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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-governmental, in liaison with ISO_ also take part in the work 1SQO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fthe technical committees are circulated to the member bodies for voting. \Publication gs an
International|Standard requires approval by at least 75 % of the member bodies casting-a vote.

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

ISO 17873 was prepared by Technical Committee ISO/TC 85, Nuclear enéergy, Subcommittee SC 2, Radjation
protection.
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Introduction

This International Standard applies to all types of nuclear installations other than primary containment

envel

opes of nuclear power plants or certain categories of research reactors.

The installations concerned are particle accelerators, radiation generators, fusion machines, research and

exam

ination laboratories and_mare gpnmeIy, all typpc of nuclear fuel r‘yr‘lp installations (p

enrichment

plant
radio

It car
occu

Spec
reses

5, nuclear fuel fabrication and examination laboratories, plutonium-handling facilities, repraceg
pctive waste treatment stations, radioactive waste storage facilities, etc).

also be applied to the primary containment envelope of research reactors, where only low
during accident scenarios, as well as to auxiliary rooms of nuclear power plants:

fic features associated with the containment envelope of nuclear power-plants or certain
rch reactors will be developed in another International Standard.

ssing plants,

pressure can

Categories of
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Nuclear facilities — Criteria for the design and operation of
ventilation systems for nuclear installations other than nuclear
reactors

1
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revis
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nternational Standard specifies the applicable requirements concerning the design-and use
ms in nuclear installations such as hot cells, nuclear fuel fabrication and|, éxamination
hium-handling facilities, reprocessing plants, enrichment facilities, nuclear-waste treatm
pe facilities, etc.

purpose of ventilation and containment systems is to and ensure safety functions and pro
. and environment against the spread of radioactive contamination resulting from the

”

sses of these installations.

International Standard does not apply to the containment envelope of nuclear power plan
rch reactors where high pressure can occur during accident scenarios. It does apply to au
se facilities.

requirements for the design and use of ventilation systems that ensure safety function
brs will be developed in another International Standard.

Normative references

ollowing Standards contain provisions that, through reference in this text, constitute prov
[
on, and parties to agreements based on this International Standard are encouraged to in
bility of applying the most’recent editions of the standards indicated below. Members of
ain registers of currenily valid International Standards.

889, General principles for sampling airborne radioactive materials

4

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

of ventilation
laboratories,
ent stations,

tect workers,
operational

ts and some
iliary rooms

s in nuclear

sions of this

ational Standard. At the time of publication, the editions indicated were valid. All standards are subject to

vestigate the
EC and I1SO

d associated

ystems such

ICRP 60, 1990, Recommendations of the International Commission on Radiological Protection, ICRP

Publ

ication 60, Annals of the ICRP, 21, (1-3), Pergamon Press, Oxford (1991)

3 Terms and definitions

For t

3.1
aero
solid

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

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

© 1SO 2004 - All rights reserved
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3.2

air-change rate

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

3.3

air conditioning

arrangements allowing the sustainment of a controlled atmosphere (temperature, humidity, pressure, dust
levels, gas content, etc.) in a closed volume

34

barrier
structural elgment, which defines the physical limits of a volume with a particular radiological environmer]t and
which prevents or limits releases of radioactive substances from this volume

EXAMPLE Containment enclosure, shielded cell, filters.

3.5
balancing damper
control valv

adjustable dgvice inserted in an aerodynamic duct allowing balancing of the fluid flow and/or the pressdre of
the fluid duripg plant operation

3.6
cell
or shielded pnclosure
term generally used to designate an enclosure equipped with a shielding structure, of fairly large dimengions,
possibly leakttight

See containment enclosure (3.9).

3.7
containment
confinement
arrangement] allowing users to maintain separate environments inside and outside an enclosure, blocking the
movement bgtween them of process materials and substances resulting from physical and chemical reagtions
which are pofentially harmful to workers{ the external environment, or to the handled products

See containment enclosure (3.9)(on barrier (3.4).

NOTE The word “confinement’'is used in several IAEA documents to mean the function of confining radioac{ive or
toxic products|whereas “contaiiment” is used to mean the physical barrier that achieves the objective of confinemenpt, i.e.
a confined arefa.

3.8
containment compartment
CcC
Compartmen of which the walls (nr the nearest walls of a volume that includes one or severdl fire
compartments) are able to contain radioactive substances that would be generated by any plausible fire that
could break out in one of the fire compartments included

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

3.9

containment enclosure

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

2 © ISO 2004 - All rights reserved
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NOTE This is a generic term used to designate all kinds of enclosures, including glove boxes, leaktight enclosures
and shielded cells equipped with remotely operated devices.

3.10

containment system

system constituted by a coherent set of physical barriers and/or auxiliary dynamic systems intended to confine
radioactive substances in order to ensure the safety of the workers and the public and the protection of the
environment

3.11
contamination
presence of radioactive substances on or in a material or a human hndy or any Inlar‘p where they are

undepirable or could be harmful

3.12
decontamination factor
measgure of the efficiency achieved by a filtration system and corresponding to the-ratio of thg radiological
contgnts of the inlet and outlet of the filtration system

3.13
discharge stack
duct [(usually vertical) at the termination of the ventilation system, from which the air is discharged to
atmopphere

3.14
dynamic confinement
action allowing, by maintaining a preferential air-flow circulation, the limitation of back-flow betwegen two areas
or between the inside and outside of an enclosure, in order to prevent radioactive substances bging released
from @ given physical volume

3.15
filter
conventional term used to designate a device intended to trap solid or liquid particles suspendeg in gases or
fluidg or to trap gases themselves

NOTH A particle filter consists of«a filtering medium, generally made of a porous or fibrous material (i.€| glass fiber or
paper) fixed within a frame or casing. During the manufacturing process, the filter is mounted in a leaktight|manner in this
frame], using a lute. Gas filters are generally found in physical or chemical process units where the primary aim is to trap
certaip gases.

3.16
fire Jompartment
FC
refergnce volume  delimited by construction elements for which fire resistance has been chosen|according to
the plausiblefire that could break out within this volume or penetrate into it

3.17
fire damper
fire blocking valve

device which is designed to prevent, generally by automatic action under specified conditions, the ingress of
fire through a duct or through the walls of a room

3.18

fire load

heat energy that could be released by the complete combustion of the whole combustible contents of a
volume, including the surfaces of the walls, partitions, floors and ceilings

3.19

gas cleaning

action (sometimes called “scrubbing”) that consists of decreasing the content of undesirable constituents in a
fluid

© 1SO 2004 - All rights reserved 3
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NOTE

3.20
iodine trap

2004(E)

Aerosol filtration and iodine trapping are examples of gas cleaning.

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

3.21

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

reference vo

3.22

lume or the external ambient pressure

negative prgssure system

regulated ve
zone or the ¢

3.23
prefilter
filter fitted u
latter

3.24
pressure dr
pressure los§

3.25

process ver
ventilation sy
(such as resg
containment
cupboards o

3.26

safety flow 1
flow rate tha|
back-flow of
handled with

3.27
ventilation
organization

NOTE T

ventilatio

ventilatio

ntilation system, which ensures a negative pressure between the ventilated area and an adj¢
xternal ambient pressure

stream of the main air filters to minimize, by removal of large particlés; the dust burden g

pp
in an air stream due to its passing through a section of ductwork, or a filter or fittings

tilation system

stem that deals specifically with the active gases'and aerosols arising within process equig
ction vessels, piping networks, evaporators\and furnaces) but excludes the ventilation g
enclosures in which such equipment is (generally located (e.g. hot cells, glove boxes,
high-radioactivity plant rooms)

ate

[ guarantees air flow throughtany occasional or accidental opening, sufficient to either lim
contamination (radioactive-or-other) from the working volume, or to avoid the pollution of pro
n the working volume

of air-flow patierns within an installation

0 systems\are commonly used:

N insefjes: ventilation of successive premises by transfer of air from one to the next;

ining

n the

ment

f the
fume

it the
ducts

same

h in’ parallel: ventilation by distinct networks or premises or group of premises presenting the

radiological hazard. Utilised also to indicate that the totality of blowing and extraction circuits of each particular
volume is directly connected to the general network (in contrast to ventilation in series).

3.28

ventilation duct
envelope, generally of rectangular or circular section, allowing air or gas flow to pass through

3.29

ventilation system
totality of network components, such as ducts, fans, filter units and other equipment, that ensures ventilation
and gas-cleaning functions as defined in the present document

© ISO 2004 - All rights reserved
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Functions ensured by the ventilation system

The ventilation of nuclear facilities enables the improvement of the safety of the workers, general public and
environment and/or if necessary, the protection of the products to be handled. It plays a role of

Venti

a)

b)

d)

e)

f)

safety, by contributing to keep the workers, the general public and the environment free of contamination,

and

protection of the equipment and the handled products (and thus indirectly safety), by maintaining the
internal atmosphere in a state (temperature, humidity, physical and chemical properties) compatible with

the proposed operational materials and process conditions.

ation ensures the following functions.

Confinement, by acting in a dynamic manner in order to counteract any defectscn the led
the static containment constituted by the walls of the relevant enclosures. In-this case, t
¢onfinement ensured by the ventilation systems has two aspects.

Between items of equipment, enclosures (or cells) and rooms of the same building
dynamic confinement), the ventilation ensures a hierarchy of pressure in order to impose
of air from volumes with a low potential hazard of radioactive contamination to volume|
potential of radioactive contamination hazard. Dynamic confinement is also able to cirg
process and to control the contamination as close as possible to its source, complemen
systems provided to protect the operators from the hazards of ionizing radiation.

