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Intfroduction

This guide deals with the transient and accident
analyses required to support the application for a
construction and an operating licence of a new
nuclear power plant.

The principles which aim at ensuring nuclear po-
wer plant safety are presented in the Guide YVL
1.0, Safety criteria for design of nuclear power
plants /1/. Provisions made for Anticipated Tran-
sients and Postulated Accidents are of vital im-
portance, too. This presupposes the design of the
reactor and its cooling system in such a way that
sufficiently good starting-points exist for main-
taining the plant in a safe condition under the
above-mentioned circumstances. This also pre-
supposes the fitting of the plant with safety sys-
tems the principles of operation of which are pass-
ive or which are activated when the need arises.
Safety functions such as reactor shutdown, reactor
core cooling, removal of decay heat as well as the
prevention of the dispersal or radioactive ma-
terials into the environment shall take place reli-
ably. The Guide YVL 1.0 also presupposes that
provisions are made for the possibility of Severe
Accidents.

With the help of the analyses according to this
Guide, plant behaviour, potential releases and the
radiation doses during postulated design basis
events are examined. By analyses, the appropria-
teness of the designed technical solutions in the
carrying out of pre-determined safety functions is
justified. This means that i.a. the following items
are studied:

« reactor and reactor core cooling system do not
contain special features which, by aggrava-
ting the effects of analysed transients or acci-
dents, would significantly hinder the main-
taining of a safe siate,

- safety systems designed for cach event to be
studied carry out their tasks,

« automatic actuation of safety systems occurs
in the right situation and at the right moment,

« events taken into account in design do not
bring about loads or conditions which are
likely to lead to further damage and via that
to the deterioration of the situation and

= radiation doses received in the plant sur-
roundings are restricted by means of adequate
systems.

Analyses are based on deterministic assumptions
on the occurring faults and the functioning of
components and systems. A so called conservative
method of treatment is characteristic of these
analyses, also in other respects. This means i.a. the

following choices and assumptions which have an
unfavourable effect on the results:

« faults which are obviously unlikely are as-
sumed in safety systems,

« unknown parameters or parameters which va-
ry normally within a certain range are select-
ed from the worse end of a potential range
and

» deficiencies in the computation model are
compensated for by assumptions which ag-
gravate the results and simplify the analysis.

Owing to the conservative method of treatment,
the analyses according to this Guide do not picture
the most likely course of a transient or an accident.
It is therefore to be carefully considered to what
extent these analyses can be used for purposes
other than the assessment of the acceptability of
certain technical solutions at a nuclear power
plant.

The quantitative assessment of a nuclear power
plant’s safety as a whole, the compilation of the
emergency operating procedures, the assessment
of a site’s acceptability and the emergency plan-
ning for the protection of the public in the plant’s
vicinity require analyses the method of treatment
and coverage of which differ from the analyses in
this Guide. Such analyses are included as part of
the so called PSA analysis which is dealt with in
the Guide YVL 2.8, Probabilistic safety analyses
(PSA) in the licensing and regulation of nuclear
power plants [2/. The effects of fires are analysed
according to the Guide YVL 4.3, Fire protection
at nuclear facilities [3/.

The Finnish Centre for Radiation and Nuclear
Safety checks in connection with the review of the
applications for construction and operating li-
cences for nuclear power plants that a plant’s
technical solutions have been sufficiently justified
with the help of incident and accident analyses.
The results are presented in the Preliminary and
Final Safety Analysis Reports. More detailed in-
formation on the initial assumptions and methods
of calculation used in the analyses may be present-
ed either in the Safety Analysis Report or topical
reporis.

For the construction licence, it is essential to dem-
onstrate a plant type’s general acceptability and to
look into such plant features in particular the mo-
dification of which is not possible in the later
stages of design. As regards e.g. the safety sys-
tems, however, simplified assumptions may be
made within such limits as are technically feasible
alternatives. For the operating licence, the analy-
ses are completed and the plant’s structure is de-
scribed so that it corresponds with the final design
to the extent possible.
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The Guide YVL 1.1 /4/ deals in more detail with
the procedures for approval of the Preliminary
Safety Analysis Report and the Final Safety
Analysis Report and the role of the Finnish Centre
for Radiation and Nuclear Safety in the review of
licence applications.

