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This document contains the general safety criteria for
the design of the structures, systems and components of
a nuclear power plant equipped with a light water reac-
tor. The objective of these criteria is to minirnize the
radiation exposure of the plant personnel and of the publie
living in the surroundings of the nucLear power plant. For
this purpose, design shall be aimed at preventing incidents
which could jeopardize safety and at mitigating their
consequences. These incidents can include the following:

those connected with the site of the nuclear power plant
and its environment

those caused by intentional or unintentional human
actions, or

those originating in an operational occurrence at the
nuclear power plant.

To reach the above-mentioned objectives

the design, construction and operation of a nuclear
power plant with its structures, systems and components
shall fulfil high quality requirements,

the safety functions of the plant shall be performed
reliably in disturbance and accident conditions; the
most important of these functions are reactor shutdown,
reactor core cooling and removal of residual heat,

the plant shall be equipped with multiple barriers (fuel
cladding, primary circuit and containment systems) for
preventing the release of radioactive materials to the
environment.
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In the design of a nuclear power plant, attention shall
he paid to requirements and iimitatiens needed for assuring
the safe operation of the plant. They include

- limitations concerning important operating parameters.

operating requirements for systems important te safety
and

requirements concerning maintenance, testing and inspec-
tions. whereby it is assured that structures. systems
and components operate reliably and as pianned.

The Technical Specifications, to be followed when operating
a nuclear power plant, will be drawn up on the basis of
these requirements and limitations.

The fulfilment of the general safety criteria for design
of a nuclear power plant is evaluated in the course of
the design and construction of the plant. This means
that these safety criteria are not applied to those nuclear
power plants that have been constructed prior to the publi-
cation of this guide. but the modificatiens that may be
needed in them will be considered case by case.

The Institute ef Radiation Protection will give more de-
tailed guides concerning the application of these design
criteria.

2 GENERAL REQUIREMENTS

2~1 Radiation Protection

A nuclear power plant shall be designed so that the radia-
tion exposure of the publie and of the plant personnel is
kept as low as reasonably achievable, taking into account
the social and the economic factors. and 50 that the given
radiation dose limits are net exceeded. For this purpose.
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the following points shall be given consideration in the
design, including maintenance, inspections, eperation
and accident conditions

design, shielding, and location of systems and compo-
nents centaining radioactive materials,

- design of the plant spaces and passages,

- radiation contrel inside the plant,

handling and cleanup of gases and liquids containing
radioactive materials, as well as handling and storage
of radieactive waste,

control of releases ef radieactive materials to the
envirenment, and

- radiatien monitoring in the environment.

2.2 Effects ef External Events

Structures, systems and compenents important to safety
shall be designed 50 that the reactor can be shut down,
the primary circuit can be cooled down, residual heat
can be removed, and radiation expesure of the plant person-
nel and releases of radioactive materials to the environ-
ment can be kept at an acceptable level, in spite of natu-
ral phenomena (e.g. earthquake, storm, flood, freezing)
considered p05sible at the plant site on the basis ef
historical records, or incidents (e.g. airplane crashes,
explosions, effects of poisonous gases) caused by external
activities. The design shall also reflect the combinations
of the effects of normal and accident condi~ions with the
effects of the natural phenomena, as considered possible.
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A nuclear power plant shall be designed so that access
ta the plant and passages inside the plant as well as
transfer af materials can be controlled. A nuclear power
plant shall be separated from the surroundings in such
a way that alsa entry te the plant site and movement there
can be cantrelled. The aim ef physical protection is
ta prevent activities causing damage ta the plant as well
as unauthorized occupatien of the plant and theft of
the nuclear materials.

Physical protection has te be based on
zones located one within the other,so
systems and components important to
the most protected area.

the use of safety
that structures,
safety are within

To implement the controls, there shall be a special control
centre at the plant.

2.4 Quality Assurance

AlI safety functions of the structures, systems and com-
ponents af a nuclear power plant shall be defined, and
structures. systems and components shall be classified
on the basis of their inportance to safety.

Structures, systems and components important ta safety
shall be designed. manufactured and installed so that
their quality level and the inspections and tests needed
for verifying the quality level are commensurate with
the importance ef the safety functions to be performed~

The requirements concerning the design, manufaeture, instal-
lation, inspection, testing, operation and maintenance
shall be defined on the basis of the importance of the
safety functions to be performed. The instructions and
technical standards to be used have to be identified and
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their applicability and adequacy have to be evaluated.
They shall be revised, supplemented or modified as necessa-
ry te assure the fulfilment ef the safety requirements.

In order te make sure that structures, systems and com-
penents important te safety meet the requirements set
for them, a quality assurance program shall be established
in the erganizations whese activities have a direct in-
fluence en the quality. The structure, responsibility
and authority ef these erganizatiens shall be in accordance
with the requirements set fer their activities.

