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Authorisation

By virtue af section 55. second paragraph. point 3 af the Nuclear Energy Act (9901
87) and section 29 af the Council af State Decision (395191) on General Regulations
for the Safety af Nuclear Power Plants, the Finnish Centre for Radiation and
Nuclear Safety (STUK) issues detailed regulations conceming the safety af nudear
power plants.

YVL Guides are rules an individual licensee ar any other organisation concerned
sha11 comply with, unless STUK has been presented with some ather acceptable
procedure ar solntion hy which the safety level set forth in the YVL Guides is
achieved. This Guide claes not alter STUK's decisions which were made hefore the
entry into force af this Guide. unless otherwise stated by STUK.

Translation by RV. Original text in Finnish.
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1 General
The risks of operation of nuclear power
plants are quantitatively analysed by the
probabilistie safety analysis (pSA).The safety
funetions for preventing or mitigating aeei-
dents are evaluated in the PSAs. Several
safety systems. suppon systems and surrogate
systems may be associated with these fune-
tions.

According to the Nuclear Energy Deeree.
seetion 36, the applicant for a lieenee has to
submit tbe PSA to the Finnish Centre for
Radiation and Nuclear Safety (STUK) while
applying for an operating lieenee. Aeeording
to the Couneil of State Decision (395/91),
second paragraph. section 6. nuclear power
piant safety and the design 0/ its safety
systems shall be substantiated by accident
anaiyses and probabilistic safety anaiyses.
Analyses shall be maintained and revised if
necessary, taking into account operating
experience, the resuits of experimental re-
search and the advancement in calculating
methods.

This Guide shows how probabilistie safety
analyses are used in the design, construetion
and operation of light water reactor plants in
order fm their part to ensure that the safety of
the plant is good enough in all plant opera-
rional states.

The greatest benefit from probabilistic safety
analyses is gained by using the Living PSA.
Le. continuously updated PSA The parti-
cipation of the personnel of the applicant for
a licence in the drawing IIp and use of the
PSA promotes a general understanding of
plant operation and interactions between
distinct systems.

When the safety of the plant is assessed
probabilistic and detenninistic safety analy-
ses are used side by side so that these
methods complement each other. Determin-
istic analyses are used to demonstrate that the
systems and components fulfil the objectives
set for them. The assllmptions made on the
loading of components, operating parameters
of systems, and faults impairing the
perforrnance of systems which form the basis
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for the analyses. are defined in the design
requirements for systems and components.
The deterministie safety analyses however
are not used ta assess the totaI risk of the
plant The deterministie safety analyses are
dealt with in Guide YVL 2.2.

STUK uses the results of PSA also to assess
whether the analyses as per Guide YVL 2.2
sufficiently well cover the various types of
transients and accidents at the plant.

2 Use of PSA in the
licensing process and
safety control of
nuclear power plants

2.1 Design phase PSA

The applicant for a licence has to provide the
Finnish Centre for Radiatioo and Nuclear
Safety (STUK) with a preliminary proba-
bilistic safety analysis for the application for
a construction permit. lo the following this
analysis is called design phase PSA. STUK
makes an assessment of the acceptability of
the design phase PSA prior to giving a
statement about the construction permit.

The results of the design phase PSA have to
meet the numerical design objectives set
foIth in section 4 of this Guide. Should the
required compliance be lacking, the plant
construction needs to he redesigned to
provide the necessary improvements.

lf a PSA has already been accomplished for
another plant similar ta the one for which a
construction permit has been applied, the
analysis can he utilised for applicable parts.

2.2 Level 1 and 2 PSAs

The applicant for a licence has to submit
level 1 and 2 PSAs to STUK at the latest in
conjunction with the application for an
operating licence. The STUK assesses the
acceptability of the PSA before givmg a
statement of the operating licence.
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The aim of level 1 and 2 PSAs is to ensure
the condusions made io the design phase
PSA and to provide a basis for probabilistic
safety management during pIant operation.
Should new risk factors appear during the
detailed design, constJUction and operation.
the applicant for a licence has to demonstrate
that they do not substantia11y impair the
safety from what it was assessed to he when
the construction permit was applied fOf. If
necessary, the safety af the plant has to be
upgraded.

