in-depth defence lines are implemented.

Before beginning any detailed ventilation design, a hazard assessment shall be made so that design safety
principles and actual targets can be adequately defined. Subclause 6.2 provides an outline of the hazard

assessment

process as it relates to ventilation design.

This approa
reactors and
of the conta
some genera
severe accid
aspects affeq

General rec
requirementg
acceptance
in accordanc

6.2 Risk assessment procedure — General

h-shall be based mainly on the experience derived from the design and operation of €
it should apply to the most common types of reactor designs. It addresses the functional as
nment systems, such as energy management systems or mitigation systems. It also inc
| recommendations for the features that can be used in new nuclear reactor plants te’ cope
ents. Particular care is given to the design of the containment systems, in(pafticular
ted by loads identification and loads combination.

bmmendations shall be followed during tests and inspections to ensure that the func
for the ventilation systems can be met throughout the operating/life. Design limits
riteria, together with the system parameters that should be used to-verify them, shall be ad
e with the safety authorities.

sting
pects
udes

with
hose

fional
and
bpted

6.2.1 Preliminary analysis

The design ¢f an appropriate ventilation system requires aspreliminary analysis that takes into account the

following.

a) Radiological hazards arising from the materials./and operations that lead to the need for the confindment
and purification function of the ventilation systems, with regard to the permitted levels of air and syrface
contamination within the building and the air’monitoring requirements. This can lead to a classificat{on of
the area with respect to the contamination hazard, as defined in 7.1.5.1. In the event of radjation
exposure hazard (internal and external*exposure) for normal operations, a complementary classifigation
of the installation into radiological"areas shall be made according to the recommendations proposg¢d by
ICRP 103.

b) Discharge limits from thecventilation system as a whole, and the scrubbing requirements (if any) prior to
discharde.

c) The negd to use~the ventilation systems to mitigate design basis accidents. If severe accidents are
considefed, then-ventilation systems should be used to mitigate severe accident consequences.

d) The isolation of some containment penetrations during accidents that involves pressure and temperature
COhdItIOn [R) iII thU dtIIIUDphUIG that G}\bUGd thc dcaigll vaiucb Uf thGDG VI ﬁ.i:atiun DyDtGIIID.

e) The necessity for minimizing the direct leaks from the containment to the atmosphere that are not
collected by the dynamic confinement provisions.

f)  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.

g) External events (aircraft crash, explosion, fire, flood, earthquake, tornados, wind and extreme
temperatures) to which the safety components and the ventilation system itself can be exposed and that
can challenge the functions of the ventilation or containment systems (see 4.1).
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Possible temporary unavailability of fluids or energy supply (e.g. compressed air or electrical supply)

needed for the correct functioning of the ventilation system.

Loads and events combinations that challenge the operation and the design of the ventilation systems.
These combinations shall take into account whether loads are consequential or simultaneous (e.g. loss-
of-coolant accidents, pressure and temperature loads), the time history of each load (to avoid unrealistic

superposition of load peaks if they cannot be simultaneous), the probability of occurrence
combination (combinations of unlikely loads should have a reduced probability relative to the
each single load).

of each load
probability of

Other factors which should be taken into account when designing radioactive ventilation systems include the

follov

6.2.2

For 4
cons

For N

For research reactors, this safety risk assessment shall be based on deterministic methods, cq
wher

g
There is a need to minimize, as far as reasonably possible, the level of radioactivity in the wo

fFor protection of the environment, it is necessary to design nuclear process (plant syste
minimize radioactive waste produced and radioactive releases (liquid and gaseous) as far a
Thus, attention shall be paid to the whole-life considerations of waste streams” produced by
maintenance and decommissioning activities (consumable seals, filters, §wabs; contaminatg
lubrication, cleaning, off-gas scrubbing, etc.). It is also “best practice” to'€nsure that the minir
quantities of waste are produced in the higher categories of radioactive waste and the maxin
Iaction in the lowest activity level. In particular, contaminated/filters!), being of low dens
xpensive to store or dispose of as radioactive waste and cansideration should be given
gelf-cleaning or cleanable filters, cyclone filtration, etc., or filter compaction techniques.

The design of an enclosure, through which air is exhausted via ductwork, filters, fans and &
outside atmosphere, shall take into account the variations of pressure, temperature and hum
bbe tolerated by each component, in an appropriate\range of operational and fault conditions.

Comfortable working conditions shall be provided for operational and maintenance staff.

Risk evaluation

ach element considered, the ventilation systems shall be designed, using a safety risk
stent with that given by IAEA«see References [12] and [13]).

PPs, this safety risk assessment includes the combination of the following approaches:

a deterministic approach, applying safety criteria, such as the single-failure criterion used
lInked to the praocess (circuits connected to the primary circuits, fluid circuits under pressure);

a probabilistic-approach, using a probabilistic safety assessment, in order to identify potent
gequences.that might not have been identified using the deterministic approach.

rkroom air.

Ims so as to
5 practicable.
operational,
d fluids from
hum possible
num possible
ity, are very
o the use of

stack to the
idity that can

assessment

for the risks

al accidental

mplemented

p appropriate by probabilistic methods and engineering judgement

It is important not to primarily exclude some combinations of loads when their probability is not residual, 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.

1)

The definition of HEPA filters is given in Annex F.

© 1SO 2010 — All rights reserved

13


https://standardsiso.com/api/?name=80dfbc2ed9dc587b6db305a64b354d8f

ISO 26802:2010(E)

Loads combination rules shall be indicated in the safety documents of the plant. Subclause 4.58 of the IAEA
Safety Standards Series NS-G-1.10-2004 (see Reference [10]) gives minimum load combinations for all the
containment systems, including ventilation systems of nuclear power plants.

For DBA, it shall be verified that the design and operation of ventilation systems do not lead to cliff-edge
effects?) or to unacceptable consequences to workers, the public or the environment. If one of the functions of
the ventilation systems defined in 4.1 is used to limit the consequences of a DBA, then this function shall be
designed to cope with this DBA.

For BDBA, an analysis should be carried out in order to establish the margins between ventilation or
containment systems design parameters and those needed for coping with these BDBAs (e.g. fire with several

in-depth def
6.2.3 Safet

All structure
instrumentat
basis of the
maintained s
safety signifi

complementgd where appropriate by probabilistic methods and engineering judgement taking account

following:

the safe
the cons
the prob
the time

Appropriately
classes to e

classified in @ higher class.

All structure
identification
assure the ¢
single failure

SSCs imporf
classification
the different
procedures.

L AY
NMCTTTITS ).

y classification

s, systems and components of the ventilation or confining systems, ingluding sof
on and control, that are items important to safety shall be first identified and then‘classified g
r function and significance with regard to safety. They shall be designed, constructed
Lich that their quality and reliability is adapted to this classification. The.method for classifyin
cance of a structure, a system or a component shall primarily be based on deterministic met

y function(s) that it is necessary for the item to perform,
equences of failure to perform its function,

ability that the item will be called upon to performsthe safety function,

hsure that any failure in a system classified in a lower class does not propagate to a sy

5, systems and componénts (SSCs) important to safety shall be clearly identified.
is necessary to focus_the-attention of designers, manufacturers and operators on feature
afety of the plant and.are associated with the application of specific design requirements
criterion) or of more conservative codes and standards.

ant to safety_may be further sub-classified according to a number of criteria. Different
systems arérdsed worldwide for the purpose of assigning structures, SSCs important to saf
classes+and controlling the application of codes and standards, as well as of quality assu

Examples of

ware
n the

and
g the
hods,
f the

following an initiating event at which, or period throughout which, it will be called upon to opgrate.

designed interfaces shall be provided between structures, systems and components of different

stem

This
5 that
(e.g.

afety
Bty to
ance

safety classification systems are given in Annex C.

6.3 Risk assessment procedure for severe accidents

Concerning more specifically the severe accidents, IAEA indicates (see Reference [10]), for nuclear power
plants, that “consideration shall be given to severe accident sequences, using a combination of engineering
judgement and probabilistic methods, to determine those sequences for which reasonably practicable
preventive or mitigation measures can be identified”.

2) As defined by IAEA in Reference [10].
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A severe accident corresponds to a significant core degradation resulting from the multiple failures in
redundant safety systems that can lead to their complete loss and even threaten the containment integrity or
the ventilation systems used to cope with this type of accident. Though sequences exhibiting such
characteristics have a very low probability, IAEA (see Reference [10]) indicates that they should be evaluated
to assess whether it is necessary that they be addressed in the containment systems design. The occurrence
of accidents with severe environmental consequences should be made extremely unlikely by means of
preventive and mitigation measures.

Severe accidents should be evaluated by means of the best estimate approach, i.e. without excessively

conservative margins.
ference [10])

a) FKor existing plants, the phenomena relating to potentially severe accidents and.'their cpnsequences
should be carefully analysed in order to identify design margins and accident management nmpeasures that
¢an be carried out to prevent or mitigate their effects. These accident management meapures should

ake full use of all available equipment, including the use of alternate or diverse equipment,|as well as of
external equipment for the temporary replacement of design basis @€omponents. Furthermore, the
introduction of complementary equipment should be considered in order to improve the preventive and

itigation capabilities of the containment systems. Then, an analysis 'should be carried odit in order to
{stablish the margins between ventilation or containment systems-’design parameters anfl the severe
ccident conditions, in particular with regard to temperature;~pressure, irradiation and dontamination
¢onditions. If not qualified for severe accident conditions, mgadifications should be considefed on these
gystems.

b) For new plants, severe accidents should be takenZinto consideration at the design $tage of the
¢ontainment systems. Consideration of severe accidents should be aimed at practically eljminating the
following:

+ severe accident conditions that can damage the containment in an early or late phase;
+ severe accident conditions with angpen containment, namely during shutdown states;
+— severe accident conditions withrcentainment bypass.

In this context, severe conditionssare considered practically eliminated if they are physically impossible or

when it can be considered with a high degree of confidence that they are extremely unlikely |to arise. For

sevefle accidents that cannot bepractically eliminated, the containment systems should contribute to reducing
their [releases to such a_level that the extent in area and time of off-site emergency measures is small.

Thergfore, ventilation systems should be designed to cope with the severe accident conditions| in particular

with fegard to temperatlure, pressure, irradiation and contamination conditions.

Conderning research reactors, considerations of severe accidents shall be used carefully. These severe

accidents can’be considered in the same way as for NPPs, except when it is demonstrated that|by adequate

and gtrong.prevention provisions their occurrence is extremely low.

7 Requirements for the design of ventilation systems

According to Clauses 4 and 5, the ventilation systems ensure several functions that shall fulfil several general
requirements3), 4). In 7.2 and 7.3, the requirements for application to the ventilation systems for each function
are considered, and in 7.4 the specific requirements associated with specific functions that exist in various
nuclear reactors are considered.

3) Most of the ISO 17873 requirements for the ventilation systems are completely applicable to nuclear power reactors.
However, some possible exceptions are related to the definitions of the barriers, the confinement requirements for the
containment, and the different safety approach for nuclear power plants.

4) For research reactors, the safety approach is very similar to the ISO 17873 approach.
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Confinement of radioactive material

General

In nuclear reactors, the confinement of radioactive material is one fundamental safety function, together with

the safe

shutdown of the reactor and maintenance in the safe shutdown condition, and

the removal of heat from the core and maintenance of the water inventory.

To ensure the safety of a nuclear reactor, these safety functions shall be achieved during operational states,

during and f¢llowing a design basis accident, and to the extent practical during and following the consi

plant conditig
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of the confinement of radioactive materials also includes the control of normal-‘opera
s well as the limitation of accidental releases.
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stems are used to strongly reduce radionuclide releases under normal circumstances, ing
d to mitigate the consequences of accidents®). In order to quantify the performances of

evaluation of the nuclides inventory and source term thatsshall be dealt with by venti
bcessary.

ses such as fission products (133Xe, 8K, etc.);
activated products with structure or coolant] such as tritium and carbon 14;

oducts (1311, 132] 133| 134] 135 traces of 129, etc.);

hitters from the fuel.

ooled reactors, radioactive inventory contains sodium nuclides (22Na, 24Na, etc.) in addit
for water-cooled.reactors.

Annex A su

gaseous reldases in.normal and accident conditions. The possible releases into the environment depe
the fuel inventory and quality of confinement and ventilation systems in addition to containment requirem

marizes typical products associated with different types of reactors in the reactor core, and

such as fission products (137Cs, 134Cs, 106Ru, etc.) or activation products (69Co, 98Co, etc.);
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vy-water or gas-cooled (VVER, PHWR, PWR, BWR, PBMR)®) and research reactors, radioactive
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on to

n the
d on
nts.

5) For new nuclear power plants, design stages shall also include the identification and the evaluation of the source term
for accident situations, including severe accidents.