Adequate records shall be compiled on the quality centrel,
inspections and tests. The documents and records on the
basis of which the quality and the reliability are asses-
sed, and which are associated with the design, manufaeture,
installatien, testing, inspection, operation, and mainte-
nance ef the structures, systems and campenents impertant
ta safety, shall be in the possession of the nuclear power
pIant user.

2.5 Previsions for Inspection, Testing and Maintenance

In erder to assure the reliability ef structures, systems
and components impertant to safety, their structure, Ioca-
tion and operating cenditions shall be such that they can
be tested, inspected and maintained prier te their commis-
siening and thereafter periedically during their entire
operating Iife. If structures, systems and cemponents
impertant to safety cannot be tested and inspected te an
adequate extent during their operation, in erder te detect
possible failures, the reliability shall be assured by
other means, or the possibly greater failure probability
ef the objects shall be taken into account in the design.

2.6 Sharing af $tructures, Systems and Camponents

Structures, systems and components important to safety
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shall not be shared among nuclear power plant units, unless
it can be shown that this does not significantly reduce
the ability of these structures, systems and components
to perform their safety functions, including, in the event
of an accident in one unit, an orderly shutdown and cool-
down of the remaining units.

2.7 Tightness and Leak Detection

Structures, systems and components important to the safety
of a nuclear power plant shall be designed ta meet ad-
equate tightnes$ requirements a~d they shall be equipped
with suitable means for leak detection and isalation.

2.8 Heat Transfer ta Ultimate Heat Sink

The plant shall be equipped with systems which transfer
the heat from structures, systems and components important
to safety to an ultimate heat sink in operational states
and under postulated accident conditions.

The design shall assure that the safety function of the
systems can be accomplished alsa in case af a single fail-
ure by using either one of the electric pawer supply sys-
tems, the onsite or the offsite, and when any one af the
components affecting the safety function is simultaneously
inoperable, for instance, due to repair or maintenance.

2.9 Effects of Plant Internal Events and Conditions

Structures, systems and components important to safety
shall be designed to withstand the effects af the environ-
mental conditians assaciated with operational states and
postulated accident conditions. These structures, systems
and components shall be protected against the dynamic
effects of missiles, pipewhipping and discharging fluids
that may result from equipment failures.
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Structures, systems and companents important to safety
shall be designed and located, as well as protected with
fire resistant structures and with adequate active fire
protection systems, 50 as to minimize the probability and
effects of fires and explosions. The sustaining of safety
functions during and after a fire shall be assured irres-
pective af the operation of the active fire protection
systems.

Noncombustible and heat resistant materials shall he used,
wherever practical throughout the pIant, particularly
in the containment and in the control room.

Fire fighting systems shall be designed to assure that
their rupture or inadvertent operatian does nat signifi-
cantly irnpair the capability of structures, systems and
camponents impartant to safety to perform their safety
functions.

If a fire within some fire zone outside the cantral raom
can block the control of a safety function from the contral
room ar causes a significant release of radioactive mate-
rials into the pIant spaces or to the environment, the
suppression af the fire shall be assured with fire protec-
tion systems that can function also io the case of a single
failure.

2.11 Precautions against Emergency Situations

A nuclear power plant shall be designed 50 that alI func-
tions required to cope with an emergency situation can be
performed at the plant site. The plant shall have praperly
equipped facilities for the direction and control af emer-
gency activities. 10 addition, the plant shall be equipped
with sufficient alarm and communication systems for warning
and instructing the personnel as well as for external con-
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tacts. Te facilitate coping with emergency situations, the
plant shall have appropriately marked and illuminated
p.assages.

2.12 Decommissioning

Decommissioning of the plant shall be taken into account
in the design so that decomrnissioning and removai ef con-
taminated or activated plant parts can be carried out
in such a manner that the radiation exposure of the person-
nel and radioactive releases te the environment can be
kept at an acceptable level.

3 REACTOR

3.1 Reacter Design

The reactor cere and assoeiated coolant, reactivity contrel
and protectien systems shall be designed with appropriate
safety margins te assure that the design limits of the fuel
are not exeeeded in nermal operation or in antieipated
operational oeeurrences.

The reactor core and asseciated coolant systems shall
be designed 50 tha"t, in the power operating range, the
net effect ef the prempt inherent nuelear feedback charac-
teristics wi11 reduce a rapid increase in reactivity.

The reacter core and associated coolant, reactivity control
and protection systems shall be designed to assure that
eventual pewer oscillatiens can be deteeted and suppressed

befare they result 1n conditions exceeding design limits
of fuel.

The internals af the reactor pressure vessel shall be
designed and mounted in such a way that they withstand
the loadings expected in the operational states and under
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postulated accident conditions to the extent necessary
to ensure reactor shutdown and core cooling.