Events to be analysed

Such events shall be analysed as, by nature and
severity, cover different types of incidents and
accidents as well as possible. From the viewpoint
of the representability of the events, it is essential
that such events will be analysed as are the most
restricting ones with regard to the dimensioning
of each safety system.

In the following, the events to be analysed have
been classified into two groups according to what
each analysis is intended to show. In sub-section
2.1, instructions are given on the analyses relating
to plant behaviour. In these analyses, the course of
events is studied as a function of time and the
requirements for the approval of their results are
given in sub-sections 5.1 - 5.6. Another group
consists of analyses relating to the releases and
offsite radiation doses. They are discussed in sub-
section 2.2. and the requirements for their appro-
val are set forth in sub-section 5.7, It is appropriate
to use initial assumptions of a more general nature
in them which cover several different cases simul-
taneously. Analyses of radiation doses do not
necessarily relate directly to any case dealt with
in the analyses concerning plant behaviour.

Analyses of plant behaviour

Anticipated Operational Transients and
Postulated Accidents

The course of Anticipated Operational Transients
and Postulated Accidents shall be analysed as a
function of time starting from the initiating event
and ending in a safe and stable operational state.
In the beginning of an initiating event the plant is
assumed to be operating at rated power (inaccur-
acy in power adjustment shall be taken into ac-
count) unless some other operational state is wor-
se from the consequences point of view. If the
worst initiating event cannot be reliably con-
cluded, the consequences of the same initiating
event in several operational states (e.g. at various
powers or fuel burm-ups) shall be analysed. The
events to be selected as initiating events

= cause a significant change in some essential
main process parameter while the reactor isin
operation,

e prevent normal plant shutdown,

e jeopardize reactor sub-criticality or removal
of decay heat while reactor is in a normal
shutdown state,

Examples of initiating events are faults which
have the following consequences:

» leak from primary circuit,

e leak from secondary circuit (PWR),

e leak from primary to secondary circuit
(PWR),

=  reactor power control malfunction,

=  disturbances in primary circuit flow, pressure
control or water volume control,

= steam pressure or steam flow transient and

s feedwater flow or feedwater temperature
transient.

A transient or an accident relating to each in-
itiating event is analysed using the parameters and
assumptions given in sub-sections 4.1 and 4.2,

The cases to be analysed are are classified into two
groups as follows:

1) Anticipated Operational Trailsients:
probability not less than 10™/year.

2) Postulated Accidents: probability less than
10™/year.

The basic altemative for each case is classified
according to the probability of the initiating event.
Should the need arise for some initiating event to
analyse several aliernatives (the basic alternative
and the alternatives starting from the different
plant conditions or containing further faults), the
instructions given in sub-section 4.2.5 are com-
plied with. Depending on the case, the alternatives
containing further faults may be Postulated Acci-
dents even though they could be classified as
Anticipated Operational Transients on the basis of
the initiating event.

Also Anticipated Operational Transients during
which a scram fails (the so called ATWS cases)
shall be treated as Postulated Accidents.

Severe Accidents

In addition to Anticipated Operational Transients
and Postulated Accidents, also Severe Accidents
shall be dealt with which lead to core degradation
e.g. as a result of the loss of a safety function.

The objective of the analyses of Severe Accidents
is, in this connection, to study factors which affect
containment integrity, leak tightness and the op-
erability of containment systems. They are con-
ducted for cases which may be the worst from the
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viewpoint of the functioning of the containment,
They could include i.e.:

= total loss of AC power,

= total loss of feedwater,

« leak of primary coolant without emergency
cooling, and

« leak of primary coolant and blockage of coo-
lant recirculation.

The analyses in this Guide do not deal with such
cases in which a containment isolation valve or air
lock would have remained in the open position
already prior to the analysed incident.

2.2 Analyses of releases and radiation

doses

Anticipated Operational Transients

If an Anticipated Operational Transient may cause
an exceptional release of radioactive materials
(e.g. release of reactor coolant into the environ-
ment), the radiation doses caused by the release
shall be calculated.

