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SKI PERSPECTIVE

Background

The Swedish Nuclear Inspectorate (SKI) Regulatory Code SKIFS 1998:1 includes requirements
regarding the performce of probabilistic safety assessments (PSA), as well as PSA activitiesin
genera. Therefore, the follow-up of these activitiesis part of the inspection tasks of SKI.
According to SKIFS 1998:1, the safety analyses shall be based on a systematic identification and
evaluation of such events, sequences and other conditions which may lead to aradiological
accident. The research report Guidance for External Events Analysis has been developed under a
contract with the Nordic PSA Group (NPSAG), with the aim to create a common approach to the
analysis of external events within the probabilistic safety assessment for a plant.

The Aim of SKI and of the Report

The word Guidance in the report title is used in order to indicate a common methodol ogical
guidance accepted by the NPSA G, based on current state of the art concerning the analysis of
external events and adapted to conditions relevant for Nordic sites. Thiswill make it possible for
the utilities to perform cost effective analyses with a high quality.

The Guidance is meant to clarify the scope of the analysis of external events, to provide guidance
for the performance of the analysis, and to help in defining, sub-contracting and reviewing the
work.

The SKI Report 02:27 “Guidance for External Events Analysis’ includes four phases, addressing
project planning, identification of external events, screening of events, and probabilistic anaysis.
Theaim isfirst to do as a complete identification of potential single and combined external events
as possible. Thereafter, as many external events as possible are screened out as early as possible.
The screening capability isincreased during the project, using the continuously acquired
information on the events and on their effects on the plant.

Results

The report “ Guidance for External Events Analysis’ presents a common attempt by the authorites
and the utilities to create a methodology for the analysis of external events.

Possible Continued Activitieswithin the Area

Experiences from the application of the Guidance shall be awaited for, i.e., major changes or
extensions to the document shall be decided on at alater stage. However, the development of
methods is an on-going process which is guided by changes in analysis assumptions or increased
level of detailed of the analysis.

Effect on SK1 Activities

The SK1 Report 02:27 “Guidance for External Events Analysis’ is judged to be useful in supporting
the authority’ s review of procedural and organizational processes at the licencees, methodology for
the analysis of external events.

Project Information

Project responsible at SK1: Ralph Nyman
Project number: 02124

Dossier Number: 14.2-020461
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Summary

This Guidance for External Events Analysis was developed under a contract with the Nordic
PSA Group, and aims at creating a common framework for analysis of external events as part of
anuclear power plant Probabilistic Safety Assessment.

Thus, the purpose of this Guidance isto constitute a common methodological guidance for the
analysis of external events at Nordic nuclear power plants. Thiswill make it possible for the
utilitiesto perform these analyses in a cost-efficient way, assuring simultaneously the quality of
the analyses.

The Guidance is meant to clarify the scope of the analysis of external events, to provide
guidance for the performance of the analysis, and to help in defining, sub-contracting and
reviewing the work.

The analysis procedure includes four phases, addressing project planning, identification of
external events, screening of events, and probabilistic analysis. The aim isfirst to do as
complete an identification of potential single and combined external events as possible.
Thereafter, as many external events as possible are screened out as early as possible. The
screening capability isincreased during the project, using the continuously acquired information
on the events and on their effects on the plant.

Sammanfattning

Denna Vagledning for analys av yttre handelser har utvecklats pa uppdrag av Nordiska PSA-
gruppen, med syftet att skapa ett gemensamt angreppssétt for att analysera yttre handelser inom
ramen for ett karnkraftverks probabilistiska sékerhetsanalys.

Sdledes syftar Véagledningen till att utgdra en gemensam metodol ogisk vagledning for analys av
yttre handelser vid nordiska kérnkraftverk. Detta kommer att gora det mojligt for
anlaggningsagare att genomfora kostnadseffektiva analyser, och att samtidigt halla en hog
kvalitet pa analysen.

Denna Véagledning & avsedda att klargéra omfattning och innehall i analysen av yttre handel ser,
att ge vagledning avseende genomforandet av analysen, och att vara en hjalp vid definition,
upphandling och granskning av arbetet.

Analysen bestar av fyrafaser som ror, projektplanering, identifiering av potentiella yttre

héndel ser, sdllning och probabilistisk analys. Syftet &r att forst goraen sa fullstandig
identifiering som majligt av potentiella enkla och multipla handelser. Dérefter skall sd manga
héndelser som méjligt sdllas bort satidigt som mojligt. Mgjligheternatill sallning 6kar under
anaysens gang i takt med att allt mer information genereras om kvarvarande yttre handel ser och
deras anlaggningspaverkan.
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1  Introduction and Scope

1.1 Background and Introduction

This Guidance was developed jointly by Impera-K AB (Sweden) and RAMSE
Consulting Oy (Finland) as part of the activities of the Nordic PSA Group (NPSAG) [1-
1 and 1-2]. Feedback from NPSAG and from the utilities was received by arranging an
intermediate workshop and by distributing the draft Guidance for comments. Appendix
1.2 presents the organisations participating in the project.

In the context of Probabilistic Safety Analysis (PSA) of nuclear power plants (NPP),
external events are defined as events originating from outside the plant, but with the
potential to create a PSA initiating event at the plant. They may, however, originate
from within the site (e.g. local transportation accidents), or even from another plant on
the same site (e.g. fire spreading between plants).

External events can occur as single events or as combinations of two or more external
events. Potential combined events are two or more external events having a non-random
probability of occurring simultaneously, e.g., strong winds occurring at the same time as
high sea water levels. Combined events which may contribute significantly to the plant
risk need to be identified during the analysis.

