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A probabilistic safety assessment (PSA) is required by the Radiation and Nuclear Safety
Authority (STUK) during the design, construction and operating phases of a nuclear power
plant (NPP), and for a plant due for decommissioning, if there is nuclear fuel in the plant.
The PSA should be kept up to date considering plant modifications, operating experience,
advancing computation methods and new research results. How to prioritize PSA updates
has not been instructed by the authorities. PSA updates have so far been prioritized mainly
based on expert judgment.

The Nordic PSA Group (NPSAG) had identified the need for a methodology on how to
prioritize PSA updates, and a methodology for prioritization of PSA updates (PROPSA) was
developed. A pilot test of the PROPSA methodology was done as a part of this thesis using
the PSA of the NPP units Olkiluoto 1 and Olkiluoto 2. This thesis also investigates different
reasons to update a PSA.

The PROPSA methodology is a systematic and traceable approach in which different
prioritization factors are evaluated in the scoring process. These factors are risk impact,
strategic value, feasibility and effort. After evaluating the project scoring the result is shown
in a prioritization matrix. Projects with both high risk impact and strategic value should be
prioritized above other projects. The PROPSA methodology also requires expert judgment
to some extent, but it is easier to justify the results due to the extensive scoring process.
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En probabilistisk sédkerhetsanalys (PSA) krdvs av Stralsdkerhetscentralen (STUK) under
planerings-, konstruktions- och driftsfaserna av kérnkraftverk och vid avveckling av
karnkraftverk sa lidnge det finns kdrnbrénsle kvar i anldggningen. PSA ska haéllas
uppdaterade med hénsyn till modifieringar av anldggningen, drifterfarenhet, utveckling av
berdkningsmetoder och nya forskningsresultat. Hur man ska prioritera PSA-uppdateringar
ar dessvirre inte sagt. Hittills har prioriteringen av PSA-uppdateringar mest baserats pé
expertbedomningar.

Behovet av en prioriteringsmetod hade identifierats av Nordiska PSA Gruppen (NPSAQG),
vilket ledde till utveckling av en metodik for prioritering av PSA-uppdateringar (PROPSA).
Som en del av diplomarbetet utférdes en forstudie av PROPSA-metodiken péd Olkiluoto 1
och Olkiluoto 2-kdrnkraftenheternas PSA. Utdver det undersoker det hér diplomarbetet
ocksé olika orsaker till att uppdatera en PSA.

PROPSA-metodiken dr ett systematiskt och sparbart tillvigagangssétt, vars
prioriteringsfaktorer utvdrderas i1 en beddomningsprocess. Prioriteringsfaktorerna ar
riskinverkan, strategiskt vérde, utforbarhet och insats. Efter utvirderandet av projekten i
beddmningsprocessen framstélls resultatet i en prioriteringsmatris. Projekt som har bade hég
riskinverkan och hogt strategiskt virde borde prioriteras framfor andra projekt. PROPSA-
metodiken kréver ocksd expertbedomningar till en viss del, men det ar léttare att réattfardiga
resultaten tack vare metodens omfattande bedomningsprocess.
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1 Introduction

Probabilistic safety assessment (PSA) is used to estimate the safety risk in nuclear power
plants (NPP). Numerical estimates are computed to determine what can go wrong, how likely
it is to happen, and what are the consequences. PSA shows the strengths and the weaknesses
of the design and operation of a NPP. (U.S.NRC 2020.) Another word for PSA is PRA,

probabilistic risk analysis. However, the term PSA will be used in this thesis.

Living PSA (LPSA) means that the PSA model and documentation at a plant are kept up to
date to keep it relevant for decision-making. Reasons to update a PSA are e.g., regulatory
requirements, modifications of the plant, safety systems or operating procedures, and new
statistical data on component failures or frequencies of initiating events. (Olofsson & He

2024, 1.)

The PSA models are getting more complex and as a result, there is a need for prioritizing the

updates of the PSA model and document.

1.1 Background

Teollisuuden Voima Oyj (TVO), (Industrial Power Company Ltd. in English) owns and
operates three nuclear power plants at Olkiluoto in Eurajoki, Finland (TVO 2023a, 3). In
1984, TVO decided to begin a PSA study for the units OL1 and OL2 (Himanen 2024). Since
then, the workload has gradually increased to include the interim storage facility for spent
fuel (KPA), the pressurized water reactor (PWR) OL3, and the encapsulation and final
disposal facility (Posiva) (TVO 2024e, 9).

The current PSA document is large and there are numerous PSA applications to maintain.
The amount of work has escalated, which has led to a need for a prioritization methodology
and the use of a graded approach in choosing the update order of both the models and the

documentation.

TVO is a member of the Nordic PSA Group (NPSAG), which was founded in 2000 by the
nuclear utilities in Finland and Sweden. The focus of NPSAG is on research and

development of probabilistic safety assessment. Other members of the NPSAG reported the
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same need for a methodology to focus model update efforts on the most critical areas, and
as a result, the company RiskSpectrum AB developed a methodology for prioritization of

PSA updates (He & Backstrom 2024).

1.2 Objectives of the thesis

The purpose of this thesis was to perform a pilot test of the proposed methodology “PROPSA
— Methodology for Prioritization of PSA updates”. The plant PSA model for the units
Olkiluoto 1 and Olkiluoto 2 (OL1 & OL2) at the Olkiluoto NPP was used in the pilot test.
Based on the comments and results from the pilot tests performed by the contributing

organizations, the PROPSA methodology was finalized and published at the end of 2024.

In addition to the pilot test of the PROPSA methodology, this thesis investigates different

ways of prioritizing the updates of the PSA model and documentation.

The PROPSA methodology will be used to guide the prioritizing of future PSA updates,
including PSA documentation and PSA models, at the Olkiluoto NPP.

1.3 Structure of the thesis

Chapter 2 describes what probabilistic safety assessment (PSA) is and the objective of a
PSA, the importance measurements of PSA, and a history description of PSA, with three
major milestones in the development of PSA, i.e., WASH-740, WASH-1400 and NUREG-
1150. It also includes a subchapter about the PSA history in Finland. Regulatory oversight
by the Radiation and Nuclear Safety Authority (STUK) is investigated in chapter 3, which
includes e.g. regulatory Guides, general use of PSA and requirements for PSA, and periodic
safety review. Chapter 4 is about the use of PSA and PSA applications at the different
facilities of Olkiluoto NPP. Chapter 5 describes different ways to prioritize PSA updates.

Chapter 6 describes the prioritization methodology and chapter 7 the pilot test of said
methodology. The results are discussed in chapter 8 together with a critical review. Chapter

9 sums up the findings in conclusions.
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2 Probabilistic safety assessment

Probabilistic safety assessment (PSA), or probabilistic risk assessment/ analysis (PRA), is a
process in which a model representing risk is constructed and quantified systematically. PSA
includes identifying scenarios initiating and leading to an undesired outcome, such as core
damage and radioactive releases, the likelihood of those outcomes, and the extent of the

consequences. (Smith 2024.)

Probabilistic safety assessment (PSA) was defined as “quantitative assessment(s) of
hazards, probabilities of event sequences and adverse effects influencing the safety of a
nuclear power plant” in the Nuclear Energy Decree 161/1988. Later, a redefinition was
made, and the term PSA was replaced with probabilistic risk assessment (PRA). The new
definition is “quantitative analysis of threats affecting the safety of a nuclear power plant,
accident sequences and adverse consequences; (732/2008)”. Despite the term PRA being
used in regulatory guidelines and legislation, the term PSA is used in this thesis for

consistency.

PSA is an important analysis tool for decision-making since it aims to answer the questions

(1) what can go wrong, (2) how likely is it, and (3) what are the outcomes (Smith 2024.)?

The scope of PSA has traditionally included incidents leading up to a core melt or core
damage events. For “what can go wrong” scenarios, there is a need to first categorize
initiating events (IEs). For each IE scenario, the mechanisms responding to the upset
condition need to be determined. This leads to identifying the likelihood of the defined
scenarios. The likelihood is calculated by determining the likelihood of the IE (either as
probability or frequency) and the likelihood that the plant fails to sufficiently respond to the
event. Characterization of the plant response includes failures of systems, structures and
components (SSCs) as well as human error conditions. The plant response modelling has
traditionally been carried out via logic-based models, in which the conditions the plant fails
to prevent the undesired outcome are described. Finally, the consequences of different
scenarios need to be identified. The concern for NPPs is typically dispersal of radionuclides

from the damaged core. (Smith 2024.)
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The PSA analyst determines lists of IEs (usually based on deterministic analyses), the plant
response to said events (called accident sequences), the execution of specific plant systems
(generally expressed in fault trees). As the PSA model is broken down into more details, the
lowest level of PSA is reached, i.e., basic events, which represents the individual component
behaviour. Those component modules contain either (1) subjective estimation of the
likelihood of the component’s failure to work properly, or (2) actual failure data, or a
combination of both (1) and (2). Subjective modelling using probabilistic information is a

Bayesian method. (Smith 2024.)

Generally, a so called full-scope PSA includes three levels. Level 1 contains the logic models
(e.g., fault-trees and event trees) and probability data that represents the outcome of damage
to the core. Level 2 covers the plant response to the progression of core damage, and the
focus is primarily on the containment and associated systems. Level 3 focuses on the off-site

consequences following a damaged core and containment. (Smith 2024.)

An event tree is a tree-like structure representing desired and undesired outcomes when
moving from left to right in the tree. Each branch point represents failure or success of a
system. The outcome of each path (sequence) is called end states. For NPPs these end states
are usually core damage or no core damage for level 1 PSA, and the type of core damage

(i.e., plant damage state including the containment status) for level 2 PSA. (Smith 2024.)

The starting point (top event) of a fault tree is a definition of the undesired event, such as the
failure of a system to operate. The fault tree reaches down to the level of individual basic
events, which typically include component failures (e.g. failures of pumps, pipes or valves),
unavailability of components during periods of maintenance or testing, common cause

failures of redundant components and human failure events. (Smith 2024.)

The definition of IE conditions has historically been divided into internal versus external
events, 1.e., initiators taking place within the plant or outside the plant, respectively. The
distinction is sometimes a bit unclear, since some initiators (e.g. loss of offsite power) can

occur at the plant (in the switch yard) or far away in the main grid. (Smith 2024.)
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2.1 Risk importance measures in PSA

Importance measures are used in the interpretation of PSA results. Importance measures
should be calculated for “basic events, groups of basic events, credited systems and groups
of initiating events”. The following importance measures are generally used: Fussel-Vesely
importance, risk reduction worth, risk achievement worth, and Birnbaum importance.
Fussel-Vesely (F-V) for a basic event is the fractional contribution to the total CDF for all
accident sequences containing that specific basic event. (IAEA 2024, 58-59.)

Risk reduction worth (RRW) is the relative decrease in total risk if the probability of the
basic event is assumed to be 0. Risk reduction worth can be used to assess the contribution
of the basic event to the CDF. The importance measures Fussel-Vesely and risk reduction

worth show which basic events contribute most to the current risk estimate. (IAEA 2024,

59.)

Risk achievement worth (RAW) is the relative increase in total risk if the probability of the
basic event is assumed to be 1 (e.g. a component is failed or out of service). RAW measures
the importance of a function which is represented by the basic event, and it identifies basic
events with a significant role regarding safety. It shows which basic events contribute most
to maintaining the safety level (IAEA 2024, 59.) This importance measure is also called risk

increase factor (RIF).

Birnbaum measures the increased risk when a component is failed compared to the state
where the component is operating. The Birnbaum importance shows for which basic events
the results are most sensitive. (IAEA 2024, 59.) Birnbaum is the importance recommended

regarding NPP test and maintenance activities (Borst & Schoonakker 2001, 241).

Applications of importance measures can generally be divided into the following categories

(Borst & Schoonakker 2001, 241.):

1. Design or redesign: the plant design can be optimized by adding or removing systems

or components.

2. Test and maintenance: the plant performance can be optimized by changing the test

and maintenance strategy for a specific design.
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3. Daily configuration control: what will be the impact of taking a component out of

service.

A risk importance measure indicates the contribution of a certain component to the total risk.
It’s important to realise that a certain risk importance measure is dependent on the considered
unwanted event, e.g., the most important components to prevent core damage are not

necessarily the same to prevent a large release. (Borst & Schoonakker 2001, 241.)

2.2 History of PSA

This chapter documents the early history of PSA. The text is divided into four parts. Section
2.2.1 concerns the report WASH-740 published in 1957. Section 2.2.2 deals with the follow-
up report WASH-1400 published in 1975, and section 2.2.3 is about NUREG-1150
published in the 1990s. The last section, 2.2.4 is about the history of PSA in Finland.

2.2.1 Theoretical Possibilities and Consequences of Major Accidents in Large

Nuclear Power Plants (WASH-740)

The report “Theoretical Possibilities and Consequences of Major Accidents in Large Nuclear
Power Plants”, more commonly known as The Brookhaven Report or WASH-740, was
published in 1957 by the United States Atomic Energy Commission (US AEC). As the front
page says, it was “a study of possible consequences if certain assumed accidents,

theoretically possible but highly improbable, were to occur in large nuclear power plants”.

(WASH-740.)

The Federal agency AEC was created in 1946 to control the development and use of nuclear
energy, both for military and civilian applications. The AEC was abolished in 1974 and was
split into the U.S. Nuclear Regulatory Commission, and the Energy Research and
Development Administration (which now is part of the U.S. Department of Energy).
(U.S.NRC 2021a.)

