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

Analyses are based on detenninistic assumptions
on the occurring faulls and the functioning of
components and systems. Asocalled conservative
method of treatment is characteristic of these
analyses, al50 in otber respects. This means j.a. the

With the help af 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 rechnical solutions in lhe
carrying out of pre·detennined safety functions is
justified. This means that i.a. the following items
are studied:

This guide deals with the transient and accident
analyses required to support the application for a
construetion and an operating licence af a new
nucIear power plant

The principles which aim at ensuring nuclear po-
wer pIant safety are presented io the Guide YVL
1.0, Safety criteria Jor design 0/ ,,"dear power
plants /1/. Provisions made for Anticipated Tran-
sients and Postulated Accidents are af vital im·
portance, too. This presupposes the design af the
reaClor and iLS cooling system io such a way thaL
sufficiently good starting-points exist for main-
taining the pIant io a safc condition under the
above-mentioned circumstances. This al50 prc-
supposes the fitting af !he plant with safcty sys-
tems the principles af operation af which are pass-
ive ar which are activated when the need arises.
Safety functions sllch as reactor shutdown, reactor
core cooling, reroaval af 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.

•

•

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 af a safe state,
safety systems designed for each event to he
studied carry out their tasks.
automatie actuation of safety systems occurs
in the right situation and at the right moment,
events laken into account in design do not
bring aOOut loads or conditions which are
likely ta lead 10 further damage and via that
10 the deterioration af the situatioo and
radiation doses received io the plant sur·
roundings are restricted by means of adequate
systems.

faults which are obviously unlikely are as-
sumed in safety systems,
unknown parameters or parameters which va-
ry nonnally 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 10 the conservative method of treatment,
the analyses according to this Guide do not picture
the most likely course of a transientor an accident.
It is therefore 10 be carefully considered 10 what
extent these analyses can he used for purposes
olher than the assessment of the acceptabilily of
certain technical solutions at a nuclear power
planl.

The quantitative assessment of a nuclear power
plant's safety as a whole, lhe 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 planl's
vicinity require analyses the method of trcatmcnt
and coverage of which differ from the analyses in
this Guide. Such analyses are included as part of
the 50 called PSA analysis which is dealt with in
the Guide YVL 2.8, Probabilistic safelY analyses
(PSA) in lhe licensing and regulation of nuclear
power plants fU. The effects of fires are analysed
according 10 the Guide YVL 4.3, Fire protection
at nuclear facilities {31.

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
rechnical 5Olutions have been sufficiently justified
with the help of incident and accident analyses.
The results are presented in the Preliminary and
FmaI Safety Analysis Reports. More detailed in-
fonnation on the initial assumptions and methods
of calculation used in the analyses may he present-
ed either in the Safety Analysis Report or lOpical
reports.

For the constroction licence, it is essential to dem-
onstrate a plant type's general acceptability and lO
look into such pIant features in particular lhe mo·
dification of which is not possible in the later
stages of design. As regards e.g. lhe safety sys-
tems, however, simplified assumptions may he
made within such Iimits as are technically feasible
altematives. For the operating licence, the analy·
ses are compleled and the plant's structure is de-
scribed so that it corresponds with the Cinal design
to me exlent possible.
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The Guide YVL 1.1/4/ deals in more detail with
the procOOures for approval of the Preliminary
Safety Analysis Report and the Final Safety
Analysis Report and the role of the Finnish Centre
for Radiation and Nuc1ear Safety in the review of
lieence applieations.

2 Events ta be analysed
Sueh events shall he analysed as. by nature and
severity. eover different types of incidents and
aecidents 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
restrieting oncs with regard to the dimensioniog
of eaeh safety system.

ln the following. the eveots to he analysed have
been c1assifiOOioto two groups aceordiog to what
each analysis is iotendOO10 show. Jo sub·section
2.1. instructions are given on the analyses relating
ta plant hehaviour. Jn these aoalyses, the course of
events is stlldied as a funetion of time and the
requirements for the approval of their reslllts are
given in sub-sections 5.1 - 5.6. Aoother group
consists of analyses relating ta the releases and
offsite radiation doses. They are discussed in sub-
section 2.2. and the requirements for their appro-
vai are set forth io sub-sectioo 5.7. It i8appropriate
10use initia! assumptions of a more general nature
in them which cover several different eases simul-
taneously. Analyses of radiation doses do not
necessarily relate directly to any case dealt with
io the analyses concerning plant behaviollf.