Diagram 1 shows an outline af the timing af
the PSA during the design, construction, and
commissioning af a nuclear power pIant.

2.3 Updating of PSA

On the one hand the PSA supports the design
and safety analysis af the nuclear power
plant. and on the other hand the safety
management and safety control through the
service life af the plant.

The licensee has to maintain a data base af
safety related components, initiating events
and human errors. The licensee also has to
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update the PSA to correspond to the oper-
ating experience. STUK will review the
results of the work in conjunction with the
periodie inspection programme.

The Iicensee also has to update the PSA ta
correspond ta any changes made during
design, construction and operation.

2.4 Utilisation of the results of PSA
during operation

The results of PSA mllst be llsed in support
of decisions on operational safety issues as
follows:
- directing and weighting of inservice

inspections
- applications af Technical Specifications
- case by case assessment of risks resulting

from component failures
- training of pIant personnel
- working out of emergency operating

procedures
- pIant changes and backfits
- risk follow-up of Licensee Events
- preventive maintenance and surveillance

programme planning.

I

Decision In principle on the construction af a nuclear power plant
- Design phase PSA initiated

Application for a construction pennlt

- Design phase PSA is submitted ta STUK

- Evaluation af the acceptability af Design phase PSA at STUK

Construction permlt

- Supplementation af design phase PSA up ta a complete level 1 and 2 PSA

Application for an operatlng llcence
- Submission af level 1 PSA ta STUK

- Evaluation of Ihe acceptability of level 1 PSA at STUK

- Submission af level 2 PSA ta STUK

- Evaluation of the acceptability af level 2 PSA at STUK

Operatlng IIcence

- Updating af PSA

- Utilisation af PSA in the safety management and safety control af a NPP

- Evalualion at STUK

Diagram 1. Iiming af PSA study.
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If any plant modifications have ao evident
impact on pIant safety, the licensee must
submit to STUK a report on the intended
modification and af its impact on safety. The
report has to be submitted to STUK priar to
the implementation af the modification in-
dependently af the safety class which the
modified systems belong to.

3 Requirements tor PSA
10 addition to power operation, low power
and shut down states and the transfers be-
tween them need to he considered io the PSA.

Io the PSA for a new nuc1ear power plant, a
clata base collected from similar plants need
to be used. As to the operating plants, the
plant specific clata need to be used io the
PSA. If a clata hase af this kind is not
available ar the confidence af it is poor due to
the Jack af clata, a generic clata base ar well
argued expert judgements can be used.

If a safety related system is constructed using
a technology such that there are no well
established methods availabIe for computing
reliability estimate. both quantitative methods
and methods based on expert judgement can
be used in the assessment of total reliability
of such systems. ln using methods based on
expert judgement, the estimation procedure
shall be conservative enough and the un-
certainties associated need to he studied and
documented.

3.1 Scope of PSA

Design phase PSA

The purpose of the design phase PSA is to
support the working out of a balanced design
for a pIant. It is also to reveal the inter-
connections and interactions between the
safety, support and surrogate systems as well
as common cause failures and any of their
weak points.

At least the initiating events of most frequent
accidents need to be coosidered in the design
phase PSA. It also cootains estimates on what
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is the probability of each initiating eveot
resultin,g in core darnage. The design phase
PSA further provides probability estimates
on radioactive substances to be released to
the environment io each case.

The initiating eveots to be analysed io the
design phase PSA are selected on the basis
of analyses and operating experiences from
simiIar plants. In general at least the foI-
lowing events are analysed:
- transients including 10ss of main heat

sink or feedwater
- loss of off-site power
- leak af reactor coolant
- transients in conjuoctioo with which the

reactor scrarn fails
- significant fires, floods and harsh weather

conditions
- initiating eveots of importance during

shutdown.