Numerous experts in reactor technology and associated fields were consulted during the
study. They all agreed that the likelihood of a major reactor accident is low, but there was a

general resistance towards making quantitative estimates of how low the probability was.
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Only a few were willing to state numerical, order-of-magnitude estimations of the

probability of major reactor accidents. (WASH-740, 5.)

As said in the report: “It should be emphasized that these numbers have no demonstrable
basis in fact and have no validity of application beyond a reflection of the degree of their
confidence in the low likelihood of occurrence of such reactor accidents.” With this in mind,

the estimates were as follows (WASH-740, 6):

- “...thelikelihood of destruction or major damage to the reactor core with significant
internal release of fission products, but no release outside the reactor vessel, ranged

from one chance in 100 to one in 10,000 per year for each reactor.”

- “... the likelihood of accidents which would release significant amounts of fission
products outside the reactor vessel but not outside the containment building (the
contained accident) ranged from one chance in 1,000 to one in 10,000 per year for

’

each reactor.’

6

- ... the likelihood of accidents which would release major amounts of fission
products outside the containment (the major release accident) ranged from one

)

chance in 100,000 to one in a billion per year for each reactor.’

Three types of accidents with possible serious public damage as a result were chosen.
Numerical estimates of many of the uncertain factors received pessimistic (higher hazard)
values, which in turn was reflected in the final magnitude of the estimated damages. The
authors believe that the theoretical estimates were greater than the damage of an actual

accident would be. (WASH-740, vii.)

The consensus of the experts was that the probability of major reactor accidents was
exceedingly low, but only some experts agreed to give a numerical estimate on the matter.

(WASH-740, vii.)
Assumptions used in the damage studies

A typical power reactor of 500 MW thermal power (500,000 kW) is assumed to be in a
characteristic power reactor location, in this case 30 miles (about 48 km) from a large city
and located near a large body of water. Accidents were assumed to occur after 180 days of
operation, as full fission product inventories would have been built up then. (WASH-740,

25.)
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The damage studies take only the public into consideration, i.e., the hazard or damage to the
facility or its personnel is not evaluated. The assumed conditions in the study represent a
“generalized” power reactor situation, and the assumptions are on the pessimistic side, which
means that the results are in higher damage estimates, to try to be on the safe side and account

for existing uncertainties. (WASH-740, 7.)
Three types of reactor accidents

In case I — the contained case — it is assumed that all the fission products dispersed within
the containment shell, i.e., there’s no release to the atmosphere. There would be no lethal
exposure to the public, but injury would be likely for a small number of people if the
evacuation would take place in 24 hours instead of 2 hours. Damage to the public would be

the result of direct exposure to gamma radiation. (WASH-740, 11.)

The results above would be the maximum for a case I accident, in which all the fission
products would be involved and there is no other shielding except the container. No personal
injury would be likely in case of a prompt evacuation of nearby personnel. In case of slower
evacuation, a small number of personal injuries might appear. Evacuation costs and

payments for the prohibited use of land would be a loss for the public. (WASH-740, 11.)

Case II — the volatile release case — assumes that all volatile fission products would be
discharged to the atmosphere during the accident because of failure to close all openings or
because of a breach in the container. A volatile release includes the release of all the noble
gases (xenon, krypton, bromine) and iodine, as well as 1 % of Strontium-90. (WASH-740,
11-12.)

Two particle size distributions and four different meteorological conditions were considered,
as well as releases including or excluding 1 % of the strontium inventory. The two release
temperatures considered are cold (normal atmospheric temperature) and hot (approximately
3000 °F or about 1650 °C, which was “temperature of steam at a pressure sufficient to
rupture the containment vessel”’). Two different distributions of released particle size were
considered: 1 p median diameter (typical for a fume) and 7 p (typical for industrial dust).
One micron (p) is one-millionth of a meter. The meteorological conditions considered are
day (normal lapse conditions) and night (temperature inversion conditions), and dry (no rain)

or rain (light rain, 0.02 in./h or about 0.51 mm/h). (WASH-740, 8, 97.)
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Case III — the 50 percent release case (i.c., a major release) — assumes that 50 % of all
fission products of the reactor would be released into the atmosphere and dispersed

according to the same assumptions as for case II (WASH-740, 13).
Results of the study

The most personal damage was found to come from a cold major release (case I1I) during
the night and with a 1 p mass median particle size. Rain or dry conditions didn’t have any
effect on the lethal exposure (theoretical maximum 3400 people killed), but there would be
less likely injuries during rain (34 000 people injured) compared to no rain conditions (42
500 people injured). In this particular case (cold major release with a 1 p mass median
particle size) rain, however, did seem to increase the evacuation area, number of people to
evacuate and total costs for evacuation. Rain also had the same negative impact on
restrictions on land and outdoor activity, and restrictions on farming and use of crops.

(WASH-740, 98.)

In case the amount of fission products retained in people’s lungs would differ from the
assumed amount in the calculations, it would greatly impact the numbers of personal injury.
The assumed temperatures of the released fission products as well as the weather conditions
could also have a drastic impact on the damages calculated for case III. The lethal exposures
in case III could range from none to the above mentioned 3400 killed, but the maximum
could only occur as a result of several conditions which could probably only exist for less
than 10 % of the time, and the same goes for the maximum number of injured people as well.

(WASH-740, 14.)

In the most pessimistic assumptions and in a case of 100 power reactors in operation in the
U.S., the chance of a person being killed in any year by a reactor accident would be less than
one in 50 million. In comparison, a person being killed in any year in a car accident in the

U.S. was about one in 5000 in the 1950s. (WASH-740, vii.)

In conclusion, a major reactor accident is extremely unlikely. Both the industry and the
government are committed to safety and to protect the public from nuclear hazards, and the
most knowledgeable experts are working on assuring the safety design and operation of
NPPs. Millions of dollars are used in research and development in identifying and solving
safety issues. As the cost of even minor reactor accidents would be very high, the interest of

both the public and the nuclear industry itself is to avoid accidents. (WASH-740, vii.)
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2.2.2 The Reactor Safety Study (WASH-1400)

The Reactor Safety Study’s purpose was to estimate the public risks that could occur after a
potential accident in commercial nuclear power plants. In 1975, when the report was
published, there were about 50 operating NPPs and no history of nuclear accidents resulting
in significant releases of radioactivity in U.S. commercial NPPs. This study aimed to present
more realistic results than earlier studies, which objective was to provide an estimate of the
upper limit to consequences. Reliability techniques had not been well developed then, nor
was there enough engineering information available to draw relevant conclusions about the

probability of accidents in future plants. (WASH-1400, 1.)

WASH-1400 was limited to only light water cooled NPPs, i.e., a pressurized water reactor
(Surry Power Station, Unit 1, 788 MW electrical capacity) and boiling water reactor (Peach
Bottom Atomic Power Station, Unit II, 1065 MW electrical capacity). High temperature gas
cooled reactor as well as liquid metal fast breeder reactor designs were under development
at the time of the study, but they were screened out as they were not expected to have a

significant role in the electric power production in the 1970s. (WASH-1400, 5.)

Two broad types of situations that could potentially lead to the reactor core melting were
defined in WASH-1400: transients and loss-of-coolant-accidents (LOCA). In case of the
normal cooling water being lost from the cooling systems the emergency core cooling system
(ECCS) would prevent the core from melting. However, if ECCS fails too, melting could
occur. (WASH-1400, 6.)

The Department of Defense and the National Aeronautics and Space Administration had
over the past ten years developed methodologies that were also used in WASH-1400. The
techniques, namely event trees and fault trees, helped in the definition of potential accident

paths (sequences) and the likelihood of them occurring. (WASH-1400, 12.)

An initial failure within the plant is defined in an event tree. The course of the events that
follows the initial failure are examined, i.e., the operation or failure of different systems that
shall prevent core damage and radioactive release to the environment. Thousands of possible
accident paths (sequences) were defined with the help of event trees, and the likelihood of
them occurring were determined as well as the amount of radioactivity they could release.

(WASH-1400, 12.)
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The systems identified in the event trees were analysed in fault trees, in which the likelihood
of the systems failing was determined. The definition of an undesired event, e.g. failure of a
system, is the starting point in a fault tree, and possible ways that a system can fail are then
determined using engineering and mathematical logic. It is possible to estimate the
probability of a system failing by using data of component failure (e.g., pumps, valves and
pipes), the likelihood of operator errors, and the likelihood of maintenance errors. (WASH-

1400, 12.)

The results suggested that “the risks to the public from potential accidents in nuclear power
plants are comparatively small”. Non-nuclear accidents were examined in the study, and the
results were that airplane crashes, fires, explosions, toxic chemical releases, dam failures,
earthquakes, tornadoes, hurricanes are much more likely to occur, and their consequences
are comparable or even larger than those of nuclear accidents. The study also indicated that
large numbers of fatalities are about 10 000 times more likely to be caused by non-nuclear

activities than nuclear plants. (WASH-1400, 1.)

The study concluded that the probability of a core melt is about 5 X 10~° per reactor year,
which is a bit higher than the number 107° per reactor year that have sometimes been quoted

before. (WASH-1400, 135.)

It was previously believed that all NPP accidents involving core melting would
automatically result in severe accidents with wide public consequences. The study however
found a wide range of values for the magnitudes of the potential consequences of a core melt.
It was a high probability that the consequences would be modest compared to other types of
risk (man-made and natural), and the probability of relatively severe consequences was quite

low. (WASH-1400, 139.)

2.2.3 An Assessment for Five U.S. Nuclear Power Plants (NUREG-1150)

In the 1990s, the report Severe Accident Risks: An Assessment for Five U.S. Nuclear Power
Plants, more commonly known as NUREG-1150, was published. (U.S.NRC 1990.)

NUREG-1150 is a report that summarizes the assessment of the risks from severe accidents
from five commercial NPPs in the U.S. The risks are measured in estimated CDFs from

internally and externally initiated accidents; the performance of containment structures to
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severe accident conditions; the possible extent of radionuclide releases and offsite
consequences of severe accidents; and the overall risk, which is the product of accident

frequencies and consequences. (U.S. NRC 1990.)

The report was first published in 1987 as a draft, and an extensive peer review and
consideration of comments lead to substantially changed underlying technical analyses and
the report itself. A second draft was published in 1989, to which two peer reviews were
performed, one sponsored by NRC (the results were published as the NRC report NUREG-
1420) and the other by the American Nuclear Society (ANS). (U.S. NRC 1990.)

After the completion of the first PSAs in the RSS, research programs were initiated by the
NRC to improve the staff’s ability to assess the risks of severe accidents in light-water
reactors. NRC improved their methods for collecting and using plant operational data and
developed advanced methods for assessing the impacts of human errors and common-cause
failures. Research was initiated on key severe accident physical processes identified in the

RSS. (U.S.NRC 1990, Part I, 1-1.)

The Three Mile Island accident in 1979 significantly changed the way NRC analysed severe
accidents and used PSA. Comments and recommendations of the two major investigations
of the accident, the Kemeny and Rogovin studies, lead to an important research program on
severe accident phenomenology, which included analytical and experimental studies on
accident physical processes. Those processes were to be simulated in developing computer
models. The Kemeny and Rogovin investigations recommended staff to use more PSA in
addition to the traditional, non-probabilistic methods for analysing nuclear plant safety. The
Rogovin investigation also recommended NRC to rethink their policy on severe accidents in
two ways: the need for probabilistic safety goals to help define a level for a “safe enough”
plant, and the need to specifically consider more severe accidents, e.g., those involving

multiple system failures. (U.S.NRC 1990, Part I, 1-1.)

The objectives of NUREG-1150 were to provide a contemporary assessment of the severe
accident risks of five commercial NPPs of different design, to summarize the insights
derived from performing those risk assessments, and to provide a set of PSA models and
results that can help guide the ongoing prioritization of safety problems and related research.

(U.S.NRC 1990, Part I, 1-2.)
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NUREG-1150 is an estimate of the risks of the studied plants, but there are some limitations
related to modern PSAs. The limitations relate to an incomplete understanding of the
physical progression and consequences of core damage accidents; sabotage risks; failure
rates of equipment, especially to common-cause effects such as design, maintenance and
construction errors, and aging; quantification of specific kinds of human actions (errors of
commission, courageous recovery actions); and differences in the licensee’s safety

commitments. (U.S.NRC 1990, Part I, 1-3.)

NUREG-1150 was not an approximation of the risks of all commercial NPPs in the U.S. or
anywhere else. One of the main standpoints from this study and others are that the estimated
risk can be substantially impacted by the characteristics of design and operation typical to

individual plants. (U.S.NRC 1990, Part I, 1-3.)

The plant operational state for the accidents analysed in the five NPPs was normal full-power
operation. Accidents initiated by internal and external events were analysed separately. The
method for evaluating internal events followed these basic steps: plant familiarization,
accident sequence initiating event analysis, accident sequence event tree analysis, systems
analysis, dependent and subtle failure analysis, human reliability analysis (HRA), data base
analysis, accident sequence quantification analysis, plant damage state analysis, and lastly,

uncertainty analysis and expert judgment. (U.S.NRC 1990, Part I, 2-4 — 2-6.)

2.2.4 History of PSA in Finland

PSA as a part of the operating licence became a requirement in the Nuclear Energy Decree
in 1988. A design phase PSA for the construction licence application has been required since
2008, but the YVL Guides have required a limited preliminary PSA since 1996. (STUK
2022, 80.)