2.1 Analyses af pian! behaviour

Anticipated Operational Transients and
Postulated Accidents

The course of Anticipated Operational Transients
and Postulated Accidents shalt be analysed as a
function of time slarting from the initiatiog event
and ending in a safe and stable operational state.
Jn the heginning of an initiating event the plaot is
assumOOta he operatiog at rated power (inaccur-
aey in power adjustment shall he taken into ac-
count) unless some other operational state is wor-
se from the consequences point of view. If the
worst initiating event cannot he reliably con-
cluded. the eonsequences of the same initiating
event in several operational states (e.g. at vanous
powers or fuel burn-ups) shall he analysed. The
events ta he selected as initiating events

• callse a significant change in some essentia1
main process parameter while the reactor is io
operation,
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• prevent nonna1 plant shutdown,
• jeopardize reactor sub~critica1ity or removaI

of decay heat while reactor is in a nonnal
shutdown state.

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

• leak from primary circuit.
• leak from secondary circuit (PWR).
• leak from primary to secondary circuit

(PWR).
• reactor power control malfunction.
• disturbances in primary cmuit Dow.pressure

contral or water volume contral.
steam pressure or steam Dow transient and
feedwater f]ow or feedwater temperature
transieot.

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 he analysed are are classified into two
groups as follows:

1) Anticipated Operational Transients:
probability not less than 1O-2/year.

2) Po~tulated Accidents: probability less than
10' Iyear.

The basic altemative for eaeh case is classified
according to the probability of the initiating event.
Should the need arise for some initiating event to
ana1yse several altematives (the basic altemative
and the a1tematives starting from the different
plant conditions or containing further fautts), the
instructions given in sub-section 4.2.5 are com-
plied with. Depending on the case. the a1tematives
containing further faults may he Postulated Acci-
dents even though they could he classifiOO as
Anticipated Operational Transients on the basis of
the initiating event.

Also Anticipated Operational Transients during
which a scram fails (the so callOOATWS cases)
shall he lreated as Postulated Accidents.

Severe Accidents

In addition to Anticipated Operational Transients
and Postulated Accidents. a1so Severe Accidents
shall he dealt with which lead to COte degradation
e.g. as a result of the loss of a safety function.

The objective of the analyscs of Severe Accideots
is, in this eonnection. to study factors which affect
containment integrity. teale tightness and the op-
erability of containment systems. They are con-
ducted for cases which may he the worst from the



viewpoint of the funetioning of the eontainment.
They eould inc1ude Le.:

totalloss of AC power,
totalloss of feedwater.

• leak of primary eoolant without emergeney
cooling, and
leak of primary eoolant and blockage of coo-
lant recm:ulation.

The analyses io this Guide do not dea1 with s11eh
cases in whieh a containment isolation valve or air
lock wauld have remained in the open position
already prior to the analysed incident.

2.2 Analyses af releases and radiation
doses

Anticipated Operational Transients

If an Anticipatcd Operational Transient may eause
an exceptianal release of radioactive materials
(e.g. release of reactar coolant into the environ-
ment), the radiauon doses eaused by the release
shall he ealculated.

Postulated Accidents

Radiation dose caleulauons shall he conducted for
Postulated Accidents for which the dose upper
limit cannot he eonc1uded from the results of other
analyses. E.g. the following cases may he dirnen-
sioning from the radiation doses' point af view:

1..ossaf eoolant caused by an extensive pri-
mary circuit rupture. This is a typieal example
af aecidents during whieh radioaetive ma-
terials are first released within the cantain-
ment and only gradually kale outo Dose cal-
culatian eavers most ineidents and accidents
analysed aeeording to sub-seetian 2.1.
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Outside-thc-eontainment leale in a steam line
or a reaetor coolant purificalion line (BWR).

Damage in an outside-the-eontainment sys-
tem eontaining radioaetive gases.

• Damage io an outside-the-eontainrnent sys-
tem cantaining radioaetive Iiquids.

