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1 INTRODUCTION

1.1 General
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The basic design approach ta the fire protectien of nuclear
_facilities is presented in the Guide 1.0 /1/. The general
guidelines fOllowed by the Finnish Centre for Radiation
and Nuclear Safety in regulating nuclear faeili ties are
given in the Guide 1.1 /2/.

This guide presents requirements for the design of fire
proteetion arrangements at nue1ear facilities and require-
ments for the doeurnents relating to fire proteetion to be
submitted to the Finnish Centre for Radiation and Nuelear
Safety. Inspections of fire proteetion arrangements conduc-
ted by the Centre during eonstruction and operation ef
the facilities are also deseribed in the guide.

1n place ef nuclear faeility the term nuclear power plant
is used in the guide when the requirements partieularly
eoneern nuelear power plants. Also the se requirements
shall, where applieable, be followed at other nuelear faeil-
ities.

1.2 Regulatory body

The Finnish Centre for Radiation and Nuclear Safety (STUK)
15 the national authority responsible for the surveillanee
of the safety of the nuelear faeilities. The regulatory
aetivities eneompass also the fire proteetion arrangements
of the faeilities in 50 far as they affeet the nuelear
safety of the faeilities. 1n its regulatory work, STUK
takes into aceount the activi ties of other authori ties
and organizations.

1.3 Seope

This guide will confine itself te the fire proteetion arran-
gements neeessary for ensuring that the safety functions of
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a nuclear facili ty are not endangered in the event of a
fire. The requirements are, as such, not applied to those
nuclear facilities which have been constructed prior to
the publication of this guide. The fire protection modifi-
cations that may be needed in them will be considered case
by ease.

As regards additional constructions on-site, the appliea-
tion of this guide will he decided upon the basis of the
app1icant1s presentation.

2 DESIGN REQUIREMENTS

2.1 General

The nue1ear faei1i ties shall he designed wi th a view to
the possibi1ity of severe fires. The objective shall be
to design such nuclear facilities that the probabilities
and effeets of fires are minimized and that the safety of
the facilities wi1l not he endangered during and after a
fire.

Besides the YVL guides, the regu1ations, standards and
guides app1ied in Finland coneerning industrial construc-
tien /11/ shal1, where applicable, he followed at alI design
and construction stages. Foreign regulations and guides
can be applied when the specific features of a nuclear
faeility are to be eensidered.

The fundamentalo objeetive of fire protection 1n nuelear
pewer plants is that the safety funetions in the plants
ean be accomplished during and after any potentia1 fire
aecident cenditien, in other words

the reactor ean be shut down and maintained sub-
critical
the p1 ant can be eoo1ed down to cold shutdown
condition
residual heat can be removed
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the release of radioactive substances into the
environment can be prevented.

A fire confined to one fire area is regarqed as an initi-
ating event as defined io the Guide YVL 2.7 /3/ io case it
results in a situation where a plant or its part is no
lenger in normal operation. 1n such a case, the rules
for the application af the failure eriteria are valid as
such also 1n the event of a fire.

1n case a f1re which 1s confined to one fire area has no
direct effeet on the functioning ef the plant main proces-
ses, the rules for the application of the failure criteria
ceneerning normal operation are valid. 1n such a case, a
fire is not regarded as an initiating event but the failu-
res accurring in the systems important ta safety as a
cansequence of a fire can be regarded as cases af a single
failure as defined in the Guide YVL 2.7. 1n such a situa-
tion, it is no more necessary to assume any other single
failure that is independent of the fire.

2.2 Structural fire protection

Structural fire pratection measures shall be capable of,
as far as possible, ensuring alane the safety of a nuclear
facility in the event ef a fire. Thus, the functienal
design and lay-out consideratians af a nuelear facility
and its buildings create the prerequisites for adequate
fire prevention and pratection. One design aspect shall
be the hausing af the portions af the facility most impor-
tant to nuclear safety in separate buildings apart from
the canventianal parts ef the facility, thus facilitating
protectian against fire af the items important te nuclear
safety.