The Finnish NPPs (Olkiluoto and Loviisa) were required by STUK in 1984 to make
extensive PSAs. The aim of the PSAs was to “determine the plant-specific risk topographies
of the essential accident sequences” and to improve the plant personnel’s understanding on
how the plant behaves in various situations. STUK required that the NPP personnel
themselves perform most of the PSAs, and that consultants would only be used for special

issues. (STUK 2022, 81.)
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3 Regulatory oversight by the Radiation and Nuclear Safety
Authority

According to Section 111 in the Nuclear Energy Decree, the Finnish Radiation and Nuclear
Safety Authority (STUK) “controls the operation of a nuclear facility to ensure that the
operation of the facility is safe and complies with the licence conditions (and the approved
plans) and that the operation also in other respects adheres to the Nuclear Energy Act and
to the regulations issued by virtue of the Act. The control of the operation of a nuclear facility
also involves the maintenance, repairs, inspections and tests of the nuclear facility systems,
structures and components.” (161/1988) Figure 1 presents the ranking of the legislations

and guides in the nuclear industry.

Section 3 in STUK’s Regulation on the Safety of a Nuclear Power Plant (STUK Y/1/2018)
requires that the safety and the technical solutions of the safety systems of a nuclear facility
“shall be assessed and substantiated analytically and, if necessary, experimentally”. The
PSA is an analytical method that complies with the requirement of assessing and proving the

safety of a NPP (YVL A.7, 102).

Constitution

Radiation Act
Nuclear Energy Act

Laws
* Legally mandatory requirements

—

Decrees by Ministry
or Government

Regulations , _
* STUK mandatory requirements STUK Regulations

YVL and VAL Series of Regulatory Guides,
Guides Decisions of STUK

Binding regulations

* Regulatory guides

— Technical/Industrial Standards, STUK Advice

Figure 1. Legislation and guides in the nuclear industry (figure from STUK n.d. a).
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STUK publishes regulations and guides, in which the level of requirements for radiation and
nuclear safety supervision is described (STUK n.d. b). STUK is required to specify detailed
safety requirements in accordance with Section 7 r of the Nuclear Energy Act (990/1987)
(STUK n.d. ¢).

STUK supervises the risk management of the licensee by reviewing the related models,
documents, analyses, guidelines and applications, and by performing verification analyses
(YVL A.7,501). STUK uses the PSA when setting safety requirements, and when deciding
on control and inspection targets for their inspection visits to NPPs. The PSA is used with
the aim to develop related procedures, and to ensure that the licensee has proper “procedures
with guidelines for risk identification, analysis and, where necessary, risk reduction.” (YVL

A7,502))

3.1 Regulatory Guides on nuclear safety

As for now, STUK has two types of regulatory guides, namely Regulatory Guides on nuclear
safety and security (shortened as YVL from the Finnish words Ydinturvallisuusohjeet, YVL-
ohjeet), and Regulatory Guides on preparedness (shortened as VAL from the Finnish words
Valmiusohjeet, VAL-ohjeet) (STUK n.d. b). There are five main categories of the YVL
Guides: Safety management of a nuclear facility (YVL A), Plant and system design (YVL
B), Radiation safety of a nuclear facility and environment (YVL C), Nuclear materials and

waste (Y VL D), and Structures and equipment of a nuclear facility (YVL E) (STUK n.d. c).

However, there is an ongoing overall reform project of the Nuclear Energy Act led by the
Ministry of Economic Affairs and Employment (TEM). STUKs regulations and regulatory
guides are also being renewed as they are issued under the Nuclear Energy Act. (STUK n.d.

f)

The most significant Guide for PSA is YVL A.7 Probabilistic risk assessment and risk
management of a nuclear power plant. In March 2019, an updated version of YVL A.7 came
into effect with regard to new nuclear facilities. The same Guide shall be applied for
operating nuclear facilities and those under construction through a separate decision taken

by STUK. (YVL A.7.)
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PSA is a support for decision-making in risk management related to the safety of NPPs. PSA
together with complementing qualitative and quantitative studies form the foundation for
risk management related to nuclear safety. NPP risk management covers the following
phases: design, construction, commissioning, operating and decommissioning. The PSA

should be up to date during all these phases. (YVL A.7.)

The Guide YVL A.7 concerns level 1 and level 2 PSA, and it “presents requirements and
guidelines for the drawing up, contents, scope and application of the PSA to light-water
reactor nuclear power plants”. The Guide is applied to the design, construction and
operating phases of an NPP. It is also applied to spent nuclear fuel storages in pools close to
the reactor or in separate storages, as well as to NPPs at which there’s no more power

operation but still contain spent fuel.

The requirements for PSAs concerning spent fuel encapsulation and final disposal are given
in the Guide for Handling and storage of nuclear fuel (YVL D.3). According to Section 6a
of the Nuclear Energy Act (990/1987), “Nuclear waste generated in connection with or as
a result of use of nuclear energy in Finland shall be handled, stored and permanently

disposed of in Finland.” This is valid for all nuclear waste apart from a few exceptions.

3.2 General requirements for the development and use of PSA

According to Section 35 (732/2008) in the Nuclear Energy Decree (161/1988), when
applying for a construction license for a nuclear facility, the applicant needs to submit a
probabilistic safety assessment of the design stage. When applying for an operating licence,

a probabilistic safety assessment shall be submitted (Section 36, 161/1988).

An NPP licensee must also set their own guidelines for their development and use of PSA.
These guidelines must define for example the update schedule, procedures for modifications
and errors, as well as how the produced information is analysed and used within the
organization. (YVL A.7, 303.) The PSA is used to develop the NPP management system
defined in YVL A.3, and it must include the use of PSA in risk-informed decision making
(YVL A.7, 301.) During the design and construction of the NPP, the PSA results are used to
define quality requirements based on highest risk-significance (YVL A.7, 302.).
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During regular operation and as part of the ageing management, PSA is used to define the
required quality and level of condition monitoring and maintenance of systems, structures
and components (YVL A.8, 702, 710; YVL A7, 304). Personnel training (such as simulator
training) and emergency procedures must also be based on “the most important accident

sequences and risk-significant operator actions” according to YVL A.4 (342).

Accident sequences leading to nuclear fuel damage is determined and the probabilities are
estimated in a level 1 PSA. The mean value of the reactor CDF shall be less than 10 ~/year,
and only a minor contribution to the frequency is allowed from accident sequences involving
early phase containment loss. (YVL A.7, 305, 306) Similarly, YVL A.7 specifies criteria for
the magnitude, timing and probability of a release of radioactive substances from an NPP,
which are assessed in a level 2 PSA. An accident in an NPP, external spent fuel storage, or
other nuclear facility involving release of Cs-137 in excess of 100 TBq must have a mean
frequency value below 5 X 10~7 per year. This assessment must include all the nuclear fuel
located at a plant unit (YVL A.7). Furthermore, Section 22b in the Nuclear Energy Decree
(1988/161, 1001/2017) states that “the possibility of a release in the early stages of an

accident requiring measures to protect the population shall be extremely small”.

These requirements for the level 1 and level 2 PSA must be demonstrated to be met before
an applicant can obtain a construction and operating license (YVL A.7, 307). There are no
requirements of a level 3 PSA in Finland. A level 3 PSA would assess the risk to people and

the environment from a radioactive release (YVL A.7, 107).

3.3 General use of PSA and PSA applications

All the required documentation to submit to STUK is listed in Appendix 6 in Guide YVL
A.7. The risk-management related documentation is separated into the different phases of
the NPP as follows: general, during design and with the construction licence application,
during construction and with the operating licence application, during operation, and lastly,
before decommissioning (YVL A.7). Since Olkiluoto has three units in operation, that is the

main interest here.
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During the design and construction licence phases, risk-informed pre-service and in-
service inspection programmes of Safety Class 1, 2, 3 and EYT system piping shall be

developed using PSA (YVL A.7, 312, 320).

In case of a plant or system modification, a risk assessment of the safety significance shall
be submitted to STUK as part of a plant modification’s pre-inspection documentation. A
similar risk assessment shall be submitted when a new significant risk is identified or when

a significant change is made in the procedures (YVL A.7, 327).

During the design and construction licence phases, PSA is used to determine the safety
classification of SSCs, so that their safety classification corresponds to their safety
significance. When significant modifications are made to the plant or the PSA model during
the construction, operating licence and operation phases, PSA shall be used to reassess the

safety classification. (YVL A.7, 313, 316, 328.)

PSA shall be used for risk management of outages (maintenance, refuelling) and similar
operational states, as well as the transfers between them (YVL A.7, 329). An outage-specific
risk assessment shall be included in a report which shall be submitted to STUK two weeks
prior to the refuelling, and it shall “demonstrate that an individual component malfunction
or a single erroneous operator action will not lead to the loss of the reactor make-up water
injection option or loss of fuel cooling, or to a shutdown margin of less than one per cent”

(YVL A.6, 607).

During the construction and operating licence phases PSA shall be used in developing risk-
informed Operational Limits and Conditions (OLC). A description of the risk-informed
method shall be submitted for approval during construction, and the application for
information when submitting the OLC document. The surveillance test intervals and allowed
outage times (AOTs) of safety-important systems and components shall be determined by
using PSA. The OLC and AOTs shall be analysed for every plant operational state.
Additionally, PSA shall be used “to analyse failures where the change of the operational
state may cause a greater risk than repairing the failure without changing the operational

state”. (YVL A7, 317.)

During the construction and operating licence phases PSA shall be used in developing risk-
informed testing procedures for safety-important systems and components (YVL A.7,

318), and in developing risk-informed on-line preventative maintenance programmes
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performed during power operation for safety-important systems and components (YVL A.7,

319).

PSA shall be used when assessing the Operation Limits and Conditions (OLC) and when
applying for OLC exemptions during the plant’s operational phase. When new risk factors
are identified, or when significant plant or procedure modifications are made, the need to
revise the OLC shall be assessed. A risk assessment of a planned exemption from the OLC
or a modification to the OLC shall be given when applying for those changes. (YVL A.7,
330.) OLC is also known as technical specification (TS).

The most important event sequences found in the PSA shall be used when developing
abnormal and emergency operating procedures, and in the planning of training related to

the procedures (YVL A.7, 322, 332).

PSA shall be used when developing the ageing management programme, and when
developing the in-service inspection programmes as well as testing and preventive
maintenance programmes for SSCs. The methodology descriptions and their updates shall

be submitted to STUK for approval (YVL A.7, 331).

PSA shall be updated and extended if necessary (YVL 108, 333). After significant
modifications to the PSA model and its input data, the documentation of those changes and
the PSA model shall be submitted to STUK for information. The licensee shall keep account
of modifications made to the input data and the PSA model, including their causes and
impact on the PSA results. The updated PSA model and documentation shall be submitted
for approval regarding the operating licence review and the periodic safety review, otherwise

it shall be submitted for information in one go at least once a year (YVL A.7, 334).

3.4 Regulation on PSA updates

The PSA model and documentation need to be updated as the plant design and construction
proceeds, and especially in case of significant modifications, since the safety classification

need to be reassessed using the updated PSA (YVL A.7, 315-316).

During the operation, the PSA need to be continuously updated, and extended, if necessary,
to take into account plant modifications, operating experience feedback, advancing

computation methods and new research results (YVL A.7, 108, 333). The modifications
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made to the PSA model, the input data, and their causes and impacts on the PSA results shall
be documented. STUK needs to be informed without delay after noteworthy changes to the
PSA model and input data. Otherwise, once a year is enough to submit all the changes made

to the PSA documentation and the updated PSA model at the same time. (YVL A.7, 334.)

For the management of the operating licence and, the operating licence’s required periodic
safety review, the PSA documentation and model needs to be submitted to STUK for

approval. (YVL A.7, 334.)

3.5 PSA contents and documentation

The YVL A.7 Guide requires the PSA to documented in a consistent, comprehensive and
traceable way. The following initiating events need to be analysed: internal failures,
disturbances and human errors at the plant, loss of off-site power, seismic events and other
environmental factors, flooding, fires, unusual weather conditions, and external factors
caused by human activities. The PSA doesn’t have to assess risks of sabotage. (YVL A.7
401, 404.)

Operating experience feedback from similar plants or applications shall be utilized in the
PSA. Plant-specific reliability data shall be used for the PSA of an operating plant, or if that
data 1s insufficient, reliability data from similar plants or applications shall be used. Generic
reliability data is used if the data from similar plants is inadequate. Expert judgments and
experiences from applications in similar operating environments may be used as the last

option. (YVL A.7 403.)

The accident sequences leading to a reactor core damage and their probabilities shall be
determined in the level 1 PSA. To mention some of the required topics, the following shall

be included in the level 1 PSA (YVL A.7, 405):

description of the plant
- initiating events: description, categorisation and estimated frequencies

- success criteria for the safety and auxiliary systems, and a description of the

assessment methods used to determine them

- human reliability analysis
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- analyses of dependencies and common cause failures

- event trees by initiating event category

- failure modes and effects analyses (FMEA) for systems
- importance measures for systems and basic events

- uncertainty analyses

The required assessment of the level 2 PSA includes “the physical progression of the
accident and the timing of the release. The assessment shall cover the release of radioactive
substances to the containment, releases to the environment due to a failure or non-
leaktightness of the containment, and containment bypasses via containment-penetration
pipelines connecting to the primary circuit as well as controlled releases along a planned
release route.” Some examples of phenomena that need to be analysed in the level 2 PSA

are (YVL A.7, 406a):

- reaction forces and missiles in different accident phases, particularly during a reactor

pressure vessel breach. Probabilities and effects of explosions and hydrogen burns.
- steam explosion due to interactions between the coolant and molten corium
- melt-through of the reactor pressure vessel

The complete list of the requirements for the level 1 and level 2 PSA can be found in Guide

YVL A.7.