• Damage of a fuel assembly which has been
removed from the reaetor.

• Drop during hoisting of a traosfer or transport
eask containing spent fuel, in a situation
where the eask is DDl tightly bolted.

• Deop of a heavy objcct on top of s(ored fuel
or an open reactor.

Severe Accidents

Releases caused by a Scverc Aecident shall he
calculated for a case which on the basis af contain-
rnent pressure and tempcraturc condilions and the
eoncentration of radioaetive rnaterials in the
containrnent air space, is estimated to cause the
most extensive releases.

lf a specifie Severe AecideOl imposes such loads
on the containmeOl that a eonlrolled venting is
incvitable for preventing eontainment rupture, re-
leases are calculaled for that ease in particular.

If, in conjunction with a Severe Accidenl, such
loads are created as may cause a local leak. in a
containment penetration, a personncl or a material
air lock or a through-the-containment pipeline,
also releases via the lcak:pathway inquestion shall
be taken into aeeount in the release calculatias.
Sueh a leak pathway eould he established e.g.
when the steam generator pipe of a PWR plam
ruptures under high pressure and at high tempera-
ture.

•

Leale of reactor eoolant out from the eon-
tainment as a consequence of an instrument
line rupture.

Leak. from steam generator primary to sce-
ondary side. At least the total rupture of one
stearn generator tuOOshall he dealt with here.
as well as a more extensive leale if sueh is
estimated possible on the basis of me strue~
ture of me steam generator (PWR).

Unisalated leak in a steam line outside the
containrnent, also assuming that a rnaxirnum
primary to secondary cm:uit leak as stipulated
by the Technical Specifications has oceurrcd
in the respective steam generator already long
befare the accident's iniuation (PWR).

lf signifieant releases are ealculated to oceur at
such short notice that the possibilities of evacu-
ating the loeal population prior to the initiation of
the release are questionablc, also shart -{errn ra-
diation doses ta the member of the eritical group
are caleulated in addition to the rclascs.

3 Methods of
calculation
The reliability of the methods of caleulation em-
ployed in the analyses shall he justified. A de-
scription of all the used methods of ealculation
shall he made available in whieh the general prin-
ciples of the rnethods of calculatian, physical
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models and numerical melhods of salution are
presented.

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

The melhods of calculation shall he adequately
verified for the treatrnent ofthe 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 teS1sof independent
phcnomcna, tests of eomplcte sys1cmsor incidcnts
a1a nuclear power plant. Also, eomparison with
other, carlier verified models may he utilized.

4 Assumptions used in
analyses

4.1 Parameters

Parametcrs affecting the final ouleornc of the
analysis whieh is essential from the aeeeptance
requiremenls' point of view sueh as:

process parameters (power, pressure, tcm-
pcralure, ete) at thc accident's initiating mo-
ment,

• aeeuraey of the limits of trip used io the
protection systems,
component performance pararneters, and

• inaecurately known faetors (manufacturing
lOleranccs, heat transfer coefficients, mixing
phenomena, condensing phcnomena, ete),

shal1 he selected from the edge of their Iikely
range of variation (e.g. 95 % point in the eumu-
lative distribution) 50 that the final resuh ean he
considered conservative.

Decay heat power shall he defincd using the stan-
dard ANSIJANS-5.1·1979, Decay Heat Power in
Light Water Reactors. Jn app!ying the standard,
the actual time of use of fue! in the reaClOrmay he
taken into account. Uncertain factors affecting the
decay heat power shall be chosen conservative!y,
however, with the objective of decay heat not
exceeding the value deCined for it with 95 per·
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cent's probability and using a 95 % reliability
level.

4.2 Functloning of components and
operator activities

4.2.1 Protection systems

Protection systems operate in the designed man-
ner unless an accident directly affects their opcra-
bility. A reactar 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
opcrability. Minimum output is attained when

a eombination of faullYcomponents and com·
ponents under maintenanee which most hin-
ders syslem operation is assumed according
to the Guide YVL 2.7 J5Jand

perfonnance parameters are detennioed for
each operating component which, taking the
appropriate safety margin into accollnt, con-
fonn to the acceptance limit of components in
periodic tests.

lf the operation of a safety syslem at a higher
output may have a detrimental effect (e.g. too
quick a cooling or a premalure loss of water), also
this possibility shall he examined as a separale
altcmative (for comparison see the acecptnnee
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 efTect
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 operatiog systems operate in the way es-
timated as most probable in lhc basc case of caeh
evenl to he analysed. Jo sub-scction 4.2.5 the necd
to analyze severa! altematives of a certain case has
been dealt with so that the assumptions con-
ceming the functioning of nonna! operating
systems are modified.