External events are normally grouped into natural events and man-made events.
Examples of man-made external events are airplane crash and gas explosion, while
coastal flooding and various extreme weather conditions are examples of natural
external eventst.

External events have occurred at Nordic NPP:s. Experiences include events affecting
the cooling water intake (organic material and frazil ice), events affecting ventilation
(blocking of ventilation intakes by white frost), events causing loss of externa grid
(strong wind, salt storms, lightning), and events causing plant isolation (heavy snowfall
combined with strong wind).

Analyses of external events have been performed for some Nordic NPP:s. In Finland,
systematic and detailed analyses were performed in the early nineties for both the
Olkiluoto BWR plants and the Loviisa PWR plants, including in-depth analyses for
some events. The focus of these analyses was on natural external events. In Sweden, all
existing PSA:s contain at least an introductory overview. Furthermore, a pre-project for
analysis of weather related external events (especially extreme sea water levels) and
quite an extensive aircraft crash analysis have been performed for the Barsebéck plants.
A complete external events analysis, including both natural and man-made external
events, has recently been completed for the Ringhals PWR plants. Additionally, detailed
analyses of selected external events have been performed at various plants
independently of the PSA work (but often including fault tree evaluations). This applies
to e.g., frazil ice, screen house blocking by organic material and hydrogen plant
explosion.

Definitions used in this Guidance are listed in Appendix 1.1, along with explanations of
abbreviations used.

1 Combined events including both man-made and natural events are considered to be man-made, e.g., an
il tanker running aground due to heavy wind.

1



1.2 Aim

The vast variety of the characteristics of the external events themselves and of their
interaction between each other and with the plant makes the analysis a challenging task.
Given the multitude of possible external events, efficient identification methods,
screening criteria, and analysis methods are extremely important in order to make it
possible to perform arelevant and credible analysis with reasonabl e resources.

The purpose of this Guidance isto constitute a common methodological guidance for
the analysis of external events at Nordic nuclear power plants. Thiswill make it
possible for the utilities to perform these analyses in a cost-efficient way, assuring
simultaneously the quality of the analyses.

The Guidance is meant to clarify the scope of the analysis of external events, to provide
guidance for the performance of the analysis, and to help in defining, sub-contracting
and reviewing the work.

Looking at the state of the art concerning the analysis of external events, thereisabias
towards a rather detailed treatment of alimited number of serious single events
(airplane crash, tornado, external flooding etc). These events have been found to be
relevant in some countries, but do not necessarily cover the whole spectrum of events
relevant to Nordic countries, and largely exclude events that have caused problemsin
Nordic NPP:s. Therefore, the aim of the Guidance is also to provide an unbiased
identification procedure.

1.3 Scope

This Guidance for External Events Analysis covers procedures for identification,
categorisation, screening analysis, quantification, and PSA modelling of external
events.

Externa events analyses are largely site and plant specific. However, many basic
features of the analyses are common. This appliesto the identification of potentially
relevant events, development of screening procedures, analysis methods for specific
classes of events, and sources of information on specific events.

The Guidance is based on areview of the present state of the art of external events
analysisinternationally [1-3 to 1-16], and also considers the work performed in Nordic
countries. It covers al steps that are normally found in an external events analysis.

1.4 Information Sources

Data sources used in preparing the Guidance are listed in the reference section of each
chapter, and referred to when needed. Generally, the Guidance is based on the following
SOUrCes.

e General international guidelines and standards regarding analysis and design for
external events (mainly issued by the USNRC, ANS and IAEA).

e Guidelines concerning specific external events or groups of external events with
similar plant effect (various sources, including USNRC, IAEA and GRS)

e Textbooks on the analysis of environmental phenomena and on the statistics of
extremes.



1.5

Nordic analyses of external events, mainly those performed for Olkiluoto 1 and
2 and for Ringhals 2-3-4, but also for Barsebéck 1 and 2.

Assumptions

The following assumptions have been made throughout the Guidance:

1.6

In order to make it possible to carry out deterministic and probabilistic
screening, it is recommended and assumed that at least a plant specific level 1
PSA for power operation has been performed before starting the external event
analysis.

It is assumed that the PSA model includes mapping of area dependencies.
However, it must be assured that the existing dependency mapping is complete
with respect to external events. If the existing mapping isincomplete, substantial

additional efforts may be needed to complete it.

Note: Examples of areas where the mapping may be incomplete is: building heating and
mapping of electrical dependencies which may not necessarily be suitable for EE analysis (e.g.
lightning impact analysis.

The plant design basis with respect to certain external events may already be
documented at the plant, but will sometimes need to be decided case by case by
plant experts. The project does not question design basis, i.e. the capability of
the plant to withstand a stress equal to a specific design basis challenge.
However, in an in-depth analysis of plant response to certain external events, it
may be necessary to assess the capability of the plant to actually withstand a
design basis load.

The external events analysis only includes events occurring outside of the plant
buildings. Events occurring within the buildings are assumed to be covered by
the area events PSA. This must be checked within each PSA.

The identification of potential external events shall consider events originating
in another plant on the same site as the analysed one.

Basically, the analysis shall include all relevant eventsin Sweden or Finland
during the coming two to three decades. This means that very slowly developing
events (land rise etc.) usually will not need to be considered. However, all
events which give a significant risk contribution should as far as possible be
included. The frequency of occurrence may sometimes be very low, in principle
down to the region of 1E-6 or lower for events causing very severe plant
damage.