3.2 Reactor Shutdown and Reactivity Control

The reactar shall be equipped with two independent reacti-
vity control systems, functioning according to different
design principles, to assure reactor shutdown in opera-
tional states and under postulated accident conditions.

One of the systems shall use control rods which shall be
capable of reliably performing the reactor shutdown to
assure that design limits of fuel are net exceeded in ner-
mal eperation or in anticipated eperational occurrences.

At least ene ef the systems shall, on its own. be capable
of rendering the reactor subcritical from any nerrnalepera-
tional state and maintaining it subcritical in alI reactor
temperatures.

The reactivity contrel systems, tegether with the reactor
pretection system, shall be designed te assure that no
single reactivity contrel system malfunction, such as
withdrawal af control rods from the core (net ejection
or dropout), does not result in exceeding the design Iimits
of fuel.

The reactivity control systems shall be designed to have
a capability, io conjunction with poison addition by sys-
tems designed to cepe with loss ef ceolant situations,
ef reliably controlling rea~tivity to assure that the
effects of postulated accident conditions cannot cause:

exceeding the design limits associated with the fuel
coolability,

damages io the reactor pressure vessel internals te
such an extent as te significantly impair the capabiIity
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exceeding the design conditions ef the reactor primary
circuit.

Under postulated accident conditions caused by rnalfunctions
within the reactivity control systems themselves, the
amount and the rate of reactivity increase shall remain
within appropriate limits.

The design of each reactivity contrel system shall assure
that the system safety function can be accomplished alsa
io case af a single failure, when additionally one control
rod is stuck, by using either ooe af the electric power
supply systems, the onsite or the offsite.

3.3 Fuel Design

The design objec.tives are to achieve a low probability
of fuel failures in normal operation and in anticipated
operational occurrences and to make sure that the coola-
bility of the fuel i5 maintained under postulated aecident
conditions. 1n order to take these objectives properly
into account io fuel and plant design, the fuel design
limits with sufficient safety margins shall be defined.

Fuel bundles shall be designed ta permit adequate periodic
inspections of their structure and parts.

4 REACTOR COOLANT SYSTEM

4.1 General Requirements

The reactor coolant system and associated auxiliary, cont-
rol and protection systems shall be designed with suffi-
cient safety margins in order to assure that the design con-
ditions of the reactor primary circuit are not exeeeded in
normal operation or io anticipated operational occurrences.



FINNISH CENTRE FOR RADIATION AND NUCLEAR SAFETY YVL 1.0 13

The reactor coolant system shall be equipped with a ooolant
cleanup system which is capable of extracting radioactive
materials from the coolant efficiently enough in normal
operation and in anticipated operational occurrences.

The reactor coolant system shall be equipped with water
make-up and let-down systems, which are capable of keeping
the quantity of coolant within the planned limits during
normal operation and which can compensate for minor coolant
leakages so that the reactor core can he cooled in a normal
way.

In the reactor coolant system design, the possibility of
a reactor coolant leakage shall be considered. With sui-
table arrangements it shall be made sure, that reactor
coolant leakages can be detected rapidly and located as
accurately as necessary for corrective operational meas-
ures.

4.2 primary Circuit

In the design, manufacturing, installation,
and testing of the reactor primary circuit,
provided by the present state of science and
shall be efficiently utilized for prevention
growing fracture or some other serious damage.

inspection
the means
technology
of a fast

Primary circuit cornponents shall be designed to withstand
loads and conditions in accordance with the design values.
In a~dition, the temperatures and other conditions prevail-
ing in operational states and under anticipated accident
conditions shall be taken into account.

There shall be an adequate margin for brittle behavior
af structucal materials in alI aperatianal states and
anticipated accident cenditians. Also uncertainty factors
shall he observed when determining praperties ef structural
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materials, irradiation of materials, effects of irradiation
on material properties, stresses, and size of flawss

The primary circuit and its components shall fulfil high
quality requirements.

The primary circuit and its components shall be designed
50 that it is possible

to inspect and test periodically alI important sections
and details in order to estimate their structural and
leaktight integrity, and

to implement a materia1 surveillance program for the
reactor pressure vessel in order to determine the effects
ef irradiatien and the ageing of structural materials.

4.3 Replenishment ef the Coolant and Emergency Core Coaling

For loss-of-coolant situations, the plant shall be equipped
with systems which replenish the lost coolant or by some
other means secure an efficient cooling of the core, so
that the design limits associated with the fuel coolability
are not exceeded.

The design shall assure that the safety function of the
systems can be accomplished also in case of a single fail-
ure by using either one af the electric power supply sys-
tems, the ansite ar the offsite, and when any one of the
cempanents affecting the safety function is simultaneously
inoperable, for instance, due to repair or maintenance.