Postulated Accidents

Radiation dose calculations shall be conducted for
Postulated Accidents for which the dose upper
limit cannot be concluded from the results of other
analyses. E.g. the following cases may be dimen-
sioning from the radiation doses’ point of view:

« Loss of coolant caused by an extensive pri-
mary circuit rupture. This is a typical example
of accidents during which radioactive ma-
terials are first released within the contain-
ment and only gradually leak out. Dose cal-
culation covers most incidents and accidents
analysed according to sub-section 2.1.

« Leak of reactor coolant out from the con-
tainment as a consequence of an instrument
line rupture.

* Leak from steam generator primary to sec-
ondary side. At least the total rupture of one
steam generator tube shall be dealt with here,
as well as a more extensive leak if such is
estimated possible on the basis of the struc-
ture of the steam generator (PWR).

*  Unisolated leak in a steam line outside the
containment, also assuming that a maximum
primary to secondary circuit leak as stipulated
by the Technical Specifications has occurred
in the respective steam generator already long
before the accident’s initiation (PWR).

»  Outside-the-containment leak in a steam line
or a reactor coolant purification line (BWR).

« Damage in an outside-the-containment sys-
tem containing radioactive gases.

« Damage in an outside-the-containment sys-
tem containing radioactive liquids.

» Damage of a fuel assembly which has been
removed from the reactor.

»  Drop during hoisting of a transfer or transport
cask containing spent fuel, in a situation
where the cask is not tightly bolted.

»  Drop of a heavy object on top of stored fuel
Or an open reactor.

Severe Accidents

Releases caused by a Severe Accident shall be
calculated for a case which on the basis of contain-
ment pressure and temperature conditions and the
concentration of radioactive materials in the
containment air space, is estimated to cause the
most extensive releases.

If a specific Severe Accident imposes such loads
on the containment that a controlled venting is
inevitable for preventing containment rupture, re-
leases are calculated for that case in particular.

If, in conjunction with a Severe Accident, such
loads are created as may cause a local leak in a
containment penetration, a personnel or a material
air lock or a through-the-containment pipeline,
also releases via the leak pathway in question shall
be taken into account in the release calculatios.
Such a leak pathway could be established e.g.
when the steam generator pipe of a PWR plant
ruptures under high pressure and at high tempera-
ture.

If significant releases are calculated to occur at
such short notice that the possibilities of evacu-
ating the local population prior to the initiation of
the release are questionable, also short-term ra-
diation doses to the member of the critical group
are calculated in addition to the relases.

Methods of
calculation

The reliability of the methods of calculation em-
ployed in the analyses shall be justified. A de-
scription of all the used methods of calculation
shall be made available in which the general prin-
ciples of the methods of calculation, physical
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models and numerical methods of solution are
presented.

The experimental correlations potentially used in
the calculations shall be justified by presenting the
measurement data from which the correlations
have been derived. If the correlation is commonly
known and the measurement data are publicly
available, a bibliographic reference may be suffi-
cientL.

The methods of calculation shall be adequately
verified for the treatment of the events in question.
Both numerical methods and physical models
shall be verified.

Numerical methods are verified by means of ad-
equate reference calculations.

Physical models are verified by demonstrating
their ability to depict suitable tests of independent
phenomena, tests of complete systems or incidents
at a nuclear power plant. Also, comparison with
other, earlier verified models may be utilized.

Assumptions used in
analyses

Parameters

Parameters affecting the final outcome of the
analysis which is essential from the acceptance
requirements’ point of view such as:

=  process parameters (power, pressure, tem-
perature, etc) at the accident’s initiating mo-
ment,

s accuracy of the limits of trip used in the
protection systems,

= component performance parameters, and

« inaccurately known factors (manufacturing
tolerances, heat transfer coefficients, mixing
phenomena, condensing phenomena, elc),

shall be selected from the edge of their likely
range of variation (e.g. 95 % point in the cumu-
lative distribution) so that the final result can be
considered conservative.

Decay heat power shall be defined using the stan-
dard ANSI/ANS-5.1-1979, Decay Heat Power in
Light Water Reactors. In applying the standard,
the actual time of use of fuel in the reactor may be
taken into account. Uncertain factors affecting the
decay heat power shall be chosen conservatively,
however, with the objective of decay heat not
exceeding the value defined for it with 95 per-

cent’s probability and using a 95 % reliability
level.