Asaresult of the effects from global warming or other climate changes. the
existing experience data may become non-representative, resulting in an
underestimation of the maximum strength of certain events. Depending on the
experiences during coming decades, there may be a need to recalculate
maximum strengths of these events.

Analysiswork covered by standard PSA procedures, is not described in detail.

Limitations

The Guidance does not cover seismic events or events originating from war impact or
acts of sabotage or terrorism.



The Guidance uses the present standard definition of external events, which means that
area events, such asinternal fire or internal flooding, are not covered.

The Guidance does not prescribe methods to be used for performing in-depth analyses
for the large variety of events covered in this Guidance. In-depth analyses generally
require specialist resources specific to each event. Additionally these analyses are
largely site and plant specific.

The frequency of external events leading to PSA initiating eventsis usually low.
Furthermore, many external events are already included in initiating events statistics for
transients which are modelled in the PSA. External events may, however, cause
initiating events and at the same time affect safety systems needed and modelled (CCl
impact). The scope of the Guidance is limited to the identification and analysis of such
external events, i.e., of external event which lead to or require plant shutdown, and
which additionally degrade safety systems needed after the shutdown.

1.7 Oveview of the Guidance

The Guidance consists of twelve chapters of which the first two and the last one are
concerned with the defining the aim and scope of the analysis (Chapter 1), with
describing the analysis process and general project requirements (Chapter 2), and with
the implementation of the Guidance (Chapter 12). Each of the remaining nine chapters
defines and describes a separate analysis step.

SKI Rapport 02:27

Guidance for External Events
Analysis

=

Introduction and Scope
2. Overall Analysis Process

3. Potential Single External
Events

4. Potential Combined External
Events

5 Relevance Screening

6 Impact Screening

7. Event Analysis

8. Plant Response Analysis

9. Deterministic Screening

10. PSA Modelling and
Quantification

Probabilistic Screening

12. Implementation of Guidelines

Figure 1-1 Overview of Guidance
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2  Overall Analysis Process

2.1 General

The quality of the analysis comprises of both the quality of the end result, and the
quality of the analysis work effort.

A common problem in PSA-studies, isthat excessive resources are easily spent unless
the work iswell planned, organised and controlled. In order to balance the two above-
mentioned quality aspects, it is recommended that the analysis work is carried out as a
project, which is divided into a number of phases and further into tasks.

The main principlesin order to perform the analysis efficiently is suggested to be as
follows:

1. Dotheidentification of external events as perfectly as possible and thereafter
screen out as many external events as possible as early as possible, assuring the
traceability all the time.

2. Increase the screening capability during the project, using the continuously
acquired information on the events and on their effects on the plant.

These principles are the basis for the recommended work phasing, presented in Figure
2-1.

1- Project Planning
and
Preparations
2 - |dentification of
Potential
External Events
A
3 - Deterministic
Screening of
the External Events
4 - Probabilistic
h Plant
SIS & Modification
the External Events )
In-depth Analysis of
the External Events

Figure 2-1 Project phases

Each phase of the project comprises a number of analysis tasks to be carried out. The
overall analysis process of the tasks is described shortly here, and presented in
Appendix 2.1.

It is assumed, that documentation and reporting is done in parallel with the analysis
work, i.e., that reporting is not a separate project phase.
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2.2 Phasel: Project Planning and Preparations

2.2.1 Project Planning

The purpose of thistask isto develop a project plan that fulfils the requirements of the
stakeholders and shall involve motivated experts.

The project manager shall prepare the project plan. Before starting to document the
project plan, the following needs to be done:

1. clarify the needs of the project,

2. collect the requirements of the stakeholders: the sponsors, reviewers, assisting
plant personnel, and end users,

3. acquire information on the relationship between the external events analysis and
other PSA studies finalized or planned,

4. acquire knowledge on the state of the art of external events analysis at the plant,
nationally and internationally,

5. identify, select and motivate the resources with appropriate competencies both at
the plant and externadly,

6. acquire information on the plant modifications decided to be realised during the
project, and decide on the plant design status to perform the analysis for.

The above-mentioned information shall be used for developing the requirements of the
project and competences and further on for developing the project plan proposal. The
project plan proposal shall be reviewed by the stakeholders before applying for
resources for performance of the project.

2.2.2 Formation of the Project Group

The purpose of thistask isto build up the project group formally and to agree on project
management iSsues.

The areas of competence needed in the project should include knowledge with respect
to external impact within the following expert areas:

e plant specific PSA model
e non-PSA related external events analyses previously carried out for the plant
e plant buildings/structures and plant design
e plant systems and their operating requirements
e plant operating history (including external events occurred)
e dsiterelevant history for various external events
2.2.3 Initial Information Collection

The purpose of the task is to gather for the project group existing information
concerning:

e plant, site and surroundings
e genera information on external events, and
e PSA and external event analyses performed before and after the plant start-up.



Plant and site information includes site plan, layouts, schematics, connections to the
grid, and plant description. All of these are usually presented in the Final Safety
Analysis Report. Plant and generic operational experiences are also needed in order to
understand the broad scope of the analysis of external events.

2.3 Phase 2: |dentification of Potential External
Events

In view of the low risk level of nuclear power plants, even very rare external events
may give significant risk contributions. Therefore, the intention isto create as
comprehensive alist as possible of potential external events to be further studied.

2.3.1 Ildentification of Potential Single External Events

The purpose of thetask isto identify all natural and man-made external events
threatening the plant either viaground, air or water. These events are caused either by
natural phenomena or by human activities (man-made events.