4.4 Cooldown of Primary Circuit and Removal ef Residual Heat

The plant shall be equipped with systems that can coel
down the primary circuit and with systems that can remove
the residual heat in alI operational states and anticipated
accident conditions.
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The design shall assure that the safety function of the
systems can be accomplished alsa in case of a single fail-
ure by using either one of the electric power supply sys-
tems, the onsite or the offsite, and when any one of the
components affecting the safety functian is simultaneously
inaperable, for instance, due to repair or maintenance.

5 PROTECTION SYSTEM

5.1 Purpose af Protection System

The plant shall be equipped with a protection system,
the purpase af which is

to initiate automatically the operatian af appropriate
systems ta assure that the design limits af the fuel or
design canditions of the primary circuit are not exceeded
as a result of anticipated aperational accurrences,

to deteet accident canditions and to initiate the opera-
tion of systems important to safety, and

to maintain the plant in a safe state in postulated
accident conditions long enough to pravide the operators
with the time which is needed far diagnasis, choosing
the appro priate measures and taking the actions.

5,2 Prateetion System Reliability and Testability

The protection system shall be designed for high function
reliability and 50 that it can be tested ar surveyed during
normal operation. The designed redundaney and independence
of the pratection system shall be adequate ta assure that

a single failure daes not result in the 1055 af a protec-
tion function, even if some part or channel 1s simul-
taneausly inoperable due to repair or maintenanee, and
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the effects af natural phenomena,operational states
and postulated accident conditions do not result in
the 10ss of a pretection function.

Otherwise, the protection system shall be demonstrated
te be acceptable on some separately defined basis.

Whenever practical, at least two different process parame-
ters shall be monitored for each protection function.
They shall both be physically dependent on operational
occurrences or accident conditions and it shall be pessible
te choose their trip limits so that the trip occurs early
enough. Otherwise, the protection system shall be demon-
strated to be acceptable on some separately defined hasis.

The pratection system shall be designed ta take the state
that provides greater safety if some section af the protec-
tian system is disconnected, the energy supply is lost
(e.g. electric power, instrument air) or postulated ad-
verse environmental conditions are experienced.

The protection system shall be designed so that manual
control from the contral room or the function af the con-
trol system cannot prevent or stop a safety function initia-
ted by the protection system, before the function has been
accomplished (short-term actions, e.g. reactor scram or
containment isolation) or before the process parameter
that has activated the function has returned from the
range demanding protection (long-term functions, e.g. emer-
gency cooling).

5.3 Separation of Protection and Control Systems

Whenever practical, the protection system shall be sepa-
rated from ·contral systems. Otherwise, it shall be ensured
that when an individual part er channel af the contrel
system fails, or a part or channel ef the protection system
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which is commen to the control and protection systems
fails or is removed from service, there remains a system
that fulfils all reliability, redundancy and independence
requirements set for the pretection system. Interconnec-
tion of the protection and control systems shall not
impair safety.

6 INSTRUMENTATION AND CONTROL

6.1 General Requirements

The plant shall be provided with sufficient instrumentation
te moni tor operatienal parameters and systems in opera-
tional states and under accident conditions. Special
attention shall be paid te these operational parameters
and systems that can affect the fission precess, core
ccoling, and residual heat removal as well as the integrity
of fuel, primary circuit or centainment. ln.order to keep
the operational parameters and systems within prescribed
operating ranges, the plant shall he equipped with suitable
control devices.

By using the instrumentation, it shall be pessible to
record the operational parameters describing the condition
ef the plant and the control signals given te the systems,
so that the progress of an operational occurrence or an
accident can be followed during the event and the event
can be analysed afterwards.

By using the instrumentatien, it shall be possible to
measure the operational parameters that are important
to the safety of the plant. The measurement range shall
cover the whole area where the measured parameter can
vary in operational states and under accident conditions.
Te reach a sufficient accuracy, several measuring systems
operating in superposed or sequential measuring ranges
shall be used, if needed.
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Measuring instruments that are important to safety shall
he designed so that the instrument failure or the measured
parameter being outside the measuring range is revealed
by appropriate display or in some other reliable way.

The design shall take into account the environmental condi-
tions in which the instrumentation is meant te functien.

The instrumentation important to safety shall be designed
to permit periodic testing of its appropriate operation.
If testing of some instrument is not possible under some
normal operating conditions or if the operation of the
instrument is particularly important, the appropriate
operation shall be assured by using several redundant
instruments or some other reliable method.

6.2 Control Room

The plant shall be provided with a control room from which
necessary actions can be taken to maintain the nuclear
power plant unit in a safe condition 1n operational states
and under postulated accident conditions. However, opera-
tional actions for which there i5 enough time can he plan-
ned to be taken outside the contro! room, provided this
does not impair safety.