The buildings containing items important ta nuclear safety
shall be fire resistant.
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The e1ectrica1 power supp1ies between the faci1ity and the
nationa1 grid sha11 be arranged in such a way that the
probab111ty of 10sing a11 supplies simu1taneously due to
a fire 15 minimized.

2.2.1 Fire areas

The purpose of the partitioning of a nuclear facility into
individual fire areas is te maintain the eperabili ty ef
the safety functions at the fac11ity irrespectlve of how
well the postulated fire can be brought under control with
fire suppression measures. In addition, the purpose of
the fire areas is to prevent the fire fram spreading in a
way that wou1d endanger escape from a dangerous part af
the building.

The process, e1ectrica1 and instrumentatian systems at
the fac1lity sha11 be diversified and partitioned into
different fire areas in such a way that in case one fire
area is destrayed, there are still a sufficlent number of
systems available to ensure the safety of the facility.

The boundary between the controlled and uncontralled zones
sha1l also be the boundary between fire areas. The inter-
connect1on space intended for personnel traffic at the boun-
dary between the controlled and uncontrolled zone 1s an
exception.

The requirements set forth in the safeguards shall a1so
be taken into account in the design and dimensioning af the
fire areas, access and escape routes and fire doors.

The fire areas shall have a minimum fire resistance af
A60 (fire resistance in minutes).

Fire areas used in protecting redundant safety-related
systems and separating them from each other shall, in gen-
eneral, have a fire resistance of A120 (fire resistance
in minutes).
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In case a fire resistance of Al20 is not deemed necessary
because of light fire loads, the use af the lower rating
(A60) shall be justified on the basis of special fire ha-
zards analyses (see sub-section 3.8). 1n case the fire
load in a fire area is 50 hea~ that a fire resistance of
Al20 is deemed insufficient, the required fire resistance
shall be determined on the basis of fire hazards analyses
taking the real fire loads and fire condi tions into account.

The access and escape routes needed for the safe shutdown
of the facility, the access routes for the fire brigades
and, at least one emergency exit in each building, shall
be 50 designed and constructed that these areas can he
used safely at least for two hours under postulated fire
conditions. 1n connection therewith, the shutdown methods
af the facility shall he determined in the case of postula-
ted fires in any speeifie fire area. 1n addi tion, it
shall be studied whether a higher fire resistanee rating
should be provided in some area due to the need to utilize
certain spaees longer.

No more than the neeessary amounts of combustible liquids,
gases ar other fire loads shall be housed in those parts
of the faeili ty that contain items important ta safety.
Large fire load eoncentrations or areas where the risk of
a fire is great shall be separated into individual fire
areas.

The fire resistance of the separating elements of fire
boundaries such as doors and hatehes, cable and pipe penet-
rations shall be equal to that required of the walls, the
floors and the eeiling structures.

The separating structures and elements, materials and
their testing shall, in the first place, camply with the
Finnish requirements. Where the Finnish requirements,
guides and standards are insufficient, foreign regulations,
guides and standards may be submi tted for approval by
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STUK. Their applicability shall always be verified separa-

teIy.

Ventilation shall not_ degrade fire protection af the fa-
cility. Fire areas containing redundant systems important
ta nuclear safety shall nat be provided wi th mutual ventila-

tion systems that could increase fire hazards. 10 the
design ef the ventilation systems; it shall be takan into
consideration that 10 the event af a fire they aan be
switched eff quickly and reliably, if neccessary.

2.2.2 Containment

Safety-related items and parta af redundant systems impor-
taot ta safety housed 10 the nuclear power plant contain-
ment and 10 the space between the primary and secondary
containment building shall be protected against fire by
means of separation by distance, protective structures,
fire-resistant materia1s and insulation in case they cannot
be housed 1n separate fire areas.

1n view af the hazards due to hydrogen and other combustib1e
gases, the containment shall be provided with a system for
contro1ling oxygen and combustible gases, as required in
the Guide YVL 1.0, sub-section 8.7.