Thetask will result in alist of potential single external events.

The methodology for identification of potential single external eventsistreated in
chapter 3.

2.3.2 ldentification of Potential Combined External Events

The purpose of the task isto combine single external eventsinto various combinations
that are both imaginable at the plant and which may possibly threaten the plant.

Thetask will result in alist of potential combined external events.

The methodology for identification of potential combined external eventsistreated in
chapter 4.

2.4  Phase 3. Deter ministic Screenings of the
External Events

24.1 Relevancy Screening

The purpose of the task is to screen out those potential external events, either single or
combined, which are not relevant to the site, which means that they cannot occur at the
site or inits relevant surroundings or that their strength is evidently too low.

Thetask will result in alist of potential site relevant external events.
The methodology for relevancy screening is treated in chapter 5.

2.4.2 I mpact screening

The purpose of the task isto screen out those potential external events, either single or
combined, which are not relevant to the plant, which means that no possible plant
impact can be identified.

Thetask will result in alist of potential plant relevant external events.
The methodology for impact screening is treated in chapter 6.



24.3 Event Analysis

The purpose of the task isto acquire detailed site relevant information on the strength
and frequency relationship for each potential plant relevant external event using internal
and external information sources.

The task will result in site relevant information on the strength and frequency
relationship for the of potential plant relevant external events.

Methodologies for event analysis are treated in chapter 7.

24.4  Plant Response Analysis

The purpose of the task isto identify a) the design basis values or best estimate expert
opinions of the tolerability of relevant safety functions b) the damage levels for each
potential plant relevant external event together with the assisting expertise at plant.

The task will result in estimates of tolerability of relevant safety functions, and damage
levels for each potential plant relevant external event.

Methodologies for plant response analysis are treated in chapter 8

245 Deterministic screening

The purpose of the task isto screen out those potential external events, either single or
combined, which do not cause any initiating event of PSA and losses of safety systems
thus needed.

The task will result in alist of external events causing CCI.
The methodology for deterministic screening is treated in chapter 9.

2.5 Phase 4. Probabilistic Screening of the External
Events

25.1 Moddling and quantification

The purpose of the task is to calculate the contribution to the frequency of core damage
for each external event.

Thetask will result in alist of frequency contributions to core damage from external
events causing CCl.

Methodologies for modelling and quantification are treated in part 10.

2.5.2 Probabilistic screening based on core damage frequency
The purpose of the task is either
a)  toaccept therisk contribution of an external event, or

bl) to plan appropriate plant modifications or improvements (plant, instructions,
training), or

b2) to reduce the uncertainty of the analysis of an external event with ahigh and
at that state not acceptable contribution to the risk.

Thetask will result in alist of external events giving non-acceptable risk contributions..
The methodology for probabilistic screening is treated in chapter 11.



3 ldentification of Potential Single
External Events

3.1 Aim

The aim of this chapter is to describe a procedure for the identification of a complete set
of potential single external events. A set of potential single external eventsis suggested.
However, any externa event analysis making use of thislist should also include a
compl eteness discussion.

When it comes to the definition of the characteristics of the events, the descriptions
given should be seen mainly as examples. The definition of external event
characteristics is important to the understanding of an external events analysis, and
should be done anew in every analysis.

3.2 Scope

Lists of potentially relevant single external events shall be compiled. Thelists shall be
further analysed in the external events screening analysis.

The lists shall be as complete as possible. Thisis achieved by atwo-step approach,
involving

1. Making use of past experience on the analysis of external events, nationally and
internationally;

2. ldentification of potentially relevant eventsin a structured frame, making
possible a completeness check.

Chapter 4 describes the procedure for identifying potentially relevant combined events.

3.3 Methodology Description
3.3.1 Typesof External Events

Grouping of the various types of external events can be useful for structuring the
information presented, and makes it possible to perform a compl eteness check of the
identified events.

It isdifficult to arrive at an unambiguous definition of the groups. Different groupings
are possible, and have been used in various references [e.g., 3-7 and 3-8].

The following grouping will be used in the Guidance:
1. Air based external events (including space)
2. Ground based external events
3. Water based external events
In addition, adivision is made into natural and man-made external events.

Furthermore, relevant event causes and deviations have been identified for each group
and used as a basis for identifying and grouping the external events. Table 3-1 presents
abasis for identification and categorisation of external events.
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Table3-1 Basisfor identification and categorisation of external events

Main group Cause of event Relevant deviations
Air based (including space) | Air speed Too high
Air temperature Too high/ Too low
Air pressure Too high/ Too low / rate of
change
Precipitation Too high
Humidity Too high/ Too low
Air contamination Too high
Electro-magnetic fields Too high
Direct impact from air N/A
Ground based Ground speed (motion) Too high
Limited ground impact Too high
Direct impact from ground N/A
Fire outside plant N/A
Ground contamination Too high
Water based Water speed Too high/ “wrong” direction
Water level Too high/ Too low
Water temperature Too high/ Too low
Soil impact N/A
Ice impact Too high
Solid impurities Too high
Water contamination Too high
Direct impact from water N/A

3.3.2 Sourcesof Event Listings

There are many references dealing more or less in detail with selected external events,
e.g., al thelisted IAEA documents on external events and most | PEEE documents.
Some of them include lists of potential single external events. The following sources are
important input for the identification:

e NUREG 1407 [3-1]
e NUREG/CR-5042[3-2]
e |AEA Safety Standards[3-3, 3-4, and 3-5]
e USNRC Standard review plan [3-6]
e TVOPSA [3-7]
¢ Ringhals2-3-4 PSA [3-9]
3.3.3 ldentification of Events

Externa events are relevant only if they are part of the natural environment of the
analysed plant, within its relevant surroundings, or on site but outside the analysed
plant. Thisisillustrated in Figure 3-1, which shows the analysed plant (Plant 1) which
is situated on a site together with another plant (Plant 2). Human activities occurring
within the relevant surroundings may impact the plant via man-made external events
(the relevant surroundings will differ for different man-made events). Finally, the
natural environment may impact the plant itself directly or by affecting man-made
activities, the site or other plants on the site.