4.2.4 Operator activities

Operators act in the way assumed as most likc!y
in the basic altemative of each case ta he analysed.
When estimating operator activity, the probability
of any faulty action shall he assessed in panicular.



Actions for the mitigation of an incident or an
accident may he considered likely only on the
following conditions:

event is clearly identifiable,
there are clear instructions in the controI room
on the actions to be taken and the Circuffi-
stances under which an action is taken, and

• the time of consideration preceding the ac-
tions is estimated to he adeqllate.

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

Where operator action is conccmed, an analysis
of several altematives according to the principles
slated in sub-section 4.2.5 may also he considercd.

4.2.5 Evaluation of various event
alternatives

First of a11,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 nonnal 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 af the same initiating event shall be conducted
at discretion. Jn some cases, a simplified study
may then he sufficicnt as the analysis of the base
case by which the basc case is shown to he milder
than the altemative case which is analysed in
detail. ATWS analyscs are conducted for the base
cases.

Ao analysis of seveml alternatives may he con-
sidcred for such eveots io particlllar the base case
of which is ao Aoticipated Operational Traosient
but milder Postulated Accident acccplance limits
are used io case of an alternative which contains
a faulty fuoctian.

Postulated Accident acceptance limits can he ap-
plied to such a1teroatives in which thc frcquency
of an Anticipated Operational Transient and er-
roneous functioning which aggravates it can he
justified 10 he below IO-2/year. Jn those cases,it
shall he specifically shown that the milder base
case meets the acceptance requirements laid down
for Anticipated Operational Transicnls.

Typical examples af malfunctions which require
alteroative studies are:

loss of external c1ectricity,
• jamming open of a safety valve which opens

during the course of an accident,
• remaining open af a valve which is required

for tbe isolatian af a leak,
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malfunction af 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 Mitigatian af consequences of
severe accidents

Systems tbe functioning of which does not presup-
pose the operation of active components may he
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. Jn
addition, such active components may he assumed
operable the operation of which is independent of
the causes and consequences of a Sevcre Accident.

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

Accident mitigating actions for which sufficient
instructions have been issued in advance and
which will he starled ufter the accident 's initiation,
can he takcn into account. They may he bascd on
e.g. the utilization of systems which are indcpen-
dent of the plant's fixed equipment. Actians shall
he justified according to sub-section 4.2.4.

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

4.3 Assumplions employed Ior rodiotion
dose calculafions

4.3.1 Events durlng which radiation doses
ari se from radiaactive materials
contained In primary coolant

During the mornent of initiation of the accident,
tbe amountofradioactive materials in the primary
coolant is assumed ta be at least the same as is
intended ta he set as the limit in the plant Techni-
cal Specifications. The distribution of isotopes is
chosen so that it corresponds in practicc to the
distribution noted in plants af the sarne type in
cases of fuclleaks. As of the moment of time when
reactor power starts changing significantIy (ta
decrease ar increase), an increase in the iodine and
cesium concentrations shall be assumed which
corresponds to the most extensive increasc in the
mentioned concemrations in connection with
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power changes wruch have been observed at lhc
type of pIant in quesLion.

The primary eoolant leak rate shall be estimated
using a model which is known to be eonservative.
The ume unLiIthe potential isoIation of the leak
shall be esLimated eonscrvatively on the basis of
the alanns and measurement results oblained by
the operators.

If some aeuon affecting the isolation of a leak or
lhe dispersion of radioacLive materials is auto-
matic and carried out and ensured by means of an
appropriate protecLionsystem, the system may he
assumed to funcLion in lhe designed manner.