The oi1 volume of the main circu1ation pumps housed 1nside
the containment shall be minimized. Systems containing
great quantities of oi1 sha11 be housed, if possible, in
separate fire areas and sha1l be provided with an oi1 leak
collecting system and shall be protected against a potential
fire by means of a fire-extinguishing system.

2.2.3 Control raom

Cables from the redundant safety systems ta the contral
room shall be routed as far as possible inside separate fire
areas.
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The control equ1pment and p01nts outs1de the control room
shall be designed and separated from the control room equip-
ment and housed 1n separate fire areas so that the safety
functions can be accomplished in case the control room is
totally destroyed (due to a fire).

2.3 Act1ve fire protection

The obj ective af act1ve fire protection measures 16 an
early detection and effective extinguishment of a fire.

Active fire protection comprises a fire detection and alarm
system and fire-extinguishing systems and other fire supp-
ression arrangements as complementary rneasures to struc-
tural fire protection. However, the safety af the facility
shall not, io any parts, be dependent on the act1ve fire
protection measures alone.

2.3.1 F1re detection and alarm system

1n order to detect and localise a fire as early as possible,
an effective automated fire detection and alarm system 1s
required. 1t shall be 50 designed that a fire can be 10ca-
1ised at least ta any individua1 fire area. In large fire
areas extending over several rooms and containing safety-
related systems it shall be necessary ta 1acalise the aut-
break of a fire even ta the exact room within the fire area
cancerned. Depending upan the nature af the fire area, the
fire detection and alarm system can a1so be supplemented
or replaced with other apprapriate fire supervision SY6tems.

The fire detectian and alarm system shall be designed in
accordance with the resolutians and guides issued by the
Ministry of the 1nterior.

2.3.2 Fire-extinguishing systems

Ta facilitate a fast suppression af a fire and ta minimize
damage and hazards, effective fire-extinguishing systems
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shall be designed for the facility. Fixed reliable fire-
extinguishing systems shall be provided for the following
rooms and systems, irrespective ef the lay-out design af
the facility.

c~ble spaces containing redundant cables impor-
tant ta safety nat housed 1n separate fire areas
large 011 systems for the main circulation pumps
inside the containment
diesel generators
spaces and systems from which considerable amounts
af radioactive substances can be released into
rooms or into the environment by a fire.

The technical design and installation af the fire-extin-
guishing systems shall, where applicable, conform ta the
guidelines for fire protection issued by the Federation
ef Finnish Insurance Companies.

Removal of extinguishing water shall be arranged from rooms
equipped with fixed water-extinguishing systems.

2.3.3 Access and escape routes and emergency lighting

To facilitate the safe shutdown af the facility, the effec-
tive operation of the fire brigades and a safe escape from
the building during a fire or other ernergencies, the buil-
ding shall be provided with adequate access and escape
routes. These rautes shall be spacious and ea~y to pass
through.

The plant shall be equipped with an emergency lighting
with the purpose of ensuring safety of passage inside the
building when the norroal lighting is out of order (disturb-
ance in the supply of electricity, fire etc.). Emergency
lighting means both signal lights and standby lighting.
The signa1 lights which are used for indicating the escape
routes are continuously on and function independently of
the normal lighting. The purpose of standby lighting is
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te remain on or te he switehed on automatically or manually
when the norroal lighting 90e5 outo Emergency lighting
shall a1so he located near the signs indicating the escape
routas and emergency exits.

3 CONSTRUCTION PERMIT

3.1 Application for construction permit

The prerequisi te for the issuance af a pronouncement on the
construction permit 16 that the Preliminary Safety Analysis
Report (PSAR) and the complementary top1cal reports are
submitted ta STUK1n accordance wi th the Guide YVL 1.1.

These documents shall provide a description af how the
requirements af the section 2 are met 1n the design af the
facility.
The division af items should be as follows:

descriptiort ef regulations, guides and standards
used in the design
descriptien ef fire leads
descriptien ef fire areas
descriptien ef ventilatien in the event ef a fire
preliminary descriptien ef the fire detectien and
alarm system and the fire-extinguishing systems
description ef the escape reutes and emergency
exits
description of the fire hazards analyses.