4.2 Functioning of components and

operator activities

4.2.1 Protection systems

Protection systems operate in the designed man-
ner unless an accident directly affects their opera-
bility. A reactor scram failure during ATWS
analyses is an exception.

4.2.2 Safety systems

Safety systems operate at the designed minimum
output unless an accident directly affects their
operability. Minimum output is attained when

« acombination of faulty components and com-
ponents under maintenance which most hin-
ders system operation is assumed according
to the Guide YVL 2.7 /5/ and

= performance parameters are determined for
each operating component which, taking the
appropriate safety margin into account, con-
form to the acceptance limit of components in
periodic tests.

If the operation of a safety system at a higher
output may have a detrimental effect (e.g. oo
quick a cooling or a premature loss of water), also
this possibility shall be examined as a separate
alternative (for comparison see the acceptance
requirements in sub-section 5.1)

The faults meant later in sub-section 4.2.5 do not
contain such faults as would have any direct effect
on any safety function since they are already taken
into account when the minimum output of the
systems is defined.

4.2.3 Normal operating systems

Normal operating systems operate in the way es-
timated as most probable in the base case of each
event to be analysed. In sub-section 4.2.5 the need
to analyze several alternatives of a certain casc has
been dealt with so that the assumptions con-
ceming the functioning of normal operating
systems are modified.

4.2.4 Operator activities

Operators act in the way assumed as most likely
in the basic alternative of each case to be analysed.
When estimating operator aclivity, the probability
of any faulty action shall be assessed in particular.
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Actions for the mitigation of an incident or an
accident may be considered likely only on the
following conditions:

« event is clearly identifiable,

= there are clear instructions in the control room
on the actions to be taken and the circum-
stances under which an action is taken, and

s the time of consideration preceding the ac-
tions is estimated to be adequate.

Operator actions assumed in the analyses shall
always be justified taking the aforementioned
matters into consideration.

Where operator action is concerned, an analysis
of several alternatives according to the principles
stated in sub-section 4.2.5 may also be considered.

4.2.5 Evaluation of various event
alternatives

First of all, the base case from various events is
analysed using the assumptions in sub-sections
4.2.1 - 4.2.4 . If a fault in any individual com-
ponent of the normal operating systems or ope-
rator activity which deviates from the assumed
would essentially affect the course of events and
might aggravate the consequences, several analy-
ses of the same initiating event shall be conducted
at discretion. In some cases, a simplified study
may then be sufficient as the analysis of the base
case by which the base case is shown to be milder
than the alternative case which is analysed in
detail. ATWS analyses are conducted for the base
cases.

An analysis of several alternatives may be con-
sidered for such events in particular the base case
of which is an Anticipated Operational Transient
but milder Postulated Accident acceptance limits
are used in case of an alternative which contains
a faulty function.

Postulated Accident acceptance limits can be ap-
plied to such alternatives in which the frequency
of an Anticipated Operational Transient and er-
roneous functioning whi%h aggravates it can be
justified to be below 10™/year. In those cases,it
shall be specifically shown that the milder base
case meets the acceptance requirements laid down
for Anticipated Operational Transients.

Typical examples of malfunctions which require
alternative studies are:

« loss of external electricity,

s jamming open of a safety valve which opens
during the course of an accident,

= remaining open of a valve which is required
for the isolation of a leak,

4.3

«  malfunction of automatic control which actu-
ates in connection with an accident,

= faulty operator action which is estimated
possible on the basis of an operator’s er-
roneous assessment of the situation and

= delay of a necessary operator action.

4.2.6 Mitigation of consequences of
severe accidents

Systems the functioning of which does not presup-
pose the operation of active components may be
taken into account as factors which alleviate acci-
dent conditions or restrict releases. An example of
such a system is the heat transfer circuit in which
the medium circulates by natural circulation. In
addition, such active components may be assumed
operable the operation of which is independent of
the causes and consequences of a Severe Accident.

Component faults which have resulted in a Severe
Accident may be assumed to be fixed later unless
a high radiation level or some other reason hinders
repairs. The time spent in repairs shall be esti-
mated in such cases.