3.6 Periodic safety review

If the licencee wants to renew the operating licence of a nuclear facility currently in operation
the same application procedure must be followed as for a new nuclear facility, and

additionally a periodic safety review of the facility must be conducted. (YVL A.1, 352)

Section 24 in the Nuclear Energy Act demands that “Licences, excluding the construction
licence and the licence for decommissioning, shall be granted for a fixed term.” (990/1987)
For how long the operating licence can be valid is not specified in the legislation. However,
if the operating licence is granted for a term significantly longer than ten years, “the licensee

shall carry out a periodic safety review on the facility in accordance with Section 7 e of the
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Nuclear Energy Act, and submit it to STUK for approval within ten years of the date when
the operating licence was granted or the previous periodic safety review was carried out.”
(YVL A.1, 352.) Regarding nuclear waste facilites (“a facility performing large-scale
disposal of nuclear waste”), the overall safety (meaning a periodic safety review) shall be
assessed et least everey 15 years according to Section 7e (905/2017) in the Nuclear Energy
Act (990/1987).

Similar safety-related reports shall be submitted to STUK in connection with the periodic
safety review as for the renewal of the operating licence, including an assessment of the
current safety status of the nuclear facility, potential improvements, and future maintaing of
safety (YVL A.1, 353). The requirements of the documents are specified in Section 5.4 of
Annex A in Guide YVL A.1. The periodic safety review shall be carried out as instructed in
the IAEA’s Specific Safety Guide No SSG-25, Periodic Safety Review of Nuclear Power
Plants (YVL A.1, 354a).

In connection with a periodic safety review, essential analyses such as transient and accident
analyses, PSA, FMEAs and strength analyses shall be reviewed, updated where necessary
and submitted to STUK. The up-to-dateness of the analyses shall be described in the
summary along with conclusions drawn from the renewed analysis and measures taken

because of them, if any. (YVL A.1, A43).

STUK always conducts an extensive review of the sufficiency of the PSA and its
applications regarding the periodic safety review. A quantitative review is done in which the
most essential numerical results, the computation of accident sequences and the related
uncertainty analyses are assessed. Data, methods and their results are checked for validity,
and the PSA model is checked for e.g. initiating events, safety and auxiliary systems, and

operator actions in the qualitative review. (YVL A.7 506, 508.)

In 2018, The Finnish government granted the renewal of the operating licences of the NPP
units Olkiluoto 1 and Olkiluoto 2. The operating licences are valid until the end of 2038, but
the terms of the operating licenses requires STUK to assess the safety of the plants every ten
years, which means STUK will assess the periodic safety review submitted by TVO in 2028.
(Valtioneuvosto 2018.) The operating license for the unit Olkiluoto 3 was granted in 2019
and it is also valid until the end of 2038, which means that TVO must conduct a periodic

safety review of OL3 as well before the end of 2028 (Valtioneuvosto 2019).
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4 PSA at Olkiluoto nuclear power plant

TVO is a non-listed public company owned by Finnish industrial and energy companies.
TVO produces nuclear power at three plant units at Olkiluoto in Eurajoki, Finland. TVO
delivers electricity for its shareholders at cost price. In 2023, the total electricity production

was 24.67 TWh. (TVO 2023a, 3.)

TVO uses probabilistic safety assessment in the design of nuclear power plants and other
nuclear facilities, and in support of safety-related risk management during their whole
operational lifetime. PSA is performed for the units Olkiluoto 1 (OL1), Olkiluoto 2 (OL2),
Olkiluoto 3 (OL3), for the interim storage of spent fuel (KPA), and for the encapsulation and
final disposal facility (Posiva). (TVO 2024e, 9). The final disposal facility is nearby, in
which spent fuel from Olkiluoto NPP and Loviisa NPP will be disposed of.

In addition to the PSA required nuclear facilities, there is also an operational waste repository
(VLI repository) in Olkiluoto. Operational waste, as well as radioactive waste generated in
Finnish healthcare, industries, and research institutions, is disposed of in the VLJ repository.

Future decommissioning waste of the power plant will also be placed there. (TVO 2024d.)

4.1 Olkiluoto 1 and Olkiluoto 2

Olkiluoto 1 (OL1) and Olkiluoto 2 (OL2) are identical boiling water reactors (BWR). OL1
was connected to the national grid in 1978 and OL2 in 1980. The current net electrical output
per plant unit is 890 megawatts (MW). (TVO 2024a.) TVO is currently investigating a
possible service life extension of OL1 and OL2, whose operating licence would be extended
from the current expiration year 2038 until either 2048 or 2058. TVO is also investigating a
10% increase of the reactor’s thermal power at both units (from current 2500 MW to 2750
MW), which would increase the plant units’ nominal electrical power output from the current

890 MW to 970 MW. (TVO 2024f, 5.)

The first version of level 1 PSA with internal events was submitted to STUK in 1989. Since

then, the scope has been extended and the PSA has been updated repeatedly. The first level
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2 PSA was submitted in 1996, and it has also been updated a few times afterwards. (STUK
2022, 84-85.)

Studies on system's reliability were done in the 1970's. Before PSA was used, pilot studies
on optimization of the technical specification (TechSpec, TS) were done. The decision to
start doing PSA for the units OL1 and OL2 was made in 1984. In 1985 a pilot study for PSA
level 1 was initiated, while the planning of level 2 PSA began in 1990 and the pilot study a
year later. The PSA results were used to support maintenance, operation and training. In the
1990's living PSA was starting to take shape when the use of PSA was intensified due to
modernization projects. Risk-informed (RI) applications were further developed in the
2000's, e.g. Rl-Inservice Inspection, RI-TechSpec, RI-Safety Classification. (Himanen
2024.) Figure 2 shows the early PSA research program for OL1/OL2.
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Figure 2. PSA research program for OL1/0L2 in the early days of PSA (Himanen 2024, 8).

The basic PSA study including level 1 and level 2 took 31.5 man-years to complete. It was
a long time due to the removal of conservatism, simplification of models, and slow codes.

The internal events analysis was the most comprehensive work as it took 10 man-years to be
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completed. The analyses fire and flooding took 7 man-years as the second most laborious

work. (Himanen 2024, 8.)

Today, PSA for OL1 and OL2 includes the following parts to mention some: Initiating
events, System analyses, Accident progressions and containment response analysis, Source
term analysis, Fire PSA, Flood analysis, Shutdown PSA, External events, Seismic PSA, and
Fuel pool analysis. Seismic events and offsite external events were included in the PSA in

the 1990’s (STUK 2022, 88).

4.2 Olkiluoto 3

Olkiluoto 3 (OL3) is a European pressurized water reactor (EPR). OL3 was connected to the
national grid in 2022, and the test production program was completed in April 2023. The net
electrical output is approximately 1600 MW. The electricity produced by OL3 covers about
14% of the electricity used in Finland. OL3 produces approximately 12 TWh electricity per
year, which for example, can be used to heat 5,2 million apartments. (TVO 2024b.)

A design phase PSA of OL3 was submitted by the vendor Areva to STUK in 2004, and it
was approved for the construction licence in 2005. The PSA included internal initiating
events, internal and external hazards for power operation and refuelling outage, and it was
regularly updated during the construction phase. The PSA for the operating licence
application was submitted to STUK in 2016 and the PSA review was finished in 2018.
Internal fires were modelled in an improved way, and seismic events had been added to the
model as well. The level 1 and level 2 PSA for OL3 now includes LOCAs and transients,
internal and external hazards in all operating modes. A level 3 PSA is an assessment of
potential risk to people and the environment, but it is not mandatory in Finland. (STUK

2022, 86.)

4.3 Spent fuel pools and the interim storage facility

Spent fuel is radioactive and generates a significant amount of heat. In OL1 and OL2 the
assemblies are left in the water pools in the reactor hall for about five years (while the spent

fuel from OL3 is transferred to the fuel building in connection to the reactor building) before
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they are transferred to the interim storage facility, in which they will stay for several decades.
The water in the pools cools down the spent fuel and acts as insulation against the radiation
emitted from the fuel. The fuel assemblies are stored completely below ground level and has

eight meters of water on top of them. (TVO 2024c.)

The PSA for spent fuel pools does not assess core damage. The spent fuel pool PSA evaluates
the probability of losing all the systems used for pool cooling, and as a result, the water
would heat up and eventually start to boil, and later, the fuel would become uncovered (TVO

2016, 8).

The first PSA for the interim storage facility was submitted to STUK in 2013, and the first
PSA for the spent fuel pools in OL1 and OL2 was submitted in 2016 (TVO 2016).

4.4 The final disposal facility

The final disposal facility is owned by the two owners of nuclear power plants in Finland,

i.e., Teollisuuden Voima Oyj and Fortum Power and Heat Oy.

The company Posiva Oy was established in 1995, and its main task is to handle the final
disposal of the spent nuclear fuel generated by its owners. Posiva is currently constructing
an encapsulation plant and an underground final disposal facility, called ONKALO®.
(Posiva 2024a.)

The Trial Run of Final Disposal started in August 2024, and it will take several months to
complete. The Trial Run is "a joint functional test of all the systems and equipment" where
the operation of the final disposal facility is thoroughly tested without the spent fuel. (Posiva
2024b.)

A design phase PSA was submitted to STUK in 2012 and 2017 when Posiva applied for the
construction licence. The PSA was updated and submitted again in 2021 when Posiva
applied for the operating licence for the spent nuclear fuel encapsulation and disposal
facility, and the latest version of the PSA was submitted in 2024. Instead of core damage for
NPPs, a PSA for the encapsulation and final disposal facility covers events and event

sequences related to radioactive release and radiation doses. (Posiva 2024c.)
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4.5 PSA applications in Olkiluoto

There are eight designated applications which get their input from PSA results at TVO, and
these are specific for the OL1/OL2 PSA model. PSA results are also utilized in other aspects
besides the actual PSA applications, e.g., Risk Follow-Up, which is explained in the end of
this chapter. The applications with the most significant impact on the plant’s safety are Risk-
Informed In-Service Inspection (RI-ISI) and Risk-informed Technical Specification (RI-TS)
(TVO 2024e, 23).

4.5.1 Risk-informed Technical Specification

PSA is used in the risk-informed development and reassessment of the Operational Limits
and Conditions (OLC), which is more commonly known as Risk-informed Technical

Specification (RI-TS).

Limits and conditions for plant operation and maintenance are specified in the technical
specifications (TS) (IAEA 2024, 169). Some requirements of the OLC’s content are (1)
defined limits for the process parameters affecting the facility’s safety, (2) regulated
operating restrictions in case of component failures, (3) requirements for the testing of
safety-important components, and (4) the required minimum availability of staff in all
operational states. Any modifications to or exemptions from the technical specification are
assessed using the PSA, and they must be approved by STUK prior to their implementation.
(STUK 2022, 123; YVL A.7)

The PSA is used in risk-informed TS to provide the risk importance of the affected plant
features. This covers specifically surveillance test intervals and allowed outage times (AOT)
of safety-important systems and components. Insights from the PSA is used to check the
suitability of the test intervals and AOTs, and to suggest changes to the TS when necessary.
(IAEA 2024, 169.)

In cases where a change of the plant operating state (POS) is required by the TS in connection
with a failure, PSA is used to assess if the change in POS leads to a higher CDF than to e.g.
repair a failure in the current POS. (TVO 2024e, 16.)
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4.5.2 Safety classification of a nuclear facility’s systems, structures and components

The safety classification of a nuclear facility’s SSCs is mainly based on deterministic
methods and complemented by PSA and expert judgment. SSCs are categorized into Safety
Classes 1, 2, 3, and Class EYT (non-nuclear safety) based on their safety-importance. There
are different criteria relating to safety functions, criteria ensuring structural resistance,

integrity and leaktightness, and criteria for seismic classification. (YVL B.2)

The importance measures from the PSA are used in the safety classification of SSCs, and
the safety classification is reassessed to correspond to its safety significant if there are
significant modifications made to the plant or PSA model during operation (TVO 2024e,
16). The importance measures Fussell-Vesely and risk increase factor are used as seen in

Figure 3. (Areva 2023, 5).

RIF
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Low
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Very low Medium
50 %
50 % 30 % 20 % F-V

Figure 3. Risk importance classification of OL1/0L2 systems (modified figure from TVO 2024e, 29).

Figure 3 shows the risk importance classification of systems in OL1/OL2. A 50 %/ 30 %/ 20
% rule of the risk importance measures RIF and Fussell-Vesely are used, which classifies
the systems in one of five categories: very high, high, medium, low and very low. (TVO

2024e, 29.)
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4.5.3 Training of control room operators and other personnel

PSA is especially useful in the training of control room operators, who gets an annual
training of, e.g., PSA results and risk-significant operator actions. The most important
accident sequences and risk-significant operator actions are covered in their simulator
training. The abnormal and emergency operating procedures (used by operators) are
developed and improved partly based on PSA results. Operators are also trained about risk-
significant moments during outages. In addition to control room operators, maintenance

personnel are taught about PSA results too. (TVO 2017.)

For 20 years, personnel at TVO have been taught about PSA as a part of a nuclear safety
training. The training is mandatory for several organisations. (TVO 2017.) PSA results are
also used as support in the development and planning of emergency preparedness training

(TVO 2024e, 17).

4.5.4 Preventive maintenance

Some preventive maintenance (PM) is done during power operation, and these are called
PM packages. The PM packages include safety systems that have diesel as a back-up power
supply, and the systems are included in the technical specification. The PM packages cover
the diesel generators, auxiliary feedwater pumps, core spray pumps and containment spray

pumps. (Pesonen 2022, 44.)