11



Site

Figure 3-1 Location of sources of external events

Using the information sources listed above and the previously described basis for
identification and categorisation of external events (Table 3-1), potential single external
events have been identified. They arelisted in Table 3-2. In Appendix 3.1 (informative),
tranglations of the event names into Swedish and Finnish are given.

Each event is classified only into one event group, even if it has characteristics from
more than one group. An example is “salt storms’, which is classified in the group “Air
contamination” and not “Air speed”.

Table 3-2 Potential single external events

| Natural Man-made
Air based (including space)
Air speed A01  Strong winds N/A
A02 Tornado
Air temperature A03 Highair temperature | N/A

A04  Low air temperature

Air pressure AO05 Extremeair pressure A16  Explosion within plant*

(high/low / gradient) |A17 Explosion outside plant

A18 Explosion after
transportation accident

A19 Explosion after
pipeline accident

A__ Sabotage or war
impact®

Precipitation AO6 Extremeran N/A

AQ7  Extreme snow
(including snow storm)

A08  Extreme hail
Humidity A09 Mist N/A
A10 Whitefrost
A1l Drought

12



Table 3-2 Potential single external events

Natural Man-made
Air contamination Al12  Saltstorm A20 Chemical release
A13  Sand storm outside or inside site?
A21 Chemical release after
transportation accident
A22  Chemical release after
pipeline accident

Electro-magnetic impact Al14  Lightning A23  Magnetic disturbance
(from radar, radio or
mobile phone)

A Electro-magnetic
pulse?

Direct impact from air A15 Meteorite A24  Satellite crash (or other
man-made space
material)

A25 Airplanecrash

Ground based

Ground speed (motion) G__  Earthquaké® G__ Warimpact®

Limited ground impact GOl Landrise G08  Excavation work

G02 Soil frost

G03 Animds

Direct impact from ground G04 Volcanic phenomena | G09 Heavy transportation

GO05 Avaanche within site

G06 Above-water landslide | G10  Missiles from military
activity

G11 Missilesfrom other

plant on site*

Fire G07  External fire G12 Internal fire spreading
from other plant

Ground contamination G13 Contamination from
chemicals

Water based

Water speed W01 Strong water current N/A

(under-water erosion)
Water level W02 Low seawater level N/A
W03 High seawater level
Water temperature W04 High seawater N/A
temperature
W05 Low seawater
temperature
Soil impact from water W06 Under-water landslide | N/A
Ice impact W07 Surfaceice N/A
W08 Frazil ice
W09 Icebarriers
Solid impurities W10 Organic materia in Ship release (see W12)

water (algae, seaweed,
fish, sea mussels, etc.)

13




Table3-2 Potential singl

e external events

Natural Man-made
Water contamination W11 Corrosion (from salt W12 Solid or fluid (non-
water) gaseous) impurities
from ship release
W13 Chemical release to
water
Direct impact from water N/A W14 Direct impact from
ship collision

1
PSA)
Outside scope of Guidance

Includes radio-active rel ease from other plants on site

14

Outside plant buildings (events within buildings are usually covered by the area events




3.34 Characterisation of Events

After listing the potential single external events, each event needs to be characterised,
and any interfaces issues relative to the definition of other external events need to be
clarified. Thisisillustrated by Figure 3-2 (example) which illustrates a number of levels
in an event hierarchy for pressure loads on structures. Asis seen from the figure, which
resembles a master logic diagram, the level to define the event on is a matter to be
decided on a case-by-case basis, and may be influenced both by analysis requirements
and by site or plant specific conditions.

Pressure load
on structure

Man-made

Natural events
events

| |

Explosion load Impact load Strong wind Precipitation
Gas explosions C_olhssmn Missile impact Storm Tornado Rain Snow
impact
Industry Transportation
accident accident
Accident at S Road Rail Ship
Pipeline . . .

process . transportation | | transportation transportation

h accident . . .

industry accident accident impact

Figure 3-2 Example of event hierarchy for pressure loads (example)

In most cases, the events require a short description in order to be adequately defined.
An example is the event W03 High Sea Water Level, which may be due to storm surges,
waves, and seiches. They are also affected by variations due to tide. These contributors
might alternatively be analysed as separate external events. However, as the effects of
al contributors are included in the same experience data (sea water level measurement
series), they are usually best analysed together. Thisisin line with the reasoning
illustrated by Figure 3-2, i.e., that unigue events can sometimes be seen as phenomena
contributing to a higher level event.

In Appendix 3.2, suggestions of characterisations of the eventslisted in Table 3-2 are
given (extract from the Ringhals 2-3-4 External Events Analysis[3-9]). These
characterisations should be seen mainly as examples, as the definition of external event
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characteristics is essential to the completeness and understanding of an external events
analysis, and should be done anew in every analysis.