Accident mitigating actions for which sufficient
instructions have been issued in advance and
which will be started after the accident’s initiation,
can be taken into account. They may be based on
e.g. the utilization of systems which are indepen-
dent of the plant’s fixed equipment. Actions shall
be justified according to sub-section 4.2.4.

A controlled venting for restricting containment
pressure may be assumed if appropriate facilities
have been designed for this purpose and written
instructions for their use are available.

Assumptions employed for radiation
dose calculations

4.3.1 Events during which radiation doses
arise from radioactive materials
contained in primary coolant

During the moment of initiation of the accident,
the amount of radioactive materials in the primary
coolant is assumed to be at least the same as is
intended to be set as the limit in the plant Techni-
cal Specifications. The distribution of isotopes is
chosen so that it corresponds in practice to the
distribution noted in planis of the same type in
cases of fuel leaks. As of the moment of time when
reactor power starts changing significantly (to
decrease or increase), an increase in the iodine and
cesium concentrations shall be assumed which
corresponds to the most extensive increase in the
mentioned concentrations in connection with
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power changes which have been observed at the
type of plant in question.

The primary coolant leak rate shall be estimated
using a model which is known 1o be conservative.
The time until the potential isolation of the leak
shall be estimated conservatively on the basis of
the alarms and measurement results obtained by
the operators.

If some action affecting the isolation of a leak or
the dispersion of radioactive materials is auto-
matic and carried out and ensured by means of an
appropriate protection system, the system may be
assumed to function in the designed manner.

If a leak occurs inside the plant, it may be assumed
that an environmental release will only be caused
by those radioactive materials which are in the
vaporizable part of the leak. In addition, it may be
assumed that the concentration of radioactive ma-
terials (per steam weight unit) in the vaporizable
part is lower than in the coolant before arrival to
the leak. The coefficient indicating a decrease in
concentration shall be justified by means of a
reference to practical observations or test results.
A corresponding assumption of a decreased
concentration of radioactive materials in steam (in
comparison to the water from which vaporization
happens) can be made if the leak is a pure vapour
leak direct into the environment (e.g. a steam line
leak when the steam generators have not yet filled
up with water). As an exception from the above, it
is assumed, however, that all the noble gases pre-
sent in the leaking coolant will always enter the
environment in their entirety.

If a direct leak into the environment occurs and
coolant is in water form when reaching the leak,
all the radioactive materials the leak contains shall
be taken into account in the calculation of offsite
doses.

The stecam which has leaked into the plant inter-
nals and the radioactive materials which have
mixed with it are assumed to disperse into the
environment in a way which corresponds 1o the
normal functioning of the ventilation systems.

Part of the iodine which has mixed with the steam
shall be assumed gaseous. The distribution of iod-
ine into gas and aerosols shall be justified.

If the use of filters is assumed in the ventilation
systems, the retention factors of the filters shall be
selected conservatively.

4.3.2 Loss of coolant by large primary
circuit break

The period of time the primary coolant takes to
discharge into the containment is selected on the
basis of thermohydraulic analyses. The time shall
be appropriately shorter than the shortest calcu-
lated length of time, taking into account the accu-
racy of the calculating method. Assumptions con-
ceming

= radioactive materials in primary coolant,

=  division of radioactive materials into vapo-
rizable and condensing share of leak, and

« the state of the iodine which has become
mixed with steam

will be made as presented in sub-section 4.3.1.

The point of time of failure of fuel rods and the
number of failed rods shall be selected conserva-
tively taking into account the results of analyses
which relate to plant behaviour. The chosen figure
shall be at least as high as the most extensive result
gained in the analyses of Postulated Accidents,
regardless of whether the result relates to a loss of
coolant or some other accident.

Before the accident, the reactor is assumed to have
been operating at full power since the previous
refuelling and the core composition is assumed to
represent an equilibrium core at the end of the fuel
cycle.

The percentages of radioactive materials assumed
to escape from the failed rods are chosen so that
they can be justified on the basis of experimental
research and operating experience of the fuel type
in question.

A certain share of the radioaclive materials re-
leased from the failed fuel rods is assumed to enter
the containment airspace direct. The rest of the
released radioactive materials are first assumed to
have become dissolved in or mixed with the cool-
ing water. The distribution between airspace and
cooling water shall be justified.