The control room shall be located and protected 50 that
the effects that may result from equipment failures do
not endanger working in the control room. Continuous
electric power supply for the control raom equipment
shall be assured from the onsite electric pawer sources.
Control room ventilation system and radiation protection
shall be designed 50 that also in accident situations
the control room is accessible and the radiation exposure
af the personnel working there remains within acceptable
limits during an accident.
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The physical working conditions of the control room shall
be appropriate.

Display instruments for functionally interconnected process
variables and for control devices affecting these pracess
variables shall be properly grouped.

The contral roam shall be equipped with devices that at
alI times give enough information about the operational
state and function of the plant. Furthermore, the control
room shall be equipped with alarm equipment which indicate
deviations from the normal operating condition, and with
appropriate, properly assured data collecting, processing
and display equipment assisting the operators during opera-
tional occurrences and under accident conditions.

At appropriate locations outside the control room there
shall ?e equipment for performing

a reactor scram; the equipment shall include necessary
instrumentatian and contral devices to maintain the
plant in a safe condition during hot shutdown,

thereafter, cooldown of the reactar into cald shutdown
through the use af suitable procedures, and

- cooling af the spent fuel.

These control equipment outside the control room shall
be separated from the control equipment in the control
room so that no single incident, e.g complete loss af
components within one fire zane, can damage the contral
equipment in such a way that accomplishment of the abave-
mentianed functions is unachievable.
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The plant shall be equipped with both onsite (independent
of maio generator) and offsite electric power supply sys-
tems which assure the function of systems important to
safety. Furthermore, the plant shall be equipped with
systems which make possible electric power supply from
the main generator if the connection to the offsite trans-
mission network 1s lost. The onsite and the offsite elec-
tric power supply systems shall each provide sufficient
capacity to assure that

the reactor can be shut down, the primary circuit cooled
down and residual heat removed, as necessary,

the design limits of the fuel and the design conditions
of the primary circuit are not exceeded as a result
of anticipated operational occurrences, and

cooliog of the fuel and other essential safety functions
as well as the containment integrity are maintained
under postulated accident conditions.

The onsite electric power supplies and the onsite electric
distribution system shall have sufficient independence,
redundancy, and testability to assure that the safety
functions they are supporting can be accomplished also
in case of.a single failure and when any one mechanical
or electric component is simultaneously inoperable, for
instance, due te repair or maintenance. The onsite elec-
tric power supplies shall assure a continuous power supply
to the necessary equipment in operational states and under
postulated accident conditians~

Fer power supply from the offsite grid to each redundant
section af the onsite electric distribution system, there
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sha11 be two independent and separate grid connections
(not necessarily on separate rights of way) designed and
located so as to minimize the likelihood of their simu1-
taneous faiIure in operational states and under postulated
accident conditions. Both grid connections shall be design-
ed to be avaiIable even with the main generator disconnect-
ed from the grid.

In operatienai states, it shall be pessible to place the
stand-by grid connection in service soon enough after
10sing the other connection so that the design limits
of the fuel and the design conditions of the primary cir-
cuit are not exceeded, regardless ef the function of the
onsite a.c. power supply sources.

Under postulated accident conditions, it shall be possible
to establi5h one grid connection so rapidly that the core
is cooled and containment integrity can be maintained.

It shall be assured that 10sing of the remaining pewer
sources as a result of, or coincident with, the 1055 of
one power supply is most unlikely.

8 CONTAINMENT SYSTEM

8.1 Purpose of Centainment

Te keep the releases ef radieactive materials te the envi-
ronment within acceptable limits in accident conditions,
the plant sha1l be provided with a reactor centainment.
The containment and associated systems sha1l form a practi-
cally leak tight barrier against the release of radioac-
tive materials to the environment.

8.2 Design Princip1es ef Containment

The reactcr centainment and associated systems shal1 be de-
signed so that the containment structure and its internal
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compartments can accommodate, with a sufficient safety
margin a~d without exceeding the design leakage rate, the
pressure and temperature cenditions resulting from postula-
ted accident conditions as well as the reaction forces and
rnissile irnpacts estirnated to be possible under these condi-
tions.

Under accident conditions leading to core meltdewn, the
containrnent shall maintain its integrity until the major
part of iodines and radioactive aerosols released in the
core meltdown has departed from the containment atmosphere
and the population in the surroundings of the plant has
had enough time to get prepared for possible releases
of radioactive materials. Containment damage due to dy-
namic loads (missiles, explosions) shall be most unlikely.
Accomrnodation of pressure loads shall be ensured for a
sufficiently long period of time also in case the systerns
that are designed for heat transfer from the containment
have lost pewer supply. The formation of gas and vapour
caused by the molten core penetrating the basemat af the
containment shall be taken into account, and the basemat
shall be designed such that it resists the penetration
of the molten core.