If a Ieak occurs inside the plant, it may be assumcd
that an environmentaI release will onIy he eaused
by those radioactive materiaIs whieh are in the
vaporizable pan ofthe leak. Jn addition, it may he
assumcd that the concentration of radioaetivc ma-
terials (per steam weight unit) in the vaporizable
part is lowcr thao io the coolant before arrival to
the leak. The coefficient indicating a decrcase in
coneentration shall he jusLificd by means of a
reference 10practical obscrvations or lest results.
A eorresponding assumplion of a decreased
concentration of radioactive materiaIs in Slcam(in
comparison to the water from which vaporization
happens) ean he made ifthe leak is a pure vapour
leak direct into the environment (e.g. a steam line
lcak when the steam generators have not yet filled
up with wnter). As an exception from the abovc, it
is assumed, however, thal all the noble gases pre-
sent in the Ieaking coolant will aIways enler lhe
environment in their entirety.

If a direct leak into the envirooment oceurs aod
coolant is in water form whcn reaching we leak,
all the radioactive matcrials the leak contains shall
he taken into account io Lhecalculation of offsite
doses.

The steam which has leaked into the plant inter-
nals and we radioactive materials which have
mixcd with it arc assumed to disperse inlo lhe
environmenl in a way which corresponds to lhe
normal functioning of the ventilalion systems.

Pan of the iOOinewhich has mixcd wilh the stcam
shall he assumed gaseous. The distribution of iOO-
ine into gas and aerosols shall he justified.

If the use of filters is assumed in the ventilaLion
systems, the retention faetors of the fihers shall he
selected conservatively.

8

4.3.2 Lossot coolant by lorge primary
circuit break

The periOOof time the primary coolant takcs to
discharge into the containment is selected on the
basis of thermohydraulic analyses. The time shall
he appropriately shorter than the shortest ealcu-
latOOlength of time, laking into account the accu-
racy of the calculating methOO.Assumptions con-
ceming

radioacLivematerials in primary coolant,
division of radioactive materials into vapo-
rizable and condensing share of leak, and

• the state of the iOOine which has become
mixed with stcam

will he made as presented in sub~section 4.3.1.

The point of time of failure of fueI roos and the
number of failed rods shall he seIccted conserva-
tively taking into account the rcsulLSof analyscs
which relate to plant bchaviour. The chosen figure
shall he atleast as high as the mostextensive result
gained in the analyses of Postulated Accidents,
regardless ofwhethcr the rcsult reIates 10a loss of
coolant or some othcr accident.

Before the aecidenl, the reactor is assumed to have
been operating at fuII power sinee the previous
refuelling and the core eomposition is assumed to
represent an equilibrium core at the end ofthe ruel
cyc1e.

The percentages of radioactive matcrials assumed
to escape from the failed roos are chosen 50 that
they ean he justified on the basis of experimenwl
research and operating expericnce ofthe fueItype
io queslion.

A certain share of the radioactive materials re-
leased from the faiIed fuel roos is assumed to enter
the containment airspace direct. The rest of the
relcascd radioactive materials are first assumed 10
have become dissolved in or mixed with the cool-
ing water. The distribution between airspace and
cooling water shan be justified.

The failed rods are assumed to emit more radioac-
tivity later when cooling waterenters the rods and
dissolvcs fuel. These shares of radioactive ma-
teriaIs which initially remain in the water, shall be
justified by experimental rcscarch, or the assump-
tions conceming them shall he made conserva-
tively.

Assumptions coneeming the transport of radioac·
tive materials within the containment may he
bascd on experimental research if the results are
applicable to the situation in question and are
reliably verified. Altematively, a conservative

•



eode may he used which gives a slower lhan
nonnal disappearance of radioaetive materlals
from lhe airspace.

If air'is discharged from the containment during
normal plant operation, the mixing ofradioactive
rnaterials with the discharged air is estimated con-
scrvatively. The i5Olationof ventilation is as-
sumed 10 take place in a way equivalent 10 the
design of the plant protection system 50 that any
changes in the parameters used as protection
limilS during accidents are assessed conserva-
tively. Before isolation, ventilation is assumed to
function in the normal way.