The risk of online maintenance is reduced by using PSA in the maintenance planning. The
PM activities are limited to one system and one subsystem, which make them unavailable
during the time of maintenance. The risk is further reduced by allowing the impact of the
PM on only one system with one safety function, i.e. another system with the same safety

function is still available. (Pesonen 2022, 45.)

4.5.5 Risk-informed in-service inspection

The aim of pre-service and in-service inspection of the pipework at NPPs is to distinguish

degrading areas that can be repaired before a failure occurs. Risk insights from the PSA (as
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well as deterministic and engineering judgement) is used in the risk-informed development
of in-service inspection programmes (RI-ISI), so that segments of pipework with the highest
risk importance get the most attention. Risk importance of pipework segments is determined
by assessing the degradation potential and the potential consequences of the pipework
segment’s failure (e.g. conditional core damage frequency, which is the probability that the
pipe break/failure leads to CD). The result is usually presented in a risk matrix. (IAEA 2024,
173.)

4.5.6 Reliability centred maintenance

Reliability centred maintenance (RCM) is a decision-making tool that focuses on preventing
failures that would most likely cause serious consequences. The main goal of RCM is to
improve the functional performance, i.e. to improve the reliability, of SSCs. Other important
goals are cost reduction benefits and contribution to long term operation (LTO). (IAEA

2007, 3, 24-25.)

PSA is used in combination with deterministic approaches to optimize a plant maintenance
programme. PSA can be used e.g. in the selection of systems based of their safety
significance, or in the assessment of the risk impact of proposed changes to maintenance
planning. Safety-significant systems and components are identified by using the importance

measures Fussel-Vesely and risk achievement worth (RAW). (IAEA 2007, 9-10.)

Failure data, expenses, recommendations and service instructions from the manufacturer,
other available documentations (e.g., the Final Safety Analysis Report (FSAR), Technical
Specifications), and expert opinions can be used in the classification rating. (TVO 2019, 4.)
Another phrase for reliability centred maintenance is maintenance (classification) rating.

(TVO 2019.)

4.5.7 Risk-informed outage optimization

The application risk-informed outage optimization was developed in 2013 to analyse outages
at OL1/OL2. The aim of the application is to support the outage schedule planning and to

educate the planners about the PSA aspects, to assess plant modifications during outage, to
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identify the weak points of the outage, to estimate the CDF and LRF of the outage, and to
develop the outage PSA model. (Pesonen 2022, 84-85.)

The outage schedule for OL1/OL2 takes shape in five different schedules: main, reactor,
residual heat removal (RHR), system maintenance, and criticality safety schedule. The PSA
assessment is based on the reactor, RHR and system maintenance schedules. (Pesonen 2022,

86.)

An individual PSA assessment is done hour by hour through the whole outage. The five main
steps of the assessment are: (1) to identify planned unavailability of systems/ trains; (2) to
identify possible IEs and to estimate their frequencies (per hour); (3) to identify possible
temporary plant modifications; (4) to calculate CDF and/or LRF; and (5) to see if the
minimal cut sets (MCSs) are reasonable. (Pesonen 2022, 88.) The Guide YVL A.7 refers to

this application as an outage-specific risk assessment.

4.5.8 Risk follow-up

Risk follow-up is an assessment of the actual accumulated risk after every quarter. The
calculation of accumulated risk takes into consideration the yearly realized preventive
maintenance, testing, modifications, equipment failures, and IEs. The safety assessments
made during the year are reassessed and, if necessary, considered in the calculations. The
accumulated risk from previous years (at least five years) works as the reference point. (TVO

2024e, 12-13.)

Risk follow-up is not a PSA application per se, and it is not required in the Regulatory Guide
YVL A.7.
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5 Prioritizing PSA updates

The Guide YVL A.7 requires the licensee to have PSA guidelines which define “the
responsibilities, resources and procedures associated with the development, review,
improvement, maintenance, archiving and utilisation of the PRA. The guidelines shall cover
the procedures used to keep the analyses and computerised models up-to-date, processing
of errors and flaws, modifications, flow of information within the organisation, the PRA

applications, updating schedules as well as internal reviews and approvals.” (YVL A.7,

303.)

The PSA guidelines written by TVO have been enough for the available resources to update
the PSA, but due to increased workload from KPA, Olkiluoto 3 and Posiva, the use of a

graded approach for prioritization of the PSA updates has become necessary.

In the past, TVO has not used a specific prioritization methodology for PSA updates.
However, a categorisation tool for system analyses has been developed, in which the risk

importance of each system is evaluated.

This chapter looks at different ways to prioritize PSA updates. First, the interest of the
Radiation and Nuclear Safety Authority (STUK) is introduced. Secondly, the four main
reasons to update a PSA, according to YVL A.7, are examined. These are plant
modifications, operating experience (feedback), advancing computation methods, and new
research results. The operating experience chapter includes a review of the Fukushima NPP
accident and the impact on PSA. Some thoughts on core damage frequency are presented in
chapter 5.6 The last chapter includes suggestions on when simplifications and conservatism

can be justified, and when they should be reduced.

The PSA “shall be updated continuously to reflect plant and procedure modifications and
changes in reliability data” according to the Finnish report on nuclear safety (STUK 2022,
81).
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5.1 Radiation and Nuclear Safety Authority’s interest in PSA updates

Section 7a (342/2008) of the Nuclear Energy Act (990/1987) states that “The safety of
nuclear energy use shall be maintained at as high a level as practically possible. For the
further development of safety, measures shall be implemented that can be considered
Justified considering operating experience and safety research and advances in science and

technology.”

Guide YVL A.7 demands that the PSA shall be kept up-to-date, and extended, if necessary,
to account for plant modifications, operating experience feedback, advancing computation
methods and new research results (YVL A.7, 108, 333.) These will be assessed in the
chapters following. The regulatory oversight by STUK, including the PSA requirements,

YVL Guides and the periodic safety review, are discussed more in detail in chapter 3

STUK’s oversight during plant operation includes a periodic inspection programme, of
which the aim is to assess the “to assess the safety level at the plants as well as safety
management” (STUK 2022, 44-45). The annual operational inspection programme for PSA,
a safety supervision tool, takes place in Olkiluoto. During the operational inspection
programme TVO presents the current situation on PSA work and updates to STUK. (STUK
n.d. e.)

STUK replies to TVO mainly with observations and requirements. Requirements on a PSA
part are naturally more important than observations, but both types of feedback are important

and considered in the following PSA updates.

5.2 Plant modifications

A plant modification is “a modification to the safety-classified systems [ ...] that calls for the
reassessment of the design bases and safety requirements of systems, the renewal of the
design basis analyses, and considerable equipment acquisitions” (YVL A.1). Examples of
plant modifications at OL1 and OL2 are power uprate and modernisation in the 1990’s, and
backfitting with severe accident management systems (STUK 2022, 84). The definition of
backfitting is “modification of or addition to systems, structures, components, or design of

a facility” (NRC 2024).
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Modifications to operating and maintenance procedures and practices can be interpreted to
be part of plant modifications as well. The PSA model and documentation should therefor
also be updated regarding significant changes made to operating and maintenance

procedures (TVO 2024e, 19).

Example of a recently finished plant modification is the renewal of all eight emergency diesel
generators (EDGs) in OL1 and OL2 (four EDGs per unit). To be able to replace the EDGs
during power operation, an additional ninth EDG was installed in the beginning of the
project. The old EDGs were only cooled with sea water, and they were becoming difficult
to maintain due lack of spare parts and manufacturer support. The new EDGs can be cooled
by both air and sea water, which improves safety due to not being completely dependent on
sea water. (STUK 2022, 163.) According to TVO, the project is “the largest modernisation
project ever at the OL1 and OL2 plant units” and it is worth more than one hundred million
euros. The EDGs serve as emergency power sources for OL1 and OL2 in case of loss of
power. The new EDGs are also rated to withstand earthquakes. The replacement started in

2020 and was completed in 2025. (TVO 2023b, TVO 2025.)

The lessons learnt from the Fukushima NPP accident and possible future plant modifications
were considered in the EDG project as well. The EDGs and their auxiliary systems will
supply electrical power to the emergency power system in case of the power supply from
the 6.6 kV main busbar is lost. When all eight EDGs are replaced with new ones, the ninth
EDG can be used when another EDG is being maintained, or it can replace a malfunctioning

EDG. (STUK 2022, 171-172.)

Several other plant modifications have been made due to the Fukushima accident, and some

of them will be more explained in chapter 5.3.1.

The next possible extensive plant modification might be the implementation of the planned

power uprate, if the plan gets accepted.

5.3 Operating experience feedback

The use of operating experience is described in the Guide YVL A.10 named Operating
experience feedback of a nuclear facility. The Guide requires nuclear facilities to learn the

lessons from “the experience accumulated during the course of the construction and
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operation of both own and other facilities”. The purpose of operating experience feedback
is to prevent accidents and other unfavourable events by “identifying and eliminating
circumstances leading to failures, flaws and non-conformities, and by underlining sound

procedures proven at both own and other facilities.” (YVL A.10.)

According to YVL A.7, operating experience feedback from similar plants or corresponding
applications shall be utilized in the PSA, which shall be “constantly updated and specified
taking into account operating experience feedback, plant modifications, new research

results and the advancement of computation methods” (YVL A.7, 108, 403).

Incidents at nuclear facilities and activities need to be analysed, and based on the analysis,
the licensee shall plan and implement corrective actions. Also, operational events at other
NPPs need to be screened and assessed, based on their applicability and significance for the

Finnish nuclear facilities. (STUK 2022, 131.)

All operating experience reports from the Olkiluoto NPP are handled in TVO’s own
operating experience group (TVO 2022, 10). The operating experience group gives
recommendations to the line organisation that makes decisions on eventual corrective
actions. The main sources of operating experience from other NPPs are NordERF (a
cooperation between Nordic NPPs that processes operating experience from multiple
different sources), WANO (World Association of Nuclear Operators), IRS reports (the
International Reporting System for Operating Experience, managed by IAEA and NEA (the
Nuclear Energy Agency)), and Loviisa NPP (the other NPP in Finland, operated by Fortum).
(STUK 2022, 134.)

Other sources of information are e.g. vendors and component manufacturers, BWROG
(BWR Owners Group) and EPR Owners Group. TVO provides their own event reports of
operating experience to other organizations as well, e.g. to NordERF, WANO, and Fortum.
(TVO 2022, 6, 10.) Reports on safety-important occurrences at Finnish NPPs are written and
submitted by STUK to the IRS (STUK 2022, 133).

Most of the plant modifications, i.e., improvements in SSCs, that have come out of foreign
experience originate from plants that are of the same type as the Finnish plants (STUK 2022,
134).

Operational experience, both at the own plant and at other plants, can have a great impact on

PSA updates. Serious accidents have had an impact on other NPPs, legislation and regulatory
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bodies worldwide. Smaller incidents might lead to investigations and further actions at

similar plants, if the incident is related to a specific type of plant or system.

5.3.1 Fukushima Dai-ichi nuclear power plant accident

TEPCO’s Fukushima Dai-ichi NPP in Japan was severely damaged on 11 March 2011 as a
result of an earthquake, with a magnitude of 9, and the resulting tsunami. In addition to the
NPP accident, the earthquake and tsunami caused the death of 15 000 people and 6000 were
injured. (STUK n.d. d.)

Actions in Finland

Four days after the accident, STUK received a letter from the Ministry of Economic Affairs
and Employment, in which STUK is asked to conduct a study on how the Finnish NPPs will
ensure nuclear safety in case of loss of offsite power and extreme natural phenomena. No
immediate actions were required to ensure the safety of the public and environment, but the
licensees were still required to carry out additional assessments and present action plans for
safety improvement. The results of the assessments conducted in Finland concluded that “no
such hazards or deficiencies have been found that would require immediate actions at the
Finnish NPPs”. Some areas in which safety could be improved were identified, and plant

modifications have been implemented. (STUK 2022, 87.)

An extraordinary review (in addition to the normal PSRs) of site related issues was carried
out at the Finnish NPPs in connection with the European stress tests. Any new site-related
external hazards or vulnerabilities of the plants to external events were not revealed in the
stress tests. The tests gave reasons for additional studies of external hazards and assessments

of plant modifications to improve robustness against external events. (STUK 2022, 112.)
Actions in Europe

The European Commission and ENSREG (European Nuclear Safety Regulators Group)
initiated the stress tests, which were a selected reassessment of the safety margins of NPPs.
The stress tests were started in June 2011, and they included a peer review process which
resulted in suggestions and recommendations from ENSREG. A worldwide meeting, the 2™

Extraordinary Meeting of the Contracting Parties to the Convention on Nuclear Safety, was
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held in August 2022, with the aim to review and discuss lessons learned from the Fukushima

Dai-ichi NPP accident. (WENRA 2013, 4.)

Western European Nuclear Regulators Association, WENRA, established working groups
for post-Fukushima activities. These sub-groups of the Reactor Harmonization Working
Group (RHWG) are Natural hazards, Containment integrity, Accident management, Periodic
safety review, and Mutual assistance. The RHWG reviewed WENRA'’s reference levels
from 2008 for existing reactors. As a result of the review, a new issue (Issue T, natural
hazards) was established and nine issues were the object of significant changes (including
issue O, Probabilistic Safety Analysis). (WENRA 2013, 3) RHWG proposed changes to
issue O regarding how natural hazards are, or are not, included in level 1 PSA, and the need
to include spent fuel storage in level 1 and level 2 PSA. RHWG also emphasized the need
to consider suitable mission time for equipment in PSA, and that human reliability analysis

(HRA) should include all plant staff, not only control room operators. (WENRA 2013, 11.)