3.2 Regulatiens, guides and standards used in the design

This sub-section shall provide a list of the regulations,
guides and standards used and the comments on their particu-
lar application.

3.3 Description ef fire loads

Information on any considerable concentrations ef combust-
ible materials (solid, liquid, gaseeus) at the nuclear
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facility shall be presented 10 a separate description

giving the quality, amounts and locations ef the fire
loads and the characteristics af srnoke and gases released
by postulated fires~ If necessary, plans shall be ~ade
for collecting and restricting the leakages ef carnbustible
liquids and._oi1 .

3.4 Description af fire areas

10 order ta assess the fire confinement capability af the
boundaries af fire areas, the fOllowing documents shall he
presented

drawings af the subdivision af the facility into
individual fire areas and other descripttons which

unequivocably present the location ef the safety-
related systems and items at the facility
description ef the fire areas 10 m2 and fire re-
sistance ratings af the separating structures
and elements af the boundaries af the fire areas.

Each fire area shall be marked with its awn symbol in the
abave-mentioned drawings.

3.5 Preliminary description af fire venting

The functianing af the ventilation systems and smoke extrac-
tion in the event af a fire shall be described ta give a
comprehensive picture af how the spreading af a fire and
detrimental gases is ta be prevented. The account shall
include

a description ef the areas and rooms which,· owing
ta a cansiderable fire laad, personal safety ar
ather arrangements, are ta be provided with fire
venting and/ar smoke extractian
a preliminary descriptian af srooke extraction
an accaunt af the faet that smoke extraction will
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not essentially degrade the functioning of the
fire-extinguishing systems
arrangements to prevent the release of radioactive
suhstances into the environment out of rooms from
which radioactive substances might be released
by a fire.

3.6 Preliminary description of the fire detection and alarm system
and fire-ext1nguishing systems

Th1s sub-section shall previde an account ef the areas
and rooms to be equipped with a fire detection and alarm
system and fire-extinguishing systems, as well as func-
tional descriptions of the systems.

In addition, a description of the fire water supply systems
for both the fire brigades and the f1re-extinguishing
systems shall be given.

3.7 Description of the access and escape routes

The description shall include drawings showing

escape routes and emergency exits
access routes for the fire brigades
routes needed in the safe shutdown af the facili ty.

3.8 Description af fire hazards analyses

10 the cases referred ta in the sub-section 2.2.1, fire
safety shall be verified by means af a special fire hazards
analysis. In addition, fire hazards analyses shall always
be performed on the containment and the control room.

By means af a containment fire hazards analysis it shall
be verified that the safe shutdown, the cooling ef the
reactor or the removal af residual heat from the reactor
will not be threatened by any fire in the containment.
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By means of a control room fire hazards analysis it shall
be verified that the necessary control room functions can
be accomplished in the event of a fire in the control room
or in any other fire area.

The Preliminary Safety Analysis Report ~hall include a
short description of the fire hazards analyses to be perfor-
med, the analysis methods to be used and the time schedule
to be followed in performing the analyses.

1n accordance with the principles of the Guide YVL 2.8
/4/, a probabilistic safety analysis cencerning fire hazards
(the F1re-PSA) 5pecif1c of the facility shall be performed
as well. 1ts purpose 1s to a5sess the probability ef a
core damage caused by fire. The Fire-PSA is performed in

parallel to or together w1th the analyses required by the
Guide YVL 2.8 50 that the resul ts of the analyses are
available at the same time.

4 SUPERVISION OF CONSTRUCTION

After the issuance of the construction permit, STUK super-
vises the construction of the plant. 10 order to get a
sufficiently detailed picture of the implementatien of
the fire protection arrangements at the nuclear facility,
the app11cant shall furnish STUK with accounts of the
following items:

wall, floor and ce11ing structures of the fire
boundaries as far as they are not described 1n
the other documents submitted to STUK
fire doors and hatches and their fire resistance
types and fire resistance ef fire steps used in
cable and pipe penetrations
fire detection and alarm system
fire-extinguishing systems
fire venting and smoke extraction
removal af extingu1shing water
emergency lighting.
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The results af the fire hazards analyses af the sub-sectian
3.8 shall be reparted camprehensively ta facilitate the
assessment af the fire resistance af the structures.