At the interface with the environment (i.e. external’ dynamic confinement), the ventil
maintains a significant depression within controlled areas with a high potentia
contamination, in order to avoid uncontrolled, releases as well as to direct the gase

gases discharged.

urification (or gas cleaning) by conveying the collected gases, including any dust, aerosol

ktightness of
ne “dynamic”

(i.e. internal
a circulation
5 with a high
umscribe, to
ing the other

ption system
radioactive
bus effluents

towards identified release points, and to en@ble, if required, cleaning (purification) and monitoring the

5 and volatile

omponents, towards defined and-controlled points for collection, processing and elimipation where

ossible (by using filters, traps, etc.):

onitoring of the installation, by organizing air flows in such a manner as to allow
easurements in order to.detect and to limit any spread of radioactive components during n
s abnormal conditions, including fire events. Ventilation systems, with or without surveillanc
an also contribute to’the improvement of some radiological measures inside rooms by help
e background |evel of natural radioactivity (radon).

leaning ofithe atmosphere of the enclosure or room, by renewing the volumes of air within

meaningful
brmal as well
e monitoring,
ng to control

it, in order to

inimise the 'risks associated with the corresponding atmosphere (for example, the eliminati¢pn of any gas

ecessary'to make credible an explosion hazard).

onditioning of the atmosphere of the enclosures or the rooms, to obtain the optimum functioning of

machines or to improve the safety of some otherwise hazardous operations (for example, the maintaining

of ambient conditions compatible with the proper functioning of equipment).

Comfort, by ensuring processing (heating or refreshing) of the air, regulation of the temperature and the
relative humidity of the atmosphere of the rooms, in order to maintain the climatic conditions to suit the

work that the personnel have to undertake.

The first five functions are safety functions.

The achievement of optimal climatic conditions is indirectly a safety function, because “human risks”, which
could be caused by inadequately regulated climatic conditions, are then substantially reduced.

© 1SO 2004 - All rights reserved
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5 Safety aspects of ventilation systems

5.1

General principles

Ventilation systems shall be able to ensure the safety and protection functions defined in the previous clause,
in all normal operation and maintenance conditions of the enclosures. Ventilation systems shall ensure some
of these functions, based upon a safety assessment, during abnormal operating conditions, maintenance
operations, exceptional interventions or accidental situations that are to be defined case by case.

Before beginning any ventilation design, a hazard assessment shall be made so that design safety principles
and actual targets will be adequately defined. Subclause 5.2 provides an outline of the hazard assessment

process as it

In addition,
legislation arf

5.2 Risk 3ssessment procedure

The design

a)

c)

d)

e)

For each co
the risk is defi

radiolog
enclosul

— the

reqliirements, leading to a classification of the area regarding the contamination hazard, as dg

in8

jesigners of ventilation systems for nuclear installations also have to comply wittmall na

relates to ventilation design.

d with any more stringent safety requirements specified by the national regulatory @uthority.

f an appropriate ventilation system requires preliminary analyses, taking-into account:

cal hazards arising from the materials and operations which lead to-the need for ventilation
es and rooms containing dangerous substances, including:

permitted levels of air and surface contamination withinthe building, and the air moni

1.1;

tional

Df the

oring
fined

— the Irisk of radiological exposure, leading to the classification of radioactive areas in accordancg with

the Hefinitions proposed by ICRP 607);

an aded
resulting
discharg

non-radi
to be vq
variation

hazards
fire, floo

possible
ventilatig

uate margin between the authorized\discharge limits and the anticipated actual disch
from the ventilation system as a whole, as well as the air-cleaning requirements prior to
es;

plogical hazards related to the\processes and equipment implemented in the volumes which
ntilated (e.g. catastrophic srupture of containment caused by some mechanical failure, 4
of pressure, explosion;fire, corrosion, condensation);

of external origintte*which the enclosures and the ventilation system itself can be exposed
s, external explosion, earthquakes, wind and extreme temperatures);

temporaryyunavailability of the fluids or energy supply needed for the correct functioning
n system:

Brges
hese

have
brupt

(e.g.

f the

ltsideration, a risk assessment shall be carried out using the safety analysis methodology where

y. An

alternative deterministic approach may also be carried out, based on incidental or accidental envelope
situations. It is important not to exclude some scenarios combining internal and external hazards (e.g. strong
wind and some other event leading to the dispersion of radioactive contamination inside the building). In any
case, the associated loads on the system shall be described in the safety report, according to the safety
assessment policy of the organisation(s) concerned.

1)

ICRP: International Commission on Radiological Protection.

© ISO 2004 - All rights reserved
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Other factors which should be taken into account, when designing ventilation systems, include the following.

— There is a need to minimize, as far as reasonably practicable, the level of contamination in the workroom

air.

For protection of the environment, it is now conventional practice to design nuclear- process plant
systems so as to minimize radioactive waste arising and radioactive releases (liquid and gaseous) as far
as practicable. Thus attention must be paid to the whole-life considerations of waste streams produced by
operational, maintenance and decommissioning activities (consumable seals, filters, swabs;
contaminated fluids from lubrication, cleaning, off-gas scrubbing, etc.). It is also usual practice to minimize
the quantity of high-activity waste instead of conventional waste, or low-activity waste. In particular,

QUI I‘ldlllilla‘lUCll fiitclb, bUilly Uf iUVV dcllb;ty, dlc VCly TAPJCTI Ib;VU tU btUlC Ul dib})UbC Uf as IddiU
Consideration shall be given to the use of self-cleaning or cleanable filters, cyclone filtration
¢ompaction techniques.

The design of an enclosure, through which air is exhausted via ductwork, filters{\fans and 3
¢utside atmosphere, must take into account the pressure, temperature, humidity and other
lbe tolerated by each component, in an appropriate range of operational and fault conditions.

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

active waste.
etc., or filter

stack to the
variations to

It ariges from the foregoing that certain general safety principles shall,be followed when designing ventilation
systems for radioactive premises, as listed below:

P

DO
~

iR
~

%)

The total air flow through the system, from inlet to discharge into the atmosphere, shall b
while still achieving the necessary function.

The air-flow magnitude and air-flow patterns_ in“the working environment must be ade
the occupants protection against airborne_contamination, with a view to obtaining doses
Reasonably Practicable”.

Sufficient fresh air must be provided-to ensure acceptable industrial hygiene conditions
that are normally occupied.

Filtration systems are recommended for the air inlets to reduce firstly, the quantity
impurities burdening extract filters and hence prolong their lifetime and secondly, the
contaminant products through the inlet circuits in case of failure of the ventilation system

Physical containments (e.g. total enclosures) are the most effective means for minimizin
releases and(or protecting the product to be handled. Ventilation provides a supportiy
physical centainment by ensuring an adequate air circulation between different containm

e minimized,

uate to give
“‘As Low As

n the spaces

of dust and
back-flow of
5.

g radioactive
e role to this
ent areas.

The system shall provide a sufficient inward air velocity through unavoidable or accidental openings

in_containment barriers to limit the egress of particulate, aerosol and vapour contamina
is feasonably practicable.

ion as far as

The air 1lows shall, as 1ar as reasonably practicable, be adequate jor both the normal ¢
the potential accident conditions.

The systems shall incorporate optimum energy efficiency (e.g. heat reclamation from
but this must not compromise the containment and safety requirements.

© 1SO 2004 - All rights reserved
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6 Principles of containment of radioactive material

6.1

General requirements

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 is reasonably achievable
inside the facility;

— in accide ment,
for persnnel dlrectly involved in the operatlons leading to the spread of radioactive contaminatioh, for
other opgrators in the same facility and for the general public.

The applicalion of this principle leads to the provision of different containment systems-between the

environment|and the radioactive substances. Each containment system and the assogciated devicef are

designed to|[suit the risks they are intended to control. The goal will be to maintain,\in any casq, the
functionality pf at least one stage of effective filtration between the contaminated areas and the envirorjment
under all circqumstances, including accident situations, such as fire or explosion.

Attention must be paid to designing protection for personnel in charge of opérations that may lead fp the

spread of radioactive contamination, as well as additional protection for persannel in adjacent areas.

In nuclear fagilities, generally several containment systems are distinguished. Each containment system can

be made of (see Figure 1):

— one or spveral static containment barriers;

— complemented if necessary, by means of dynamic systems, consisting of a specific ventilation system
and applopriate air-cleaning devices.

n
. . rtiary containment system
Primary ¢ontainment yradioactive substances
Process|equipment,
glove fox, ce!l or Secondary containment system
storagg container
: Primary containment system
- Secondaryf containment
optontany comadmpent 1 B e _
: Access is excluded except
Rpoms under special circumstances
: : No radioactive substances in signifiant
. Tertiary containment | quantities, under normal circumstances i
Figure 1 — Schematic drawing of a three-containment system
8 © ISO 2004 - All rights reserved
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6.1.1 Primary containment system

The goal of the “primary containment system” is to prevent the release of radioactive substances to the
accessible working areas and the environment.