The failed rods are assumed to emit more radioac-
tivity later when cooling water enters the rods and
dissolves fuel. These shares of radioactive ma-
terials which initially remain in the water, shall be
justified by experimental rescarch, or the assump-
tions concerning them shall be made conserva-
tively.

Assumptions concerning the transport of radioac-
tive materials within the containment may be
based on experimental research if the results are
applicable to the situation in question and are
reliably verified. Alternatively, a conservative
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code may be used which gives a slower than
normal disappearance of radioactive materials
from the airspace.

If air is discharged from the containment during
normal plant operation, the mixing of radioactive
materials with the discharged air is estimated con-
servatively. The isolation of ventilation is as-
sumed to take place in a way equivalent to the
design of the plant protection system so that any
changes in the parameters used as protection
limits during accidents are assessed conserva-
tively. Before isolation, ventilation is assumed to
function in the normal way.

After containment isolation, radioactive materials
are assumed to mix evenly with the airspace of the
whole containment. The containment leak rate is
selected by taking into account the tightness re-
quirement set for the containment and the contain-
ment overpressures calculated during the analysis
of Postulated Accidents. Appropriate safety mar-
gins are employed during the selection.

Part of the halogens which have leaked from the
containment are assumed to be in inorganic com-
pounds and part in organic comounds. The dis-
tribution into the various kinds of compounds
shall be justified.

The ventilation of the space surrounding the
containment is assumed to function in the way
designed for accident conditions and the releases
arising from a containment leak are calculated
accordingly. If the ventilation system is operated
normally with the filters bypassed, the time spent
in the possible switchover to the filters shall be
justified.

If the use of filters in the ventilation systems is
assumed, the retention factors of the filters shall
be selected conservatively.

4.3.3 Accidents in spent fuel handling

In the analysis of the drop of a spent fuel assembly,
it is assumed that the assembly

= spent a full fuel cycle in a reactor which was
operating at full power,

= was located in the reactor’s most heavily
loaded position and reached a full discharge
burmn-up,

= has cooled down for 3 days after reactor shut-
down, and

» is damaged so that all fuel rods lose their
tightness.

In the analysis of the drop of a spent {uel transfer
or transport cask, it is assumed that

= accident may happen in any quarters and at
any time when a transport cask is being lifted
with the lid open or insufficiently bolted,

= cask has been filled up with fuel which has
reached a full discharge burn-up,

»  cooling time allowed for fuel prior to transfer
is the minimum time as prescribed in the
administrative restrictions and

=  with a suitable safety margin, the number of
failed fuel assemblies exceeds the number
estimated on the basis of loads caused by an
accident.

In the analyses of the drop of a heavy object, it is
assumed that

= an accident can happn in any location where
the handling of heavy objects above fuel is
possible,

- falling object is an object possible in the
respective location which causes the most
extensive damage,

»  fuel burn-up is the largest and cool-down time
the shortest possible in the accident situation
under review, and

=  the number of fuel assemblies which under-
goes damage is, with an adequate safety mar-
gin, higher than the number estimated on the
basis of the loads caused by the accident.

Such percentages are assumed to be released from
the radioactive materials in the failing fuel rods as
represent the potential upper limit for the event in
question. Assumptions concerning the per-
centages shall be justified on the basis of studies
made for the type of fuel in question.

All the released noble gases are assumed 1o get to
the airspace of the building in question. A sepa-
rately justified water decontamination factor may
be used for iodine in case of an underwater fuel
damage. This means that part of the iodine iso-
topes will remain in the water and only part will
get to the airspace above water.

Part of the iodine which was released to the air-
space is assumed to be in inorganic and part in
organic compounds. The division into the various
types of compounds shall be justified.

The radioactive materials which came into the
airspace are first assumed to be transported to the
environment via the ventilation system in a way
which corresponds to the normal functioning of
the ventilation system. If the ventilation system
can in the above mentioned situation be used in
several different ways, the way shall be chosen
which leads to the most extensive releases. The
potential isolation of ventilation ducts may be
assumed to take place in 30 minutes. If isolation
is automatic and uses an appropriate protection
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system, also an earlier point of time for isolation
may be assumed which corresponds to the sys-
tem's design. Releases may be assumed to cease
after the accomplishment of isolation.