The report “Lessons of the Fukushima Dai-ichi accident for PSA” written by the project
ASAMPSA_E (Advanced Safety Assessment Methodologies: extended PSA) includes a list
of a total of 87 recommendations for using PSA in NPPs (Kumar et al. 2017, p. 77).

Impact on the Finnish regulation

The experiences from the TEPCO Fukushima Dai-ichi accident were incorporated into the
legislation and the revised Finnish Regulatory Guides (YVL Guides) published in 2013.
Updated regulations were published again in 2018, and all updated YVL Guides were
published in 2021, considering e.g. several IAEA Safety Requirements documents and
WENRA'’s updated safety reference levels. (STUK 2022, 187, 191.) The new Finnish
requirements based on the lessons learnt from the Fukushima accident are e.g., now requiring
NPPs to have “equipment and procedures to ensure that decay heat from nuclear fuel in the
reactor and in spent fuel pools can be removed for a period of three days independent of
external electricity and external water supplies”, and to have ‘fixed systems for residual
heat removal with no material supplements (water, fuel) from outside the site for at least 72
hours”. Also, the use of vehicles shall not be required to perform necessary actions, nor shall

any single blocked route make the necessary systems inaccessible. (STUK 2022, 114.)

The most important changes in the updated YVL Guides originating from the Fukushima

accident consider “the design of NPPs and spent fuel storages, consideration of severe
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external hazards and with the requirements concerning on-site emergency preparedness

including multi-unit accidents” (STUK 2022, 38).

Safety assessments and improvements based on the lessons learnt from TEPCO

Fukushima Dai-ichi accident

Regarding natural hazards, TVO assessed the safety margins, STUK reviewed the results
and required further clarifications on the seismic resistance of (1) fire fighting systems, and
(2) “spent fuel pools including situations with water temperature exceeding the design
bases”. TVO was also asked to assess “the effects of exceptionally high seawater level on
the cooling systems of the spent fuel interim storage and their electric power supply” in more
detail. Seismic walkdowns were carried out for the fire extinguishing water systems, and the
seismic resistance of the fire water systems was improved by reinforcing pipe supports and

supports in the relay rooms. (STUK 2022, 168.)

Regarding design issues at Olkiluoto units 1 and 2, plant modifications on the residual heat
removal chain were implemented to decrease the dependence on sea water cooling. This will
ensure that the auxiliary feedwater system remains operational for a long time in case of loss
of ultimate heat sink (i.e., the seawater systems). In case of loss of AC power, an independent
way of pumping water to the reactor pressure vessel was implemented in 2018. It consists
of a low-pressure system that pumps water from the fire fighting system, and a high-pressure
system that consists of a steam driven turbine pump. (STUK 2022, 169) The spent fuel pools
in the reactor buildings of OL1 and OL2 have been equipped with a level measurement
system, and pipelines from the fire water system dry risers to the pools have been installed.
This will ensure the monitoring of the water level and the alternative decay heat removal

from the pools, by adding water to the pools and boiling the pool water. (STUK 2022, 170.)

5.4 Advancing computation methods

Advancing computation methods can be interpreted to mean “advances in science and

technology” as phrased in Section 7a of the Nuclear Energy Act.

TVO uses a software called FinPSA for the modelling of its full-scope PSA. FinPSA is
maintained by VTT Technical Research Centre of Finland, and the development of the
software was started in 1988. (VTT 2025.)



49

Examples of the latest or current developments of PSA activities are intermediate spent fuel
storage PSA, spent fuel encapsulation plant PSA, the use of PSA in practical elimination of
early/large releases, and the development of a security PSA methodology. The last includes
analysis of brute force sabotages (explosion), and protection strategy assessment against

insider threat. (STUK 2022, 81-82.)

Currently, level 1 and level 2 are not directly linked in FinPSA, and manual work is required
to transfer input data from level 1 to level 2. Previously the Excel add-in @risk was used,
but in 2023 TVO started developing their own tool for calculating recovery time distribution
of three water supply systems, specifically the containment spray system, the low-pressure
reactor core spray system, and the auxiliary feedwater system. The developed tool helps
prevent human errors especially during the analysis of minimal cut sets in the calculation
process. This tool generates input data for Level 2 PSA. It is used to update the Level 2 input
whenever a major revision is made to the Level 1 PSA, or otherwise at regular intervals,

typically every few years. (Wallius, 2024.)

The aim of the developed PSA data tools at TVO is to reduce human errors in the calculation
process, to obtain more accurate results, and to make regular PSA updates more efficient

(Wallius 2025).

LOCA (loss of coolant accident) frequencies have previously been calculated in-house and
added to the PSA model. The R-Book methodology was investigated prior to its adoption,
and it was found to be more accurate than the old in-house method. Currently, the R-Book
methodology is used to calculate LOCA frequencies using data from the OPDE and CODAP
databases. The script developed in this project will also be used in future updates of LOCA
frequencies. (Wallius 2025).

The Piping Failure Data Exchange (OPDE) project took place between 2008 and 2011. The
goal of the project was e.g. to “collect and analyse piping failure event data to promote a
better understanding of underlying causes, impact on operations and safety, and
prevention”. The OPDE project was later integrated into the CODAP project. (OECD-NEA
2025a.)

CODAP stands for the Component Operational Experience, Degradation and Ageing
Programme. The OECD Nuclear Energy Agency (NEA) operates the event database project

that collects data on passive component material degradation. CODAP is a follow up on two
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previous NEA projects: OPDE and the stress corrosion cracking part of the Stress Corrosion
Cracking and Cable Ageing Project (SCAP). The total event population of about 5000
records in the CODAP event database is a result of 11 705 reactor-years of operation.

(OECD-NEA 2025b.)

A new method or methodology is not a strong trigger on its own to update the PSA, but it
will be considered in the next update of a related PSA model or documentation together with

other factors.

5.5 New research results on PSA related matters

The T-Book provides and improves failure data for reliability computations, which are used
in safety assessments of the Nordic NPPs. The data is from the Swedish NPPs Barsebéck,
Forsmark, Oskarshamn and Ringhals, as well as Olkiluoto as the Finnish representative. (T-
Book 2022, 11.) The T-Book gets it material from the TUD database, which is owned by
TVO, Forsmarks Kraftgrupp AB, OKG Aktiebolag and Ringhals AB (Ringhals and
Barsebick), and these companies are represented by the TUD Office, which then prepares
and publishes the T-Book. The first edition of the T-Book was published in 1982, and the
latest version, the ninth edition, was published in 2022 and contains information up to and
including 2018. The 9th edition consists of data of approximately 525 reactor-years. (T-Book
2022, 1.)

A new edition of the T-Book is published approximately every five years. Possible new or
updated data is then transferred as input parameters to the PSA model and documentation at

TVO (TVO 2024e, 20).

The Nordic PSA Group (NPSAG) focuses on national and international issues related to
PSA. The main goal of the NPSAG is research and development of PSA related issues
(national and international), but the discussions are also about knowledge sharing and PSA
activities at the participating utilities. NPSAG was founded in 2000 by the nuclear utilities
in Finland and Sweden. The current members are Olkiluoto NPP, Loviisa NPP, Forsmark
NPP, Ringhals NPP, Oskarshamn NPP, and the Swedish Nuclear Fuel and Waste
Management Company (SKB). Additionally, STUK and the Swedish Radiation Safety
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Authority (SSM) participate as associated members and may assist in the funding of projects.

(NPSAG n.d.) The prioritization methodology tested in this thesis was a NPSAG project.

A series of Finnish national research programmes in nuclear energy started in 1989. The
programmes were carried out separately in the fields of structural safety and operational
aspects of safety, and later in combined programmes. There have been five SAFIR
programmes between 2003 and 2022. The four main research areas in SAFIR2022 (The
Finnish Research Programme on Nuclear Power Plant Safety 2019-2022) were (1) Overall
safety and systemic approach to safety, (2) Reactor safety, (3) Structural safety and
materials, and (4) Research infrastructure. Some key topics were severe accidents and risk
analysis, fuel and reactor physics, thermal hydraulics, structural integrity, automation, and

human factors. (Himéldinen & Suolanen 2023, 3.)

SAFIR conducted research on e.g. site related natural hazards, such as seismic hazards,

extreme meteorological phenomena and seawater level variations, and effects of climate

change (STUK 2022, 111).

SAFER2028 is a National Nuclear Safety and Waste Management Research Programme for
the period 2023-2028. It’s a technical and scientific research programme, and an extension
of the series of nuclear safety (SAFIR) and nuclear waste management safety (KYT)
programmes. The aim of SAFER2028 is “to develop and continuously improve nuclear
safety and nuclear waste management safety expertise for solving safety issues relevant to
the Finnish use of nuclear energy”. It is funded by the National Nuclear Waste Management
Fund (VYR) and other key organisations in the nuclear energy field. (Karvonen, Itdld &
Immonen 2024, 3.)

An example of a project useful to PSA in the SAFER2028 Annual Report 2023 is
MAWECLI (Marine and Weather Events in the Changing Climate as Potential External
Hazards to Nuclear Safety) conducted by the Finnish Meteorological Institute. Leijala and
her colleagues are conducting studies with the aim to increase the preparedness of NPPs
against extreme weather and sea level events. Studies related to eight different research
topics were initiated during the first year of the project. So far, the focus of the studies has
been on past or current behaviour of extreme events, and their interconnections. The
following are examples of the topics examined in MAWECLI: the contribution of melting

large ice sheets on mean sea level rise; derecho environments in Finland; frequency estimates
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of high wind speeds and gusts; estimates for the occurrence of extreme air temperatures in
the past climate; and cyclone clustering causing extreme sea levels in Finland. (Karvonen,

Itdla & Immonen 2024, 37-38.)

New available data does not necessary mean that the PSA model or documentation will be
updated immediately. For example, a fire PSA uses data such as fire ignition frequencies
and non-suppression probabilities, which are updated and published on a periodic basis
(EPRI & U.S. NRC 2015). New data for the fire PSA is usually not solely a reason to update

the fire PSA, but a variety of factors will impact the scope and timing of an update.

Most new data will be included in the PSA model or documentation during the next planned

update, in which other factors will be considered as well. (Wallius 2025.)

5.6 Effect on core damage frequency

The impact that an upcoming PSA update will have on the CDF or LRF, and the direction
of the change, i.e., will the value increase or decrease, can be estimated prior to the update.
If the CDF/LREF is assumed to increase due to a PSA update, this should be prioritized to
keep the PSA model as realistic as possible, and not too optimistic. (TVO 2024g.)

If a part of the PSA has a particular small impact on the total CDF, it might be tempting to
neglect an update of that PSA part. However, the result of a PSA (CDF, LRF, spent fuel pool
boiling frequency etc.) is not the only value provided by the PSA. The content of the analysis,
the risk insights gained (such as failure mechanisms of SSCs, and human actions prone to
failure) are of great importance and utilized in the improvement of safety in NPPs. Therefore,
prioritizing PSA updates based on a single measure, such as CDF, is not reasonable. (TVO

2024g.)

5.7 Simplifications and conservatism

Conservative assumptions (i.e., underestimating the performance of a system/component)
are frequently used in models of large and complex systems. There are different sources of
conservatism in models. The analysts can make simplifying assumptions because of limited

resources and time, early stage of modelling, scarcity of data, and complexity of the
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processes modelled. The model may have been simplified without the analysts paying
specific attention to conservatism or realism. Something that is considered to be conservative
may in some cases not really be conservative. Lastly, simplifying assumptions may be

purposely biased towards conservatism. (Mohanty & Nes 2006.)

The overall aim of a level 1 PSA should be to calculate a best estimate of the CDF and avoid
introducing excessive conservatisms wherever possible. Excessive conservatism may make
the results unjustifiable biased. The PSA should be based on best estimate models, data and
assumptions. To avoid unjustifiable optimism, it may however be necessary to use some

conservatism in situations with a high level of uncertainty. (IAEA 2024, 24.)

Unjustified conservatism may lead to overestimation of the risk posed by e.g., a hazard. The
conservatism can be reduced by performing a detailed analysis based on physical studies,
such as simulations of fire or flood scenarios. (IAEA 2024, 24.) Detailed analysis can be

supported by verifying information in related walkdowns (IAEA 2024, 83).

Conservatism may be used in screening processes, in which unsignificant events are
screened out. A quantitative screening can assume that all components in the area affected
by e.g., a flooding, will fail. If such an assumption does not show a significant contribution

to the CDF, the flooding area can be left out from the detailed analysis. (IAEA 2024, 94.)

When analysing heavy load drop events, a conservative assumption that the maximum load
is dropped should be used. Analysis of potential turbine disintegration scenarios should be
done in a conservative way, i.e., the worst configuration and conditions in terms of missile
generation should be assumed. The effects on the building structures and on the plant should
be analysed, and the possible size, shape, direction and energy of the generated missiles

should be distinguished. (IAEA 2024, 99.)

High wind is another area in which conservatism can be used to account for uncertainties
arising from lack of weather stations. If possible, recorded wind speed data suitable for the

site should be used. (IAEA 2024, 114.)