VVER:
PHWR:
PWR:
BWR:
PBMR:

6)

16

water-water energetic reactor
pressurized heavy water reactor
pressurized water reactor
boiling water reactor

pebble bed modular reactor
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7.1.3 Containment barriers and systems
7.1.3.1 General requirements concerning the confinement function
The basic principle with regard to the prevention of the spread of the radioactive material is

in normal situations, to limit the release of radioactive material outside the facility (with regard to the
regulatory authorization), but also to maintain a level of contamination as low as reasonably achievable

The
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application of this principle leads to the provision of different containment bartiers
bnment and the radioactive substances. Each containment/confinement system-and th
es are designed to suit the risks that they are intended to control. The potential use’ of dyna
j an accident requires the functionality of at least one stage of effective filtiration
minated areas and the environment.

clear reactors, several containment/confinement systems and barriers”are distinguished.
e made of

one or several static containment barriers;

¢omplemented, if necessary, by means of dynamic systems, consisting of a specific venti
and appropriate air-cleaning devices.
dlesign should be based on the possible compromise.between a static containment and the d

pquences is based on the operation of a ventilation system ensuring a negative pressure w
ble flow rate.

e 1 shows the principle of the confinement for nuclear reactors. Annex B gives sever
ams of typical NNP designs.
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ental situations in qrderto prevent the release of radioactive substances into the primary cirg
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Secondary confinement
No radioactive substances in significant quantitiesunder normal

Reactor circumstances. It does not necessarily comprise all the primary - A
building containment envelope. Auxiliary buildings
"containment”
or primary
confinement Third barrier: primary containment envelope, also See ISO 17873

called "containment".
No radioactive substances in significant quantities under
normal circumstances.

i Second barrier
Extension of
9nd

barrier

——]

Extension of
3 parrier

First barrier

Fuel cladding

Reactor coolant circuit

Access restricted in normal conditions.
Dynamic confinement possible during normal
conditions, very rare during accidental conditions.

Access possible in normal conditions.
Dynamic confinement needed during normal
circumstances and accidental conditions.

Figure 1 — Schematic diagram of reactor confinement systems

7.1.3.3 Sec¢ond barrier

The second parrier consists of the primary circuit(s).* The goal of the second barrier is to limit the releages of
radioactive cpntamination from the primary circditjinto the containment building in normal situations, as well as
in accidental|situations.

For nuclear power plants, the second barrier also comprises the internal tubes of the steam generator with the
goal of minimizing leaks. It could also“include the circuits, connected to the primary circuit, which are uged in
normal cond|tions to help to operate’ the reactor (e.g. water purification system, chemical treatment syptem,
etc.) and corsidered as extensions’of the second barrier.

Neverthelesq, despite the<very high quality of the primary circuit, many postulated accidents take into acfount
the failure of this barrierias an initiating event, which leads to an increase of mass, energy and radiogctive
products in the containment building. It is necessary to consider the ambient and radiological condjtions
issuing from |these postulated accidents during the design of the containment systems and, in particulay, the
ventilation systems:

7.1.3.4  Third barrier: primary containment envelope
7.1.3.41 Structural parts of the primary containment envelope

The first two barriers cannot be considered as totally efficient barriers against the spread of radioactive
material during accidents, due to the fact that fuel cladding cannot ensure its leak tightness during accidents,
and that primary-circuit-pipe failures are considered as initiating events for design basis accidents.

Therefore, the goal of the third barrier is to prevent the release of radioactive contamination outside the whole
building in case of failure of the first two barriers and to provide for the protection of the general public, the
environment and the workers located in annex buildings. The third barrier is, therefore, the primary
containment envelope, also called “containment” and is generally composed of the inner walls of the reactor

18 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=80dfbc2ed9dc587b6db305a64b354d8f

ISO 26802:2010(E)

building and also the circuit penetrations passing through these walls and the associated isolation valves. The
ventilation and air conditioning system boundaries associated with the primary containment envelope are, in
some designs, parts of the primary containment envelope, e.g. if they are located outside this envelope.

All the ventilation systems that constitute parts of the primary confinement shall withstand the same accident
conditions as the structural parts themselves. If they cannot cope with accident conditions, these systems are
considered as lost during accidents and, therefore, are isolated if they are located outside the primary
containment.

It shall be noted that depending on the design of the reactor, the primary containment can be an area non-
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adioactive products during accidents.

entilation systems can constitute an extension ofithe primary containment envelope.

5 from components belonging to the extension of the third barrier can lead to a containment
5es arising from a containment bypass, i‘e;“arising with a sequence of faults that allows pri
ny accompanying fission products to gscape to the outside atmosphere without having bee
nd mixed with the air in the containment, shall be minimized as much as possible.

example of containment bypass involves the use of the safety injection system located
ry containment envelope dlring accidents.

components of this extension shall satisfy the requirements for a high degree of leak t
ity. Strong safety provisions (e.g. passive or an active single-failure criterion) should be g

onents. The rooms in which these components are located should be considered as
hdary confinement (see 7.1.3.5).
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nt in order to

ct the general public and the environment and, thus, to limit non-filtered or non-controlle

releases, in

particular in the case of the severe accidents considered in the design, if any.

The secondary confinement may include

the two walls;

the outer wall of the double wall containment and the ventilation systems of the internal space 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;

and the associated ventilation systems.

©I1SO

2010 — All rights reserved

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

19


https://standardsiso.com/api/?name=80dfbc2ed9dc587b6db305a64b354d8f

ISO 26802:2010(E)

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

The design of the secondary confinement shall take into account the maximum quantity of radioactive
substances that is present in a dispersible form inside the primary containment, the quality of the containment
barrier(s) 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.

The requirements applicable to the static containment of auxiliary buildings are given in ISO 17873.

It should be |Loted that the secondary confinement constitutes the last barrier in the event of a severe acgident,
in particular [when leaks are collected through these buildings and when the ventilation systems ‘arg not
designed to tope with the events that are at the origin of the severe accident (e.g. the total loss of elegtrical
supply). In most designs, auxiliary buildings are included in the secondary confinement.

Table 1 suminarizes the constitution of the different containment/confinement systems.

Table 1 — Typical examples of containment/confinementsystems

Barrier NPP Research reactors

First barrier Fuel cladding Fuel cladding (or primary circuitd for
research reactors aiming to stud
limited core melting)

Second barrier and Primary circuit (vessel, pipes; etc.) Process circuits, pool boundarieg?
extensions and connected circuits
Primary Third barrier, also called Reactor building, building ventilation | Reactor building, building ventilation
containment/ | | “containment” network, mechanical and electrical network, mechanical and electridal
confinement penetrations, containment hatch, etc. | penetrations, containment hatch

Extension of third barrier | Parts of connected circuits located outside the third barrier and opened
during hosmal or accidental situations (safety injection system, heat
exchangers of heat removal system, etc.)

Parts of circuits located outside the third barrier and open to the containment
atmosphere and used during normal or accidental situations (ventilation
systems, hydrogen removal system, etc.)

Secondary cdntainment/confinement Outer wall of a double wall containment system, NPP auxiliary buildings,
volumes in which leaks from the penetrations through the primary
containment envelope are collected and the associated ventilation systgms

@  Pool boundaries, often~used in research reactors, cannot be considered as efficient barriers (no warranty of presence dur|ng all
types of accidepts and bad, retention factors for gases), although they have retention capabilities.

7.1.4 Isolation function (static containment)

This isolation function is useful for volumes (mainly containment building) during a DBA 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.

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;
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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;

c) can be required for accident situations and designed for the accident ambient condition; whether or not

they require an isolation function depends on whether they are located inside or outside the accident
Zone.

This function can also be required when an accident occurs in buildings other than the reactor containment

buildi

ng. In addition, this function makes some specific demands related to
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hich redundancy on isolation valves can reduce the reliabilityof the function ensured by the
ak tightness criteria shall be associated with the pipes and ducts of the circuits.

bak tightness of buildings and structures varies accerding to the type of reactor design. Typi
bk tightness rates for NPP primary-containment envelopes for the peak pressure and
bnt conditions are

ouble containment without liner: X 1 %/day;
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ingle containment with an internal liner: < 0,3 %/day.

entilation design should minimize the discharge of unfiltered gas leaking from the primary
ope to work areas oftothe environment, consistent with the safety analysis.
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secondary confinement envelope is affected by the leaks as a result of the pressure and
s(induced by the accident in the primary containment envelope and by the wind effects on

sealed in the
up by diesel
Lirements as

lation valves

Cuits that are required during an accident (e.g. systems belonging'to the extension of the thifd barrier and

alves). Then

Cal examples
temperature

containment

eak accident
examples of

temperature
he structure.

To m

H= H Y H=o- | ££ 4. Lgd: [N 4 ol 4 ] 1 ] ES £ £
LS icotT Willdo  TITTULS, UINTT SUTULIiVIT Lall VT U adaUuUpLl a VOTy TUW 1Can 1atc 10l U

secondary

confinement envelope (e.g. < 1 %/day for the pressure induced by the most severe winds).

For the auxiliary buildings included in the secondary containment envelope, appropriate leak-tightness
requirements (e.g. < 0,1 vol/h during DBAs, 1 vol/h during seismic conditions) shall be satisfied.

Time closure of valves shall be consistent with the accident kinetics. Examples of time closure are between
3 s and 5 s, depending on the diameter of the valves.

Finally, NPP ventilation systems with confinement function located outside the containment shall satisfy
additional requirements related to their leak tightness and safe closure in order to limit external leaks. These
circuits shall be located in confined rooms.
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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 H gives typical leak rate values
for ventilation components.

7.1.5 Dynamic confinement

Dynamic confinement is used, in complement of static containment, to ensure in the two following situations
additional ventilation of

a) the primary containment envelope in normal conditions and accident situations having a limited increase
in ambignt conditions (pressure, temperature, humidity level, eic.);

b) the secgndary confinement in all situations, in particular the situations for which a high risk ,ef.escqpe of
radioact{ve material from primary containment envelope is expected (e.g. when the primary containment
envelopg is isolated).

Compliance [with this International Standard requires a full implementation of all the' principles defined in
ISO 17873 fqr the dynamic confinement, with the following additional considerations;

— special gttention should be paid to fission products and especially iodine-137;

— rooms i which fission products can be released during normal operations and accident situations| (e.g.
liquid or] gaseous effluent-treatment systems, circuits containing .iodine) shall be maintained at a Jower
pressurg than adjacent rooms.

In some spegific cases, rarely used in nuclear industry, rooms.under positive pressure are used in order to
help the dynamic confinement by ducting the leaks to controlled places (e.g. an annulus space under pdsitive
pressure for [some designs). This solution shall be used carefully, as it is necessary to maintain this pdsitive
pressure dur|ng accident situations in which it is required to maintain the dynamic confinement.

7.1.5.1 Cldssification of the installation into working areas
The areas in|which work on radioactive materials takes place should be classified according to the degiee of
radioactive hazard potential they presentsThe classification is usually based on the direct radiation (exfernal
exposure) arld the potential for surface-contamination and/or airborne contamination (internal exposure).
The classification of containment envelopes into categories depends on the reactor design type. It depengls on

— the level of atmospherie'contamination within these envelopes during normal operation;

— the leve| of atmospheric contamination during accidents, which itself depends on the type of acciflents
considefed in the.design;

— the possibility of not entering inside the primary containment envelope of the reactor during nprmal

Operatic—\ sitherfor radioloadical reasons-or other nrovisions-(heat safatv _acecessibilibv)
F—-BHReHoracioiogicat RS-60tR6f PFOHSIORS{REaH—SaHBH—a6608SIDH )

— the design choice between continuing the operation of ventilation systems during accidents (generally
research reactors) based firmly on the worst-case accident conditions and the static containment
necessary to isolate the systems (generally pressurized reactors).

71511 Confinement area classification

In order to optimize the ventilation system, the installation shall be divided into separate areas with regard to
the risk of spread of radioactive contamination. For this purpose, a classification into confinement areas based
on the risk of the spread of contamination during normal operation or during a foreseeable accidental, should
be defined in accordance with the respective national safety authorities.
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Different systems of classification are used around the world for installations other than the reactor primary
containment envelope. Most of them use a four-grade subdivision, designated as the C1, C2, C3 and C4
areas in the text below. The definitions of these four areas are given in Table 2 here after, taken from
ISO 17873.

All these systems, defined on the basis of a safety analysis, provide a convenient “shorthand” by which the
broad division of areas may be referred to in operational and design discussions, but should not be taken as
an absolute definition. In a particular case, the designers should use the descriptions of such areas as a guide,

but should ask the client to specify what additions or omissions are appropriate.

Table 2 — Usual classification of confinement areas

for rooms other than containment envelopes

Glass Expected normal and/or occasional contamination

C1 Clean area free from normal radioactive contamination, whether surface or airborne. Only pn occasional
very low contamination level can be accepted.

C2 Area that is substantially clean during normal operation. Only in exceptional circumstances, fesulting from
an incident or accident situation, is a low level of surface or airborne contamination agceptable, so
appropriate provisions shall be made for its control.

C3 Area in which some surface contamination can be present"but it is normally free from airborne
contamination. In some cases, resulting from an incident or dccident situation, there can be p potential for
surface or airborne contamination at a level higher than in.€2 areas; suitable provisions sha|l therefore be
made for its control.

C4 Area in which permanent and/or occasional contamination levels are so high that there is normally no
access permitted for personnel, except with apprapriate protective equipment.

To cgmplete this classification, it is necessary to introduce a classification of containment envelo
the npanagement of the confinement system during normal operation or during accident situatio
classjfication is given in Table 3.