The dependencies between initiating events
and safety functions have to he taken into
consideration io the analysis. Accordingly,
the possibIe impact of initiating events on
the perfonnance of safety systems or support
systems needs to be considered.

Levell PSA

The level 1 PSA is ta identify the accident
sequences leading to core damage and to
detennine their probabilities.

Initiating events such as intemal initiators,
loss of off-site power, frres, floods. harsh
weather conditions, and other extemal and
human caused initiators have to be taken
into account.

Level2PSA

The IeveI 2 PSA is to identify the amount
and probability of radioactive substances to
be reIeased out from the containment. It is to
analyse the bypass sequences of containment
and to assess the physical progress and
timing in various accident sequences which
endanger the integrity of the containment.
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10 the level 2 PSA among other things the
following issues have to be analysed:
- 1eak af containment e.g. due to a fault in

the isolation af the containment, steam
generator tube ruptures, systems inter-
facing LOCAs. ar due to seal failures af
wall penetrations ar access locks ete.

- impact af reaction forces and missiles
during different phases af accident, espe-
cially in conjunction with the burst af
reactor vessel ar ather damage af primary
circuit

- amoun! and timing af hydrogen generated
io various accident sequences, the spread-
ing af hydrogen io the containment, and
the likelihood and impact af hydrogen
combustion Of burning

- steam spiking and steam explosion due to
interactions between moiten corium and
coolant

- melt-through mechanisms af the reactor
vessel. their timing and the impact af
bursting materials on the integrity of the
containment

- rapid growth of pressure in the contam-
ment due to e.g. damaged primary cITcuit.
hydrogen combustion or interactions be-
tween molten corium and coolant

- recriticality of the reactor core while the
core is partly damaged and some control
material is lost from the core region e.g.
in case boron concentration is lowering.
the reactor vessel is being filled with
water or when rapidly generated steam
lifts a water block

- slow growth of pressure in the con-
taioment due to decay heat or generation
of non-condensable gases

- melt -through of the containment due to
interactions between moiten corium and
str'Uctures.

3.2 Conlenl of PSA

The contents of the PSA have to he arranged
so that the issues can be consistently traced
from assumptions to final results.

The level 1 PSA includes the following
issues:
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- overall description of the pIant
- determination and description of initi-

ating events
- success criteria for the safety and support

systems, and descriptions of physical,
thennohydraulic or reactorphysical meth-
ods used for their determination

- description of the safety and support
systems and an account of their inter-
dependencies

- determination of distinct initiating event
categories in which the countenneasures
for preventing core darnage are approxi-
mately similar

- event trees for each of the categories
- estimation of the frequency of initiating

events
- determiDation of accident sequences by

means of thermohydraulic analyses
- analysis of interdependencies and com-

mon cause failures between various sys-
tems and components resulting from
actions of operating and maintenance
personnel, and their modelling either by
means of event trees or fault trees

- the prospects for recovery and repair of
components are analysed at discretion

- fauIt tree analysis inc1uding descriptions
of systems and functions

- analysis of reliability data based on either
generic data or operating experiences of
similar plants

- quantitative probabilistic analysis which
takes into account the most important
factors affecting the results

- sufficient information for the evaluation
of the uocertainty and sensitivity of the
results.

The level 2 PSA is to inc1ude the following
issues:
- analysis of the core darnage associated

with various aceident sequeoces and
timing, classificatioo of sequeotial events
and diagram of cootainment eveot tree

- analysis of the ioteractions between safe-
ty systerns and the processes taking place
io the cootainment io the COUTseof an
accident

- reliability analysis of the systems used
for severe accident management taking
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into account the conditions prevailing io
the containment during aD accident and
the possibility af erroneous measures

- estimation af the amounts af radioactive
substances released from the damaged
reactor cafe into the containment and
estimation af the transportation and reten-
tion af radionuclides io various accident
sequences

- estimation af the amounts, height and
timing af various radioactive substances
released to the environment, and esti-
mation af the respective probability af
accident sequences with the associated
uncertainties

- expert judgements with related grounds
- results and evaluation
- conclusions.