After containment i5Olation,radioactive materials
are assumed 10mix evenly with the airspace of the
whole containmenl. The containmenl lcak rate is
scJeeted by taking into account the tightness re-
quirement set for the containment and the contain-
ment overpressures calculated during the analysis
of Postulated Accideots. Appropriate safety ma!-
gins are employed during the seleetioo.

Pan. of the halogeos which have leaked from the
containment are assumed 10he io inorganic corn-
pounds and part io organic comounds. The dis-
tribution into the various kinds of compounds
shatt be justified.

The ventilation of the space surrounding the
coot.ainment is assumcd to function io the way
designed for accidcnt conditions and the releases
arising from a contaioment leak are calcuJated
accordingly. If the ventilation system is operated
normally with the filtcrs bypassed. the time spent
in the possible switchover ta the filters shall he
justified.

1f the use of filters io the ventilatioo systems is
assumed, the retention factors of the fihers shall
he selected conservatively.

4.3.3 Accidenfs in spenf fuel handling

ln theanalysis ofthedropofaspent 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
bum-up,
has cooled down for 3 days after reactor shllt-
down, and
is damaged 50 that all fuel roos Jose their
tightness.

Jn the analysis of the drop of a spent fuel transfer
or transport cask, it is assumed that
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accident may happen in any quarters and at
any time when a transpon cask is heing lifted
with the lid open or insufficientIy 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 lime as prescribed io the
admioistrative restrictions and
with a suitable safety margin, the numher of
failed fuel assemblies exceeds the numbcr
estimated on the basis of loads caused by an
accident.

Jn the analyses of the drop of a heavy objeet, it is
assumed that

an accident can happn in any location where
the handling of heavy objeets above Cuel is
possible,
falJing objeet is an objeet possibJe in the
respective location which causes the most
extensive damage,

• fuel bum-up is the largestand cool-down time
the shortest possible in the accident situation
under review, and
lhe number of fuel assemblies which under-
goes damagc is, with an adequate safcty mar-
gin, higher than the nllmbcr estimated on the
basis of the loads caused by the accident.

5uch pcrcentages are assumed to he releascd from
the radioactive materials in the failing fue! rods as
represent the potcntial upper Jimit for the event in
question. Assumptions concerning the per-
centagcs shall he justified on the basis of studies
made for the type of ruel in question.

AlIlhe released noble gases are asSllmed to get 10
the airspace of the building in question. A sepa-
rately justified water decontamination fac10rmay
he used for iodine in case of an underwater fue!
damage. This means that part of the iodine iso-
topes will rernain in the water and only part will
get to the airspacc above water.

Part of the iodine which was released 10 the air-
space is assumed to he in inorganic and part in
organic compounds. The division into the various
types of compounds shall he justificd.

The radioacrive materials which came into the
airspace are first assumed to he transportcd to the
environment via the ventilation sySlem in a way
which corresponds to the normal functioning of
the vcntilation system. 1f the vcntilation system
can io the above mentioncd situation he uscd in
several different ways. the way shall he chosen
which leads to the most extensive relcases. The
potential isolation of ventilation ducts may he
assumed 10 take place in 30 minutes. lf isolation
is aulomatic and uses an appropriate protcction
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system, also an earlier point of time for isolation
may he assumed whieh eorresponds to the sys-
tem's design. Releases may he assumed to cease
after the aeeomplishment of isolation.

If the use of filters is assumed in the ventilation
systems. me retention faetors ofthe filters shaIl be
selected eonservatively.

4.3.4 5evere accidents

Before the aeeident, the reaetor is assumed 10have
been operating at full power since the previous
refuelling and the fueI composition is assumed to
represent an equilibrium eore at the end of a fuel
eycIe.

Assumptions eonceming the amounts af radio-
aetivc materiaIs released into me containment
airspaee as a result of eore degradation shall be
based on cxperimental research adequately
reprcsentative of each aecident case. Appropriate
safcty margins shall be employed when selccting
the amounts.

lf the pressure and temperature inside the eon~
tainmcnt during an accidentexeeed the values foe
which the containment Icak~tightness require-
ments have been set and during which the leakrate
is expcrimemaIIy measured, the leak rate uscd for
the release ealeulations shall he justified separate-
ly. As the first estimate. the general interdepend-
cney bClween pressure difference and leak rate
which is bascd on gas dynamics may he used,
assumed lhat no eontainment deformations occur
which would inerease leakage. In addition, the
extcnt of any defonnation-induced exlra leakage
io the sealings of various penetralions and air
locks shall he assessed. If the eoosequenees of
controllcd venling or eontainmentlocalleakages
need to be analysed in the release calculations.
assumptions relating to the decontaminalion ef~
fcet of eomponents and potential filters along [he
relcasc route shall he justified with appropriate
expcrimcmal rcsearch.