In cases involving materials in gaseous, liquid or solid form, the primary containment system includes the
process equipment, piping, vessels, glove boxes, cell or storage containers and containment enclosures, etc,
complemented by their associated ventilation equipment including off-gas collecting and treatment systems.
When the continuity of the static barrier constituting the first containment system is not ensured in all normal
operating and maintenance conditions, the designer is recommended to complement it by appropriate
dynamic or statlc means, to minimize the spread of radioactive contamlnatlon |n the adjomlng work|ng areas.
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his purpose, the internal volume of the primary containment enclosure shall be maint;
Ciated ventilation system at a lower pressure than that of the accessible adjoining working a

Hed at a depression with respect to both the working area and the operator areas, to mair
of the working area and to facilitate checking for leaks by monitoring, the purge gas of the i

Secondary containment system

joal of the “secondary containment system” is to prevent.the release of radioactive contarn
econdary containment system to areas accessible to non-authorized radiological workers
C and the environment, in circonstances, accidentalcer’not, for which the primary containm
r be ensured.

portant to maintain a high purity special working atmosphere in the hot cell, an intersp3

require the
lies, transfer
and so on.

hined by the
ea. Where it
ce could be
tain the high
hterspace. In

ase, a special extraction system shall be installed on the interspace Wwith its own filtration eqliipment.

hination from
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ent could no

secondary containment includes the structure. of the rooms enclosing the primary containnjent volumes

heir associated ventilation systems: roem) walls, ducts of the associated ventilation net
led on these ducts or on the containment-walls, etc.

design of the secondary containment system has to take into account the maximun
hctive substances that are present in a dispersible form inside the primary containment, the

inment barrier(s) and the possible consequences of the hazards introduced by the industria
implemented.

Tertiary containment system

oal of the “tertiary containment system” is to prevent the release of radioactive contaminatio

works, filters

quantity of
quality of the
process(es)

n outside the

whol¢ building insease of failure of the two previous containment systems and to provide, to ap appropriate

standard, the.protection of the general public and the environment. It includes the building and tHe associated
ventilation @nd air-conditioning system.

The third containment system shall be installed when necessary to satisfy safety requirements fof installations
with high hazard potential. It is generally recommended in installations presenting a high potential of
radioactive releases or where highly radiotoxic substances are handled (e.g. plutonium).

Table 1 summarises the constitution of the different containment systems.
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Table 1 — Typical examples of static containment systems

Material form

Type

Solid Liquid and gas

Primary containment

Glove box, container, fuel cladding,
cell, containment enclosure and
associated ventilation networks

Equipment, piping, vessel, cell,
containment enclosure and their

ventilation networks

associated process and/or enclosure

Secondary containment

Adjoining room(s) and associated
ventilation networks

Adjoining room(s) and associated
ventilation networks

Tertiary contg

inment (if required) Building, building-ventilation network Building, building ventilation netwd
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practice, perfect leaktightness is not possible and, as some~gpenings in the containmer
allow access by operators, transfer of materials and equipmient; etc., and also as structural
lepression between each containment barrier is usually maintained to create an inward flow
bakage.

of containment for the particular plant, including.the number of barriers required, mu

y a risk assessment, taking into account the design safety principles for the project. For thi
tors shall be considered: severity and likely frequency of potential accidents, quant

contained. This may be a containtnent enclosure or a glove box. An additional confinemen

bresent, radio-toxicity and potential dispersability (gas, liquid, solid) of the pertinent materiald.
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adequate protection to.the-workers, particularly where substances of high toxicity are involv

roaches to the principles of compartmentation for both containment and contamination ¢
pted to solve the various problems, which arise in the facility. However, the foregoing is inte

h system forthe radioactive areas shall seek to understand the operational requirement(s)
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6.1.5 Dynamic confinement

Dynamic confinement complements static containment. It is based on a series of negative pressure
differentials. The system shall be designed so that the pressure is lowest in the areas where the radioactive
substances are contained (process equipment or glove boxes or cells), so that if a leak occurs, except in
certain circumstances?), the air flow goes from the low contamination to the high contamination area.

2) As described in 6.1.1, for the case of special working atmospheres, sometimes a purged interspace volume will have
the lowest pressure, which must then be exhausted via a dedicated filtration system.

10
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Such dynamic confinement is provided primarily by the ventilation system, described in Clause 8, which
includes at least one and preferably two HEPA filters3) at the exhaust to avoid the release of radioactive
material to the surrounding environment. The number of filtration stages are indicated in 8.2.3 (see also
Annex B).

In new installations, air transfer between minimally contaminated areas and highly contaminated areas shall
be limited as far as possible and realized using appropriately dimensioned inlet and outlet ventilation networks.
Where such transfers could not be avoided, a filtration unit must be installed in these transfer lines whose
efficiency is as large as practicable, and at least equal to the ratio between the potential airborne
contaminations of the respective areas.

The penttaton—system—foranyradieactivearea—is—amojercomponentitermairtaring—eenfirgment of the
radiopctive material within it. Figure 2 below illustrates a typical radiological facility in this context.
V47|
* —0O
8 >
2
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9 -
3
g
L ) ’
2
L
10 >
11 Hefo
2
5
g
114 N 1 chH©)
2
Key
1 Igstiiltration stage 6 stack 11 shielded cell
2  extractionfan 7 fiitratiom room f2—primary contaimment
3 high-depression extraction line 8  building 13 secondary containment
4  low-depression extraction line 9 contaminated area 14 tertiary containment
5 glove-box extraction line 10 glove box
§ Pre-filter (Coarse filter) @ HEPA filter Chemical scrubber (optional)

Figure 2 — Schematic diagram of a possible ventilation system

3) The definition of HEPA filters is given in Annex C.
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6.2 Specific requirements associated with containment systems

In addition to the previous general principles, the following specific requirements shall be met:

a)

b)

e)

f)

9)

classify and consider the optimisation of the arrangement of the different equipment, enclosures, rooms
and the associated ventilation systems according to the hazard potential and the risk of radioactive
material escape;

provide separate ventilation extraction networks, which allow the designer to vary the reliability of each
one (redundancy, choice of equipment, quality of construction, reliability of electrical supply, etc.) to suit
the potential risk for each different type of exhaust flow (extraction from process equipment areas,
containnrentenciosures; uu.,upit:u' roomsof-the 'uuiidillg),

achieve|and sustain a hierarchy of pressure levels between zones presenting different (radioactive
contamination-dispersion hazards, according to design criteria that take into account the influence ¢f the
different|physical factors that govern the regime of the ventilation and its control;

equip the ventilation systems with appropriate monitoring and control devices in order to guarantee the
required|behaviour throughout the projected lifetime of the plant;

equip ddcts of the extraction networks with appropriate contamination-monitoring devices, which faqilitate
the monjtoring of the transported air according to the level of risk of the corresponding rooms;

provide |continuity of the containment barriers by systems of airloCk chambers, or by taking special
precautipns during normal and occasional openings:

— by [nsuring some minimum air velocity to limit baek“flow (turbulent distribution) and thermal
conyection;

— by arranging an air speed as homogeneous as possible in the openings;

improve| some radiological protection measures”in the areas routinely accessible to operators, by
reducing the natural radioactivity present (mainly radon).

Various opefating regimes of the ventilation systems corresponding to the different operating charactefistics
may be consgidered. These regimes shallibe listed with adequate precision and the values of assogiated

functional pafameters shall be specified.

An examinatfon of the various failure’possibilities of the equipment, particularly any leading to the modifigation
of the hierarghy of pressuresor éxcessive pressure differences, must be undertaken and measures Will be

taken to limit} if necessary, the)likelihood or frequency of such incidents and their consequences.

For this purppse, some-provisions shall be made, namely:

12

maintaining« the extraction flow of equipment, enclosures or rooms which are potentially |more
contamihated; rather than the extraction flows of rooms which are less contaminated;

in case of failure of one of the extraction systems, to maintain the air circulation and the pressure
differentials by automatically stopping the corresponding inlet air system and, if appropriate, the
ventilation systems of the adjoining rooms;

establishing a range of limiting control values allowing the operation of equipment such as regulating
valves, shut-off valves or safety devices to prevent overpressure in the exhaust ventilation network during
disturbances of the general ventilation system;

avoiding, as far as possible, booster fans in the design of new nuclear facilities.
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6.3 Additional arrangements to limit the risk of spread of radioactive contamination

Ventilation systems must not generate any unnecessary additional risks and shall be designed in order to limit
the spread of radioactive substances inside the installation. For this purpose:

a) the location of ventilation ducts shall be considered with a view to limiting the radiological exposure and
possible spread of radioactive substances inside the rooms that they cross;

b) all ducts, filtering and air-cleaning devices used shall have the appropriate specified leaktightness in
accordance with ISO 10648-2;

c) Oi of Teteaseand - mtake witt e OSE ordertoavoidpossibitities of focat Tecyctimgof discharges
from the installation, or the discharges produced by another installation, and to limit theirimpact on the
gnvironment;

d) fjltering and air-cleaning devices shall be designed in order to limit the volume“of-wastes fhat they will
produce. If the possibility of replacement of filtering and air-cleaning devices/in_the design |of ventilation
gystems is considered, their replacement shall be capable of being undertaken' without the risk of spread
of radioactive contamination and without the risk of excessive exposure of the workers during the
operation. If necessary, remote-handling means will be provided;

e) if excessive overpressure or underpressure could occur which eould destroy the static confainment, the
equipment or leaktight enclosures shall be supplied with devicesable to act as safety valves [connected to
dedicated extraction and/or gas-cleaning (scrubbing) systems;

f) me nature of materials employed for the construction of ventilation systems shall be selected according to

e intended function, noting especially the behaviourregarding resistance to corrosion, radigtion, ease of
decontamination, vibration, heating and mechanical effects due to pressure variations.