34 Example

Thelist of external events presented in Appendix 3.1 presents the envelope of all single
external events found in the PSA:sfor Ringhals 2-3-4 and Olkiluoto 1 and 2. The actual
events analysed in these two PSA: differ, due to differencesin the event definition. The
characterisation of the external events and the definition of interface issues relative to
other external eventsis analysis specific. An example from Ringhals 2-3-4 PSA [3-9] is
givenin Appendix 3.2.
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4 | dentification of Potential Combined
External Events

41 Aim

The aim of this chapter is to describe a procedure for the identification of a complete set
of potential combined external events.

When it comes to the definition of the characteristics of the events, the descriptions
given should be seen mainly as examples. The definition of external event
characteristics is important to the understanding of an external events analysis, and
should be done anew in every analysis.

4.2  Scope

Some alternative methods for identifying potential combined external events shall be
described. The identified events will be further analysed in the external events screening
anaysis.

However, unlike the case for single external events, thereis aneed for an initial
relevance screening for combined events. The reason is that the total number of possible
combinationsisfar too high to allow analysis of every combination (> 1000
combinations of two events). Thus, a suggested set of selection criteriais aso defined.

4.3 Methodology Description

4.3.1 Introduction and context

The identification of combined external events uses the list of potential single external
events created in chapter 3 asinput. It should be noted that the entire list shall be used,
i.e. before any screening has been made of the potential single external events.

Any list of potential combined external events will be at |east partly plant specific. This
means that a complete set cannot be presented in the Guidance, and that the combined
events presented in this part shall be seen as examples.

In most cases, combined events involve only natural events (e.g., heavy wind and high
seawater level). However, combinations of natural and man-made events are also
possible and cannot be excluded beforehand (e.g., increased risk of ship accidents
during heavy weather conditions).

4.3.2 Methodsfor Identification

The identification of potential combined external events depends to some extent on
engineering judgement, and there is no evident best method for performing the
identification. There is no specific guidance in international references, and somewhat
surprisingly, many references do not discuss the risk from combined events at al. Two
different methods will be presented as examples of suitable approaches, one used in the
Ringhals 2-3-4 PSA and thein the TVO PSA.
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Appendix 4.1 includes a cross checking matrix from Ringhals 2-3-4 PSA [4-2] where
all categories of external events have been checked systematically against each other.
Potential combined events have been marked according to the following:

e X Probably relevant
o ? Possibly relevant

The appendix includes short explanatory notes to most of the marked pairs (some self-
evident cases are not commented). The advantage with this method is that it makes it
easier to verify the completeness of the identification process.

Appendix 4.2 from the TVO PSA [4-1] shows a graphic method for identification of
potential combined events. This method has an advantage in making it easier to identify
combined events involving more than two simultaneous events.

4.3.3 Sedlection Criteria

In order to arrive at a manageable amount of potential events, some sort of selection
criteria are needed. When using the graphical identification method from the TVO PSA,
these criteria are applied in a more intuitive manner, while the matrix identification
method used for the Ringhals PSA requires the explicit definition of a set of criteria.

Selection criteria were defined based on a discussion of the following characteristics of
the combined events:

1. Definition of events
A multiple external effects may be included in the definition of a single event,
e.g., extreme snow, which includes snowstorm (strong wind AND snow).

2. Dependence of events
The basis for defining potentially relevant external events, was that the
occurrence of the events involved in each group are not independent. As an
example, if thick ice conditions apply 0.1% of the time and air temperatures
below -20°C apply 0.1% of the time, the probability of a combined event is

probably much higher than the product of the probabilities (1E-6).

Note: Theoretically, combinations of independent events may be relevant. However, this
presupposes a high probability of occurrence of the combination, i.e., along impact time of the
event and/or a high frequency of occurrence. It is assumed that no such cases exist.

3. Different plant safety functions affected
If condition 2 isfulfilled, the next condition is, that the events must affect
different general classes of effect from external events. The general classes are
defined in chapter 6 (Impact screening), i.e., Structure/Pressure,
Structure/Missiles, Cooling/Ultimate heat sink, Cooling/Ventilation, Offsite
power, Electric, External Flooding, External Fire or other direct impact
(separately defined). As an example, if two external events are dependent and
one of the affects offsite power while the other one affects the ultimate heat sink,
this would be a relevant combination.
If the events affect the same function, an additional check must be made
according to “4.” below.

4. Degree of impact on plant safety functions
If two dependent external events affect the same safety function, they may till
be arelevant combination, provided the effect they have as a combination is
greater that the effect from any of the single eventsinvolved.
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5. Single externa events criteria

Finally, even if acombined event may be relevant according after having

applied the criteria above, the single external events criteria should be used also

on combined events.
Thus, a potentially relevant multiple external event is excluded from further analysisif

any of the criterialisted in Table 4-1 apply.

Table4-1 Screening criteria for multiple external events

M1/ M2/ M3/ Single event screening
Independence Definition I mpact criteria
The events occur The events do not occur | The events do not occur | Single external events
independently of each | independently intime | independently intime | criteriaare relevant also
other in time AND AND for multiple events.
AND Multiple events The events affect the
The probability of included in definition of | same plant safety
simultaneous asingle event, whichis | function.
occurrenceislow. analysed for theplant. | AND
The combined effect on
the safety function is not
greater that the effect
from most severe of the
single events involved
44  Example

As an example of potential combined external events, the following events were
identified in TVO PSA [4-1], using the method described in Appendix 4.2.