When cxamining the hazard of aCUlehealth effects
which a Sevcre Accidcnt poses on the local
pcople. the actual eonditions on site and in its
surroundings shall he takcn into aceount. Based
on these conditions, the local distribution during
the initiation of the aecident of the memhers of the
eriticaI group as weIl as the duration af evacu-
ations from various distanees shall he selected for
the assumptions nccdcd in the radiation dose
caleulations.

10

4.3.5 Dispersal of radioactive materials
Into the environment and
radlation dose calculations

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

Assumptions on the dispersal of radioaetive ma-
terials into the air are presentcd in the Guide YVL
7.3, Evalualing the dispersion olradioacfive re-
leaxeslrom nuclear power plants under operating
and accident conditions /6/.

Assumptions coneeming radiation dose calcu-
lations are presented in the Guide 7.2, Evaluation
01population Mses in lhe environmenl 01nuclear
power planls (71.

5 Requirements set for
approval of results
Of the requirements prcsented in this paragraph,
the sub-sections 5.1, 5.2, 5.3, 5.4 and 5.5 deal with
Antieipated Operational Oceurrenees and Postu-
lated Accidents. Sub~section 5.6deals with Severe
Aecidents and sub-scetion 5.7 is applieable to all
three elasses of events.

5.1 Operailon af syslems deslgned lor
accident mitigation

It shall he shown lhal the systems designed for
aeeident mitigalion will nol subjcct lhe power
plant eomponcnts to such loads or conditions as
would cxeeed the design limits applieable ta the
opcraling and accident eonditions af the com-
ponents.

5.2 8rlnglng 01pianilo sale slate

For every transient and aceident it shall he shown,
justificd with cakulations where necessary. how
me maintaining of the rcactor in the shutdown
state is ensured and how the pIant is broughtlO a
safe and stable state. In addition, it shall he shown
how the plant ean in the long teon he brought to a
eold shutdown state where fuel removal from the
reaetor pressure vesscl is possible.

This requirement appiies ta leakages in panicular
during whieh regular cooIing methods eannot bc
used.



5.3 Cooling system overpressure
protection

RequiremenLS far the averpressure pratectian af
PWR plants are given in the Guide YVL 2.4/8/.
Ovcrpressure analyses which are in conformity
wim me mentianed Guide may. where applicable.
also he used as transient and accident analyses.

Sub-sections 2.2 and 2.3 of the Guide YVL 2.4 are
also to he applied to BWR planLS. with me excep-
tion of me sections dealing with the overpressure
prOlection of the sccondary circuit. durability oC
steam generators and the cansequences of a stuck-
open safety valve.

5.4 Fuel failures

A Cuel rod is assumed to fail if il undergocs a heat
transfer crisis or if a loeal cnergy pulse results in
the mean enthalpy on rod cross-scction exceeding
5861/gU02 (140 cal/g). Also other patential fail-
ure modcs shall be taken into account in the as-
sessment of the numher of fueI nxIs which could
fai!'

Anticipated Operational Traosients

The probabiIity af a fuel damage resulting from a
heat transfer crisis Dr somc other reason shall he
shown as insignificant.

If a correlation is used io the analyses which
describes the likclihood af the oecurrence (DNB
reIatian or CHF rclation) af a Iocal hcal transfer
crisis. it shall he shown tilat even in the holtest Cuel
rod with 95 percent's probability and using the 95
% confidence level, no heat transfer crisis will
occur during any single Operalional Transient.

Te thc analysis is based on the critical power reIa-
tion correIation. the minimum critical power rela-
tion (MCPR) during plant operation shall he
scIccted so thal 99.9 % of the fuel rods in the
rcactor core will avoid undergoing a heat transfer
crisis during a transient.