6.4 | Air-cleaning devices

Air-cleaning (or scrubbing) devices shall. be designed and constructed, if needed, in such a way that they

suitably resist the various stresses of predictable mechanical loadings, transient or periodic, apd especially

any dhemical attack by corrosive gases or transported vapours.

During the design stage, there will)also be taken into consideration the necessity of installation of devices that

allow| the isolation of parts ofithe air-cleaning system, in order to facilitate interventions withqut disrupting

eithef the confinement function’ or the air cleaning.

Thesg devices shall be’designed to suit the predictable chemical forms of nuclides to be filtefed, such as

HEPA filters for agnosols, iodine traps for iodine gases, detritiation systems for tritium, gas abgorber or gas

washiing for chemicals or radioactive components of gaseous form. The efficiency of these devjces must be

contrplled pefiodically and compared to the reference values defined during the safety anplysis stage.

Injecfion and take-off devices, as well as measurement, points shall be implemented upstream and

downstream of the filters in order to test each type of filter in situ. Pressure-drop measurement devices shall

be implemented and periodically checked as part of the formal maintenance schedule.

7

71

Principles of prevention of other risks

Prevention of risks linked to releases of heat, gas or toxic vapours

The purpose of the ventilation, with regard to such risks, is to ensure the evacuation of the heat, gases or
harmful vapours emitted by the process or by the product handled or stored. The implied safety functions are
the conditioning and the renewal of the atmosphere, ensuring the avoidance of creation of any “dead areas”
inside the defined volumes. These functions can be ensured by open or closed ventilation networks. It will be
necessary to analyze these risks and to specify the reliability of the systems concerned and their control
devices to suit the consequences of possible accidents.
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Special attention shall be paid to controlling the release of radioactive gases and vapours into the rooms
and/or the environment. This may require the introduction of appropriate equipment such as scrubbers,
chemical traps (e.g. iodine traps, tritium treatment stations) and noble-gas delay systems. Examples of this
type of equipment are described in ISO 11933-4.

In addition, ventilation systems shall be designed in order to prevent the accumulation of explosive
atmospheres, inert gases or toxic gases where these could pose particular hazards. Some ventilation systems
will have to accommodate the air flow associated with cooling the process plant. These objectives can be
achieved by appropriate selection of air-change rate, depending on the specific safety analysis.

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

In order to ellvoid the deposition of radioactive products, flammable matter, corrosives or toxic matellial in
ventilation dycts, the following preventive measures are recommended:

— installatipn of appropriate air-cleaning or filtering devices as near as possible to the sourCe ‘points, except
when egpecially justified;

— adoptior| of an air velocity inside the ducts sufficient to entrain the predicted particles;
— separatipn of ventilation duct networks to avoid cross-contamination;

— choice df layout, form and nature of material of construction of ventilation ducts, reducing as mugh as
possible|the retention of matter and facilitating their cleaning, where appropriate.

7.3 Prevention of fire hazard

7.3.1 Compartmentation

To inhibit thg spreading of a fire, the best preventionsrule consists of creating fire compartments (FC), inside
the building pr the rooms. The aim of these compattments is both to limit the propagation of fire and smoke
beyond thesp compartments, due to pressure_phenomena and thermal loads induced by the fire, apd to
contain interpal fires within pre-defined volumes.for a sufficient period to facilitate intervention for extinguishing
the fire, and fo protect these compartments+against possible external fires.

When the consequences of a fire occdrring inside a fire compartment containing radioactive substanceq lead
to a significapt risk of release of contamination affecting the radiologically exposed workers, the general public
or the envirpbnment, additional €entainment compartments (CC) shall be defined in order to limit these
consequencgs.

The walls ¢onstituting .béth of these compartments, i.e. the fire compartment and the contairjment
compartment, shall, infnew installations, be separated wherever possible.

7.3.2 Fire ¢ompartments

Fire compartments shall fulfil the following requirements.

— The walls and the material of construction of a fire compartment shall be designed to resist penetration by
the maximum fire which may occur inside or immediately outside the compartment, for the duration
corresponding to the worst-case fire prediction. The design must also take into account the constraints
due to maximal pressure and temperature induced by the possible fire, especially when the containment
is only ensured by means of static barriers during the fire.

— A fire compartment can include one or several rooms, the choice depending on safety considerations

(including the necessity of avoiding common mode failure) and on the possibilities for extinguishing the
fire (duration, accessibility, etc.).
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When fire compartments are to contain radioactive substances such that a possible fire leads to
significant consequences for the environment and the general public, designers are strongly
recommended to avoid making the fire compartment walls common with those of the external building
structures. It is preferable to insert between these walls some room, or group of rooms, with specific
ventilation networks equipped with HEPA filtration. To facilitate the early detection of fires and hence
prevent any compromise of the barriers defining the fire compartments containing radioactive substances,
specific measures shall be taken to detect these fires by external means (doors equipped with fireproof
windows, visual-detection systems, TV cameras, etc.).

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

levant information (e.g. on temperature, pressure, presence of smoke) shall be continueysly available

allow the operation of the ventilation system in an appropriate way, in order to centrf smoke, hot
ases and dust using whatever means were identified for this purpose in the plant safety case and design
rovisions;

e ventilation must be capable of being isolated in order to prevent, on the gne hand, the pfopagation of
e fire along the normal extraction network, and on the other hand, the limitation of the air cpntribution to
e fire source;
e functioning of the extraction network and the air-cleaning system will be maintained in order to

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

+ minimize the potential for creation of explosive atmasphere within the containment areaq or rooms,

+ limit the release of the radioactive substances t0.the rooms where personnel are intendged to remain,
and

+ protect the last filtration level from chemi¢al and heat attack in order to avoid uncontrdlled releases
into the environment (to maximize praotection of the general public), namely in case of fisk of loss of
the last filtration level.

The ¢peration of the ventilation system in'the case of a fire has to be carried out according to the findings of a
suitable safety study and respect.the recommendations given in 9.6. To fulfil these principles, [the following

meagures shall be taken:

a)

b)

The fire resistance of thé boundaries of the fire compartments must be maintained by the installation of
suitably positioned fire’)dampers within the associated ventilation ducts. The control deviceq of these fire
dampers must be pfotected against the effects of the fire.

The extraction circuit designed to be used during a fire shall take into account the following
¢onsiderations.

+ AThefirst level of filtration, where it exists, shall be designed in order to avoid clogging or|developing a
loss of efficiency too rapidly. Its destruction shall not necessitate the interruption of the extraction
ventitation. Itsclogging shafi not Tapidty fead to a reduction of the extraction air-flow rates to such an
extent that a significant positive pressure excursion might arise, or the dynamic confinement
becomes ineffective.

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

The ventilation ducts and their connection flanges, etc. shall be leaktight and must be designed to resist
breaching by sources of heat and corrosive particles which could be dispersed into the rooms they serve
or cross. If it cannot be avoided that ducts cross other fire compartments, these ducts must be fire
resistant to at least the standard of the walls of the fire compartments that they cross.
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d) The admission ducts to a fire compartment could be equipped, if necessary, with one filtering stage,
located as near as possible to the wall of the compartment and upstream of a suitable fire-resistant
isolation valve or a fire damper in the admission line.

e) Transfer of air between fire compartments, or from fire and containment compartments to other rooms,
must be made impossible in new installations. Air-conditioning systems shall accordingly meet the same
requirements.

f)  The calculation of releases in the event of a fire will have to be undertaken taking into account the leak
rate of the fire compartment.

It arises from—the fnrngning that certain _general annfy principles _shall he followed when designing fire

compartments, namely:

1) Dedign the system to keep the size and number of all penetrations in the associated (barrierg to a
minjmum.

2) Normally, where a ventilation duct penetrates a fire barrier, fit a fire damper with''the same stapdard
of fire resistance as that required by the wall through which it passes.

3) Test and certify fire dampers and barriers by an approved authority in accordance with a natignally
recognized standard. The designer should ensure that the fire damperiis installed in the mannper in
whigh it was tested.

4) Durlng operation, carry out periodic tests of fire dampers, according to approved procedures} It is
necessary to be able to test the correct operation of each damper by closing and opening it, eitler at
the |damper or from a remote control point. A positive indication of successful operation shall be

inclided, for example by use of limit switches. Multiplefuse dampers should be resettable w(thout

having to gain access into the duct.

5) Adapt the materials of construction of fire damper§’ for the likely environment within the duct.|Care
needs to be taken in the presence of acid and other reactive vapours, which may cause longrterm
cor:Fsion. Fire dampers with intumescent miaterials are not recommended unless the initjation

tempperature of the intumescent material. is well below the maximum permitted operation tempefature
of the associated HEPA filters.

6) Depending on individual circumstances, some of the fire dampers may need to be resettable fijom a
saf¢ location, e.g. a control rogm,*The need for this capability will be dependent on factors like|ease
of access to the damper location, likely local environment in the vicinity of the fire, ang the
impprtance of the damper(injthe overall fire-control philosophy (see 9.6.2).

7) Usg, with caution, adtematically initiated closure of fire dampers within certain ductwork sysiems,
becpuse the associated pressure excursions could breach the rooms containment.

7.3.3 Conthinment compartments

When a firg in_a fire compartment containing radioactive substances would lead to unacceptable
consequencgs—for the workers, the general public and the environment, the limitation of the spreqad of
contamination is realized via containment compartments.