Some¢ reactors feature one type of classification for some circumstances and a different clas
otherg. The ventilation systems shall be designed to cope with the most demanding situation in w

used

Table 3 — Classification for containment envelopes

es based on
s. A specific

sification for
hich they are

Glass

Expected contamination levels for normal and accident situations

C5D

Primdry or secondary confinement in which the permanent contamination is low?, so f
acdess for personnel during normal operation® is allowed with adequate protection, but
consequences of accident contamination and worst-case accident conditions can be nj
dynamic confinement using ventilation systems.

hat restricted
for which the
itigated by a

68

Primary containment envelope in which the permanent contamination is low, so that restrict

ed access for

personnet 15 affowed with—adeguate protection, butfor whichthe contamimnation and con
some accident scenarios are so high that no dynamic confinement is possible during the s
only static containment can mitigate the accident consequences.

litions during
hort term and

a

b

Either the permanent contamination is low or the contamination prior to the access is reduced by special ventilation sequence.

Normal operation corresponds to the period of functioning of the reactor, maintenance, shutdown or refuelling phases.
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Examples of

recommended classifications are as follows.

treatment systems, evaporator): C4 or C3.

Mechani

Rooms i

cal process cells presenting a low level of radioactive contamination: C3 or C2.

Chemical process rooms with strict processing: C2 or C3.

n auxiliary buildings with iodine risk: C3 or C4.

Fuel storage rooms: C3 or C4.

Mechanical process rooms presenting a high level of radioactive contamination (gaseous effluent

The inte
Rooms

Reactor
operatio

Reactor
cooled r
C5D.

For some re
operational s
noted that di
ventilation sy

Mainly for re
(C5S or C5L
experiments
tightness, an

r-space volume of double-wall containment (secondary confinement): C5D.
vith components that are part of the extension of the third barrier: C3 or C4.

primary containment envelope for most light- or heavy-water-cooled reactors) ‘during
nh: C5S.

primary containment envelope for BWR, pool research reactors and sorne) light- or heavy-v

actor designs, the same containment building can be classified C5S or C5D according t
tates (power operation, shutdown states) and accident situations (see Annex D). It shou
ferent ventilation systems can be used according to the operational states (e.g. use of a sp
stem in some shutdown states when the risks inside the ‘€eontainment are low).

search reactors, some rooms classified C1, C2,\C3 or C4 can exist inside the reactor bu
), for some specific reasons related to presence of personnel inside the reactor or for sp
(e.g. hot cells) during normal operation of the\reactor. This leads mainly to specific isolation
d negative pressure requirements.

ower

ater-

pactors during normal operation and most light- or heavy-water-cooled-feactors during refuglling:

D the
Id be
ecific

Iding
ecific
leak

For each of |these classes, appropriate ventilation-architecture and a specific air-cleaning system shall be
provided. Bapic considerations for the constitution of these systems are given in 7.2.

7.1.51.2 Classification into radiological areas

In the event ¢f a radiation exposuré hazard (internal and external exposure), a complementary classificatjon of

the installatig
radiological §

n into radiological zones shall be made, according to the ICRP recommendations. The foll

wing

rea designations-are used, if needed: unrestricted areas, supervised, controlled areas. Argas in

which internal or external exposure levels are very high shall be forbidden for human access during nprmal

operations, K

Definitions o

owever access can be possible under certain circumstances.

f these ‘different radiological areas are given in national regulations. They can overlap wi

previous co
incompatibili

T

the

tainment-area classification, but care shall be taken in both these classifications to pvoid
y'(€.g. a C4 class can only be a forbidden area, etc.). The overall classification system used shall

comply with the pertinent national regulations.

7.1.5.2 Factors influencing the design of ventilation systems

In order to ensure the adequacy of the dynamic confinement function in all operational regimes of the
installation, criteria should be defined during the design stage, taking into account the influence of several
factors described in ISO 17873, and especially including the effect of the speed of the wind impinging on the
building facades (with adventitious or temporary openings) and on the ventilation air intakes. According to the
safety analysis, possible failures of ventilation systems components can lead to the need for redundancy of
corresponding components.
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7.1.5.3 Negative pressure

Here also, the requirements of ISO 17873 shall be fulfilled with special considerations to suit the particular
installation (see below for a list of examples).

Negative pressure shall be adopted in all the rooms or buildings in which dynamic confinement is required:

The

leaks

a)

The

some

rooms surrounding the first reactor containment barrier;

those in which there is the risk of having some contamination, and notably gaseous iodine leakages;

O0SE In which a specifically hazardous radioactive process Is under operation (evaporat
eatment systems, glove boxes, hot cells, etc.);

DIr's, gaseous

ose in which some maintenance or decontamination operations are performed (e-g. filters fnaintenance,

hange of pumps of nuclear auxiliary circuits, etc.);

ose in which the ducts are at positive pressure (i.e. downstream from a fan)iwithout tightne
nd which shall be maintained at a negative pressure in order to cope with.leaks of the duct
ducts are located upstream from the filtration systems, such that the filtration systems are no
all gases.
following secondary confinement features should be distinguished in order to drastically redy
into the environment.

The secondary confinement is constituted by the outes wall of a double-wall containment d
¢ase, the negative pressure in the inter-space volume of the double-wall containment shg

ccount the effects of the most severe wind on the structure. This can imply very high level
Iressure in this volume and, consequently(Z;high leak-tightness requirements for th
onfinement envelope itself.

q

The secondary confinement is compesed of the outer wall of a double-wall contain
¢omplemented by auxiliary buildings\in which leakage is possible, as in the previous requ
double-wall containment design. In“this case, the negative pressure inside the auxiliary buil
fleduced, accounting for less severe wind effects.

The secondary confinemeént is composed only of auxiliary buildings. In this case, the auxil
hould take into account)the effects of the most severe wind conditions on the structure. 1
hould be taken inteDaccount by increasing negative pressure levels, implementing ad

B Ol L.

hould be noted\that high negative pressure levels can create additional risks during operatiq
in opening deors).

negative pressures that shall be maintained correspond to those described in ISO 17873. ]
examples of the usual values of negative pressures.

5S provisions
5, even if the
t able to filter

ce the direct

esign. In this
uld take into
5 of negative
b secondary

-

ment design
rement for a
dings can be

ary buildings
[hese effects
pquate static

onfinement provisions (e.g. tight enclosures, multiple enclosures), or by specific air-intake designs. It

n (difficulties

[able 4 gives

When adjacent areas have different classification Tevels, 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.

It should be noted however that very high negative pressures can be required for glove boxes or containment
enclosures (e.g. hot cells in research reactors).
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Table 4 — Guide to negative pressure values (see also ISO 17873)

confinement

Secondary cd

nfinement during accident

Nature of room or area Negative pressure value? Containment class
Control rooms Positive pressure Unclassified
Non-controlled rooms or areas free from contamination Atmospheric pressure or Unclassified

small overpressure

Supervised areas with low levels of surface or airborne 0 Pato 60 Pa C1
contamination in abnormal situations
These areas shall be uncontaminated in normal operations
Controlled argaswithmoderate fevets of surface or aitborme | 80 Pa to 100 Pa c2
contamination
Controlled arfeas with high levels of surface or airborne 120 Pa to 140 Pa €3
contaminatior
Controlled ar¢as with very high levels of surface or airborne 220 Pato 300 Pa C4
contamination even during normal operations
Areas that jare not accessible except under specific
circumstancep
Reactor primary containment with containment isolation b C5S
Reactor prinfary containment with operation of dynamic 200 Pa to 3 000 Pa C5D

a8  Compared

b For normaj

to the reference pressure or, for rooms inside C5 containment envelopes, the pressure inside this envelope.

operation, a typical range is from a negative pressure of 1 500.Pa to a positive pressure of 4 000 Pa.

7.1.5.4 Air velocities between areas

Ventilation s
present diffe

— by open

ent risks of the spread of radioactive contamination when they are connected

— by incid¢ntal or accidental openings (rupture of a circuit or a transfer system, etc.).

For limiting the volume of airused, it is recommended to employ, if necessary, the possibility of transferri
A to another,avhile respecting the confinement principles given in 6.1, for instance by installi
nes mediumrhigh efficiency or HEPA filters according to the level of risks presented by the r

from one are
the transfer |

ystems can be used in some cases*to ensure dynamic confinement between two areas

ngs required for operation_(doors, ground siphons, front faces of fume cupboards, etc.), or

that

g air
ng on
boms.

A multiple transfer-does not give a sufficient guarantee to maintain the hierarchy of negative pressure Igvels,

especially fo

the different

thenintermediate zone, if sufficient leak tightness of rooms or enclosures is not ensured bet
zones. Consequently, this design should be avoided when it is necessary to isolat

ween

p the

contaminatio

n at its source.

Minimal air velocities have been recommended (see ISO 11933-4 and ISO 17873). For the particular case of
gaseous iodine products, a minimal air velocity of 1 m/s is recommended. 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.
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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.

7.1.5.5 Basic air pattern and clean-up systems

7.1.5.51  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) alccording 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, en
permanency of ventilation and filtration functions),

ergy supply,

operation and installation constraints (decontamination, dismantling).

In orl
funct
totalif

Her to guarantee a secure state of the installation incallycases, the study of the nomina
oning of the different types of ventilation networks shall be completed with a thorough exam
y of the transitory regimes of the installation following“an incident or accident.

| regimes of
nation of the

In adflition, the analysis shall take into account the-criteria in 7.1.5.5.2 to 7.1.5.5.9.

7.1.5
the ¢

71.5
impu
adeq
to pr
locat
envir

74.5
highd

5.2 C1 areas should normally not be filtered. Only appropriate air treatment should be fo
brresponding rooms are occupied by workers. The extract air can be ejected locally without f

5.3  Air should enter the building’through an industrial-grade filter to reduce the quantit
ities in the inlet air. Recycling the air that is released from the stack should be avoided
Liate locations for air inlet. Inlet to C2 areas shall be equipped with particulate air filters, clas

ons having a higher potential level of contamination. The air may be treated to maintain
bnmental conditions

5.4  Within-the'building, air flows should be from areas of lowest potential contaminatio
st contamination (i.e. from C1 to C2 areas and so on). Air velocities through breaches in the

reseen when
Itration.

of dust and
by choosing
5 F or HEPA,

btect against back diffusionin the event of loss of the extract system air flow and, where npecessary, in

he designed

h to those of
containment

barrigrs should Jbe sufficient to prevent unacceptable back-flow of contaminated aerosols ipto the less-
contgminated “atmosphere of the adjoining area. Where shown to be necessary as a resylt of hazard
asseg$sment, air flow paths should be through filters, in accordance with the contamination risk, b¢tween areas
with fifferent classifications. Consideration should be given to supplying air adjoining to the dperator work
station, In_order to direct the iflow from the operaior location 10 the extracton points where potentially

radioactive contamination can be released.

7.1.5.5.5 In general, air is extracted from the C2 areas via ductwork to the discharge duct or stack. The
number and type of filters in series in the duct system from the various areas, prior to the discharge point, is
determined as a result of hazard assessment. This extraction system is comprised of at least one filtration
stage (HEPA filters, iodine traps, detritiation devices) adapted to the type of contamination.

7.1.5.5.6 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
taking into account 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 discharge
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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 F or HEPA, 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).

7.1.5.5.7 Containments for C4 areas (i.e. in research reactors), such as glove boxes, shielded cells, etc.,
that contain free radioactive materials, a very small proportion of which is airborne at any time, 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, several high-efficiency filtration
stages (HEPA filters, completed if necessary by iodine traps or detritiation devices) appropriate for the
contaminatiop-risk-are-recemmended-to-provide-the-recessary-clean-up-for-these-extracts—Releases-shall be

made through a stack allowing sufficient dilution (with an adequate height).

7.1.5.5.8 The requirement to equip C5S and C5D with filtering systems depends on the functions peing
ensured (ventilation during normal operation, or during accident situations, etc.), taking intoraccount the
following considerations:

— for C5S|designs, leak-tightness requirements on the containment envelope are (g high that no filtfation
stage is |needed;

— for C5D|exhaust lines used during normal operations (power and shutdewn’phases), at least one HEPA
filtration [stage is recommended;

— for C5D|exhaust lines used to mitigate consequences of accidents, at least one HEPA filtration ptage
complemented by an adequate device (i.e. iodine trap) is generally recommended. Particularities rglated
to the filfration of radioactive materials in case of severe acgidents are treated in 7.3.2.

Releases shall be made through a stack allowing sufficient dilttion (with an adequate height).

7.1.5.5.9 f the deposition of radioactive materials.son the main filtration devices during accidents legds to
excessive eXposure of operators or materials, then!adequate protection measures against gamma radjation
shall be takgn, 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 th¢ last
cleaning stage before release into the environment via the general stack.

7.1.5.6 Cldssification into ventilation types

In addition fo the classification”into confinement area classes, and in accordance with the preyvious
requirementq, a classification-into ventilation families can be established, permitting the definition gf the
principal rulep for the generaldesign and equipment specific to the different ventilation networks.

Annex E givgs an example of such a classification, which is based on the maximum expected contamination
level during pormal.operations as well as the potential accident contamination levels.