If the use of filters is assumed in the ventilation
systems, the retention factors of the filters shall be
selected conservatively.

4.3.4 Severe accidents

Before the accident, the reactor is assumed to have
been operating at full power since the previous
refuelling and the fuel composition is assumed to
represent an equilibrium core at the end of a fuel
cycle.

Assumptions concerning the amounts of radio-
active materials released into the containment
airspace as a result of core degradation shall be
based on experimental research adequately
representative of each accident case. Appropriate
safety margins shall be employed when selecting
the amounts.

If the pressure and temperature inside the con-
tainment during an accident exceed the values for
which the containment leak-tightness require-
ments have been set and during which the leak rate
is experimentally measured, the leak rate used for
the release calculations shall be justified separate-
ly. As the first estimate, the general interdepend-
ency between pressure difference and leak rate
which is based on gas dynamics may be used,
assumed that no containment deformations occur
which would increase leakage. In addition, the
extent of any deformation-induced exira leakage
in the sealings of various penetrations and air
locks shall be assessed. If the consequences of
controlled venting or containment local leakages
need to be analysed in the release calculations,
assumptions relating to the decontamination ef-
fect of components and potential filters along the
release route shall be justified with appropriate
experimental research.

When examining the hazard of acute health effects
which a Severe Accident poses on the local
people, the actual conditions on site and in its
surroundings shall be taken into account. Based
on these conditions, the local distribution during
the initiation of the accident of the members of the
critical group as well as the duration of evacu-
ations from various distances shall be selected for
the assumptions needed in the radiation dose
calculations.
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4.3.5 Dispersal of radioactive materials
into the environment and
radiation dose calculations

Releases are assumed to occur at the effective
height of the release point.

Assumptions on the dispersal of radioactive ma-
terials into the air are presented in the Guide YVL
7.3, Evaluating the dispersion of radioactive re-
leases from nuclear power plants under operating
and accident conditions [6/.

Assumptions conceming radiation dose calcu-
lations are presented in the Guide 7.2, Evaluation
of population doses in the environment of nuclear
power plants [7/.

Requirements set for
approval of results

Of the requirements presented in this paragraph,
the sub-sections 5.1, 5.2, 5.3, 5.4 and 5.5 deal with
Anticipated Operational Occurrences and Postu-
lated Accidents. Sub-section 5.6 deals with Severe
Accidents and sub-section 5.7 is applicable to all
three classes of events.

Operation of systems designed for
accident mitigation

It shall be shown that the systems designed for
accident mitigation will not subject the power
plant components to such loads or conditions as
would exceed the design limits applicable to the
operating and accident conditions of the com-
ponents.

Bringing of plant to safe state

For every transient and accident it shall be shown,
justified with calculations where necessary, how
the maintaining of the reactor in the shutdown
state is ensured and how the plant is brought to a
safe and stable state. In addition, it shall be shown
how the plant can in the long term be brought to a
cold shutdown state where fuel removal from the
reactor pressure vessel is possible.

This requirement applies to leakages in particular
during which regular cooling methods cannot be
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Cooling sysiem overpressure
protection

Requirements for the overpressure protection of
PWR plants are given in the Guide YVL 2.4 /8/.
Overpressure analyses which are in conformity
with the mentioned Guide may, where applicable,
also be used as transient and accident analyses.

Sub-sections 2.2 and 2.3 of the Guide YVL 2.4 are
also to be applied to BWR plants, with the excep-
tion of the sections dealing with the overpressure
protection of the secondary circuit, durability of
steam generators and the consequences of a stuck-
open safety valve.

Fuel failures

A fuel rod is assumed to fail if it undergoes a heat
transfer crisis or if a local energy pulse results in
the mean enthalpy on rod cross-section exceeding
586 J/gUO2 (140 cal/g). Also other potential fail-
ure modes shall be taken into account in the as-
sessment of the number of fuel rods which could
fail.

Anticipated Operational Transients

The probability of a fuel damage resulting from a
heat transfer crisis or some other reason shall be
shown as insignificant.

If a correlation is used in the analyses which
describes the likelihood of the occurrence (DNB
relation or CHF relation) of a local heat transfer
crisis, it shall be shown that even in the hottest fuel
rod with 95 percent’s probability and using the 95
% confidence level, no heat transfer crisis will
occur during any single Operational Transient.