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

— 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;

— The barrier 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 containment compartment wall 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 HEPA filtration systems, the containment enclosure shall be entirely free of penetrations;

— In order to limit the risk of spread of radioactive contamination within the facility, and to facilitate
interventions and subsequent decontamination, the boundary 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 via an appropriate ventilated airlock chamber.

The ventilation philosophy of containment compartments shall permit the control of the smoke and radioactive
partigles that would escape from the associated fire compartment(s) and contain them apprepriately in the
evenf of a fire. The ventilation systems of the rooms constituting the containment compartment shall be
dimepsioned according to the leak rates induced by these fire compartments, as well as)to’ thel temperature
and gressure predicted to be reached in these volumes.

During the total duration of a fire, the containment compartment shall, wherever possible, be maintained in
deprgssion, when compared to the adjoining rooms or the atmospheric pressure,

7.4 | Consideration of external hazards

The Hesign of the plant shall account for consideration of a vafiety of external hazards, with a view to
prevegnting or minimizing the release to the environment of radiocactive material, and to mgintaining the
princlpal safety functions defined in Clause 4.

Extennal events to be considered in the design of containment systems are those events resulting from human
activities in the vicinity of the plant, as well as natural hazards, which may challenge the integrity and functions
of the containment systems.

All relevant external events shall be evaluated, to) determine the possible effects, establish the sgfety systems
needpd for prevention or mitigation, and assist in designing the systems to mitigate the expected gffects.

Som¢ examples of external hazards are:

— aircraft crash;

— gxplosion of a combustible-fluid container;
— g¢arthquake;

— gtrong winds;

— flood;

— gxternalmissile impact;

— xtreme temperature (high and low)

The objective is to maintain at least one effective containment system between the radioactive substances
and the environment for any plausible risks during the projected lifetime of the plant. For that purpose,
containment systems shall be designed in such a way that external events do not lead to unacceptable
consequences for the general public and the environment.

In order to mitigate the consequences of these hazards, preference should generally be given to designing the
necessary protection features into the static containment barriers 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.

© 1SO 2004 — Al rights reserved 17


https://standardsiso.com/api/?name=30b89a5d2482db253a24b5c26c95e1de

ISO 17873:

2004(E)

8 Methodology for dimensioning ventilation systems

8.1 Class

ification of the installation into working areas

The areas in which work on radioactive materials takes place shall be classified according to the degree of
radioactive hazard they contain. The classification is usually set according to the direct radiation (external
exposure), and the potential level of surface contamination and/or airborne contamination (internal exposure).

8.1.1

In order to o

Containment-area classification

ntimize the ventilation system, the installation shall be divided into separate areas with rngqrd to

the risk of s
according to
accordance

Different sys
called in the
Annex A give

All these sys|
division of a
absolute defi

pread of radioactive contamination. For this purpose, a classification into containment\g
the normal or foreseeable accidental risk of spreading of contamination, shall becdefin
vith the respective national safety authorities.

tems of classification are used around the world. Most of them use a four-grade subdiv
text below C1, C2, C3 and C4 zones. The definitions of these four zones jare given in Ta
s an example of such a system of classification.

tems, defined on the basis of a safety analysis, are a convenient “shorthand” by which the

hition. In a particular case, the designers shall use the descriptiohs of such areas as a guid

reas,
ed in

ision,
Dle 2.

broad

reas may be referred to in operational and design discussions, but shall not be taken as an

B, but

shall ask the|client to specify what additions or modifications are appropriate:
Table 2 — Usual classification of containment areas
Class Expected normal and/or occasional contamination

C1 Means a clean area free from normal radioactive’ contamination, whether surface or airborne. Oply in
exceptional situations, a low contamination level can be accepted.

Cc2 Means an area that is substantially cleah-during normal operation. Only in exceptional circumstahces,
resulting from an incident or accident\situation, is a medium level of surface or airborne contamirnjation
acceptable, so appropriate provisionsimust be made for its control.

C3 Means an area in which some.surface contamination could be present but it is normally free|from
airborne contamination. In(Some cases, resulting from an incident or accident situation, there willlbe a
potential for surface or (aifborne contamination at a level higher than in C2 areas, so that su|table
provisions must be made-for its control.

C4 Means an area in‘'which permanent, as well as occasional, contamination levels are so high that there is
normally no aceess permitted for personnel, except with appropriate protective equipment.

Some examy

non-con

les of classifications are given as follows:

aminated change rooms are classified C1;

classified as C3 or C4;

classified as C2 or C3;

expected to be present, are generally classified as C2 to C4.

mechanical process cells presenting a high level of permanent radioactive contamination are generally

mechanical process cells presenting a low level of accidental radioactive contamination are generally

chemical process cells, according to their level of toxicity and whether or not permanent contamination is

For each of these classes, there shall be appropriate ventilation architecture and a specific air-cleaning

system. Basi

18

¢ considerations for the constitution of these systems will be given in 8.2.
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Where a containment-area classification is used, care shall be taken to meet the following safety principles:
a) The various areas must be maintained at different atmospheric pressure levels; areas with the highest
atmospheric contamination levels must be maintained at the greatest depressions with respect to the
ambient pressure in the adjoining areas. In these adjoining areas, the potential contamination level may
be considered to be so low that is not necessary to hold the area under depression with respect to the
external environment.

In the event of accidental breaches in the structural barriers segregating areas of different levels of
contamination, the ventilation systems must be capable of maintaining sufficient air flow in a preferential
direction through the adventitious openings to limit back diffusion of the more highly contaminated

AtraacnhAars Tt thhA Tavane Attt AN St oA AF H A S A AT AN e
oS PTCTCTmMoO T CToOWeT oot O ot roSpricrc o trC oo g arca:

d)

The enclosure structure around the C4 area housing a radioactive process will be the-first
barrier and will have an integrity and leaktightness appropriate to the contained act
¢ontainment barriers will be provided by the surrounding area boundary structures(C3, C2
s required by the plant hazard analysis, and the depressions and flows will be at levels cqg

hward-leakage flows will need to be increased and this will require appropriate ventilation p
peration in only an extract mode).

O

It may be necessary, on a short-term basis, to change the clagsifieation of some areas, ¢

reas including maintenance facilities that are associated with/enclosure structures, these ar
ormally classified as C2 or C3. When certain maintenange. activities are being carried out
ay need to be classified as C4. Where such are identified, the ventilation system must bs
eet the requirements of the higher classification.

containment
vity. Further
or C1 areas)
nsistent with

e defined containment quality. In some cases, e.g. accident conditions, the levels of depiessions, and

Fovision (e.g.

r portions of

reas, for example due to specific operational or maintenance requirements. In the case ¢f permanent

eas might be
these areas
designed to

8.1.2| Classification into radiological areas

In thg event of a radiation exposure hazard (intérhal and external exposure), a complementary classification of
the installation into radiological zones shall e made, according to the ICRP recommendations. The following
radiological area designations are used.if\needed: unrestricted areas, supervised, controlled and forbidden
areags.

Definjtions of these different radioloegical areas are given in national regulations. They can ovdrlap with the
previpus containment-area classification, but care shall be taken in both these classificatipns to avoid
incompatibility (e.g. a C4 class-can only be a forbidden area, etc.). The overall classification systgm used must
comply with the pertinent(rational regulations.

8.2 | Requirements concerning basic ventilation parameters
8.2.1| Static'containment
Stati¢ eontainment is ensured by different means: the walls of the building, the walls of the roomis containing

radiobctive substances_and/ar the pn\/plnpp of the process

The quality of its design, and especially its degree of leaktightness, which is chosen according to the potential
risk presented by the installation, has a consequential influence on all the functions attributed to the ventilation
systems that are associated with it, in particular the dynamic function.

Following the same principles, it is generally true that good leaktightness of a building or room can only be
favourable for the overall safety of the installation, if failure of the dynamic confinement is considered possible.

The dimensioning and the overall design of ventilation installations must begin with an order of magnitude
estimate of the leak rates of the buildings and of the rooms, according to the local most severe climatic
conditions (wind, snow, temperature, etc.).
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8.2.2 Dynamic confinement

8.2.2.1

Normal functioning

In order to ensure the adequacy of this function for all operational regimes of the installation, criteria shall be
defined during the design stage, taking into account the influence of several factors including:

a) the speed of the wind on building facades (with adventitious or temporary openings) as well as air intakes
for the ventilation;

b) the differences of temperature between rooms, as well as between given rooms and the exterior;

c) the vari
alteratio

d) the unce
— the
— the

— the
clog

8.2.2.2

Depressions
openings of

maintained |
systems mug

ging, degradation, etc.).

De¢pressions

For indication, examples of usual values of depressions are given in Table 3.