1 Drought (due to high air temperature) AND Strong wind AND Smoke from
forest fire (A11 & A01 & GO7)

2. Strong wind AND (Algae OR Solid water impurities) (A01 & (W10 or

W12))

N o o~ w

Strong wind AND Lightning (AO1 & A14)
High air temperature AND High water temperature (AO1 & WO04)
Snowfall AND Strong wind (AO1 & AQ7)

Drifting snow AND Strong wind (AO1 & AQ7)
Drifting snow AND Strong wind AND Frazil ice (A01 & AO07 & W08)

The matrix shown in Appendix 4.1 shows the first list of potential combined events as
identified in Ringhals 2-3-4 PSA [4-2].

4.5

4-1.
4-2.

References

R2, R3 and R4; Work Report FANP NDS4/2001/E1067a
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5  Relevancy Screening

51 Aim

The aim of relevancy screening is to discard such potential single or combined external
events, which are not relevant to the nuclear power plant due to its location. The result
of the relevancy screening isalist of site relevant external events.

5.2 Outline

The main screening criteria are presented and their usage described with some
examples.

5.3 Methodology Description

5.3.1 Introduction to Screening

Examples of screening criteriafor analysis of external events are presented in the PRA
Procedures Guide [5-2], where the following four criteria are suggested:

1. Theeventisof equal or lesser damage potential than the events for which the
plant has been designed.

2. Theevent has a considerably lower mean frequency of occurrence than events
with similar uncertainties and could not result in worse consequences than those
events

3. Theevent cannot occur close enough to the plant to affect it.
4. Theeventisincluded in the definition of another event.

This Guidance recommends the use of nine screening criteriain the relevancy screening
(ReSc), impact screening (ImSc), deterministic screening (DeSc) and probabilistic
screening (PrSc). The order of application of the criteria presented is due to the
continuously increasing knowledge of the events and of the plant response during the
progress of the project. In some cases screening does not necessarily occur in the order
suggested because of variations of the knowledge level. In many cases, a specific event
may be screened out by more than one criterion.
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Table5-1 Screening criteria

Code

Main Application

ReSc

ImSC | DeSc

PrSc

Element

Description

CR-1

Distance

The event cannot occur close enough to the site and
its relevant surroundings during future decades

CR-2

Inclusion

The event shall be included into the definition of
another event

CR-3

Applicability

The event is not applicable to the site

CR-4

X [ X| X | X

Scope

The event isalready or is planned to be included in
some other study (PSA)

CR-5

Severity

The event has a damage potential that isless or equal
to another event that the plant is already designed for

CR-6

Warning

The anticipation time of the event

A islessthan the time specified, or,

B theincreaserate of the strength of the event islow
enough for carrying out the precautions
preplanned.

CR-7

Postponed

The severity of the event is known at the plant but the
analysing work shall be postponed because the plant
shall be modified having remarkable effects on the
endurance of the plant

CR-8

Ccl

The effects of the estimated maximum strength of the

event does not exceed the design basis documented or

the endurance based expert estimate. This means that

the event does not cause

A during power operation at least a need for
controlled shut down or scram and additionally
some losses of safety system functions required
for the need

B during shutdown losses of safety systems required
during shut down

CR-9

PSA risk

Therisk contribution of the event is minor and
acceptabe

The above criteria are discussed in the Guidance with examples given in the screening
phases where they are applied.

In every external event analysis one uses criteriafor screening. Appendices 5-1 and 5-2
describe the criteria used in the TVO and Ringhals 2-3-4 PSA:s.

5.3.2

Screening criteria

The relevancy screening will be based on general knowledge of the strength of the
potential external event and the relevancy at site.

Table5-2 Screening criteria used in Relevancy screening
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SCREENING CRITERIA
CODE |PRIME APPLICATION _[Element DESCRIPTION
ReSc|ImSc |DeSc|PrSc
CR-1 a Distance The event cannot occur close enough to the site and its relevant surroundings during future decades
CR-2| X Inclusion |The event shall be included into the definition of another event
CR-3] X Applicability [ The event is not applicable to the site
CR-4] X Scope The event is already or is planned to be included into some other study (PSA)
CR-5 X X Severity Zhel event has a damage potential that is less or equal to another event that the plant is already
esigned for
The anticipation time of the event
. A - is less than the time specified, or,
CR-6 X X Warning B - theincrease rate of the strength of the event is low enough for carrying out the
precautions preplanned.
CR-7 X Postponed The severity of the event is known at the plant but the analysing work shall be postponed because
the plant shall be modified having remarkable effects on the endurance of the plant
The effects of the estimated maximum strength of the event does not exceed the design basis
documented or the endurance based expert estimate. This means that the event does not cause
CR-8 X CcCl A- during power operation at least a need for controlled shut down or scram and additionally
some losses of safety system functions required for the need
B- during shutdown losses of safety systems required during shut down
CR-9 X T?SisAk- The risk contribution of the event is minor and acceptabe

The following site related criteriaare normally used in this phase:

CR-1

CR-2

CR-3

CR-4

Distance
The potential event cannot occur close enough to the plant to affect it
vulnerably

Inclusion
One may use inclusion with combined events or when including events
into another event which is more representative to the site

Applicability

The potential event is not applicable to the site because of other reasons
Scope

The event is already included, or is planned to be included in some other
study (PSA).

Depending on how thoroughly the identification phase has been carried out, some of the
other criteriamay also be used in this phase.

5.4

Example

Examples of using the above-mentioned criteria:

CR-1

CR-2

CR-3

CR-4

Distance

Volcanic events could be screened out due to the distance from such areas
where volcanic activities have taken place. The probability during future
decades remains so low that this event could be screened out. A potential
single event that is not relevant to inland plantsis salt storm, due to their
location far from the sea.