The primary containment building shall he entirely surround-
ed with a secondary containment building so that under a11
postulated accident conditiens the space between the two
buildings can be kept in underpressure compared with the
outside atmosphere. Exhaust air from the space between
the buildings shall automatica11y be transferred to f10w
through filters under accident conditions. The design ef
the underpressure system shall assure that the safety func-
tion of the system can be accomplished also in case ef a
single failure by using either one of the electric power
supply systems, the onsite or the offsite. Deviations from
the above principles can be allowed if it can be demon-
strated that some other containment design is safe enough.



FINNISH CENTRE FOR RADIATION AND NUCLEAR SAFETY

B.3 Containment Penetrations and Access Openings

YVL 1.0 23

The pipe and cable penetrations of the containment shall be
designed according to the containment design requirements.
The reaction forces stemming from pipe movement as well as
loads pe5sibly occurring under postulated accident cendi-
tiens, such as thermal loads, jet forces, pipe-whips and
missile impacts, shall be taken into acceunt in the design
of penetrations. Piping systems penetrating the centain-
ment shall be provided with leak detection and isolation
capabilities having redundaney, reliability and performanee
capabilities which refleet the importance te safety ef iso-
lating each piping system. The piping systems shall be de-
signed with a eapability to test periodically the operabi-
lity ef the isolation vaIves and assoeiated apparatus and
to determine vaIve leakage.

Personnel and equipment aceeS5 te the eontainment shall
be through airlocks. Their design shall assure that at
Ieast one of the doors is elosed during operation.

8.4 Containment Isolation Valves

Each pipeIine that i5 part of the reactor primary cireuit
or conneets direetly to the containment atmosphere and
penetrates the containment shall be provided with two
independent, reliably functioning isolation vaIves. Eaeh
isolation vaIve shall either funetion automatically or
shall he locked eIosed. One of the isolation vaIves shall
be placed inside and the other outside the containment.
The design shall assure the containment isolation also
in case of a single failure.

Each pipeline that penetrates the containment and is nei-
ther part of the primary circuit nor eonnected directly
to the containment atmosphere shall have at least one
isolation valve outside the eontainment. The isol~tion
vaive shall be either automatic, or loeked cIosed, or
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The isolation vaIves outside the containment shall be
Iocated as cIose to the containment as practical. The
position of the isolation vaIves shall be indicated in
the control room. A check vaIve may not be used as an
isolation vaIve outside the containment.

Deviations from the above requirements can be allowed
if it can he demonstrated that some other methad af isola-
tian is acceptable and that the appIication of the require-
ments is unfavorable to safety functions.

8.5 Provisions for Cantainment Inspection and Testing

The reactor cantainment and the equipment which can be
subjected ta testing canditians af the containment shall
he designed in such a way that, prior ta cammissioning of
the plant, it is possible ta perform a leak test at design
pressure and a pressure test at a pressure which is the
design pressure added with a sufficient safety margin.

Additionally, the containment shall be designed so that
it is possible:

to perfarm periodically a leak test at such a pressure
that it is possible ta determine the leakage correspond-
ing ta design pressure with sufficient accurary,

- ta perforrn a pressure test, if necessary,

ta inspect periadically the paints that are important
ta leaktightness and strength

ta survey the candition af the containment during apera-
tian, and
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to test periodically the leaktightness of penetrations
which have resilient seals or expansions bellows.

8.6 Heat RemovaI from Containment

The plant shall be provided with systems which remove
heat from the containment in operational states and under
postulated accident conditions. The system safety function
is to reduce the containment pressure and temperature
and to maintain them at acceptably low levels.

The heat removal systems of the containment shall be design-
ed so that their inadvertent operation does not endanger
the integrity of the containment. Additionally, the effect
of the systems on the progress of accident situations lead-
ing to core melt shall be considered and it shall be noted
that the operation of the systems may increase the risk
of containment failure.

The design shall assure that the safety function of the
system can he accomplished also in case of a single failure
by using either one of the electric power supply systems,
the effsite or the onsite, and when any one ef the com-
ponents affecting safety function is simultaneously inope-
rable, for instance, due to repair or maintenance.

8.7 Gas Treatment in Containment

The containment shall be provided with systems which
remove fission products from the containrnent atmosphere,
and with systems which can reduce the concentration of
oxygen or of the combustible gases which may be released
into the containment in an accident situation, or in
sorne other way prevent uncontrolled gas fires.