Table 3 +— Guide to depression values

bus predictable disturbances of short duration, such as the opening of airlock chambe
ns of operational regimes of the ventilation systems;

rtainties linked to the functioning of the ventilation systems and their regulation Hamely:
precision of the measurement devices according to their location with respect'to bends, etc.;
differences induced by the response time of the monitoring and regulation devices;

drift of the functional characteristics of some components ofithe ventilation network (ag

between areas are necessary to create the requirediinflow of air through permanent or accig
not less than specified average velocity during nermal and abnormal conditions. Depression
y means of balancing dampers, valves, and-fan-speed regulators, etc. The inlet and e
t be balanced to maintain the required depressions in the areas.

rs or

eing,

ental
s are
ktract

Nature of room or area

Depression value @

Containment class

Areas which are not accessible except under specific
circumstances

Non-controllefd rooms or areas free from /contamination | Atmospheric pressure or small Unclassified
overpressure
Supervised afeas with low levels\of surface or airborne
contaminatior| Less than 60 Pa C1
C1 should be|uncontaminated in normal operations
Cpntrolled argas Wlt!'] moderate levels of surface or 80 to 100 Pa co2
airborne contflmlnatlon
|
Control[ed areas Wit NigiT1evets of surface or airborne 120 to 140 Pa c3
contamination
Controlled areas with very high levels of surface or
airborne contamination
220 to 300 Pa C4

@  Compared to the reference pressure.
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The depressions required to create the specified velocities given in 8.2.2.3 can be very small and not easily
measurable. Where it is required to measure and/or alarm loss of flow, it is usually necessary to enhance
these depressions, a value of between 60 and 100 Pa being usually sufficient for this purpose.

The differential pressure between adjacent areas with different classification shall be chosen to suit particular

condi

tions but, in any case, it should be at least 40 Pa.

It should be noted, however, that larger depressions might be required for glove boxes or containment
enclosures. In certain circumstances, for example, where the effects of wind loading and thermal convection

have

8.2.2

Venti
prese

q

gither by occasional openings necessary for operation (doors, traps, front faces ‘o fume cuphb

to be considered, it may be necessary to enhance depressions.

3 A locitiesbet

ation systems can be used in some cases to ensure dynamic confinement bétwee
nting different risks of spread of radioactive contamination, when they are connected:

r by incidental or accidental openings (rupture of a circuit or a transfer system, etc.).

a) |

b)

the first case, minimal air velocities at the openings have been advanced in the past, nan
r all type of contaminants, except for plutonium 238 and tritium“for which respective air
m-s and 1,5 m-s"! have been recommended (see also 1ISQ~44933-4). It should be note
penings are of a large cross-section, these values lead te_ air-flow rates substantially hig
ormal air-flow rates necessary for ensuring a correct dynamic confinement for the room ¢
is case, the overall air-flow rate shall be chosen to ensure nevertheless a minimal air circul
€ openings.

h two areas

oards, etc.);

ely 0,5 m-s"
velocities of
d that, when
her than the
bnsidered. In
ption through

onsequently each situation has to be studied case by case, according to the potential risk of

ontamination and (indirectly) the containment-area classification of the room, the design of
ystem, the influence of heat sources, the.number and position of measurement points,
ases, the use of a ventilated airlock-chamber should represent a satisfactory alternativg
nsuring a complementary dynamic confinement.

or accidental or off-normal openings which have been taken into account during dimens
stallation, the consequences:of back-flow of contaminants present a more serious situation
penings are generally located at the interface between the process and the operating roor
onstitute a potential breach of the containment barrier.

ere again, alternative solutions have to be studied case by case, according to the ged
pening and the-corresponding risk (e.g. direct contamination, fire, explosion). When identi
penings haveithe form of a thin edge (or extremities), a configuration profiled in the form off
e arrangeditesuppress turbulence and entrained contamination at the end of the opening. ¢
is allows.the reduction of the values of the recommended air velocities referred to above [8
ccordingly also the air-flow rate of the overall ventilation system, while still ensuring 3
rotéction level.

ts ventilation
ptc. In many
solution for

ioning of the
because the
h, and hence

metry of the
fied potential
a tunnel can
Consequently,
2.2.3 a)] and
n equivalent

Correspondingly, Tor the particular problem of achieving dynamic confinement at incidental or accidental
openings, it currently proves rather difficult to provide very precise recommendations. Because of the
characteristics presented by each installation, every case has to be examined separately and validated, if
necessary, by an experimental study.

8.2.3

Basic air pattern and clean-up systems

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

a) According to the risks induced by the nature of the effluents transported.

© IS0
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b) According to the following parameters:
— required reliability (redundancy, quality of construction, electricity supply, etc.);
— number of regimes of functioning required for the particular objectives of operation;
— saving of energy (electricity, heating, etc.);

— safety requirements (redundancy of the ventilation and or air-cleaning systems, energy supply,
permanency of ventilation and filtration functions, etc.);

— operation and installation constraints (decontamination, dismantling).

This overall gtudy shall include the nominal regimes of functioning of the different types of ventilation(netyvorks,
as well as the totality of the transitory regimes following an incident or accident in the installatiop,\in order to
guarantee, ir] all cases, a secure state of the installation.

In addition, tihe analysis has to take into account the following considerations.

8.2.3.1 1 areas shall normally not be filtered. Appropriate air treatment shall be.foreseen only whegn the
corresponding rooms are occupied by workers or contain electric or electronic material. The extract air can be
exhausted logally without filtration.

8.2.3.2 ir shall enter the building through industrial grade filters 6, reduce the quantity of dus} and
impurities in the inlet air, which would otherwise find its way to the HERAilters in the extraction network. The
air may be treated to maintain the designed environmental conditions. Where deemed necessary by the gafety
case for the [plant, inlets to C2 areas shall be equipped with HEPA filtration to protect against possible[back
diffusion of cpntamination due to loss of extract flow from the C2\areas.

8.2.3.3 ithin the building, air flows shall be from aréas of lowest potential contamination to thase of
highest contamination (i.e. from C1 to C2 areas and so on). Air velocities through breaches in the contairiment
barriers sha|l be sufficient to prevent unacceptable’back-flow of contaminated aerosols into the |ower
contaminatedd atmosphere of the adjoining area.~\Where shown to be necessary, as a result of hazard
assessment,|air-flow paths shall be through a filtration unit between areas of different classification.

Consideratiop shall be given to supplying.air. adjoining to the operator work station, in order to direct the flow
from the operator location to the extraction,points where radioactive contamination will potentially be relegsed.

8.2.34 n general, air is extracted from the C2 areas via ductwork to the discharge duct or gtack,
although some may exhaust via ‘any C3/C4 areas present. The number and type of filters in series in thg duct
system from the various areas, prior to the discharge point, will be determined as a result of hgazard

8.2.3.5 ir in C34areas is likely to be sufficiently contaminated to require one more HEPA filtration stage

n this
harge

q 9 o] ow As
Reasonably Practicable). Where deemed necessary by the safety case for the plant, inlets to C3 areas shall
be equipped with HEPA filtration to protect against possible back diffusion of contamination due to loss of
extract flow from the C3 areas.

8.2.3.6 Containments for C4 areas, such as glove boxes, shielded cells, etc. which contain loose
radioactive materials, a very small proportion of which is airborne at any time, require special consideration.
The activity extracted from these facilities will be directly proportional to both the airborne contamination
concentration and the extract air-flow rate. As a general rule, several HEPA filtration stages are recommended
to provide the necessary clean up for these extracts.

8.2.3.7 Complementary requirements concerning the extraction lines of rooms or cells classified C4 or C3
shall be fulfilled, when a risk of significant filter deposits of radioactive material exists. The discharge of air or
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gases from these areas will include a local filtration with a single or a double HEPA filtration stage, the first of
which may need to be equipped with shielding against gamma radiation. Another filtration stage, which is
generally located in a more remote central filtration room, constitutes the last cleaning stage before release

into the environment, typically via a general stack.

8.2.3.8 Specific air-cleaning systems shall be implemented in the case of a significant
nuclides for which HEPA filters are not efficient (e.g. iodine, tritium, gaseous ruthenium).

8.2.4 Classification into ventilation types

inventory of

In addition to the classification into containment-area classes, and in accordance with the previous

requifements, a classification Into types of ventilation can be established, which permits the de
principle rules for the general design and equipment specific to the different ventilation networks’

Annex B gives an example of such a classification, which is based on the normal as .well as
accident contamination levels. This annex is not a requirement but only a guide, comprising sug
may be modified according to the safety analysis of the particular plant.

8.2.5| Optimization of air changes

The pumber of air changes will be determined by the conventional ventilation requirements neces
for frgsh air, removal of odours, potential asphyxiants, vapours and heat;-etc. In addition, the air-

inition of the

the potential
gestions that

sary to cater
change rates

may |be determined by the radiological requirement to maintain gorrect depression and air flpws between

areas, and to allow efficient air monitoring where this is required.

The falculation of ventilation air-change rates for areas, ¢ontainment enclosures and rooms
iterat|ve steps:

a) [stimation of the typical air-flow rate according:t0 the classification of the working areas
reas, containment areas).

b) Consideration of the specific risks.

c) $tudy of the containment function.

d) Maintainance of the climatic,and hygienic conditions.

The first two steps are directly’ dependant on the nature of the principles and operating conc

process implemented. Thelast two steps take into account the design and the construction of the

8.2.5|1 First step

This pllows the-definition of a minimal air-change rate, taking into account the air-conditioning re

the ambient_atmosphere in normal and accidental conditions. For accident situations, the followin

condjtions should be considered:

b needs four

(radiological

itions of the
building.

quirement of
j operational

pringiples of intervention;

methods of intervention (permanent or temporary);

level, etc.).
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As a guide, the conventionally adopted air-change rates are given in Table 4.