4 Probabilistic safety
objectives

4.1 Utilisation of the numerical results
of PSA in the Iicensing process

According to the Council af State Decision
(359/91), section 13, accidents leading to
extensive releases af radioactive materials
shall he vety unlikely. According ta Guide
YVL 1.0, the more severe an accident's
consequences to man, the environment and
property could he, the smaller the likelihood
af its occurrence shall he. STUK requires that
the resuIts of PSA submitted in conjunction
with an application for a construction pennit
and an operating licence meet the numerical
design objectives set foIth in sub-section 4.2.
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ShouId risk factors not recognised earlier
appear during construction or operation, the
COmIllon principIe ta remedy the situation is
to make the pIant as safe as reasonably
achievable (SAHARA, Safety As High As
Reasonably Achievable). When considering
the sufficiency af measures aimed at re-
ducing the probability of a core damage and
the release of radioactive materials, STUK
requires that the revised risk estimates do
not demonstrate substantial reduction in the
safety level from that which has been
estimated in conjllnction with the con-
struction pennit and operating licence.

4.2 Numerical design objectives

Jn order to be able rely on the most
important safety functions, the mean un-
reliability of the functions during power
operation shall be smaller than the design
objectives set foIth in diagram 2.

The failure probabilities of safety functions
are to be computed making use of operating
experiences and a data base from plants
similar to that of concern. If a data base of
this kind is not available, a generic data base
can be used. Dependencies between systems
and components affecting reliability roust be
included in the analysis.

The following numerical design objectives
cover the whole nudear power pIant:
- The mean vaille of the probability of COfe

damage is less than lE-5/a.
- The mean vaIue of the probability of a

release exceeding the target value defined

Safety function Probability of failureldemand

Reactor scram " 1E-5

Supply of feedwater to the steam generators < 1E-4
(PWR) or ta the reactor vessal (BWR)

Operation af emergency core cooling in the case af < 1E-4
a small reactor coolant leak

Isolation af the containment (including pipelines < 1E-3
that are part af the reactoT eoolant system or
direetly eonneeted ta the open spaea inside the
eontainment and that penetrate the containment)

Diagram 2. Numerical design objectivesfor safetyjunctions.
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m section 12 af the Council af State
Decision (359/91) most he smaller thao
5E-7/a. However the containment has to
he designed io such a way that its
integrity is maintained with a high likeli-
hood io case af hath low and high
pressure COfedamage.

The risks associated with various accident
sequences af the PSA are to he compared
with each other to ensure that no dominant
risk factors deviating from the common risk
level remain at a plant.

5 Definitions
PSA (probabilistic safety analysis) is a gen-
eral concept which means a probabilistic
safety analysis af any scope.

PSA levels describe the depth af an extensive
safety analysis. Levell is the frrst part af the
safety analysis. It deterrnines the probability
af core damage. 10 level 2 safety analysis a
cafe melt, the progression of the accident and
the release of radioactive substances from the
containment to the environment are analysed.
The environmental risk caused by releases af
radioactive substances is analysed in Ievel 3
safety analyses. This guide concems not
leveI 3 safety analyses.

Design phase PSA means a preliminary
probabilistic safety analysis. In a design
phase PSA the most likely accident sequences
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are analysed from the initiating event up to
the amount and probability of the reIease of
radioactive substances to the environment.

Safety functions are intended to prevent the
appearance or progression of disturbance
and accident situations or to mitigate the
consequences of accidents.

Initiating event is a single event which
requires the starting of the pIant safety
functions. The initiating event can be an
internai or extemal event e.g. a component
failure, a natural phenomenon or a hazard
caused by man.

Safety system performs a safety fUfiction.

Support system makes possibIe the main
function of a safety or operating system e.g.
by supplying electric power, cooling, lubrj-
cation or control.