7.1.5.7 Optimization of air exchanges

The number of air exchanges is determined by the conventional ventilation requirements necessary to supply
fresh air, and remove odours, potential asphyxiants, vapours and heat, etc. In addition, the air exchange rates
can be determined by the radiological requirement to maintain the proper negative pressure and air flows
between areas, and to allow efficient air monitoring, where this is required.

The calculation of ventilation air-change rates for areas, containment enclosures and rooms requires four
iterative steps described in detail in 7.1.5.7.1t0 7.1.7.5.7.5:

a) estimation of the typical air flow rate according to the classification of the working areas (radiological
areas, containment areas);

b) consideration of reducing radioactive releases and internal doses for the workers;
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c) consideration of the specific risks;

d) study of the containment function;

e) 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 take into account the design and the construction of the building.

7.1.5.7.1 First step

This
contg
cond

— principles of intervention;

— hethods of intervention (permanent or temporary);

—
I

As a

71.5

Two

—

4

— A

step provides for the definition of a minimal air exchange rate, taking into account Ihe
mination under normal and accidental conditions. For accident situations, the following
tions should be considered:

onditions for return to the normal operating state (duration of immabilization, acceptable ¢
evel, etc.).

guide, the conventionally adopted air exchange rates are givemin Table 5.
7.2 Second step

Situations shall be considered: normal operation andvaccident situations.

hort- and long-lived nuclides.

\ccident situations: whatever the lifetime of the nuclides, radiological consequences shall b

NOTE
7.1.5.
cons§

13 low as possible for the members)of the public and the workers. The reduction of air ex

ontributes directly to the reduction of the consequences on the public, significantly fq
uclides, but increases the gensequences for the workers. An optimization shall therefore b
n order to define the appropriate air exchange rate. Table 6 below gives the corresponding i

All these air exchange rate values can be reduced according to the approach defined in the
7.3), taking into aceount whether or not personnel are present in the rooms and an evaluation of t
quences subsequentto an accident.

level of air
operational

ontamination

Normal operation: air exchange rate does not-have a significant impact on the radioactivé releases of

e maintained
Change rates
r short-lived
b undertaken
dications.

hird step (see
ne radiological
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Table 5 — Guide to air exchange rates

Units are in air exchanges per hour
Compartment Typical air exchanges per hour Area
Change rooms, air locks 4105 C1,C2o0rC3
Normally clean air corridor 1to2 C2
Normally non-active rooms 1to2 C2
Controlled areas of medium potential hazard 2 C2
Maintenance areas for primary containment of risk 1t05 C3
process plants
Controlled ar¢a of high potential hazard, including 4t010 €3
iodine-risk ropms
Maintenance jareas for primary containment of high-risk 10 C3
process plants
Inter-space vplume of double-wall containment <<1 C3 or C4
Research reaktors: primary containment without 1to0 30 C4
personnel enfrance (glove box, containment enclosure | (depending entirely on process,«olume of
or shielded cgll) the containment enclosure and hazard)
Primary contginment without personnel entrance 1to4 C5D
(depending entirely on‘process, volume of
the containment enclosure and hazard)

Table|6 — Guide to air exchange rates, according to-whether or not personnel are present
Units are in air exchanges per hour
Compartment Situations Presence of Absence of personnel
personnel
Spent fuel stqrage Normal 1t05 Not specified
areas Accident with short-livad |  Not specified |0, to 1
nuclides
Accident with-ong-lived Not specified 1to 5
nuclides
Reactor buildjng Normal 1t04 Not specified
Accident with short-lived Not specified C58S: approximately 0
nyclides C5D: optimization needed (generally << 1
Accident with long-lived Not specified C58S: approximately 0
nuclides C5D: optimization needed (generally 0,1 tp 1)
7.1.5.7.3 Third step

Consideration of hazards and the specific constraints such as

30

presence of radioactive gases (e.g. tritium),
iodine releases in the rooms,

presence of inert or toxic gases, and

explosive and inflammable gases, for example H,,

thermal constraints due to processes or equipment located in the room, etc.,
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shall be taken into account during the determination of the required air exchange rate of the room. This
evaluation necessitates an individual study, which can lead to increasing the air exchange rates above the
values indicated in Tables 5 and 6.

7.1.5.7.4 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.

Depending on the relative values of the foreseen leak flow rates, it is advisable to verify that the air flows

trans
the c

appe
agairn
safet

7.1.5
This

losse
cons

A st
takes

[

[
q

[

[
[

71.5

The
of

horted by the ventilation (mainly the admission and transier air flow rates) remain sufiicient
bnfinement. In cases when the exhaust air flows required to compensate for the predicted\g
ar to be excessive, a cost optimization study should be undertaken, balancing the cost)of t
st the cost of improvement of the leak tightness of the room, while achieving the requir
i of the installation.

7.5 Fifth step

s5tep consists of making an inventory of the thermal loadings and assoeiated air flow rates (
S, etc.) in order to determine the air flow rate required to maintain"the ambient conditions
dering the equipment, processes and personnel.

dy shall be undertaken for both the normal and likely off-normal functioning of the insta
into account

he influence of the location of the rooms,

he possibilities of air transfer or of recycling; respecting the application of the principles d
iagrams given in Annex E,

he uncertainties linked to the functionifig of the ventilation system, and

he fresh air that it is required to ‘provide to ensure acceptable industrial-hygiene conditions
hat are normally occupied.

7.6 Determination-of the final air flow rates

pptimization process defined above can require several iterations. In practice, the methodo

analysis of the results obtained in the five steps, and

tention of the optimized air flow rate derived from these steps, taking into account the

to guarantee
ak flow rates
he ventilation
bd degree of

contributions,
of the room,

lation, which

efined in the

in the areas

ogy consists

necessity to

inimize radioactive releases into the environment and internal doses for workers, while

ensuring the

sare tunctioning or the Installiation.

The air flow rates thus obtained (the optimized air flow rate resulting from all the steps) are the air flow rates
taken into account for dimensioning the ventilation system.

It shall be noted that for a given room, several air exchange rates can be allocated depending on the
operational situations defined for this room. In this case, the ventilation systems shall be able to cover the
overall air exchange rates.
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In establishing the air exchange rates, the following provisions shall be taken into account:

a)

b)

7.1.5.8 Layout and location of the ventilation ducts

The layout of the ventilation ducts shall be studied in order to

a)
b)

c)

7.1.5.9 Eldboration of the ventilation diagram and calculation of the pressure drops

This activity ¢onsists of definingthe architecture of the installation:

C1 areas, by definition, are free from contamination and generally do not require special consideration
other than to maintain the proper air circulation towards the surrounding C2 areas. This does not preclude
the use of ventilation in these areas, as determined by the climatic and ambient conditions associated
with these rooms.

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 whole. Distribution
of the cl i is

The air flow rates into C2 areas may include a proportion taken from the C1 volumes or from_the ex{erior.
In certain circumstances, subject to hazard assessment and by agreement with the responsible gafety
authority, a significant fraction of the air exchange rate may be obtained by recirculating the-air with|n the
areas ol transferring air from different areas. In areas having a potential for high contamination, the air
shall beffiltered through adapted filtration devices (HEPA filter, iodine trap, etc.) befere recirculating or
transferting to a lower contamination risk room.

avoid the abnormal deposition and the accumulation of radioactivematter in ducts;
reduce wind effects (for air inlets);

reduce the risk of spread of contamination resulting frem air movement from any high-activity areq to a
lower-aqtivity area. For this reason, the designer shall‘always consider the following installation princjples:

— install the inlet ducts in less-contaminated areas;
— install extraction ducts in the most-contaminated areas;

— in class C4 areas, limit the lengthyof ducts and implement adequate tightness (e.g. welded ducts)).

by defining all rooms according to the nature of the risks (type of ventilation, fire compartments,
containment compartments, iodine risk rooms);

by definlng/the main parameters of the ventilation: negative pressure in the rooms, air exchange fates,
thermal feleases, leak rates, internal temperature, climatic conditions (in winter and summer extremgs);

by characterizing the admission or extraction units;

by defining the systems of regulation, isolation and filtration.

At the end of this analysis, an outline ventilation diagram shall be drawn. This diagram shall be refined
throughout the subsequent progress of the project, accommodating the increasing precision of the knowledge
of the environmental conditions required in the rooms or group of rooms, which refines, for each one, the
minimum required air flow rates (admission, extraction, transfer).

At the end of this study, a complete layout diagram defining the distribution of the ventilation ducts and the
location of the ventilation networks will have been created. This final diagram should be sufficiently detailed to
allow the prediction of the flow dynamics of the ventilation systems.

32
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The calculation of the associated pressure-drop losses shall take into account the predicted clogging margin
of the filtration devices, the negative pressure of the rooms, the pressure drops of the heating components,
etc.

In order to dimension each junction and section, appropriate aerodynamic calculation codes or nomograms
can be used, combined, where necessary, with fire calculation codes.

Annex E gives some typical examples of ventilation diagrams.

7.2 Filtration

Air-cleaning (or scrubbing) devices shall be designed and constructed in such a way that they. d
the Jarious stresses, predictable mechanical loadings, transient or periodic, and especially
condftions radiation effects and any chemical attack by corrosive gases or transported vapeurs.

uitably resist
for accident

at allow the
ng either the

Durinlg the design stage, consideration is also given to the necessity of installing.dévices tf
isolation of parts of the air-cleaning system in order to facilitate interventions without disrupti
confipement function or the air cleaning.

Filtraion systems are also recommended for the air inlets to reduce the-quantity of dust apd impurities
burdening the extract filters and, hence, prolong their lifetime.

Filter|
filteri
poss
expo

ng and air-cleaning devices shall be designed in order to limit.the volume of waste that the
g and air-cleaning devices in the design of ventilation systéms are considered replaceab
ble to replace them without risk of spreading radioactive:‘contamination and without risk
sure of the workers during the operation. If necessary, sfemote handling means shall be provi

y produce. If
e, it shall be
of excessive
ded.

Potential loss of the efficiency of filtration systems shall lead to the inclusion of redundant equipment for the
ventilation areas (e.g. C4 and C5) that have a high-risk contamination classification.

7.2.1| HEPA filters

The dlesign of HEPA filters for nuclear reactors is exactly the same as for those of other nuclear|installations.

The fesign, control methods and tests are indicated in ISO 17873. The requirement for HE
ventilation systems shall be assessed according to the expected maximum contamination level ¢
operations and during accident-situations in rooms.

In pgrticular, for HEPA filters located at the last filtration stage or those used for the safety
minimum decontamination-factor shall not be lower than 1 000 at the most penetrating particle
(see Annex F). HEPAfilters for nuclear applications are defined according to this criterion.

Adequate validated normative methods shall be used in order to test periodically the efficiency of

PA filters on
uring normal

analysis, the
size (MPPS)

HEPA filters.

Thesp methods,shall give conservative values and shall use the ratio of the mass upstream fron the filter to

that downstream from the filter of the MPPS in order to be representative of the radiological cons
normpal.and‘off-normal releases.

equences of

The location of the nozzles used for injection upstream from the filter being tested and the take-off of the
MPPS particles upstream from and downstream from the filter being tested shall be qualified in order to

ensure a homogeneous spread of these particles at these take-off points.

HEPA filters shall also be qualified for nuclear conditions (resistance to ionizing radiations, ageing of lute and

seals).

Fire resistance is considered in 8.5.

© 1SO 2010 — All rights reserved

33


https://standardsiso.com/api/?name=80dfbc2ed9dc587b6db305a64b354d8f

ISO 26802:2010(E)

7.2.2 lodine traps

lodine nuclides contribute a major part of the radioactive inventory in the case of an accident, so the
associated filtration requirements shall be implemented very carefully. The requirement for iodine traps shall
be assessed according to the same methodology as for HEPA filters, i.e. permanent and accident situations
contamination levels in rooms.

The following aspects are taken into account with regard to this objective:

a)
b)

c)

The decontaination factor of iodine traps is very sensitive to

Therefore, thie following provisions shall be taken into account.

a)

b)

c)

d)

e)

f)

34

the decontamination factor required during accidents, associated with the different iodine chemical forms;

th | H '+ £ ool £i114 <l H i | | HA | 4 HPA |
e qua moatuTmT UTTOUTT T e T UUi iy u e wiToTc aCUIutTTIrU PJTTTUU,

the achigvement of periodic tests proving the decontamination factor.

humidity] levels of the atmosphere passing through the filtering media;
air speefl through the filtering media;

iodine mass filtering capacity of the filtering media;

static ageing of the trap;

chemical form of the iodine released during an accident (i.e. grganic iodine, molecular iodine, partigulate
iodine).

In order] to limit, upstream from the iodine filtef;-the maximum relative humidity, which can degrade
charcoal efficiency (tests have shown that efficiency of iodine traps decreases significantly for a rejative
humidity higher than 40 %), dehumidifier systems (heaters, condensers) shall be installed upstream| from
the trapp. Relevant information (humidity 'sensor or temperature measurement) shall be continuously
availablg in order to control this parameter.

In order{to ensure high efficiency.ahd the optimum retention time of iodine inside the trap, the air-4peed
limit sha]l be lower than the value ‘achieving this goal (i.e. 25 cm/s for 10 cm thickness of charcoal b¢d). It
shall be [demonstrated that thé/provisions with respect to this value are adequate.