Table 4 — Guide to air-change rates

Compartment Typical air changes per hour Containment class
Changing rooms, air locks 4t05 C1,C2o0r C3
Normally clean air corridor 1to2 Cc2
Normally non-active rooms 1to2 C2
Controlled areas of medium potential
2 Cc2

hazard
Mallntenance areas to primary containment 1t05 c3
of risk procesk plants
Controlled arga of high potential hazard 5t0 10 C3
Maintenance jareas to primary containment

S 10 C3
of high-risk prlocess plants
Primary contginment (glove box, 1 to 30 (depending entirely on
containment ¢nclosure or shielded cell) process, volume of the containment C4

enclosure and on hazard)

8.2.5.2 Sécond step

Consideratiop of the following hazards and the specific constraints such as:
— explosive and inflammable gases, for example Ho;
— presence of radioactive gases (e.qg. tritium) or toxic liquids;

— thermal fonstraints due to the process, etc.;

has to be mpade in evaluating the required airschange rate of the room. This evaluation necessitajes a
particular study, which may lead to increasing-the air-change rates from the values indicated in Table 4.

8.2.5.3 Third step

In order to ehsure the dynamic confinement of the room, i.e. to maintain the necessary depression, thg leak
rate of the foom is determined\according to the characteristics of construction, operational requirements
(occasional gpenings) and foreseen accidental conditions threatening the containment.

Depending gn the relative values of the inventoried leak flow rates, it is advisable to verify that the air [flows
transported by the ventilation (mainly the admission and transfer air-flow rates) remain sufficient to guargntee
the confinement.. IR cases where the exhaust air flows necessary to compensate the predicted leak flow|rates
appear to b ilation
against the ¢os = ee of
safety of the overall mstallatlon

8.2.5.4 Fourth step

This step consists of making an inventory of the thermal loadings and associated air-flow rates (contributions,
losses, etc.) in order to determine the necessary air-flow rate required to maintain the climatic conditions of
the room.

The study has to be undertaken for both the normal and likely off-normal functioning of the installation. It will
take into account:

— the influence of the location of the rooms;
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the possibilities of air transfer or of recycling, respecting the application of the principles d
diagrams given in 6.2 or in Annex B;

the uncertainties linked to the functioning of the ventilation system.

This optimization could require several iterations. In practice, the methodology consists of:

The
flow

8.2.5

In es

a)

c)

d)

8.2.6

8.2.6

analysis of the results obtained in steps 1, 2 and 3;

retention of the maximal air-flow rate derived from these steps;

efined in the

use of this air-flow rate in the calculations of Q‘h:\p 4

Tir-flow rate thus obtained (the maximum air-flow rate resulting from the four steps) wilkcons
ate taken into account for dimensioning the ventilation system.

5 Remarks

ablishing the air-change rates, the following requirements shall be fulfilled.

¢onsideration other than to maintain a correct air circulation towdrd the surrounding C2 are3
mot preclude the use of ventilation in these areas, as deterfined by the normal building
gervice requirements.

4

I those areas which have a potential for airborne activity; increasing the air-change rate ma
fsignificant reduction of airborne activity levels local to the operator. Excessive flow ré

voided, since they can cause levitation of contamination and hence increased airborne a
However, increased flow can reduce the average concentration in the area as a whole. Distr
lean air at the operator level is important.

I
¢

The air-flow rates into C2 areas may include a proportion induced from the C1 volumes or th
¢ertain circumstances, subject to hazard assessment and by agreement with the respo
uthority, a significant fraction of the' air-change rate may be obtained by recirculating the
}J"eas or transferring air from different areas. In areas having a potential for high contamin
ust be filtered through HEPAfiltration before recirculating or transferring.

The air-change rate shath be the lowest rate possible which fulfils the requirements of the are

The aim of the deSign must be to optimise the air-flow patterns and the air-change rates sq
the contamination)levels in the air to which the operators are exposed.

Additional requirements

1 Transfer

titute the air-

C1 areas, by their definition, are free from contamination, and\generally do not require special

s. This does
mechanical

not result in
tes shall be
ctivity levels.
bution of the

e exterior. In
hsible safety
pir within the
ation, the air

as minimize

In order to limit the volume of air used, the possibility of transferring air from one area to another while
respecting the containment principles given in 5.1 shall be considered, for instance, by installing on the
transfer lines, medium high efficiency or HEPA filters according to the level of risk presented by the rooms.

However, a double transfer does not give a sufficient guarantee to maintain the hierarchy of depression,
especially for the intermediate zone, depending on the details of the inlet and extraction facilities in this zone.

In addition, it should be noted that the air coming from a room presenting a particular hazard (toxic emanation,
fire, explosion, etc.) must not be transferred to other rooms. For safety reasons, it must be compulsorily
extracted by an extraction network designed for this purpose and corresponding to its containment
classification and ventilation type.
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In some cases, in order to compensate the loss of pressure drops of the filters installed on transfer lines, it has
been common practice to include booster fans, with safety devices to avoid the possibility of overpressure in
the room in which the air is transferred. Interlocks on the booster fans shall be designed in order to avoid a
potential overpressure in rooms or in ducts, in case of failure of the fans downstream in the network. However,
this type of design is no longer recommended and shall be avoided in future installations.

8.2.6.2 La

The layout of

yout and location of the ventilation ducts

the ventilation ducts has to be studied in order to:

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

b) reduce Jwe risk of spread of contamination resulting from air transferring from any high activity areell to a
ity area. For this reason, the designer shall always consider the following installation prineiples:

low activ

— inle

— extraction ducts in the most contaminated areas.

Furthermore

8.3 Elabofration of the ventilation diagram and calculation of the‘pressure drops

This step consists of defining the architecture of the installation:

— by ident

compartments, etc.);

— by defin
releases

— by charg
— by defin
At the end o
throughout t

the environ
minimum red

At the end o
location of t
allow the pre

ducts in less contaminated areas;

the designer shall try to limit, as much as possible, the length of ducts inside class C4 areas.

fying all rooms by nature of risks (type of ventilation;, fire compartments, fire and contairjment

ng the main parameters of the ventilation: depression in the rooms, air-change rates, thermal

, leak rates, internal temperature, climatic conditions (in winter and summer extremes);
cterizing the admission or extraction- units;

ng the systems of regulation, isolation and filtration.

this analysis, an outline ventilation diagram has to be elaborated. This diagram shall be rgfined
e subsequent progress, of‘the project, accommodating the increasing precision of knowledge of

ental conditions required in the rooms or group of rooms, which refines, for each one
uired air-flow rates (admission, extraction, transfer).

, the

this study, a‘edomplete layout diagram defining the distribution of the ventilation ducts and the
e ventilation " networks will have been created. This final diagram will be sufficiently detailed to
diction of.the flow dynamics of the ventilation systems.

argin

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 B gives some typical examples of ventilation diagrams.
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9 Recommendations concerning the management and operation of ventilation
systems

9.1

Organization and operating procedures

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

The following features shall therefore be incorporated in these procedures:

— ipstallation considerations;

— technical operating instructions;

—

— test procedures and maintenance;

— procedures applicable in the event of an internal hazard such as a fir€;

—

9.2

The

venti
acco
haza
correl

All eq

equif
be id
the p

In ag

perational management issues;

ecommissioning considerations.

Technical operating instructions

echnical operating instructions may include the *nermal and abnormal regimes of funct
ation and filtration systems as considered in the design. The instructions shall accordin
Iint the availability of the different components'and equipment comprising the protection ag
ds, including the monitoring and control systems, the integrity of the static containment
ct functioning of the ventilation systems, the’efficiency of the filtration and other air-cleaning

uipment and/or functions that require.specific measures such as provision of compensatory

oning of the
gly take into
ainst internal
barriers, the
Eystems, etc.

or redundant

ment to cope with an incident, accidental failure or deliberate withdrawal for periodic maint
entified. In addition, the preparations necessary to achieve safe shutdown of the installati
focedures and time required-io;tecover normal operational conditions, must be estimated.

nance, must
, as well as

dition to the nominal-eperational values of the characteristic parameters of the ventilafjon systems,

limiting values for certainCparameters that should not be exceeded in order to maintain the fundtionality (e.g.

hiera
equigd
failuri

b of the ventilation shall be defined.

Alarn thresholds and preferred corrective actions following any alarm shall also be specified.

9.3

Operational management issues

‘chy of depressiony margin against clogging, efficiency of gas-cleaning devices, leaktightness of
ment, enclosures)and rooms) and, for some areas, the maximal admissible duration of any partial or total

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

— surveillance and periodic checking of the parameters of the ventilation and air-cleaning 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
containments (doors, windows, plugs, penetrations, airlock-chambers, etc.);

— procedures for exceptional intervention or maintenance;

© IS0
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integrity

of the fire and containment compartments;

surveillance and periodic checking of all the structures and control system elements playing a role in the

tests in situ, at least annually, and against a clear definition of the filter replacement criteria, of the

efficiency of the last filtration stage, the pressure drop across each filtration system, the radiation field
around the filtration units (in the case of highly contaminated air flow); etc.;

feedback of operational experience;

the influence of any modifications to the plant within the ventilated areas.

9.4 Test

The ventilatjs

to acceptang
clear set of t
developed.

The different

9.41 Pre-c
Before instig
associated a
drawings.

This inspect
installation.

rocedures and maintenance
n and filtration systems, and their associated monitoring and control equipment, shall be su

e tests, functionality tests, commissioning, maintenance and other periodic tests-In addit
echnical specifications, standing orders, operating instructions and management'‘chains sh

test procedures shall fulfil the requirements: in 9.4.1 t0 9.4 4.

ommissioning inspection

bting any commissioning test in situ, a systematic inspectioty of the ventilation networks an
r-cleaning devices is required to verify the compliance of.the equipment with the detailed d

on shall also verify that the equipment and plant ‘have not been damaged during transp

9.4.2 Acceptance tests

The purpose

verify th

verify th

of the acceptance tests is to:
p correct behaviour of each individual component;

b overall compliance of the equipment with the specifications.