The systems intended for controlling oxygen and cornbustible
gases shall be designed in such a way that the integrity
of the containment is not endangered due te a gas fire
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in accident situations and that components important ta
safety do net lese their ability te perform their func-
tiens. Both the rapid formation of hydragen in the metal-
water reaction caused by the heated reactor core and the
formation of hydrogen and other combustible gases when
the malten core reacts with the reactor pressure vessel
and the basemat of the containment shall be taken into
account in the design. It shall be possible to measure
the concentrations of oxygen and cambustible gases as
needed for planned operation of the systems intended for
controlling the concentrations.

The design shall assure that the safety function ef the
systems can be performed alse in case of a single failure
by using either one ef the electric power supply systems,
the offsite or the onsite.

9 FUEL HANDLING AND STORAGE

9.1 Fresh Fuel Handling and Storage

The plant shall be equipped with suitable facilities and
systems for handling and storage of fresh fuel. Especial-
ly the following points shall be taken into account in
the design:

1. Criticality shall be prevented with sufficient safety
margins. preferably by use of suitable sterage structu-
res.

2. possibility of the fuel dropping or becoming damaged
in some other manner shall be extremely small.

3. Suitable facilities and equipment shall be reserved
for inspection ef received fuel.
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The pIant shall be provided with suitabIe faciIities and
systems for handIing and storage of spent fuel. EspeciaIIy
the following points sha11 be taken into account in the
design:

1. Critica11y shall be prevented w~th sufficient safety
margins, preferabIy by use of suitabIe storage struc-
tures.

2. The plant site shall contain enough storage capacity
50 that the fuel bundIes in the reactor can be moved
into storage pools, if necessary. Moving of the fuel
bundIes from any storage pool into other storage paols
shall be possible, unIess it can be reIiably demon-
strated that the repair of the pool is possible even
when it has not been eroptied of spent fuel.

3. Fuel storage facilities shall be equipped with cooling,
coolant cleanup and leak collection systems and with
systems which contrel the coelant temperature and level.

4. The possibility of heavy objects dropping on fuel shall
be extremely sroall.

5. The possibility of the fuel dropping or becoming dam-
aged in some other manner shall be extremely sroall.

6. There shall exist suitabIe facilities and equipment
for periodic inspection of spent fuel and for handling
and storage of daroaged fuel.

The design shall assure that the safety function of the
fuel cooling system can be accomplished also in case of
a single faiIure by using either one of the electric power
supply systeros, the onsite or the offsite.
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The plant facilities and passage routes shall be designed
such that the externa1 radiation dose rate in them is
acceptab1e and the possibility for internal radiation
exposure is smal1.

Rooms shall be c1assified on the basis of estimated radia-
tion conditions. The personnel and materia1 traffic inside
the plant, the passage restrictions within radiologically
contro1led area and the necessary passage control arrange-
ments shall be taken into account in the design of rooms.

Systems and cornponents containing radioactive materials
sha11 be designed, located and protected in such a way
that the re1ease of radioactive materia1s to the environ-
ment can be kept acceptab1e and the necessary operationa1,
rnaintenance, repair and inspection measures can be taken
so that the radiation exposure of the personnel remains
at an acceptable level.

The availability of the control room and the sufficient
maintainability of equipment necessary for keeping the
plant safe under accident conditions shal1 be assured.

Proper facilities and equipment shall be reserved for
decont~minatien ef the personnel and equipment and for
repair and storage of the radioactive cornponents.

10.2 Radiation Monitoring

Means shall be previded to ensure adequate radiation moni-
toring at the plant in alI operational states and under
accident conditions. The plant shall have at least the
following radiation measuring instruments:
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1. Stationary dose rate meters for external radiation.

2. Instruments for measuring the concentration of radioac-
tive substances in the atmosphere.

3. Instruments for determining the concentration of ra-
dioactive materials in the plant fluid systems, and
proper laboratory facilities and equipment for measur-
ing the samples.

4. Portable instruments for measuring external radiation
dose rate and radioactive surface contamination.

5. Instruments for measuring external contamination of
persons.

6. Equipment necessary for personal dose control.

In designing the equipment, provision shall be made for
accident situations. It shall be possible to take at
least the following measures under accident conditions:

radiation dose rate measurement in the containment,

determining the concentration of radioactive materials
in the atmosphere of the containment, and

determining the concentration ef radioactive rnaterials
in the primary coolant.

10.3 Handling and Storage of Radioactive Wastes

The plant shall be pravided with adequate systems for
treatment af the radioactive gaseous and liquid effluents
in erder te restrict releases of radioactive materials.

The plant shall be provided with special facilities and sys-
tems for the handling and sterage of radioactive wastes.
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The plant shall have equipment by the help ef which it is
possib1e ta determine the radiaactive materials and their
amounts in the wastes with sufficient accuracy.