Using plant specific information is always preferable, and the use of assumptions and
simplifications should be limited in a PSA for operating plants, compared to a PSA for newly

designed plants. (IAEA 2024, 166.)
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Simplifications are made to reduce the amount of analysis needed for the PSA, and this can
be seen as asymmetries in the model. To use the PSA model in risk monitoring, it should
represent the risks related to the actual plant configuration. The simplifications should be
removed from the PSA model to decrease the possibility of it giving incorrect results for
possible plant configurations. The PSA model needs to be symmetrical to account for all
possible configurations e.g. of operating systems. The status of basic events should be
switched to true or false to show component unavailability during testing or maintenance.

(IAEA 2024, 179.)

It’s difficult to find the right balance between a very precise and a satisfactory PSA model
and documentation. To make a precise PSA model and documentation requires a lot of time.
It is also more complicated to update and to understand, and the computation requires more
time naturally. On the opposite, a simplified PSA model may result in a skewed safety image
of the plant. An example of this would be a NPP with four divisions, of which flooding is
only modelled in one division. The quantification is made to incorporate the other divisions,
so the simplification has barely any impact on CDF. However, it’s modelled in an
asymmetrical way, which has an impact on the importance measures and the user-

friendliness of the PSA model. (TVO 2024g.)

Conservatism is one kind of simplification. It’s easier to use a conservative value for an
initiating event, than to calculate or find a realistic value. It’s also thought that conservatism
is better than too optimistic estimations. However, using conservative values may lead other
modelling and decision-making in favour of this event. Some other event or CCF may be
hidden in the belief that the first event with a conservative value has a greater risk. In

conclusion, overestimates and underestimates should be avoided if possible. (TVO 2024g.)
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6 Methodology for prioritization of PSA updates

Before an update becomes relevant, a trigger for a possible PSA update is found. A trigger
can e.g. come from the regulatory body STUK as an observation or requirement, or it can be
brought up by the risk analysis team itself or other people within the company. This trigger
is categorized into one of three boxes: immediate update, not immediately update, or no PSA
impact (see Figure 4). If the trigger leads to an immediate update, there is no need to
prioritize this manually. If the trigger has no PSA impact, there is naturally no need to
prioritize it. When a trigger has an impact on PSA, but it doesn’t lead to an immediate update,
then it is put through the prioritization process. Following the prioritization process comes
the work plan in which the resources are allocated, and the update work is planned. (Olofsson

& He 2024, 12.)

Trigger Categorization Prioritization process Work plan

_
Immediate
update

e Resource
. i Priaritization Factors
Not l.'l.'l'lilildl.f:" . Feasability allacation and
update Scoring work plan

No PSA impact

PSA update
trigger

|

[

Figure 4. Overview of the prioritization process (figure from Olofsson & He 2024, 12).

Examples of PSA update triggers are regulatory requirements, plant changes (in design of
safety systems, or operation procedures and instructions), statistical data (frequencies of IEs
or probabilities of component failures), new information or methodologies, operation
experience or occurred events. The process of identifying PSA update triggers is not
described in the PROPSA report. However, it is an area which could be improved through
some kind of automated process. (Olofsson & He 2024, 12.)
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Four main prioritization factors should be evaluated for PSA update triggers categorized as
“not immediate update”: risk impact, strategic value, effort, and feasibility (Olofsson & He
2024, 13). The PSA update trigger will be called projects from now on. Each project will get
scores from the prioritization factors, and the result is displayed in a prioritization matrix
(see Figure 5). The prioritization matrix together with possible additional considerations
provides the foundation for resource allocation and activity scheduling. (Olofsson & He
2024, 13) The prioritization matrix is therefore a valuable tool for companies to help with

work planning.

6.1 Risk impact on PSA results and applications

Risk impact represents any impact on numerical results, sequence rankings, or other
significant risk insights related to the update. Risk impact consists of “Impact on PSA
results” and “Impact on PSA applications”. The application part also considers general non-

numerical risk insights. (Olofsson & He 2024, 14, 16.)

Risk impact is the x-axis in the prioritization matrix, see Figure 5. A higher score means a

greater risk impact and therefor a higher priority.

Impact on PSA results is evaluated using Table 1, and it has a 60 % weight of the risk
impact factor. There are seven risk measures to choose from, and the used measure used
should be relevant to the specific update. The highest score obtained for a risk measure shall
be used if more than one risk measure is evaluated. The preferred risk measure is ACDF
(change in core damage frequency) or ALERF (change in large early release frequency.
Large release frequency, LRF, is used in Olkiluoto) if they are known, or if they can be
estimated from similar historical updates. Current risk importance values (FC/FV, RIF) can
be used if the update is related to a specific system, function, event group, or initiating event.
The measure fractional contribution (FC) is used in RiskSpectrum’s software instead of
Fussell-Vesely (FV), but the meaning is very similar, and they can be used interchangeable
in many contexts. (Olofsson & He 2024, 15.) The risk measure System Importance can be
used for systems, and the score (low = 1, very high = 5) is taken from Figure 3 in chapter

452
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ASFP means the change in the risk measure/ consequence for the spent fuel pool. The spent
fuel pool PSA evaluates the probability of losing all the systems used for pool cooling, and
as a result, the water would heat up and eventually start to boil, and later, the fuel becoming

uncovered (TVO 2016, 8).

Engineering judgement should be used if no other risk measure is applicable for the project

(Olofsson & He 2024, 16).

Table 1. Scoring criteria for the aspect "Impact on PSA results" (table from Olofsson & He 2024, 15).

Risk measure Score 1 Score 2 Score 3 Score 4 Score 5
ACDF no impact <1% <5% <10% >10%
ALERF no impact <1% <5% <10% >10%
A SFPrisk

measure/ no impact <1% <5% <10% >10%
consequence

FC (Attribute, IE,
system, <0,001 <0,005 >0,005
component)

RIF (Attribute, IE,

system, <0,5 <2 >2
component)

System

Importance 1 2 3 4 5
(TvO)

Engineering negligible moderate very high
judgement impact impact impact

Impact on PSA applications can be evaluated in two ways: to take the average score of all
applications, or to take the highest score for a particular application. In addition to PSA
applications, the general non-numerical risk insights should be evaluated here. The insights
can include e.g. a change of ranking of dominant sequences, a non-risk significant
component becomes risk significant. (Olofsson & He 2024, 16). Impact on PSA applications

has a 40 % weight in the risk impact factor.

The scores and their descriptions are shown in Table 2.
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Table 2. Scoring criteria for the aspect "Impact on PSA applications" (Olofsson & He 2024, 16).

Score Description

1 Negligible or no impact.

) Low impact. The update has some impact on the application, but the result will
not be significantly changed nor will the update lead to any new conclusions.

3 Moderate impact. The update has a small impact on numerical results, but it will
not lead to a change in the main conclusions.

4 High impact. The update has an impact on numerical results and perhaps also the
main conclusions.

5 Very high impact. The update has a significant impact on numerical results and
possibly also the main conclusions.

6.2 Strategic value

Strategic value evaluates the overall value of the update, and it is the y-axis in the
prioritization matrix, see Figure 5. Strategic value includes three aspects to be evaluated: (1)
regulatory requirement, (2) state-of-the-art / improvement of quality, and (3) years since last

update. (Olofsson & He 2024, 17.)

Regulatory requirement for a PSA project has the biggest weight (40 %) in the Strategic
value aspect. However, if the regulatory body has given a PSA update a deadline in the near
future, the activity should be classified as an immediate update, and it won’t need to be

prioritized manually. (Olofsson & He 2024, 17.)

Scoring of regulatory requirement is based on the requirements and comments issued by the
regulator. Score 5 means that the regulator has issued a formal requirement, or requirements,
for this specific PSA update, and its completion is essential for maintaining compliance.
Score 4 can be used for an update with a requirement that are slightly less urgent. For PSA
updates with general comments (observations) by the regulator, score 3 or 2 can be assigned,
depending on the number of comments and their relevance. If there are no regulatory

comments or requirements, score 1 should be used. (Olofsson & He 2024, 17.)

State-of-the-art / Improvement of quality is evaluated by using Table 3, and it has a 30 %

weight in the strategic value aspect.
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Table 3. Types of PSA updates and corresponding scores for the aspect "State-of-the-art / Quality improvement" (table
from Olofsson & He 2024, 18).

Update type Score
Modelling of large/significant technical and administrative modifications of the plant since the 5

last update

A discovered large/significant error in the PSA model 4,5
Taking into consideration important international/NPSAG good practices. 4
Large risk contributors caused by unreasonably large conservativism or optimism in the PSA 3,5

model, the conservativism/optimism should be reduced or —if it is possible — eliminated.

PSA model should be adequate for new software versions. 3

The scope of PSA model must be extended, if there are new initiators, that can have not 2,5
negligible risk contribution (like external hazards).

Documentation and/or process enhancement 2

Correcting errors of less importance

Taking into consideration less relevant international good practices. 1,5

None of the above is applicable for the project 1

Years since last update also has a 30 % weight in the strategic value aspect. If a new project
is evaluated and therefor not previously updated, the score can be left blank, and a nominal
value (score 3) will be assigned. A judgment is required in some cases, e.g. if some parts of
a project have been updated but some have not. It might be sufficient to assess whether most
of the project have been reviewed or updated recently, or alternatively, the task can be broken
down into smaller subtasks which then are assessed separately. The user input is the real
number of years which have passed since the last update, and the Excel tool will scale that

as follows (Olofsson & He 2024, 18):

Score 1 =1 year or less
- Score 2 = 2-3 years

- Score 3 =4-7 years

- Score 4 = 8-14 years

- Score 5 = more than 14 years
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6.3 Effort in a project

The effort required to update a PSA project is accounted for in estimated man-hours, which
can be separated into in-house and consultants respectively. The effort is reflected in the size
of the bubbles (see Figure 5), i.e., a big bubble means it’s a laborious project. At this point
of the project prioritization, the following questions can be considered: what level of detail
is required, and is it enough to perform a qualitative analysis for some parts of the project?
It is essential to evaluate the project scope and the value it brings, so one can ensure that the

update is effective and sufficient. (Olofsson & He 2024, 18-19.)

6.4 Feasibility of a project

Feasibility considers factors or circumstances that need to be fulfilled before the project can
be started. Examples of these are availability of resources and special expertise, availability
of data or tools, and waiting for another project to be finished first. It may be necessary to
perform some project activities in parallel or in a specific order due to dependencies.

(Olofsson & He 2024, 19.)

Feasibility is reflected in the bubble color. A green bubble means that all prerequisites are
met to perform the project. Yellow means that the main prerequisites are generally met, but
some aspects may require attention during the planning process. A red bubble indicates that
significant prerequisites are not fully met, and e.g., substantial adjustments, additional

resources or budget is needed before the project can take place. (Olofsson & He 2024, 19.)

6.5 Prioritization matrix

The prioritization matrix displays all the evaluated PSA projects as bubbles in different sizes
(representing effort) and colours (representing feasibility). X-axis shows risk impact, and y-
axis shows strategic value. The area which should be most prioritized is Area 1, since
projects here have both high strategic value and high risk impact. Area 2 and Area 3 share
the second spot in priority. The projects here have either high strategic value and low risk

impact, or high risk impact and low strategic value. Area 4 projects have lower priority, and



61

they can be performed if there is enough time and budget for them. (Olofsson & He 2024,
19.)
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Figure 5. Prioritization matrix with example projects (Olofsson & He 2024).

The bubble size and colour help in an efficient allocation of resources. Green projects can
be put in the schedule plan, and yellow and red projects might need more planning before
they can be started. Other factors that might influence the work planning is e.g. the
experience of the PSA personnel. Some projects can be more suitable for less experienced
individuals and could provide them an opportunity to build competence in an area, while
other projects might only be suitable for more experienced individuals. (Olofsson & He

2024, 19-20.)

The prioritization matrix is a living process, which means it should be revisited and updated

regularly as some projects are finished and other added (Olofsson & He 2024, 20).
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7 Pilot test of the PROPSA methodology

The pilot test of the PROPSA methodology was performed using the PSA for OL1/OL2 and
KPA. A half-day online workshop was held in September 2024 in which TVO participated
with the other contributing organizations from Swedish NPPs (Forsmarks Kraftgrupp AB,
Ringhals AB, and Oskarshamn NPP) and RiskSpectrum. A one-on-one meeting with
RiskSpectrum was also held on Teams. Lastly, a full-day workshop with the other
stakeholders and RiskSpectrum was held in Solna, Sweden in November 2024. The full-day

workshop included presentations of all stakeholders’ pilot tests.

The PROPSA methodology was developed and improved based on feedback from the pilot
tests performed by the participants. The final version of the methodology was published in
December 2024 and is now available for the members of the NPSAG.

7.1 Evaluation of the prioritization factors

The chosen projects for the pilot test were from the OL1/OL2 PSA and KPA PSA. Each
project represents the update of a specific PSA model and its document, e.g., Fire PSA,
Seismic PSA, and Shutdown PSA. A total of 11 projects were evaluated in the pilot test at
TVO, and they include both level 1 and level 2 PSAs, as well as PSAs of nuclear power
plants and nuclear facilities. The projects will not be specified here, but the scores used in

the project scoring are real.

The four main parts of the PROPSA methodology Project Scoring, i.e., the prioritization
factors, are Risk Impact, Strategic value, Effort and Feasibility. The way they were evaluated

will be explained next.

Impact to PSA for the Risk Impact factor needs values from the PSA model, either from
the used software FinPSA, or from tables and documents related to each project. Four
projects were evaluated using the risk measure Fussell-Vessely. Project A was set to be an
emergent update, which means there’s no need to rate it manually in the prioritization scoring

tool, but it will be prioritized anyway. Emergent, in this case, doesn’t necessarily mean
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emergent, but more mandatory. The risk impact of six projects was evaluated using

engineering judgment.