These tests must focus on the fallowing equipment:

ventilatig
driven fd

regulatid

ns, continugusly adjustable compensation dampers;

n and-monitoring networks, traps, filtration systems;

bject
on, a
Bll be

d the
Eesign

Drt or

n networks, ducts, dampers, valves and associated flow dynamics equipment, including motor-

fire dam

ers, fire detection systems:;

associated fluid and electricity supplies.

Acceptance tests shall be undertaken in conditions as representative as possible of the operational conditions
specified for the design of the ventilation systems. They include tests on individual items (such as gas-
cleaning devices) and on the whole assembly. The results of these tests shall be compared with the values
established during the design study, whose aim was to define the different operating flow rates of the
ventilation system.

Acceptance tests will also include the simulation of some failures of equipment (to simulate abnormal
operating rates of the ventilation systems, extractor fans out of order, unintended closing of a valve, etc.)
leading to a degraded situation.
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9.4.3 Commissioning tests

After the completion of the acceptance tests, and corrections of any faults identified, comprehensive functional
tests of the equipment shall be undertaken in order to demonstrate the achievement of the required
operational sequences and the nominal functional performance.

These verifications shall be realized in all the functional regimes: manual, automatic, etc., and operated from
the different control consoles. During these tests, a number of system adjustments and measurements will be
made, including the adjustment of the air supply and exhaust flow rates in the rooms, the pre-setting of control
and monitoring loops, measurement of leaks of assemblies or of the whole network, etc.

i he-desired-flow-dynamics-of-the-ventitation-system—or-thisypurpose, the
operators shall make adjustments of the air-flow rates and the depressions using appropfiate regulation
deviges.

The VYerification of all of the ventilation systems is to be performed only after:

— the construction of the building is totally achieved, and the required leaktightness is ensured;
— the doors are all installed and closed;

— the apparatus and process equipment is in operation;

— the filtering devices are installed;

— and the compensation dampers are in place, with the same setting simulating partial clogging of the filters
s during the acceptance tests.

When the filtering devices are installed, the efficiencdysof the filtering medium and the gas-cleaninfy equipment,
using appropriate standardized test methods suitable for the performance requirements, shall be yerified.

According to the objectives defined in the safety analysis, it will be useful to verify other parameters, such as
the cprrect distribution of the air flows, fack of dead areas, air-change rates, etc., using approprjate methods
(e.g. fumigants, trace substances).

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

— ¢ontrols for the start-up of the standby fan, in the event of failure of the normal operating| fans (where
uch systemsare‘installed);

— gtopping-of input fans and closure of associated dampers in the event of failure of the system extract
ns;

— fransfer to alternative power sources in the event of failure of normal supply;

— interlocks related to preserving the pressure differences in any parallel ventilation paths.

9.4.4 Maintenance and other periodic tests

The following features shall be the subject of maintenance programs:

— structures, walls and various construction elements constituting fire compartments;

— structures, walls and various construction elements constituting the other containment barriers;

— equipment and devices contributing to fire detection and fire extinguishing;
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and the associated fluid and electricity supplies, monitoring and control equipment.

ventilation networks and air-cleaning systems contributing to the containment of radioactive substances,

The whole system shall be inspected and periodically tested in order to prevent any 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 in accordance with the relevant safety
regulations in force.
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9.6.2 Fire-control philosophy

The option of providing an automatic immediate closure of all the ventilation ducts of the room or cell when a
fire occurs within it can have the opposite effect to the desired isolation, as the increasing internal pressure
and production of smoke may spread the contamination to adjoining rooms.

Accordingly, the method of operating the ventilation systems in case of fire shall be analyzed in the early
stages of the design procedure. This analysis can take into account the results of the determination of the fire
behaviour of the materials involved (fire load) or can be evaluated by using modelling codes simulating the

development of the fire in different configurations and the responses of the ventilation system.
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The control of these actions may be automatic or automatic with manual backup. It is generally recommended
that the air-admission fire damper be closed as quickly as possible. This equipment is therefore, in general, to
be automated and controlled by signals from fire detectors located in the fire compartment.

The closing of the extraction fire dampers can be initiated as a response to the alarm signal:
of a heat detector installed upstream of 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 of the primary
extraction HEPA filter.
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It shall be noted that the special extraction duct design often adopted in nuclear installations to assist the
removal of radioactive dust from the room, comprising extraction vents in the lowest part of the rooms, is not
favourable with regard to the extraction of the hot combustion products from a fire, which of course will rise to
the ceiling.

The fire dampers shall be equipped with manual opening and closing facilities which can be reached in a wide
range of predictable situations. The re-opening after an incident shall of course only be allowed after the fire

has been ext

inguished and a normal situation has been recovered.

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

10.2 Instrumentation
It is recommended to equip the ventilation system with the following specific devices:

duct flow measurements;
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10.3| Alarms

It is recommended to equip the ventilation systems with the following-alarm indications:

Thesg alarm indieations shall be relayed to the central control station for the ventilation system ar

they
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continuous monitoring of the status of fire detectors and dampers, control dampers, regul
fans and power supply (running and stand-by);

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

means to measure correctly the filter efficiency as specified for the system; this is of

ation valves,

considerable

importance, since the safety justification for the operation of the facility will be 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 relevant safety regulatory body. Techniques required for the sampling, monitoring and

achievement of these measurements are SpecCi ied in ISO 28389.

design of ventilation systems for highly contaminated areas, direct evidence must,bé av
tor, by means of pressure gauges or flow indicators, that the required negative pressure di

gtack flow rate;

flow rates in main ducts;

differential pressure in the networks as well as\in"the envelopes;

filters (HEPA, iodine traps, etc.) pressure_drops;

air temperature (e.g. in the process.rooms and in ducts near filters);

position of dampers, especially-fire control dampers;

fian status (e.g. rotation"and bearing temperature, contactor position, fan pressure drop);

power and compréssed air supply status.

shall be rélayed to the emergency control situation with indications of their source.
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Annex A
(informative)

Example of classification of working areas according to radiological
contamination hazard

A.1 Containment-area classification, according to the level of surface contamination

Table A.1 gjves an example of classification of containment areas according to the expected permanent
non-fixed sufface contamination levels. Surface contamination levels are expressed in Bq-cm™2.

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

Surface contamination (Bg-cm™)
Containment class

Alpha emitters of other toxicity 2 | Betalgamma emitters and alpha emitters of low toxigity °

c1 Determined locally at each site, in agreement with the regulatofy body ALARP but not exceefling
C2 levels

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

@  The definttion of radiotoxicity corresponds to that given in the JAEA Safety Standards Series No. TS-R-1 (ST-1, Reyised):
Regulations for|the Safe Transport of Radioactive Material.
b Low toxici y alpha emitters are: natural uranium; depleted(uranium; natural thorium; uranium-235 or uranium-238; thoriunp-232;
thorium-228 arjd thorium-230 when contained in ores or physical and chemical concentrates; or alpha emitters with half-lives f less
than 10 days.

A.2 Contginment-area classification, according to the level of airborne
contamination

Table A.2 anp example of classification of containment areas according to the expected permanent airporne
contaminatioh levels. Airborne-€ontamination levels are expressed in fractions of the DAC#).

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

Containment class Airborne contamination in normal conditions
(% of DAC over a working year period)
C1 ALARP @ principles and in any case < 10 %
Cc2 10 % < contamination level < 30 %
C3 30 % < contamination level < 100 %
C4 Contamination level > 100 %

a

As Low as Reasonably Practicable.

4) DAC: Derived Air Concentration. It is the amount of contamination in air, which, if breathed for 2 000 h, would result in
the annual limit of intake (ALI). The ALI has to be calculated using reference conversion factors given by IRCP for each
radionuclide.
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For the containment-area classification, the table leading to the most stringent class shall be used. The limit
values stated in Tables A.1 and A.2 may be adapted to acknowledge the chemical toxicity of the radionuclides.
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Annex B
(informative)

Example of classification of types of ventilation, according to
radiological contamination hazard — Associated recommended
ventilation configurations

B.1 Classijfication of types of ventilation

Table B.1 gives an example of classification of types of ventilation, according to the level of’expected and
potential airborne contamination compared to the DAC.

w

Table B]1 — Example of classification of types of ventilation, according to the)level of airborn
contamination; relation with the containment-area classification

Type of venjtilation Expected normal permanent Potential accidental Containment-area$
contamination contamination classification
(Pc) (Ac)
| 0 <A C1
A <1 <80 C2
IIB <1 <4000 C3
A <80 <4000 Cc4*
B <4000 >4 000 C4**
v >4 000 >> 4 000 C4*

According to|the results of the safety analysis, or depending on specific local safety regulations or for prgctical
reasons, the|designer can raise the classification of some rooms. Such reclassification of an area for prdctical
reasons alorle does not necessitate/the application of the recommendations given in Table B.2. Care|shall
then be takep when any subsequent modifications of the plant in those rooms are proposed.

B.2 Minimal associated recommended ventilation configuration

Table B.2 indicates:the arrangement recommended for each of these ventilation types and associated filtfation
systems.
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Table B.2 — Recommended ventilation configurations for the different ventilation types

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

Type of
ventilation

Foreseen
radioactive
contamination

Organization of the ventilation systems and filtration unit

Non-contaminated areas
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