Surrogate system in this context means
such an operating system which is designed
to heIp or if necessary to repIace a safety
system in an accident situation.

Operating system is designed for main-
taining pIant DonnaI operation. It contains
Iiquid or gas. Many operational systems are
significant from the point of safety and they
can replace a safety system in some accident
situations.
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YVL guides
General guides
YVL 1.0 Safety criteria for design af nudear power
plants. ]2 Jan. 1996

YVL 1.1 The FlI1lIish Centte for Radiation and
Nudear Safety as the regulatory authority io control
af the use af nudear energy, 27 Jan. 1992

YVL 1.2 Documents 10 he submitted to the Finnish
Centre for RadiatiOD and Nudear Safety concemmg
the regulation af nudear facilities, 11 Sept. 1995 (io
Finnish)

YVL L3 Mechanical components and struetures af
nudear power facilities. Inspection licenses.
22 Det. 1996 (io Finnish)

YVL 1.4 Quality assurance af nudear power plants,
20 Sep. 1991

YVL 1.5 Reporting nudear power plant operation
to the Finnish Centre for Radiation and Nuclear
Safety. 1 Jan. 1995

YVL 1.6 Nuclear power plant operator licensing,
90ct. 1995

YVL 1.7 Functions imp:ntant 10 nudear power
plant safety. and training and qualification af
personnel, 28 Dee. 1992

YVL 1.8 Repairs, modifications and preventive
maintenaoce at nuclear facilities. 2 Oct 1986

YVL 1.9 Quality assurance during operation af
nudear power plants, 13 Nov. 1991

YVL 1.11 Nuclear power plant operating ex-
perience feedback. 22 Dee. 1994 (in Finnish)

YVL 1.13 Shutdowns at nudear power plants, 9
Jan. 1995 (in Finnish)

YVL 1.15 Mechanical components and struetures in
nudear installations, Construction inspection,
19 Dee. 1995 (in Finnish)

Systems

YVL 2.1 Safety dassification of nudear power
plant systems, structures and eomponents, 22 May
1992

YVL 22 Transient and accident analyses for
justification of technical solutions at nudear power
plants. 18 Jan. 19%

YVL 2.3 Preinspection of nuclear power pIant
systems, I4Aug. 1975
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YVL 2.4 Primary and secondary eircuit pressure
controI at anudear power pIant, 18 Jan. 1996 (m
FInnish)

YVL 2.5 Pre-operational and start-up testing af
nudear power plants. 8 Jan. 1991

YVL 2.6 Provision against earthquakes affecting
nudear facilities, 19 Dee. 1988

YVL 2.7 Ensuring anudear power plant's safety
functions in provision for failures, 20 May 1996

YVL 2.8 Probabilistie safety analyses (PSA), 20
Dee. 1996

Pressure vessels

YVL 3.0 Regulatory control of pressure vessels in
nudear facilities. General guidelines. 11 Sep. 1996

YVL 3.1 Construction pIan for nucIear facility
presswe vessels. 27 May 1997 (in Ftnnish)

YVL 3.3 Pressure vessels of nuclear facilities.
Piping, 4 December 1996 (in Finnish)

YVL 3.4 Nudear power p1ant pressure vessels.
ManufaetUrer's competence, 16 December 1996
(in Finnish)

YVL 3.7 Pressure vessels of nucIear facilities.
Cornmissioning inspection, 12 Dee. 1991

YVL 3.8 Nudear power plant pressure vessels.
Inservice inspections. 13 Dee. 1993

YVL 3.9 Nuclear power plant pressure vessels.
COnstruction and welding filler materials, 6 April
1995 (in Finnish)

Buildings and structures
YVL 4.1 NucIear power plant concrete struetures,
22 May 1992

YVL 4.2 Steel structures for nudear facilities,
19 Jan. 19.37

YVL 4.3 Fire protection at nudear facilities,
2 Feb. 1987

Other structures and components
YVL 5.1 Nuclear power plant diesel generai:ors and
their auxiliary systems, 23 Jan. 1997 (in Finnish)