Postulaled Accidents

The general design criterium is 10keep the numher
of [uel damages as low as reasonably achievable
for each type of accident. If fuel damages are
calculated 10 occur during some accident. it shall
bc separately studied how me damage rate could
he restricted with the help of modifications in
plant structure or Cuel design and pIant opcration.

The requirement for all Postulated Accidenls is
that no single fuel rod shall undcrgo a local energy
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pulse as the rcsult of which thc mean enthalpy on
rod cross-section would he in excess of 963
JlgU02 (230 caVg).

For the part of LOCAs, it shall also he shown that
the requiremems presented in the Guide YVL 6.2
/91 Section 3 relating to fuel c!adding embrittle-
ment and structural deformations. shall he ful-
fillOO.

5.5 Conloinmenl inlegrily

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

No jet forces or missiles causcd by a transient or
a Postulated Accident may endanger conLainment
inlcgrity.

5.6 Mitigation af consequences af
severe accidents

The probability of the oecurrence of such a mix-
ture of gases as could burn or explodc in a way
which would endanger containmenl intcgrity shall
he highly insignificant.

Accident-induccd jet forces or missi les must not
jeopardize containment integrity.

The pressure and temperature which may arisc
inside me containment as me resulE af a Scvere
Accident must not cxceed the limit values which
the containment may justifiably be estimated to
withstand without a significant loss of tightness.

The long-term cooling of the core debris of the
damaged reactor at the bouom of the conl.ainment
shall he effective enough to reslrict the release of
radioactive isotopes into the conLainment airspacc
and to prevent the penetration of the debris
through containment bouom as well as a contain-
ment failure caused by radialion heat emanating
from core debris.

5.7 Releases and radiation doses

A general design criterium for nucIcar pawcr
plants is to kecp radiation doses as low as rea-
sonably achievable (the so called ALARA prin-
ciple). Staying bclow the limits prcscnted in the
foIlowing which are conl.ained io the Guide YVL
7.1. Umitation of publie exposure from nuclear
jaciUlies 110/. is thercfore not alone an adcquate
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Jn order ta meet the requiremems relating ta long-
tenn effects. it shall he shown that
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• a cesium release will not he io excess of 0.1
% of the cesium invenrory in !he reaclor and
thaI
a combined releasc of other nuclides is nOl50
extensive that the fallout consisting of them
would in the long-lenn (period of time which
starts 3 months after lhe accident) cause a
heavier combincd extemal and internai
radiation dose than the aforementioned
cesium release.

,
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Anticipated Operational 1'ransients

Collective doses ansmg from Postulated Acci-
dcnLSshall also be analyscd.

Postulated Accidents

Sevel'e Accidents

The individuaJ dose Jimit for a Postulated Acci-
dem is 5 mSv. This Jimit is to he applicd ta the
effectivc dose equivalenl af the individual in the
crilieal group calculated from me extcmal mdi-
ation dose during one ycar and from the radio-
aClive materials uplakc by the body during the
same limc.

reason for the non-implemenlation of any solunon
which would essentially decrcase occupational
doses, population doses or radioactive con·
tamination in the environmenL Jn .addition to
staying below the limits, the benefits of the sol-
ution and the incumng costs shall be assessed in
the first place.

The colIcctive dose Iimit is 5 manSv/GWe (per
installed c1ectrical power). It shall he shown by
analyscs tilat this limit would not he CJI;ceededas
a result af any single Anticipalcd Operational
Transient. The limit is ta he applied ta the global
collective effective dose-equivalent commitrnent
of the population truncatcd at 500 years.

The individual dose limit is 0.1 mSv. It shall he
shown by analyses that lhis limil would nOLhe
exceeded as a consequence of any single Antici-
·pated Operational Transienl. The limit is to he

-,applied to the effective dose-equivalent commil-
ment of the individual in the critical group. The
assumptions conceming the individual io the
critical group are presented in the Guide YVL 7.2.

The relcase of radioactive matcrials caused by a
Severe Accident which is analysed according to
this Guide shall not he 50 extensive as ta cause

This guide is a lranslation ofthe Guide YVL 2.2
issued on 70ct. 1987.
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