4.1 Structures and elements af fire baundaries

The structures and elements by which a fire area is separa-
ted from the other areas include walls, ceilings and flaars
wi th their fire doors and hatches and the penetrations
for cables, pipes and ventilatian ducts.

The separating structures and elements are acceptable when
they comply with the requirements af the canstruction regu-
lations and instructians issued by the Ministry af the
Interior. An adequate fire resistance can be verified by
a type acceptance resalutian issued 1n accordance with
the above-mentioned regulations and instructians ar a
pranouncement issued by the fire labara~ary af the Techni-
cal Research Centre af Finland.

4.2 Fire detection and alarm system

The dacument shall pravide the fallaw1ng informatian on
the fire detectian and alarm system

list af detector types and functianal descriptions
af the detectors
transfer of alarms from the control unit onwards
potential control functions cannected to the de-
tectars (smoke vents, ventilation, fire doors etc.)
schematic wiring diagram af system
company responsible for the design af the fire
detection and alarm system.

A pronauncement af the Finnish Fire Protection Association
on the acceptability of the planned fire detection and
alarm system shall be submitted to STUK.
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4.3 Fire-extinguishing
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The dacurnent shall pravide at least the fallawing infarma-
tianan the autamated and manual fire-extinguishing systems

area ta be pratected
demanstratian af the applicabili ty af the selected
extinguishing systems and extinguishants
design bases
functianal descriptians af the extinguishing sys-
tems
names af the campanies respansible far the design
and implementatian af the designed systems
drawings af the extinguishing systems shawing i.a.

manual actuatian paints af the extin-
guishing systems
lacatian af tanks cantaining extin-
guishants and locatians of vaI ve centres.

A pranouncement of the Finnish Atomic Energy Insurance
Paol on the acceptabili ty of the planned fire-extinguishing
systems shall be submitted ta STUK.

4.4 Ventilation and smoke extraction in the event af a fire

Detailed requirements for the ventilatian systems are given
in the Guide YVL 5.6 /5/.

The descriptian af the smoke extractian systems shall pravi-
de informatian on haw the spreading af hat, possibly car-
rosive and poisonous gases and srooke released by a fire
is prevented and haw they are extracted.

The dacument shall pravide at least the fallowing infarma-
tian on smoke extractian

areas and roams to he provided with srooke extract-
ion
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design bases
design data on smoke extraction
flow charts and data on extraction channels
functienal descriptiens
structural drawings ef smeke vents and fire dampers
and account of their acceptability
location diagrams ef smeke extractors (see Resol-
utions ef the Ministry ef the Interier on smoke
extractors) •

4.5 Remeval of extinguishing water

An account shall be given ef the removal of fire-extin-
guishing water frem the rooms equipped wi th fixed fire-
extinguishing systems or roems where Iarge quantities ef
extinguishing water are presumably needed in the event ef
a fire.

4.6 Emergency lighting

The appIicant shall submit te STUK a descriptian ef the
functien and locations af the emergency lighting.

5 OPERAT1NG PERMIT

5.1 Operating permit

The prerequisi te fer the issuance af a pranouncement on
the aperating permit i$ that the Final Safety Analysis
Report (FSAR) is submitted te STUK in accordance with the
Guide YVL 1.1. In addi tion, accounts ef the fol1owing items
relating ta the planned fire protection arrangements shall
be submitted to STUK:

fire-fighting erganization and training
fire-fighting pIan
inservice inspectian program
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5.1.1 Final Safety Analysis Report (FSAR)
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The Final Safety Analysis Report shall describe the fire
protection arrangements as they are implemented at the
nuclear facility.

It contains the final descriptions of the items required
to be described in the Preliminary Safety Analysis Report
(PSAR) or its supplementary documents and the fina1 analyses
aeeording to sub-section 3.8.

5.1.2 Teehnical Specifications

The requirements for and restrictions of the fire proteet-
ion arrangements during operation shall be included in
the Technical Specifications.