Stand-by iodine traps/shall be tested as frequently as those in normal operation (operation feedback has
shown tlul\at six months:to one year periodicity is sufficient for an iodine filter not subjected to high huidity
levels dyring normal operation).

The chgmical form of the iodine during accidents shall be known in order to be able to establish the
decontapnination factor used in the safety assessment.

It shall be demonstrated that iodine traps, when used in stand-by mode, can guarantee their efficiency at
an early stage of iodine release into the environment. In addition, the ventilation systems used during
normal operation should be isolated sufficiently quickly to avoid any spread of contamination into the
environment. To ensure this function, periodic tests shall be performed to verify the length of time
required for the isolation devices to close.

lodine traps shall not be damaged by foreseeable fire risks (internal to the ventilation systems as well as
in the rooms where the iodine trap is located): the protection against this risk is achieved by the
installation of appropriate sensors (temperature sensors, smoke sensors) and devices that prevent fire
from destroying the trap and limit the releases into the environment due to the destruction of this iodine
trap (e.g. appropriate fire dampers installed on the ventilation systems for the iodine trap and on the
overall ventilation system of the surrounding room).
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When fire risks exist, provisions shall be adopted that prevent trap destruction from external fire (e.g.

insulation) and internal fire (e.g. appropriate fire dampers on the ventilation systems of the iodine trap and
on the overall ventilation system of the surrounding room).

h)

Activated charcoal used for iodine filters shall be impregnated in order to increase the chemical sorption

(e.g. TEDA) and/or isotopic exchange (e.g. potassium iodide, Kl) and to limit desorption phenomena.

Deco

ntamination factors often used in nuclear reactors are

1 000 for molecular iodine (l,);

100 for organic iodine (CH3l);

1 000 for particulate iodine (Nal, Csl,); corresponding filtration is ensured by HEPA filters.

It shall be noted that these values are not equivalent in terms of retention. Periodie in situ t

perfo
form
testin

Acco
with §
cons
term

Depe

the iq
comg

7.23

Othe
requi

Activ
radio

rmed according to the most penetrating form of iodine released in the facility, W¥hen the iodi
that can be released during accident situations is not known, organic jedine is recomme
g of the iodine traps.

rding to IAEA recommendations (see Reference [10]), new power (reactors should be desi
evere accidents. Therefore, the filtration systems, in particular.iodine sorption ability, used t
bquences of severe accidents should be designed with regard\to severe accident condition
nventory.

nding on the results of the safety assessment, in particular when this function is used to co

dine filtering function (traps with associated controkand protection devices) shall be based
onents, seismically classified and supported by an auxiliary diesel generator.

Other gas-trapping devices

gas-trapping devices, such as zeolites, washing columns and detritiation devices,
rements allowing the demonstration of their efficiency during normal operation and accident

bted carbon traps are usedyVvia dynamic adsorption, as retention beds that permit some
hctivity of the releases. These systems are the most efficient for short-half-life nuclides.

Detrifiation devices, mainly,based on the oxidation of tritium gas and on the retention of oxidize

trapp

ng device (e.g. molecular sieve), shall be designed to cope with hydrogen combustion and f

The purification devices shall be designed according to the quantity of gas being treated.

7.3

Reactor specificities

7.31

psts shall be
he molecular
nded for the

ned to cope
mitigate the
5 and source

be with DBA,
bn redundant

should meet
conditions.

decay of the

i tritium on a
re risks.

Containment leak detection

For C5S designs, the leak tightness should be estimated during normal operations in order to detect leaks.

The current method consists in measuring the mass of the atmosphere in the primary containment envelop, by
measuring pressure, temperature and humidity at several points. A calculator determines the mass variations
versus time. These variations correspond to the leak of the primary containment envelope during normal
operations.

Internal leaks due to compressed gases should be taken into account in the calculations. The number and

locati

on of the points shall be selected in such a way as to be the most representative.

For C5D designs, the methods described in ISO 10648-2 are applicable.
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7.3.2 Confinement in the event of severe accidents and ventilation system specificities

The management of the radionuclides present in the containment after a severe accident is similar to
radionuclide management in the event of a DBA. The aim is still to limit containment leakage and to avoid as
far as possible the creation of unfiltered leakage paths to the environment.

An assessment of the radioactive releases from the containment should be made for selected severe accident
sequences in order to identify potential weaknesses in relation to the leak tightness of the containment and to
determine ways to eliminate them. This assessment should use a best-estimate approach to identify the
potential leaks from the containment, and the consequences of the unavailability of systems (such as the
potential loss of containment isolation in the event of a total loss of electricity power) for each sequence.

For existing

lants, any path for significant releases, in addition to those of the existing exhaust venti

ation

systems projided for accidents in the design process, should be filtered. Moreover, a strategy, shall be
adopted to ¢ptimize the effectiveness of passive features (such as the retention capacity of [rooms
buildings) and of active systems (such as dynamic confinement by the ventilation systems,/if avail
Requirements for the filtration components should be adapted to the nature and the inventory of the nucli

In existing plants, for situations that can damage the integrity of the primary containment envelope, sp
filtering systéms should be implemented in order to collect the contaminated atmosphere and to lin
spread into fthe environment. Examples of such systems are sand filters, metallic*filtering medium, ve
scrubbers, efc.

For new plants, a secondary confinement should be incorporated into the‘design.

7.3.3 Seco

For reactors
ventilated. T
— by main
primary
— by main
to secon
accident

The first opti
Design of §
mentioned in
liable to lead
used to oper

When these

dary confinement systems

including double-wall containment, the space bgtween the two walls (annulus space) sh
vo types of design are available:

Containment envelope;

aining a positive pressure in the.annulus space in order to avoid leaks from primary contain
dary confinement systems andj.thus, towards the environment. The nuclides released duri
are collected and filtered thirough primary containment ventilation systems.

bn is preferable.

econdary confinement systems shall take into account internal and external hazards
7.1.5.3, the pressure in the annulus space shall account for strong winds. If such event
to a design-basis accident, then complementary requirements shall be satisfied for the sys

bte during.this situation.

systems operate during design basis accident situations, the requirements for these venti

and
hble).
Hes.

ecific
nit its
nture

|l be

aining a negative pressure in the annulus-space in order to collect and filter the leaks from the

ment
g an

5. As
S are
tems

ation

systems sha

| b& very high:

iodine and aerosol filtration efficiencies (see 7.2);
high reliability of the dynamic confinement function (e.g. redundancy of fans and filters);
permanency of the electrical supply (e.g. diesel generators);

seismic classification and operability during and after an earthquake.

For NPPs, these systems shall have a seismic classification and shall continue to function during and after an

earthquake.
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For research reactors, if an earthquake is liable to lead to a DBA, then complementary seismic requirements

shall be satisfied for the systems operating during this design basis accident situation.

The final requirements associated with secondary confinement systems are dependent on
contamination expected during design basis accidents.

the level of

For beyond-design basis accidents, the above requirements should be selected on a case-by-case basis

depending on the safety assessment results.

7.3.4 Off-gas treatment systems

Radigactive Tission gases, among them xenon and Krypion gases, are generated in the reactor Cq
of thegse gases is released into the reactor coolant when the fuel cladding is defective. For ox
hydrggen is added to the primary system using a volume-control system. Since the gases-are dis
reactpr coolant, they are transported to various systems in the plant. Because of the explos
hydrggen in a mixture with oxygen, its presence in components of the process systems shall be ¢

The dlifferent process systems connected to the off-gas systems are mostly tanks,and vessels, V
variaple volumes of free gas and noble gases.

In addition to the ventilation systems dedicated to the rooms or containmment envelopes, speci
systgms shall be implemented in order to collect material generated from the components

equigment, such as pressurizers and tanks, and then to filter them’, The design of the systems s
accolint normal operations, including shutdown states, as well as ‘accident situations.

In order to cope with accident situations, provisions should be'taken to assess whether static con
isolafion and leak tightness) or a dynamic confinement ofthe process systems is required.

For t

equig
contg

anks without explosive gases, the effluent gases shall be collected by an exhaust ventil
ped with filtration systems. These ventilation systems can also be used for the venti
minated rooms.

For tanks with explosive gases (e.g. hydrogen), a dedicated system is required in order to avoid
the cpllected gases with the buildings’ atmosphere and, therefore, to avoid the possibility of an ex

Two types of design are availableto reduce contamination level:

a storage for decay pri6r to release and filtration,

a continuous treatment (adsorption-desorption) using retention beds (activated carbon).

In an
these

y case, provisions shall be taken into account to eliminate explosion risks. The functions
kinds of'design should

¢ompensate the level deviations of the free-gas atmosphere in the connected tanks by

re. A portion
ygen control,
solved in the
ve nature of
bntrolled.

vhich contain

ic ventilation
and process
hall take into

ainment (e.g.

ption system
ation of the

hny mixing of
blosion.

dedicated to

discharge or

intake the corresponding gas volume;

gases;

acceptable level of releases to the atmosphere.
Elimination of the explosion risk is ensured as follows.

a)

flush components in which coolant degasification occurs with nitrogen in order to process the extracted

retard the process and allow the radionuclides to decay (noble gases, iodine, etc.) to obtain an

For continuous filtration systems, by preventing the escape of radioactive gases from the connected

components into the building air by maintaining a negative pressure, and by limiting the hydrogen content
in the system and in the flushed components to under 4 % by volume and the oxygen content to a low
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level in order to prevent the formation of a combustible mixture. For this function, a recombiner is
recommended.

additional provisions shall be taken, such as

For retarding systems to allow radioactive decay, by pressuring the pipes and tanks. In this technology,

— severely limiting the entrance of oxygen (e.g. less than 0,1 % volume fraction O, in the system) into
the process systems arising from the rooms' ambient air and measuring the oxygen content in these

syst

ems;

ensuring a high level of leak tightness of the pipes in order to avoid hydrogen leaks into the rooms;

Requirements concerning the redundancy, the seismic classification and the emergency electrical supply
be defined afcording to the safety analysis. A single failure of the systems shall not leadto an explosi

unacceptabl

7.3.5 Consdideration for leak tightness of ventilation components

Specific guid
are given in

7.3.6 Ventilation of inner volumes inside the reactor building

For the rooms and enclosures inside the reactor buildingtthat need ventilation systems during n

operations (
classified C1
containment

The closure
confinement

8 Manag

NOTE TH

8.1 Contr

In a severe
potentially e

enspring a sufficient dilution of the explosive gases (e.g. significantly below the lower flamm
limi{) at any points of the exhaust line, including the connection points with the otherCventi
sysfems.

radioactive risk.

ance for leak-tightness criteria on ventilation components and. primary containment penetra
Annex H.

p.g. the presence of personnel, specific experimentation such as hot cells) and that ca
, C2, C3 or C4, the sudden closure (inadvertent or due to reactor accident situations) d
building leads to the closure of the ventilation systems of these volumes.

of the valves located on these(systems shall be taken into account in the design g
provisions (static or dynamic).

ement of specificrisks
e generic risks describé&d in this clause can concern either all reactors or only certain types of reactors

pl of combustible gases in the reactor building

accident;*large amounts of hydrogen can be released to the atmosphere of the contain
ceeding the flammability limit and jeopardizing the integrity of the containment. Later i

accident sed

uence, in the event of corium/concrete interactions, carbon monoxide can also be rele

hbility
ation

shall
pon or

tions

brmal
n be
f the

f the

ment,
n the
hsed,

contributing

O the nazard. In oraer 1o assess e need 10 Install SpecITic Teatures to control combustiblie g

Ses,

an assessment of the threats to the containment posed by those gases should be made for selected severe
accident sequences, using a best-estimate approach. The assessment should cover the generation, transport
and mixing of combustible gases in the containment, combustion phenomena (diffusion flames, deflagrations
and detonations) and consequent thermal and mechanical loads, and the efficiency of mitigation systems.

According to IAEA recommendations (see Reference [10]), the efficiency of the means of mitigation for new
power plants should be such that, with an amount of hydrogen generated equivalent to a total fuel cladding
oxidation, coupled with appropriate kinetics of release, the concentration of hydrogen in the containment
compartments would at all times be sufficiently low to preclude a detonation. Design provisions for achieving
this goal are, for example, an enhanced natural mixing capability of the containment atmosphere coupled with
a sufficiently large free volume, passive autocatalytic recombiners and/or igniters suitably distributed in the
containment, or inertization.

38 © I1SO 2010 — Al rights reserved


https://standardsiso.com/api/?name=80dfbc2ed9dc587b6db305a64b354d8f

ISO 26802:2010(E)

The means of hydrogen mitigation provided can be the same for DBA conditions and for severe 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.

Provigienshetlg-be-made-forhydrogenmonitering-or-sampling:
Severe accident conditions can pose a threat to the survivability of equipment inside the_contaipment due to

high pressures, temperature, radiation doses and dose rates (including those due to aerosol deposition), and
concentrations of combustible gases.

8.2 [ Management of ambient conditions

8.2.1| Temperature control of boron compartments

For spme types of water-cooled reactors, boron is used in order to centrol the reactivity of the cor

v

In ordler to avoid crystallization of boron in pipes, the temperature in the rooms containing these |pipes should
be high enough based on the specific boron concentrations téexclude this phenomenon.