YVL 5.2 Nudear power plant electrical systems
and equipment, 23 Jan. 1997 (in Finnish)

YVL 5.3 Regulatory controI of nuclear facility
valves and their actuators. 7 Feb. 1991
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YVL 5.4 Supervision af safety relief valves io
nudear facilities. 6 April 1995 (in Finnish)

YVL 5.5 SUpervisiODaf electric and insttumentation
systems and components at nuclear facilities. 7 June
1985

YVL 5.6 Ventilation systems and equipment for
nuclear power plants. 23 Nov. 1993 (in Finnish)

YVL 5.7 Pumps at nudear facilities, 23 Nov. 1993
(io Firmish)

YVL 5.8 Hoisting apptiances and fuel handling
equipment at nudear facilities, 5 Jan. 1987

Nuclear materials
YVL 6.1 Control af nuclear fuel and other nuclear
marerials required io the operalion af nuclear power
plants,l9June 1991

YVL 6.2 Fuel design limits and general design
criteria, 15 Peb. 1983

YVL 6.3 Supervision af fuel design and manufactu-
re. 15 Sept 1993

YVL 6.4 Transport packages for nuclear materia!
and waste. 9 October 1995

YVL 6.5 Supervision af nuclear fuel transport.
12 October 1995 (io Finnish)

YVL 6.6 Surveillance of nudear fuel peIformance,
5 Nov. 1990

YVL 6.7 Quality assurance af nudear fuel, 23 Nov.
1993

YVL 6.8 Handling and storage af nuclear fuel,
13 Nov. 1991

YVL 6.9 The national system af accounting fDr and
control af nuclear materiaJ. 23 Nov. 1993 (in
Finnish)

YVL 6.10 Reports ta he submitted on nudear
materials. 23 Nov. 1993 (in Finnish)

YVL 6.11 Physical protection of nuclear power
plants. 13 Ju1y 1992 (io Finnish)

YVL 6.21 Physical protecti.on of ouclear fuel
transports, 15 Feb. 1988 (m Finnish)
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Radiation protection
YVL 7.1 limitation af publie exposure in the
envirorunent af and limitation af radioactive
releases from nudearpower plants, 14. Dee. 1992

YVL 7.2 EvaJuation of population doses in the
vicinity of a nuclear power plant. 23 Jan. 1997 (in
Finnish)

YVL 7.3 Evaluation of models for calculating the
dispersion of radioactive substances from nuclear
powerplants, 23 Jan. 1997 (in Finnish)

YVL 7.4 Nuc1ear power pJant emergency response
arrangements, 23 Jan. 1997 (in Finnish)

YVL 7.5 Meteorological measurements of nuclear
power plants, 28 Dee. 1990

YVL 7.6 Monitoring of discharges af radioactive
suhstances from nuclear power plants. 13 July,
1992

YVL 7.7 Radiation monitoring in the environment
ofnuclear power plants. 11 Dee. 1995

YVL 7.8 Environmental radiation safety reports of
nuclear power plants. 11 Dee. 1995 (in Fmnish)

YVL 7.9 Radiation protection of nuc1ear power
plant workers, 14 Dee. 1992

YVL 7.10 Monitoring of occupational exposure at
nuclear power plants. 29 Aug. 1994

YVL 7.11 Radiation monitoring systems and equip-
ment for nuclear power plants, 20 Dee. 1996 (io
Finnish)

YVL 7.18 Radiation protection in the design of
nuc1ear power plants, 20 Dee 1996 (in Finnish)

Radioactive waste management
YVL 8.1 Disposal ofreactor waste. 20 Sept. 1991

YVL 8.2 Exemption from regulatory control of
nuclearwastes, 19 March 1992

YVL83 Treannent and storage of radioaetive
waste at a nuclearpowerplant. 20 Aug. 1996

The YVL-guides without any language marking
are available both in Englisb and Finnish.