5.1.3 Fire-fighting organization, training and equipment

The description shall provide an account of the on-site
fire-fighting 9rganization, its competence, and training
given for the on-site personnel in fire protection. The
account of training sha11 include the special features con-
cerning the operational fire-fighting in the controlled
zone.

The description shal1 also provide information on the com-
munication systernsused in fire-fighting work, fire-fighting
and rescue equipment, protective equipment and radiation
monitoring equipment.

5.1.4 Fire-fighting scheme

The purpose of the fire-fighting scheme is to serve as a
tool for the personnel at the faeili ty and the fira brigades
during fire-fighting operations. The fire-fighting scheme
shall describe

plant site and its immediate surroundings
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site of the facility in detail (buildings, storage
areas, outdoor fire hydrants, entrances to buil-
dingsl
building layouts with markings of fire areas,
fire hydrants, equipment for initial extinguish-
ment, valve centres, emergency phones, access
routes for the fire brigades etc.
protective apparatus
areas protected by fire-extinguishing systems
and the manual actuation points of the systems.

5.1.5 Inservice inspection program

The applicant shall present an inservice inspection program
for the inservice supervisory measures relating to fire
protection to be annexed to the inservice inspection program
of the whole facility. At least the following items shall
be included in the program:

fire loads
fire areas
fire insulations
fire venting and smoke extraction
fire detection and alarm systems
fire-extinguishing systems
fire-fighting equipment
protective apparatus
equipment for radiation monitoring
emergency lighting
communication systems
removaI of extinguishing water.

The program shall also describe

inspection and test intervals
inspection and test methods
documentation of the inspections and tests.
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STUK perfarms a commissioning inspectian af the fire pra-
tection arrangements at the nuclear facility. In the in-
spection it shall be verified that

the partitioning of the facility into fire areas
has been implemented as deseribed 1n the prelimi-
nary inspeetion doeuments
the quality, amount and location af fire loads
are as given in the design doeuments
the fire detectian and alarm system installations
are approved of by the Finnish Fire Protection
Association
the fire-extinguishing system installations are
approved of by the Finnish Atomic Energy Insurance
Pool
the equipment for initial extinguishment are loca-
ted- as given in the fire-fighting scheme (sub-
section 5.1.4).

The owner of the nuclear facility shall present a written
commissioning inspect10n request to STUK not later than
one week before the planned inspection. The general pre-
requisites for the commissioning inspection are given in
the Guide YVL 1.1. The inspection can be eonducted at
several stages.

The fire protection arrangements at a nuclear power plant
sha1l be accepted in the comm1ssioning 1nspeetion 1n the
extent required by each commissioning stage of the faei1i ty.

6 SUPERVISION DURING OPERATION

6.1 Inserviee inspections

STUK supervises the inservice inspeetions performed by
the owner of the nuc1ear power p1ant to the extent deemed
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necessary and carries out inspections relating to fire
protection in accordance with its own program.

6.2 Modifications, repairs and preventive maintenance

Modifications, repairs and preventive maintenance during
operation shall be performed in accordanee with the Guide
YVL 1.8 /6/.

6.3 outages

Supervision eondueted by STUK during outages and the related
general arrangements are described in the Guide YVL 1.13
/7/.
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power plants

STUK Guide YVL 5.6, Inspection of ventilatian
systems af nuclear power plants, a draft

STUK Guide YVL 1.8, Repairs, madifications and
preventive maintenanee in nuclear facilities,

STUK Guide YVL 1.13, Regulatory inspections related
ta shutdowns at nuclear power plants
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STUK Guide YVL 2.1, Safety classification of nu-
clear power plant systems, structures and cam-
ponents

STUK Guide YVL 5.5, Supervision of electric and
instrumentation systems and components at nuclear
facilities

KTA 2101.1 Brandschutz in Kernkraftwerken,
Teil 1; Grundsätze des Brandschutzes

The Ministry af the Interior, the code of Finnish
construction regulations

In the event of any differences in interpretation af this
guide, the Finnish version shall take precedence over
this translation.