For gxample, the minimum temperature ensured in rooms conditioned by the ventilation systéms shall be
highgr than 7 °C for 0,2 % boron concentration and 18%*C for 0,7 % boron concentration.

NOTE This can be achieved by directly heating the pipes.

Reqguirements for the heating function of these rooms shall be consistent with the importance for|safety of the
systems containing the boron.

8.2.2| Sodium
For godium-cooled reactorsy the sodium shall be maintained within a given temperature rangg in order to
avoid its crystallization orsits“ignition in the air. These conditions can also be achieved by direcfly heating or
cooling the pipes.

The temperaturesfor-the changes of state of sodium are

— neltingspoint: 97,9 °C;

— VYaparization temperature at atmospheric pressure: 882 °C;

— ignition temperature depends on the sodium physical conditions, but from 120 °C for sodium drops to
more than 200 °C for pre-heated sodium layers.

Requirements for the air-conditioning function of these rooms shall be consistent with the importance for
safety of the systems containing the sodium.
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8.2.3 Conditioning of safety-classified components

Rooms containing safety-classified components as defined in Annex C shall be ventilated in order to maintain
the range of temperatures required for the safe operation of these components?).

Requirements for the air-conditioning function of these rooms shall be consistent with the importance of the
safety-classified components in the safety analysis.

The sizing of the heating and cooling capacities shall take into account the extreme external temperature
range.

Typical tempgrature vatues of safety componentsare giver i T apbte 7.

Table 7 — Guide to temperature resistance of safety components

Minimal temperature requirements | Maximal temperature' requirements
Component Accidental Normal Normal Accidental
conditions conditions conditions conditions
Electronic an;f electrical 5°C 15°C 25%¢€ 35°C
equipments(ipcluding control rooms)
Pumps 5°C 15°C 25°C 45 °C
Diesel equipments 10 °C 15°C 35°C 40 °C

8.2.4 Ventilation systems of the control rooms

These systens shall meet special requirements as they prevent the ingress of contamination (chenicals,
radioactive npaterials, smoke, gases, etc.) rather than previding a confinement function.

8.241 General requirements

Back-up confrol rooms are necessary eitherif personnel shall remain in the control room for long periodq after
an accident ih order to survey the facility,.or if the main control room (MCR) is not designed to protect wdrkers
to ensure lorg-term habitability of the centrol room. It is important to mention that, in order to manage acgident
situations, the long-term habitability~shall be ensured for only one, not both, of these control rooms.

When the lopg-term habitability-of one of the control rooms is threatened by an accident, ventilation sygtems
shall ensure

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

— acgmplete separation (geographical and physical) between the ventilation systems of the two cpntrol
rooms;

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

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

7) 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 in Table 7.
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with regard to seismic conditions:

least for that of the MCR;
with regard to the permanency of the electrical supply:

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

Specific requirements for the design

the complete qualification of the ventilation systems of the control rooms against earthquakes, at

least for the

following specific requirements shall be introduced for these systems:
implementation of specific filtration systems (equipped with aerosol and iodine (filters) or]
entilation system, at least for the MCR ventilation system;

mplementation of air dehumidifier (e.g. heaters) upstream from the ioding filters define
protect the iodine filters in all weather conditions;

implementation of a positive pressure in the MCR ventilation systems to avoid air infiltr]
filtration in the MCR,;

erformance of an air-conditioning function (heating and.cooling) in accordance with the
quirements of the safety equipment on one hand and<with the external cold and hot tem|
the other.

dic tests of filtration systems shall be performed:

Prevention of risks linked to releasés of heat, gases or toxic vapours

ful vapours emitted by the process.or by the product handled or stored. The implied safety
onditioning and renewal of the atmosphere, ensuring that the creation of any “dead area
bd volumes is avoided. These functions can be ensured by open or closed ventilation n
5sary to analyse these rnisks”and to specify the reliability of the systems concerned and
es to suit the consequences of possible accidents.

al attention should,"be paid to controlling the release of radioactive gas and vapours in
r the environment. This can require the introduction of appropriate equipment such g
ical traps (e.g{1odine traps) and noble-gas delay systems. Examples of such equipment arg
11933-4.

the air-inlet

H in 7.2.2 to

ation without

temperature
peratures on

purpose of the ventilation, with regard-to such risks, is to ensure the evacuation of the h¢at, gases or

functions are
s” inside the
btworks. It is
their control

o the rooms
s scrubbers,
described in

of explosive
tion systems

by appropriate selection of air exchange rate dependlng on the specrﬂc safety analysis.

8.4

Prevention of risks linked to the deposition of matter in ventilation ducts

be achieved

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:

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

with special justification;

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

8.5.1

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

the retention of matter and facilitating their cleaning, where appropriate.

ntion of fire hazard

Compartmentalization

choice of layout, form and nature of construction materials of ventilation ducts, reducing as much as

To inhibit the spreadlng of a fire, the best strategy for prevent|on conS|sts of creatmg fire compartments (FC),

smoke beyond these compartments, due to pressure phenomena and thermal loads mduced by the firg, and

to contain ipternal fires within predefined volumes for a sufficient period to facilitate interyention for

extinguishind the fire, and to protect these compartments against possible external fires. Nevertheless, fire

areas can bg used in certain specific cases presented in 8.5.3.

When the consequences of a fire occurring inside a fire compartment containing radioactive substanceq lead

to a significant risk of release of contamination affecting the workers, the general public’or the environnent,

additional coptainment compartments (CC) shall be defined in order to limit these cahsequences.

When no disfinction between fire compartment walls and containment compartmient walls is taken into acfount

in the design, then it shall be demonstrated in a specific study that the walls.€an ensure both functions ¢f fire

resistance and limitation of the spread of radioactive materials.

8.5.2 Fire gompartments

Fire compartments shall fulfil the following requirements.

a) The walls and the material of construction of a fire compartment shall be designed to resist penetratipn by
the maXimum fire that can occur inside or immediately outside of the compartment, for the dufation
correspgnding to the worst-case predicted fire..The design shall also take into account the constfaints
due to maximum pressure and temperature induced by the possible fire, especially when the contairiment
is ensur¢d only by means of static barriers'during the fire.

b) A fire compartment can include one.or several rooms, the choice depending on safety considergtions
(includi% the necessity of avoiding-common-mode failure) and on the possibilities for extinguishing the
fire (durdtion, accessibility, etc,):

c) When fife compartmentscare likely to contain radioactive substances such that a possible fire legds to
significapht consequences)for the environment and the general public, it is strongly recommended that
designefs avoid makingthe fire-compartment walls coincide with those of the external building strucfures.
It is preferable te~insert a room or group of rooms with specific ventilation networks equipped with
adapted(filtration-devices (HEPA filters, iodine traps) between these walls. To facilitate the early detgction
of fires gndy hence, prevent any compromise of the barriers defining the fire compartments contgining
radioact{ve substances, specific measures shall be taken to detect these fires, in particular by exjernal
means (Hoers-equipped-with-fire-proof-windews—visual-detection-systems—Y-cameras—ete)

In the case of fire compartments containing radioactive substances, the associated ventilation systems
shall fulfil the following basic principles.

d) Relevant information identified in the plant safety report and design provisions (e.g. for temperature,
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.

e) 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.
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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

1)

considered in the safety analysis,
2)

3)
and

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,

limit the release of the radioactive substances to the rooms where personnel are intended to remain,
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into the environment (to maximize protection of the general public).

~

pperation of the ventilation system in case of a fire shall be carried out according te the
ple safety study and respect the recommendations given in 9.6. To fulfil these (rinciples f
ation systems in accordance with the safety demonstration mentioned in 9:6,)the followi
be taken.

The fire resistance of the walls of the fire compartments required~by the safety analy
aintained by the installation of suitably positioned fire dampers within the associated ven
i[jith the exceptions mentioned above. The control devices of/these fire dampers shall
gainst the effects of the considered fire.

The extraction circuit designed for use during a fire shall take into account the following cons

The first level of filtration, where it exists, shall be designed in order to avoid clogging or
loss of efficiency too rapidly. Its destruction_shall not necessitate the interruption of t
ventilation. Its clogging shall not rapidly lead,to a reduction in the extraction air flow raté
extent that a significant positive pressure-excursion can arise, or the dynamic confinem
ineffective. In order to avoid this phendmena, a bypass can be used.

The last level of filtration shall-be~designed in order to guarantee its functioning and
throughout the duration of the fire (by dilution of the gaseous effluents, for example).

The ventilation ducts and théiryconnection flanges outside a fire compartment, etc., shall be |
hall be designed to maintain their initial behaviour with regard to fire loads (dilatation, smo
h the rooms that they(serve or cross. If it cannot be avoided that ducts cross other fire ca
hese ducts shall be)fire-resistant to at least the same safety level required for wall
ompartments thatthey cross.

-

oot —-

[he admissionducts to a fire compartment can be equipped, if necessary, with one filtering s

dmissien‘line.

led releases

findings of a
br the use of
Ng measures

sis shall be
ilation ducts,
be protected

derations.

developing a
he extraction
s to such an
ent becomes

its efficiency

eak-tight and
e, pressure)
mpartments,
5 of the fire

tage, located

s close .as possible to the compartment and upstream from a suitable fire-resistant isolatiop valve in the

Transfer of air from fire compartments or from fire-and-containment compartments to other rg

oms shall be

made impossible in new installations. For existing installations, if such a transfer exists,
equipped by adequate provisions. Air-recycling systems should, accordingly,
requirements.

it should be

meet the same

The releases in the event of a fire shall be calculated taking into account the maximum leak rate of the

fire compartment.

It arises from the above that certain general safety principles shall be followed when designing fire
compartments, namely the following.

The systems shall be designed to keep to a minimum the size and number of penetrations in the

associated barriers.
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8.5.3 Fire greas

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 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.

During operation, periodic tests of fire dampers shall be carried out, in accordance with approved
procedures. It is necessary to be able to test the correct operation of each damper by closing and
opening it, either at the damper or from a remote control point. A positive indication of successful
operation shall be provided, for example by the use of limit switches. Multiple-use dampers (e.g. those
that can be reopened during a fire) should be resettable without having to gain access to the interior of
the duct

The matgrials of construction for fire dampers shall be suitable for the likely environment within‘the dct. It
is necessary to take care in the presence of acid and other reactive vapours, which can causé long-term
corrosiopn. It is necessary to take care regarding the temperature; in particular, fire)dampers with
intumesgent materials for which the reaction temperature, around 100 °C, is well below the maxjmum
permittefd operation temperature of the associated filtration systems and as a consequence, cannpt be
used whien it is necessary to maintain extractions from fire compartments during-a.fire.

Depending on individual circumstances, it can be required that some of the.fire dampers be resejtable
from a spfe location, e.g. a control room. The requirement for this capability is dependent on factors|such
as the gase of access to the damper location, likely local environment in the vicinity of the fire, and the
importarce of the damper in the overall fire-control philosophy (see 9:6.2).

Automatically initiated closure of fire dampers within certain ductwork systems shall be used with cgution
becausdq the associated pressure excursions can breach thegom's containment.

In addition t¢ the previous concept, fire areas can be established in order to protect combustible materials
from ignition|sources and to reduce the risk of the-'spread of a fire by means of a separation by a sufficient

distance fronp radioactive sources, safety systems, worker escape routes, etc.

In such casep, a specific fire assessment.shall be performed in order to prove that this separation is suffjicient
with regard ffo the phenomena induced by a fire (temperature, pressure, smoke). In case of doubj, fire

compartments or other mitigation systems with safety requirements shall be adopted.

8.5.4 Conthinment compartments

When a fire in a fire compartment containing radioactive substances can lead to unacceptable consequgnces
for the worlers, the general public and the environment, the spread of contamination is restrictefd via

containment jcompartments.

For that purposé, containment compartments shall fulfil the following requirements.

44

The limits of the containment compartment are constituted by the walls of the room or the group of rooms
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
compartment.

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.

The walls of the containment compartment shall be designed to retain the effluents produced, including
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
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pal safety functions defined in Clauses 4 and 5.
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All rglevant external events shall be evaluated to determine the possible effects, to establigh the safety
systems required for prevention et mitigation, and to assist in designing the systems to mitigate the expected
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Somé examples of externalthazards are aircraft crash, explosion of a combustible fluid container
hj winds, tornados;fleod, fire, lightning, external missile impact, extreme temperatures (high @and low).
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bjective is toladapt the design of ventilation systems taking into account the probability and

he enyiromment for any plausible risk during the projected lifetime of the plant. For t
hement-systems shall be designed in such a way that external events do not lead to

earthquake,

the effects of

events and/Maintaining at least one effective confinement system between the radioactivg¢ substances

hat purpose,

[

ptalloss of the safety-classified function required to cope with these events,

unacceptable consequences for the general public and the environment.

total loss of the monitoring function for radioactive releases for events leading to radioactive releases,

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 shall reflect the reliability required for these systems.
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Examples of ventilation and confinement systems and systems for considered external hazards include the
following:

a) with regard to external fire, explosion or releases of toxic gases, damage inside the buildings shall be
avoided [e.g. using passive features or closure of inlet air dampers activated by adequate detectors
(smoke, pressure, toxic gases)]. In the latter case, a specific analysis shall be performed to assess the
interaction of this closure with the other functions ensured by the ventilation and containment systems;

b) with regard to earthquakes, safety-classified ventilation systems and containment systems should have a
seismic classification (e.g. integrity, operability);

c)

the rooms; this assessment can lead to the implementation of passive or active dampers on air-intaes or
exhaust$ and to a specific operation of ventilation systems;

d) with reggrd to extreme temperatures, specific analysis shall be performed to assess the potential effects
on the dafety functions ensured by the ventilation systems in order to check the necessity to incfease
cooling ¢r heating capacities.