10.4 Ventilatian

Sectiens ef the plant where significant amounts af radioac-
tive materials may eccur shall be pravided with ventila-
tien and filtering systems which

prevent radioactive materials from spreading within
the plant,

reduce the concentratiens of airbone radioactive mate-
r1als within the plant, and

- prevent radioactivity releases to the environment.

The ventilation systems shall be so designed that the
concentrations of airbone radioactive materials within
the plant remain acceptable in norma1 operation and in
anticipated operational occurrences.

For preventing radioactive materia1s from spreading within
the plant, the pressure differences shal1 be such that
the air flaws towards the more active areas.

To restrict radioactive releases, the exhaust air systems
shall be provided, if necessary, with proper filtering
equipment.

The contrel raom shall be previded with a filtered inlet
air system. This system, as well as the ether ventilation
systems planned to be eperated under accident canditians,
shall be designed to assure that the safety functian of
the system can be accomplished also in case af a single
failure by using either one of the electric power supply
systems, the offsite or the onsite.
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The p1ant sha1l he provided with systems for monitoring all
discharge paths of p1anned radioactivity re1eases as well
as with systems for rneasuring and registering the amounts
of radioactive materials to be re1eased to the environment
in operational states and under accident conditions.

Provisions shall be made for environmental radiation moni-
toring in operational states and under accident condi-
tions. The plant shall be provided with meteoro1ogical
measuring devices with a display unit in the contrel rOOID.

DEFINITIONS

Accident Conditions

Accident conditions denote substantial deviations from
normal operation, including postulated accident conditions
and such events that can lead to severe damages of the
reactor core, up ta and including core melt, or te radioac-
tive releases exceeding the prescribed limits.

Anticipated Operational Occurrences

Anticipated operational accurrences denote such deviatians
from narmal aperation that are anticipated ta occur one
or more times during the operating life af the nuclear
pawer plant, but are nat accident,canditians.

Design Limits af Fuel

The design 1imits of fuel denate limits that are meant
ta prevent fuel failures in aperatianal states and to
assure the coelability af the fue1 under pastulated acci-
dent conditions.
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Design conditions denote ~oads which form the basis for
the design of, for instance, a structure or a component.
The design values may be different for normal operation,
for anticipated operational occurences and for postulated
accident conditions.

Loss of Coolant Situations

Loss of coolant situations mean such postulated accident
conditions where, due to a leak in the reactor primary cir-
cuit, coolant is lost at a rate in excess af the capability
of the make-up water system designed for normal operation.

Normal Operation

Normal operation means the operation of the nuclear pawer
plant in accordance with the Technical Specificatians
and the operating instructions, including testing, shut-
down, start-up, maintenance and refuelling.

Operational States

Operational states mean the normal operation'of a nuclear
power plant as well as anticipated operational occurren-
ces.

Postulated Accident Conditions

Postulated accident conditions mean accident conditians
that are used as the design basis af the plant. They
may result from such initiating events as:

a leak in any system containing liquid, steam or gas.
The size of the leak may vary between a small leak and
a leak caused by the breaking af the largest pipe in
the system.
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10ss of the onsite or the offsite a.c. power supply
sources

- earth fault in any electric station

ejection or dropaut af a control rod

failure of a trip signal in connection with an antici-
pated operationa1 occurrence

failure af any component performing mechanical activities
or its malfunction as a consequence af the most severe
adjustment error that it credible.

a sequence of accidents where one of the above-mentioned
initiaiing events can with a considerable probability
cause ather faults.

Primary Circuit

Primary circuit means pressure-bearing parts that are
an integral part af ar directly connected with the reactor
coalant system, such as pressure vessels, piping, pumps
and valves.

Safety Functions

Safety functions are functions of systems and components
important to safety which are needed ta prevent the ex-
ceeding af design limits and va1ues or to mitigate the
consequences ef aperational accurrences and accident condi-
tions.

Single Failure

Single failure is a term that i5 used io the analysis
af systems impartant ta safety. Single failure means
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a random failure and its consequences which are presumed
te occur either in norrnal operation or after the initiating
event ef an operational occurrence or a postulated accident
condition. Mare detailed instructions concerning single
failures are given in a separate guide published by the
Institute of Radiation Protection.

Structures, Systems and Components Important te Safety

Structures, systems and components important te safety
are items

in which malfunction or failure can significantly in-
crease the radiation exposure of the plant personnel
or the publie,

which prevent the anticipated operational occurrences
from leading to accidents, or

which are meant te mitigate the consequences of accident
conditions.

Ultimate Heat Sink

The ultimate heat sink means the atrnosphere, the greund,
and the surface and ground waters into which heat is trans-
ferred from different sources in normal operation, in

anticipated operational occurrences and under postulated
accident conditions.

1n the event ef any differences in interpretation of this
guide, the Finnish version shall take p~ecedence ever
this translation.