Impact to PSA applications for the Risk Impact factor was also evaluated using expert
judgment. Eight applications for each project were assessed on a score between 1 and 5, as
explained in chapter 6.1. The average score of all applications for each project was used as

input in the project scoring. See Table 4 for the projects’ impact on PSA applications.

Table 4. The projects' impact on PSA applications.

PSA update Preyentative Training (e.g. Main.t.enar\ce Risk-Informed In- Risk Risk—lnformed Safety Risk-Informed "::’:Zg:n
# activit maintenance | Simulatorand | (classification) e Ta— follow- Technical classification Outage S —
\ (PM) packages| safety training) | rating (RCM) up |Specifications (RI-TS) Optimization score
1 Project A 2 3 2 2 2 3 2 3 2,4
2 Project B 1 2 1 1 3 2 1 3 1,8
8 Project C 1 3 1 3 1 2 1 1 1,6
4 Project D 1 3 1 3 1 2 1 1 1,6
5 Project E 2 2 2 1 2 3 1 2 1,9
6 Project F 1 2 1 2 2 2 1 2 1,6
7 Project G 1 3 2 2 1 3 1 4 2,1
8 Project H 2 3 2 1 2 3 1 1 1,9
9 Project | 1 2 1 1 1 1 1 1 1,1
10 Project ) 1 2 1 1 1 2 1 3 15
11 Project K 1 2 1 1 1 1 1 1 1,1

Another alternative for assigning a score in the projects’ impact on PSA applications is using
the highest score from an application (Olofsson & He 2024, 16). This will be done as a part

of the sensitivity analysis in chapter 7.3.
The evaluation of strategic value was done as described in chapter 6.2.6.2

The main source of information for evaluating the strategic value of the projects was a
comprehensive backlog, where numerous tasks to be fixed, updated, checked up, etc. are
listed for different chapters in the PSA documentation. The same list differentiates the
comments made by TVO and observations or requirements made by the regulatory body
STUK. The chosen PSA projects for this pilot test did not contain any regulatory

requirements in the backlog.

Regulatory requirement for the Strategic value factor was assessed as follows: Two projects
received score 5 even though they barely had any comments in the backlog. This is since the
projects will become more critical if TVO decides to extend the service life of the units OL1
and OL2, and possibly uprate the thermal power as well. Three projects with no STUK

observations received a score 1. One project received a score 2 due to only having one STUK
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observation. More than one STUK observation was the reason for a score 3 for two projects.
One project with multiple STUK observations and an upcoming deadline received a score 4.
One project received a score 5 with good reasons, i.e., a high need for update and numerous

observations.

The comments in the backlog were assessed using Table 3. The assessment was found more
demanding than expected. It was challenging to fit the meaning of the comments to the
criteria and their respective score in Table 3. The PROPSA report didn’t give any advice on
how to take multiple comments or reasons to update into consideration, e.g., should an
average be used or the highest score, and how does the number of comments affect the score.
It was however recommended that projects should be divided into smaller tasks, and in that
case, it would have been easier to assess only one task at a time. Improvement of quality was
assessed mainly by taking the highest score of the comments, but some engineering

judgement was also included.

Four projects with a need to model significant modifications of the plant received a score 5.
One project received a score 4.5 due to some flaws in the PSA model. Two projects with
unreasonable large conservatism or optimism received a score 3.5. One project got a score
3 with the reason that the PSA model should be adequate or up to date. One project with

smaller errors received a score 2.

The prioritization factor effort, i.e. human resources, was evaluated by estimating the hours
required for a project. Independent expert judgments were given by the PSA team and its
senior specialists at TVO. Five projects will likely have some work done by consultants in
addition to the work done by the PSA team, but the consultants’ hours were left out at this
point due to lack of data and offers. The human resources (in-house) varied between

approximately 110 hours and 1200 hours.

Feasibility was mostly evaluated by the team lead who knows in which order the projects
can or should be done, and if their prerequisites are fulfilled. One project was purple due to
the project being an immediate one. One project was green, four projects were yellow, and

five were red.
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7.2 Results of the pilot test

An overview of the projects and their respective scores is found as the Project Scoring in
Appendix 1. The result from the Project Scoring is presented in Figure 6 as a prioritization
matrix. Area 1 is the top priority, and projects here have both a high risk impact and a high
strategic value. Area 2 and area 3 can be prioritized next, since they have either high strategic
value and low risk impact, or high risk impact and low strategic value. Area 4 has low

strategic value and low risk impact, and should therefore be prioritized last.
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Figure 6. The result of the pilot test presented in a prioritization matrix.

Six projects are clearly in area 1 as seen in Figure 6. Project A is purple since it was an
immediate update and was automatically prioritized without going through the scoring
process. Project I is yellow and has the highest strategic value (4.4) but the lowest risk impact
(3.5) of the area 1 projects due to its very low impact on PSA applications. Three projects
(project C, E and H) were very similar considering both risk impact and strategic value.

Project D had similar risk impact but slightly lower strategic value.

Project B ended up in the cross section of all areas. Project K, J and F are in area 2. Project

G is the only project in area 3. No project received scores low enough to be an area 4 project.
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As explained in chapter 6.4 green bubbles are projects ready to start immediately, i.e., all
prerequisites are fulfilled. Yellow bubbles on the other hand are missing some factors, while
red bubbles are projects in which a lot of prerequisites are not yet fulfilled. E.g. some projects
can only be started when another project is finished, or there is still a lack of resources or

tools.
7.3 Sensitivity analysis of the pilot test

Impact on PSA applications can be evaluated in two ways, either by taking the average
score of all applications, or to take the highest score for a particular application. The first
matrix (Figure 6) used the average score of all applications, which resulted in a total of six
projects landing in area 1 (highest priority). When taking the highest score for an application
when evaluating Impact on PSA applications, project F moved from being on the border of

area 2 and area 1, to being in area 1 (see Figure 7).
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Figure 7. The result in the prioritization matrix when using the highest score for impact on PSA applications.

Taking the highest score instead of the average score for the impact on PSA applications

caused all projects (besides from the immediate update project A) to move horizontally to a
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higher risk impact location, as seen in Figure 7. Project K and J are still in area 2, although
project J got close to the area 1 border. Project G is still clearly in area 3. Project B moved

from the crossing point of all areas to being on the border of area 1 and 2.

It became even more difficult to distinguish between the four red important projects. The
projects C, D, E and H have a risk impact of 4.2. The small difference may be noticed from
their vertical position as the strategic value of project D is 4.10, C is 3.95, E is 3.9 and H is
just behind with 3.85. Shortly, they are equally important based on the prioritization matrices

in Figure 6 and Figure 7.

The prioritization factors effort and feasibility are not subject of the sensitivity analysis,
since they don’t have an impact on the different areas in the prioritization matrix. When the
PROPSA method is used in real life, then feasibility will affect the timing of the project. The
main interest in this pilot test was the prioritization of the projects, i.e., the location of the

projects in the matrix.
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8 Results

The first subchapter contains a comparison of the PROPSA methodology and its result, to

the used practice at TVO. A critical review is done in the second subchapter.

8.1 Comparison of the PROPSA methodology to expert judgements

Independent expert judgments were used to estimate the number of hours required for each
project. At two different occasions, the estimations were given together with justifications.
At the end of the occasions, the three most important projects were voted for. However, the
most important projects from the two occasions were not ranked against each other, which
resulted in two separate lists. No specific scoring system was used in the ranking. The result

can be seen in Table 5.

Table 5. The most important projects to update according to expert judgements.

1st expert judgement 2nd expert judgment
# occasion occasion
1| Project | Project C
2 | ProjectH Project D
3 | Project J Project E

When comparing the projects in Table 5 with Figure 6 it is easy to see the similarity. Project
J 1s horizontally quite far from the other important projects, which is due to the low score on

impact to PSA. Strategic value is about the same as for the other important projects.

A conclusion could be that expert judgement can give quite reliable answers, especially
when judgments come from several experts independently. In this case, the experts had

access to the same sources, e.g., the backlog, years since last update, and the results from the

PSA model.
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8.2 Critical review

It is not surprising that most projects are high-priority projects, nor that there are no low-
priority projects. The projects chosen were likely high up on the team’s to-do list in the
beginning, and therefor they needed to be systematically evaluated to get separated from

each other.

One significant aspect of the results and the interpretation of them is that these evaluated
projects were not broken down into smaller tasks but were evaluated in one piece. These
projects are generally updated as a whole, and the updates include the most important tasks,
if not all. The alternative, i.e. breaking down each project into smaller tasks, was not done
as a part of the pilot test nor was it done in the sensitivity analysis. It should however be
considered when using the prioritization process in the future. It could be more time-

consuming, but it would also be easier to see exactly what tasks make the project a priority.

Table 3 was found to be quite challenging to use in assessing the comments in the backlog.
There is probably a need to adjust the table with its criteria to fit the content in the backlog,
e.g., “PSA model should be adequate for new software versions” for score 3 could be
changed to “PSA model should be adequate/ up to date”, since the software versions is only
relevant for RiskSpectrum users. The table does not clearly tell how to assess medium
modifications of the plant, but perhaps score 3 would be suitable for that. Several comments
followed the form of “find out the impact of document X or plant modification Y, which is
a very vague comment and the real importance of it will not be known beforehand. Should

this also be given a score 3?

A possible way to incorporate the use of the scoring process would be to teach the whole
team to evaluate the improvement of quality for their own comments. The person who writes
the backlog comments will more likely know the scope and importance of their comments,

compared to a later evaluation of all comments for a project.

Things to consider is therefore a more plant specific scoring table for state-of-the-art /
improvement of quality, and perhaps the colour of the projects; should ongoing projects be
a specific colour, and should recently finished projects be a different colour to distinguish

them from upcoming projects, or should they be removed altogether?
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9 Conclusions

The operators of NPPs are required to keep their comprehensive and plant-specific
probabilistic safety assessments up to date. It is also required to use the PSA to enhance the
safety of a nuclear facility, to identify and prioritize needs for plant modifications, and to

compare the safety significance of possible solutions (YVL A.7, 326).

TVO’s own PSA Guide has been enough for keeping the PSA models and documentations
updated. However, the increased workload from the PSA for the interim storage facility for
spent fuel, the PSA for Olkiluoto 3, as well as the PSA for the encapsulation plant and final
disposal facility, has made it more difficult to keep the PSAs up to date. Therefore, a way to
prioritize the PSA updates was needed at TVO, and at other Nordic NPPs as well.

Guide YVL A.7 requires the licensee to continuously update the PSA to account for plant
modifications, operating experience feedback, advancing computation methods and new
research results (YVL A.7, 108, 333). However, the Guide does not imply how to prioritize
the PSA updates.

In addition to the above-mentioned reasons to update a PSA, the effect on core damage
frequency, as well as conservatism and simplification was considered as reasons how to

prioritize PSA updates.

When trying to prioritize PSA updates, one value or factor should not be exclusively used.
Many factors should be considered to make the decision justifiable. The regulatory body
STUK has a great impact on the order of updates, as STUK reacts with observations and
requirements on a PSA with room for improvement. TVO also keeps track of improvements

that should be implemented in future updates.

The prioritization methodology and its result, the prioritization matrix, will be useful for
planning upcoming work. Expert judgment was the main method of prioritizing PSA updates
before, and it is still needed in evaluating and scoring the projects using the PROPSA
method. Expert judgement used on its own for prioritizing PSA updates is certainly more
questionable than used as part of the prioritization methodology and its project scoring Excel
tool. The tool is diverse as it covers multiple areas in the scoring process. The tool is also

systematic, and if used in the right way, traceable, which is always a desired outcome.
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Appendix 1. Project scoring

PSA Project Scoring
Risk Impact Strategic value Effort Feasibility
Impact to PSA: |60 %|Impact to PSA 40 % |tot |Regulatory |40 % |state-of the art/ |30 % |Years since 30 % |tot |Human resources [Human sum Feasibility
# |PSA update activity e FC, RIF, etc. applications and requirement improvement of last update (in-house) [hour] |[resources |[hour]
update? risk insigths quality [years] (Consultant
1 Project A yes 1 0,6 24 0,95 4,5 5 2 2,5 0,75 1 1| 03| 45 113 113 4
2 Project B 3 18 18 0,7] 2,5 2 0,8 355 1,05 2 2| 06| 2,5 300 300 2
3 Project C 5 3 1,6 0,65| 3,7 5 2 4,5 1,35 3 2| 06 4 900 900 1
4  |ProjectD 5 3 1,6 0,65| 3,7 5 2 2 0,6 3 2| 06|32 450 450 1
5 Project E 5 3 1,9 0,75/ 3,8 3 1,2 5 15 8 4| 1,2] 39 450 450 1
6  |ProjectF 3 1,8 1,6 0,65 2,5 1 04 4,5 1,35 10 4 12| 3 225 225 2
7 |Project G 3 1,8 2,1 0,85 2,7 1 04 2 0,6 0 1| 03] 1,3 150 150 3
8 |ProjectH 5 3 1,9 0,75 3,8 4 1,6 3,5 1,05 8 4 12| 39 450 450 1
9 [Project! 5 3 1,1 045| 3,5 5 2 5 1,5 6 3| 09| 44 600 600 2
10 |Project ) 2 1,2 1,5 06 1,8 3 1,2 3 0,9 8 4] 12|33 600 600 1
11 |ProjectK 1 0,6 1,1 0,45 1,1 1 0,4 5 15 12 4] 1,2] 31 1200 1200 2
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