9 Dispogitions concerning the management and the operation of the ventilation
systems

9.1 Organization and operating procedures

The management team shall develop operational procedures establishing the rules and principles of opefation
of the ventilation systems, in order to guarantee compliance with the requirements of the design principleg and
the pertinent|safety regulations.

The following features shall, therefore, be incorporated.in’ these procedures:
— installatipn considerations;

— technical operating instructions (see 9.2);

— operatiohal management issues (see 9.3);

— test progedures and maintenance (see 9.4);

— procedufes applicable in the ‘event of an internal hazard such as a fire;

— decomnlissioning considerations.

9.2 Technical operating instructions

The technicgl“operating instructions shall include the normal and abnormal regimes of functioning gf the
ventilation and filiration sysiems as considered in the design. The instructions shall accordingly take into
account the availability of the different components and equipment comprising the protection against internal
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, etc.

All equipment and/or functions that require specific measures such as provision of compensatory or redundant
equipment to cope with an incident, accidental failure or deliberate withdrawal for periodic maintenance shall
be identified. In addition, the preparations necessary to achieve safe shutdown of the installation as well as
the procedures and time required to recover normal operational conditions shall be estimated.

In addition to the nominal operational values of the characteristic parameters of the ventilation systems,

limiting values for certain parameters that should not be exceeded in order to maintain the functionality (e.g.
hierarchy of negative pressures, margin against clogging, efficiency of gas cleaning devices, leak tightness of
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equipment, enclosures and rooms) and, for some areas, the maximum admissible duration of any partial or
total failure of the ventilation shall be defined.

Alarm thresholds and preferred corrective actions following any alarm shall also be specified. Thus, the
technical operating instructions shall contain at least

— the required leak tightness for static containment features (primary and secondary containment barriers,
isolation valves, hot cells, glove boxes, etc.);

— the ventilation regimes in normal, incident or accident situations, as well as the instrumentation and
control associated with these different regimes;

3, for all the
ifferent types of rooms containing radioactive materials;

e filtration efficiency required for the different types of filters, as well as clogging parameters;

e nominal and minimal flow rates in the stack and in the main conducting ducts:

€ minimum air exchange rate in rooms in which the cleaning function is required according|to the safety
nalysis.

9.3 | Operational management issues

The management team shall develop all procedures related to at{east the range of items listed bglow:
— gurveillance and periodic checking of the parameters of the’ventilation systems;

— periodic review of risks induced by any internal hazard, including verification of the fire[loads in the
different rooms;

— periodic monitoring of the status of the equipment contributing to the static barriers of [the different
¢ontainments (doors, windows, plugs, penetrations, airlock chambers, etc.);

— procedures for exceptional intervention-or maintenance;

— surveillance and periodic checking of all the structures and control system elements playingl a role in the
integrity of the fire and contaifment compartments;

— tests in situ (e.g. at least ‘annually), and against a clear definition of the filter replacement griteria, of the
fficiency of the last filtration stage, the pressure drop across each filtration system, the radiation field
round the filtration units (in the case of highly contaminated air flow), etc.;

— feedback of operational experience;

— ipfluence o6f\any modifications to the plant within the ventilated areas.

9.4 | Test'procedures and maintenance

The ventilation and filtration systems and their associated monitoring and control equipment shall be subject
to acceptance tests, functionality tests, commissioning, maintenance and other periodic tests. In addition, a
clear set of technical specifications, standing orders, operating instructions and management chains shall be
developed.

The different test procedures shall fulfil the requirements given in 9.4.1 to0 9.4 4.
9.4.1 Pre-commissioning inspection
Before initiating any commissioning test in situ, a systematic inspection of the ventilation networks and the

associated air-cleaning devices is required to verify the compliance of the equipment with the detailed design
drawings.
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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.).

9.4.2 Acceptance tests

The purpose of the acceptance tests is to

p correct behaviour of each individual component;

verify th

verify the overall compliance of the equipment with the specifications.

These tests g$hall focus on the following equipment:

a) ventilation networks, ducts, dampers, valves and associated flow dynamics equipment, including motor-

driven fgns and continuously adjustable compensation dampers;
b) regulatign and monitoring networks, traps and filtration systems;
c) fire dampers and fire detection systems;

d) associated fluid and electricity supplies.

Acceptance {ests shall be undertaken in conditions as representative as possible of the operational condjtions

specified for
cleaning deV
established
ventilation sy

Acceptance
operating raf
leading to a
redundant or

9.4.3 Com

the design of the ventilation systems. TheyZinclude tests on individual items (such as
ces) and on the whole assembly. The resulis of these tests shall be compared with the v
during the design study whose aim was to define the different operating flow rates @
stem.

tests shall also include the simulation of some failures of equipment (to simulate abn
es of the ventilation systemsg\extractor fans out of order, unintended closing of a valve,
Hegraded situation. Tests shall demonstrate that transitory phases (sequences with operatig
stand-by systems) do not create air back-flow in the rooms or enclosures.

missioning tests

After the co
tests of the
operational

These verifi
the different

be made, including PPy
control and monitoring loops, measurement of leaks of assemblies or of the whole network, etc

pletion of the-aeceptance tests, and corrections of any faults identified, comprehensive fund|
equipment-shall be undertaken in order to demonstrate the achievement of the red
quences_and the nominal functional performance.

tiofs(shall be realized in all the functional regimes: manual, automatic, etc., and operated

gas
Alues
f the

brmal
etc.)
ns of

fional
uired

from

ontrol consoles. During these tests, a number of system adjustments and measurements

The aim of these tests is to achieve the desired flow dynamics of the ventilation system. For this purpose, the
operators shall make adjustments of the air flow rates and the negative pressures using appropriate regulation

devices.
The verificati

a)

on of all of the ventilation systems is not undertaken until

the construction of the building is totally achieved and the required leak tightness is ensured;

b) all the doors are installed and closed;
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c) the apparatus and process equipment are in operation;
d) the filtering devices are installed; and

e) the compensation dampers are in place, with the same setting simulating partial clogging of the filters as
during the acceptance tests.

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.

Accordmg to the obJect|ves deﬂned in the safety anaIyS|s it is useful to ver|fy other parameters such as the
corregtc Otitie C € ate methods
(e.g. fumigants, trace substances)

In adfition to the air flow verification and filter testing described above, the complete ventilation system should
be tgsted to ensure that it meets the functional requirements both during normal operation ahd abnormal
condftions. This shall include tests of the automatic control devices such as the following:

— those associated with the start-up of the standby fan in the event of failure of the normal pperating fan
(where such a system is installed),

— gtopping of input fans and closure of associated dampers in the€vent of the failure of the system extract
fans,

— fransfer to alternative power sources in the event of the failure of the normal supply,
— ipterlocks related to preserving the pressure differences.

After|appropriate tests, valves explicitly used duringZcommissioning to ensure the correct desigh parameters
for the ventilation systems should be locked in nominal position by appropriate devices.

9.4.4] Maintenance and other periodic.tests

The fpllowing features shall be the subject of maintenance programmes:

a) $tructures, walls and various_construction elements constituting of

1) the primary and secondary containment walls (if any),

2) the other containment barriers, including those of peripheral buildings,
3) the fire.and containment compartments;

b) equipment and devices contributing to fire detection and fire extinguishing;

c) enfilation networks and air-cleaning systems contributing to the confinement of radioactivd 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 measurements.
The methods, periodicities and accuracy of these tests shall be defined, taking into account 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
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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 is the absolute pressure method, in which the leakage flow is determined by measuring the pressure
decrease as a function of time. For this method, the temperature and pressure of the containment
atmosphere, the external atmospheric temperature and pressure, and the humidity of the containment
atmosphere should be continuously measured and factored into the evaluation. Means shall be provided to
ensure unifog
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controlled more frequently due to the sensibility to external conditions.

Il be

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 ventilation 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 operatrion of ventilation
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.
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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 General

When combined 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.

Acco
analy
propa
be m

rdingly, the design of the ventilation control system of a fire compartment requiresa\preliminary safety
sis in order to determine whether the static containment provisions are sufficient to| prevent the
gation of the fire and limit the spread of any radioactive contamination, or if dynamic confingment should
pintained by the extraction networks.

The ¢hoice between these two configurations will depend essentially on

the evolution of the fire,

[
[

he quality of the static containment of the boundary of the fire‘"compartment or area, in part|cular its leak

ghtness related to the pressure excursion induced by the fire;

the quantity and toxicity of the radionuclides present inzthe fire compartment or area, as welllas the forms
in which they appear (solid, powder, liquid, etc.), and
1 wveen the fire
products.

he efficiency in dealing with the combustion \products of the different filtration barriers bet
ompartment, the adjoining rooms and the external environment in removing the combustion

9.6.2| Fire control philosophy

9.6.2(1 Fire control analysis

The ¢ption of favouring an immediate automatic closure of all the ventilation ducts of the room o
fire opcurs within it can haveyan effect opposite to the desired isolation, as increasing the interng

r cell when a
| pressure is

in the early

ilable for the
felling codes
on system.

ination-of the fire behaviour of the materials involved or can be evaluated by using mo
ting the development of the fire in different configurations and the responses of the ventilat

naltt F that tr y ] icular design
philosophy adopted and in th|s International Standard it is p055|ble only to indicate general areas of
interpretation. It 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 and to allow
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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 take into account the safety rules applied according to IAEA principles. According
to the principles, some safety rules should be carefully assessed for research reactors, in particular the
applicability of single failure criterion.

9.6.2.2 App‘ication of the analysis
Depending oh 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 temperature
signals (e.g. sensor or fusible), or contamination thresholds in the stack;

b) continugtion of the air extraction for as long as possible without destroying.the integrity of the filfering
device que to the increase in the temperature of the extracted air and combustion products; thi$ can
require ¢ooling the combustion products, dilution, water-spray devices or high-temperature HEPA filters
but prefgrence should be given to passive protection component such asyhigh-temperature HEPA filters;

c) closing the admission and extraction dampers, together with a.proven reliable solution that limits the
excursign of pressure either by relief into the surrounding areas through appropriate devices (e.g. cgoling
devices) without breaking the containment or active cooling of.the fire compartment walls.

Automatic cgntrol with manual backup of these actions is regommended. It is generally recommended that the

air-admission fire damper be closed as quickly as pdssible. This equipment is, therefore, in geperal,

automated apd controlled by signals from fire detectors(ocated in the fire compartment.

The closing ¢f the extraction fire dampers can be\initiated as a response to the alarm signal

— of a heaf detector installed upstream from the last extraction HEPA filter,

— of a smqgke detector downstream from the last extraction HEPA filter,

— of a fire|detector installed in‘the room or the extraction duct. The response to this detector shall, in|such

cases, be confirmed by the“simultaneous detection of radioactive contamination upstream or downsfream
of the lagt extraction HEPRA filter.

In addition, @ completeihalt of the extraction network can be considered in the event of the three previous
alarm signalg, as weéll-as the maximum pressure clogging limit of the last extraction HEPA filter.

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 exiraction vents in the lowest part of the rooms, shall be
evaluated carefully, taking into account contradictory aspects such as

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

— potential degradation of the ducts and filters due to the heat and smoke produced during the fire, which
can necessitate extraction at ground level.

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.
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10 Control and instrumentation
10.1 Control

The details of the control system are determined by the architecture of the ventilation systems and it shall
function during the normal conditions and foreseeable plant fault conditions. Co-ordination of the control
system operation is essential: several control panels shall be implemented and located at points where
effective action can be taken, whether routinely carrying out tests of the plant or acting in an incident situation.
The location of these control panels shall take into account common cause failures of control systems (notably

in the case of fire, earthquake, flooding, site contamination).

Criti

failure, i.e. by careful design of control logic in order to recognize cable disruption; therefore
contgcts or DC voltages should be preferred to pulsed outputs, which require a specific system
lines jand the signals.