If the analysis is based on the critical power rela-
tion correlation, the minimum critical power rela-
tion (MCPR) during plant operation shall be
selected so that 99.9 % of the fuel rods in the
reactor core will avoid undergoing a heat transfer
crisis during a transient.

Postulated Accidents

The general design criterium is to keep the number
of fuel damages as low as reasonably achievable
for each type of accident. If fuel damages are
calculated 1o occur during some accident, it shall
be separately studied how the damage rate could
be restricted with the help of modifications in
plant structure or fuel design and plant operation.

The requirement for all Postulated Accidents is
that no single fuel rod shall undergo a local energy
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pulse as the result of which the mean enthalpy on
rod cross-section would be in excess of 963
J/gU02 (230 cal/g).

For the part of LOCAs, it shall also be shown that
the requirements presented in the Guide YVL 6.2
/9/ Section 3 relating to fuel cladding embrittle-
ment and structural deformations, shall be ful-
filled.

Containment integrity

No transient or Postulated Accident may cause
such pressure or temperature within the contain-
ment as would exceed the value of the corre-
sponding parameter which has been used as the
containment design basis.

No jet forces or missiles caused by a transient or
a Postulated Accident may endanger containment
integrity.

Mitigation of consequences of
severe accidents

The probability of the occurrence of such a mix-
ture of gases as could burn or explode in a way
which would endanger containment integrity shall
be highly insignificant.

Accident-induced jet forces or missiles must not
jeopardize containment integrity.

The pressure and temperature which may arise
inside the containment as the resuit of a Severe
Accident must not exceed the limit values which
the containment may justifiably be estimated 1o
withstand without a significant loss of tightness.

The long-term cooling of the core debris of the
damaged reactor at the bottom of the containment
shall be effective enough to restrict the release of
radioactive isotopes into the containment airspace
and to prevent the penetration of the debris
through containment bottom as well as a contain-
ment failure caused by radiation heat emanating
from core debris.

Releases and radiation doses

A general design criterium for nuclear power
plants is to keep radiation doses as low as rea-
sonably achievable (the so called ALARA prin-
ciple). Staying below the limits presented in the
following which are contained in the Guide YVL
7.1, Limitation of public exposure from nuclear
Jacilities /10/, is therefore not alone an adequate

i
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reason for the non-implementation of any solution
which would essentially decrease occupational
doses, population doses or radioactive con-
tamination in the environment. In addition to
staying below the limits, the benefits of the sol-
ution and the incurring costs shall be assessed in
the first place.

Anticipated Operational Transients

The individual dose limit is 0.1 mSv. It shall be
shown by analyses that this limit would not be
exceeded as a consequence of any single Antici-
pated Operational Transient. The limit is to be
applied to the effective dose-equivalent commit-
ment of the individual in the critical group. The
assumptions concerning the individual in the
critical group are presented in the Guide YVL 7.2.

The collective dose limit is 5 manSv/GWe (per
installed electrical power). It shall be shown by
analyses that this limit would not be exceeded as
a result of any single Anticipated Operational
Transient. The limit is to be applied to the global
collective effective dose-equivalent commitment
of the population truncated at 500 years.

Postuiated Accidents

The individual dose limit for a Postulated Acci-
dent is S mSv. This limit is to be applied to the
effective dose equivalent of the individual in the
critical group calculated from the external radi-
ation dose during one year and from the radio-
active materials uptake by the body during the
same time.

Collective doses arising from Postulated Acci-
dents shall also be analysed.

Severe Accidents
The release of radioactive materials caused by a

Severe Accident which is analysed according to
this Guide shall not be so extensive as to cause

12

acute radiation effects among the local population
or 1o restrict the use of extensive land and water
areas in the long term.

In order to meet the requirements relating to long-
term effects, it shall be shown that

= acesiom release will not be in excess of 0.1
% of the cesium inventory in the reactor and
that

= acombined release of other nuclides is not so
extensive that the fallout consisting of them
would in the long-term (period of time which
starts 3 months after the accident) cause a
heavier combined external and internal
radiation dose than the aforementioned
cesium release.
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