In th¢ event of an accident, access to parts of the building can be restricted and-consideratio
giver| to the requirement for a specific ventilation-incident control room, or the need to transmit i

an i
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y failure). The automatic start-up procedure shall be initiated.©y a direct measurement, e.g
5 of flow. If there is a requirement to rapidly start an emergéncy standby component, the
a representative measurement, e.g. fan rotation detection (not motor current or contact
efined sequence, which forms part of the control system, shall be developed for starting
ns. Redundancy and diversity of the control and instrumentation components shall be cor
necessary, the ventilation systems shall be protected from a single-point failure.

al control shall be designed to keep the extract ventilation running all the time, with a ma

an supply or
detection of
system shall
pr status). A
and stopping
sidered and,

hual override

vhich to shut down. Means for isolatinglelectrical equipment and monitoring fire control fea
y accessible in a safe area.

ble of being regularly testedand reset from a suitable control point (preferably associated
ation control unit) and their status should be indicated. As these dampers, when closed,

nce of meaningful flow Signals when dampers are closed can require the system to incorp
bl of certain components of the ventilation systems in the event of an incident.

mportance @at<he construction stage of proper testing and commissioning of the plant to

Jule shall™be stressed. The design shall also allow periodic testing of standby con
nstratectheir state of readiness. Periodic testing of the operational components simulati
tions ‘can also be required to demonstrate the necessary reliability. If this is the case, the

Keep running
res shall be

ignificance of fire dampers in the overall control scheme shall be fully considered. The damipers shall be

ith the main
ause loss of

Signals, it can be necessary to incorporate their status into any changeover system for fans, etc. The

brate manual

B written test
hponents, to
hg abnormal
design shall

pravision 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;

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

©I1SO

indication of the condition of all filters based on the pressure drop across each filtering stage;
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— 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 1ISO 2889.

In the design of ventilation systems for highly contaminated areas, direct evidence shall be available to the
operator, by means of pressure gauges or flow indicators, that the required negative pressure differences are
being maintained between such areas and the operating areas.

Redundancy| of instrumentation devices depends on the safety classification adopted for the ventilation
systems. Nepertheless, primary and secondary containment systems, safety classified thermal conditipning
ventilation systems, as well as release monitoring systems, shall be redundant, backed up by.a|permanent
electrical sugply and, on a case-by-case analysis, have a seismic classification.

10.3 Alarms

It is recomménded to equip the ventilation systems with the following alarm indicatiens:

— stack flow rate;

— flow ratgs in main ducts;

— different|al pressure in the networks as well as in the envelopes;

— filter (HBPA, iodine traps, etc.) pressure drops;

— air tempgrature (e.g. in the process rooms and in ducts ‘near filters);

— position jof dampers, especially fire control dampers;

— fan statys (e.g. rotation and bearing temperature, contactor position, fan pressure drop);
— power apd compressed air supply status;

— air activity concentration in stacks;

— air activity concentration in specific ducts (e.g. servicing highly contaminated rooms, requiring actiops on
the ventflation systems).

These alarmlindications shall'be relayed to the central control station for the ventilation system and if possible,
they should be relayed-to‘the emergency control situation with indications of their source.
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Annex A
(informative)

Typical radioactive products in nuclear reactors

The present annex gives typical radioactive products in research and power reactors. Associated quantities
are given in IAEA technical reports series No. 274 and No. 358 (see References [17] and [18]).

A.1 (Identification of radioactive product sources

The fadioactive product sources are usually the following:

a) fjssion products of the reactor core in normal and degraded situations;
b) ¢orrosion and activation products in the coolant system;

c) gpent fuel and core components;

d) fjssion products and activation and corrosion products in the pools;

e) activated sources contained in different equipment, systenis and pipes;
f)  golid and liquid waste and waste treatment materials;

g) ¢aseous radioactive materials in off-gas treatment systems;

h) tpols and facilities for storage and handlihg of radioactive material.

In adflition, for research reactors, other sources can include

— ¢xperimental facilities with the\potential to generate activated or other radioactive products;
— associated hot cells.

Tablg A.1 gives examples of emissions of fission products with their main associated safety considerations.
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Table A.1 — Main fissions products emissions and associated safety considerations

Nuclide type Typical nuclides Half life Safety considerations
85Kr 10,8y Cannot be filtered or delayed
133Xe/133mXe 5,3d/2,3d
Noble gases Can be delayed in retention beds or tanks
85mKr, 87Kr, 88Kr <5h
Indicators of fuel degradation
135Xe, 138Xe <10 h
131 8,1d
lodine forms 132 133) 134) 135) 24k Important contributors (except 1291) to exposure of the
’ ’ ’ public in accident situations
129 6
l >>10%y Indicators of fuel degradation
134Cs 21y Very low inventory of 1291 but very long half lifé
137Cs 294y
138Cs 32 min Indicator of fuel degradation
Aerosols
106Ru/Rh 1 Important for severe accidenis because it cap be
y converted into gaseous forni.under specific conditions
203r 50,5d Important for specific,severe accident conditions

A.2 Nuclides in nuclear reactors

Table A.2 gjves examples of activation and corrosion products with their main associated gafety

considerations.

Table AJ2 — Corrosion and activation product emissions and associated safety considerationg
Nuclide type Typical nuclides Half life Safety considerations
. 58Co 71,3d
Main aerosol formed from .
I Important contributors to exposure of the
activation of dtructures and 60Co 527y
fuel workers
51Cr, 54Mn,-99Ee, 110mAg| 1 min<<1y
AAr 1,8 h Can be delayed
Released with or without purification duripg
) 3H 123y normal operations; can be produced in lafge
Main gases fgrmed from quantities in heavy-water reactors
activation of gir, coolant
system, strucfures and fae| 13N 16N <10 min Can be an indicator of steam-generator tlibe
’ rupture
14¢ 5730y Contrlbu’.tor tq exposure of the public durihg
normal situations

In addition, alpha-emitter aerosols such as uranium, plutonium, curium and other actinides can be released
during core degradations. They can be important contributors to exposure of workers.

The nuclides included in Tables A.1 and A.2 are formed and released under different chemical forms that shall
be taken into account when designing purification systems as well as evaluating the exposure effects to

workers and

EXAMPLES

56

the public.

carbon in gaseous forms (CO,, CH,) or aerosols.

iodine in different forms, such as molecular iodine (I,), organic iodine (CH3l, CHsl,), aerosols (Csl, Agl),
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In order to design containment and ventilation systems, the identification and the evaluation of potential
releases in rooms and in the environment shall be performed for normal and accident situations, including for
new plants severe accidents, incorporated in the design of the plant. Corresponding IAEA technical reports
series give indications on the methodology for evaluating these source terms.
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Annex B
(informative)

Examples of general confinement concepts

for nuclear power reactors

The object of all the following diagrams is to present in more detail the general confinement concepts of

reactors, ang

and those used to protect the containment barriers against the risk of overpressure (e.g. spray systems):

ter storage

primary depressurization device

containment heat remoyal system

Key

1 ECCS wa

2 ECCS

3

4  core catcher
5

6 annulusf

Itered airextraction system

Figure B.1 — Dual containment NPP with a severe accident design
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Key

A direct gaseous leak to the environment

B tptal gaseous leak to the annular space

C daseous leak to the annular space filtration system

F1 annular space filtration system

m

recirculation flow
flow to the stack filtration system

®

F2 gtack filtration system

llquid leak to the auxiliary building
F3 fjltration system of the auxiliary building
S| gafety injection system

SP gpray system

Figure B.2 — Dual NPP containment without severe accident designs
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Key

1 containment

2 containmpnt spray system

3 filtered aif discharge system

4  liner

< valve + containment penetration
m Hust filter @ heat exchanger

m HEPA filter E‘ steam generator

@ pump onnne line with spray nozzles
@ blower, fan R liquid level

|]:| odine trap

Figure B.3 — Single containment NPP
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pool of the reactor

primary containment envelope
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entilation of the primary containment envelopé
gccidental overpressure discharge system
entilation of the secondary containment gnvelope
gore cooling system
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Figure B.4 — Dual containment pool research reactor
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vacuum building
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Figure B.5 — Pressurized heavy-water NPP with additional confinement
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full-pressure containment
gecondary confinement
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4 nnulus evacuation system

5 fllitered air discharge system
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m HEPA filter |§| steam generator
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Figure B:6 — Double containment NPP design with safeguard components
within secondary confinement
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Annex C
(informative)

Examples of safety classification for nuclear power reactors

Many safety classification systems for pressure-retaining mechanical equipment use three safety classes and
one non-nuclear safety class. The highest safety class (safety class 1) is generally restricted to the reactor
coolant pressure circuits. The part of the containment, including penetrations and isolation valves, as well as

pressure-ret;il‘

concentratio

Pressure retaining portions of systems for the management of energy levels and radionuclidef¢oncentra

in the secong
the cooling ¢

Many safety
their seismic
and should b

Electrical eq
to electrical ¢

The importan
safety requir

s in the primary containment during a DBA, is generally assigned to safety class 2.

ary containment during a DBA, of systems for control of combustible gases during a DBA, 3
hain are often assigned to safety class 3.

classification systems are also devoted to the structural parts of the,components accordi
resistance. Insofar as they are relied upon in DBAs, the containment systems are safety syg
e classified seismic class 1, the highest level of seismic classification:

Llipment of containment systems, including those for emergency’ power supply, shall be ass
lass 1E, the highest level for electrical safety classification;

ce to safety of all SSCs shall be established and a safety classification system as defined
bments for the design should be set up in order to identify for each safety class

ining portions of front line systems used for management of energy levels and radieniiclide

tions
nd of

hg to
tems

gned

n the

— the appfropriate codes and standards, and hencexthe appropriate provisions to apply in dg¢sign,
manufagturing, construction and inspection of a component;

— system-felated characteristics such as degree of redundancy, the requirement for an emergency gower
supply and for qualification to environmental ¢onditions;

— the availability or unavailability status‘ofisystems for postulated initiating events (PIEs) for consideratjon in
deterministic safety analysis;

— quality assurance provisions;

In general, |the following <Classifications shall be established and shall be verified for adequacy] and

consistency:

— classificgtion of.systems on the basis of the importance of the affected safety function;

— classificgtion for pressure components, on the basis of the severity of the consequences of their fgilure,

hone

the mec

al malavabv and thae - nracorra-—ratino:
ariedl CUTTTYITAILY ATy e PJTooourtc Tatliity,
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classification for resistance to earthquakes, on the basis of the requirement for the structure or
component considered to retain its integrity and to perform its function during and after an earthquake,
taking into account aftershocks and consequent incremental damage;

classification of electrical, instrumentation and control systems on the basis of their safety or safety
support functions, which may be different from the classification of other plant systems due to the
existence of field-specific, widely used classification schemes;

classification for quality assurance provisions.
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The assignment of SSCs to safety classes shall be based on national approaches and appropriately credit
deterministic and probabilistic considerations as well as engineering judgement.

For the purposes of the deterministic safety analysis, those safety functions that are used to determine
compliance with acceptance criteria shall be performed using classified SSCs only.

Probabilistic safety analysis (PSA) shall be used to determine in the design phase the appropriate
classification of structures, systems and components.

The failure of a system/component in one safety class shall not cause the failure of other
systems/components of a higher safety class. The adequacy of the isolation and separation of different and
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D.1 Contginmentarea classificatiomaccording tothetevetof surfacecontamimation

Table D.1 gi

2010(E)

Annex D
(informative)

Examples of classification of working areas
according to radiological contamination hazard

non-fixed surfface contamination levels.

Surface cont|

Table|D.1 — Example of classification of areas according to the expected permanent level
of surface contamination

Bmination levels are expressed in becquerels per square centimetre.

es an example of the classification of containment areas according to the expected‘permanent

Valuesiin becquerels per square centimetre

Containment class Surface contamination
C1 Determined locally at each site, in agreement with the regulatory body
According to ALARAS) principle, but not exceeding.€2 levels
Alpha emitters of other toxicity? Beta/gamma emitters and alpha emitters of low tox|city®
C2 Contamination level < 0,4 Contamination level < 4
C3 0,4 < Contamination level < 4,0 4 < Contamination level < 40
C4 Contamination level > 4 Contamination level > 40
C5S or CpHD°¢ Contamination level <*0,4 Contamination level < 4

b

10 days.

¢ For access

@  The definftion of radiotoxicity corresponds( tg ‘that given in the IAEA Safety Standard Series TS-R-1 (ST-1, revised] (see
Reference [14]}).

Low-toxicify alpha emitters are: natural’uranium; depleted uranium; natural thorium; uranium-235 or uranium-238; thorium-232;
thorium-228 anfl thorium-230 when contained in ores or physical and chemical concentrates; or alpha emitters with half lives of lesp than

ible areas.

8) ALARA, As Low As Reasonably Achievable.

66

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=80dfbc2ed9dc587b6db305a64b354d8f

ISO 26802:2010(E)

D.2 Containment area classification, according to the level of airborne contamination

Table D.2 gives an example of the classification of containment areas according to the expected permanent
airborne contamination levels.

Airborne contamination levels are expressed in fractions of the DACY).

Table D.2 — Example of classification of areas according to
the expected permanent level of airborne contamination

Values in per cent of DAC over a working year period

Containment Airborne contamination in normal conditions
class

C1 According to ALARA principle and in any case < 10 %
Cc2 10 % < contamination level < 30 %
C3 30 % < contamination level < 100 %
C4 Contamination level > 100 %

C5S or C5D2 10 % < contamination level < 30 %

@  For accessible areas.

For the containment area classification, the table leading to,the most stringent class shall be uged. The limit
valugs stated in these tables may be adapted to acknowledge the chemical toxicity of the radionuglides.

9) DAC: derived air concentration. It is the amount of contamination in air, which, if breathed for 2 000 hours, would
result in the annual limit of intake (ALI). The ALI shall be calculated using reference conversion factors given by ICRP for
each radionuclide.
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