Inclusion

Continuous land rise takes place on the coast of Gulf of Botnia. This event
as such is slow but is one element in the sea water level and may be
included in that.

Applicability
Man-made events like ship wrecking in storm are in many cases very valid
and applicable but in some plant inlands not.

Scope
If an external events has already been (or is planned to be) separately
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analysed, it may be excluded from the analysis using the scope criterion.
Thisis often applicable to seismic analyses.

55 References

5-1. Louko, Pekka; Teollisuuden Voima Oy, PSA: Saailmi6t ( Weather Phenomena);
Ty0raportti (Working report), 11.10.1995

5-2.  USNRC; PRA Procedures Guide — A Guide to the Performance of Probabilistic
Risk Assessments for Nuclear Power Plants; USNRC:; NUREG/CR-2300; 1983
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6  Impact Screening

6.1 Aim

The aim of the impact screening isto eliminate those potential site relevant external
events which, with the maximal strength imaginable at the site, will not even have a
minor effects on the plant structures, cooling, electrical transmission or on the plant
operation. The result of the impact screening isalist of potential plant relevant external
events.

6.2 Outline

The main screening criteria are presented and their usage described with some
examples.

In order to carry out thistask, general knowledge is needed about the potential site
relevant external events and the operation and design of the plant, at the level usually
described in FSAR.

6.3 Methodology Description

The methodology is based on a general classification of external events with respect to
theoretical damage mechanisms. The impact screening is carried out using this
information and the screening criteria..

6.3.1 General Classes of Effect from External Events

In order for an external event to be relevant for the analysis, it must affect the plant in a
similar way as a CCl event (Common Cause Initiator). This means that it must degrade
directly or indirectly one or more plant safety functions and at the same time request the
plant safety systems to keep the plant in a safe state, or to bring it into a safe state.

The impact on a nuclear power plant from external events generally falsin alimited
number of categories. In NUREG 5042, supplement 2 [6-1], the following impacts are
discussed (and areview of US operating experience is made):

e Lossof off-site power / Station blackout

e Degradation or loss of ultimate heat sink

e Explosion/ Hazardous material release

e Degraded or isolated plant ventilation (due to risk of toxic impact)

The Guidance will use a slightly extended sub-division, as developed for the Ringhals
2-3-4 PSA [6-2] and described in Table 6-1 below. As seen from the table, there are
eight general categories and one category requiring further specification. For most
external events, the plant impact will fall within the eight general categories.

Table6-1 General Classes of Effect from External Events
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Structure/ Pressure

The external event may affect the structure through pressure,
which may disable safety functions contained.

Structure/ Missile

The external event may affect the structure through missiles, which
may disable safety functions contained.

Cooling/ Ventilation

The external event may affect the ventilation, which may cause
partial or total loss of safety systems relying on air cooling.
Alternatively, the event may affect the plant through the
ventilation system, e.g., toxic gases.

Cooling/ Ultimate heat sink

The external event may affect the ultimate heat sinkwhich may
cause partial or total loss of secondary cooling and other safety
systems relying on water cooling.

5 | Power Supply The externa event may affect the external power connection of the
plant, and may cause loss of offsite power.
6 |External flooding The externa event may affect the plant by disabling safety systems

contained or by undermining the structure.

7 |External fire The externa event may affect the plant by disabling safety systems
contained.

8 | Electric The externa event has indirect effects on the plant by generating
electrical or magnetic fields, which may potentially affect
transmission of power supply or control signals to safety systems.

9 | Other direct impact In afew cases, the event may work in away that is not covered by

the general categories. An examplesis plant isolation.

6.3.2

General effectsfrom the external events

Using the classes of plant effects defined in Table 6-1, the potential general effects,
which the external events may have on the plant, are summarised in Table 6-2 below. In
some cases, there are comments to the classification in the detailed presentation of the
external events. The classification shown is taken from [6-2], but shall be seen as an
example, asit will be at least partly plant specific.

Table6-2 General effects from the external events

EE

Name

Mis-
siles

L OSP |Flood-

ing

Elect-
ric

Vent. | Heat Fire Other

Sink

Pres-
sure

AOL

Strong winds

X X X

IA02

[Tornado

X X

IA03

High air temperature

X

IAO4

Low air temperature

Freezing risk for
exposed functions

A0S

Extreme air pressure (high / low / gradient)

IAO6

Extreme rain

IAQ7

Extreme snow (including snow storm)

Plant isolation

IAO8

Extreme hail

XXX | X

IA09

Mist

A10

White frost

A1l

Drought

A12

Salt storm

A13

Sand storm

A14

Lightning

A15

Meteorite

A16

Explosion within plant

ALl7

Explosion outside plant

A18

Explosion after transportation accident

A19

Explosion after pipeline accident

XXX XXX
XXX XX

IA20

Chemical release outside or inside site

)

'Toxic impact on
plant personnel

A21

Chemical release after transportation
laccident

)

'Toxic impact on
plant personnel

A22

Chemical release after pipeline accident

X)

'Toxic impact on
plant personnel

IA23

M agnetic disturbance

A24

Satellite crash
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Table6-2 General effects from the external events

EE

Name

Pres- | Mis- | Vent. | Heat |LOSP [Flood-| Fire |Elect-|Other
sure | siles Sink ing ric

IA25

JAirplane crash

X X X

GO1

Land rise

X X

G02

Soil frost

Freezing risk for
exposed functions

GO3

IAnimals

G04

ol canic phenomena

GO5

IAvalanche

G06

IAbove-water landdlide

XXX

GO7

External fire

GO8

Excavation work

G09

Heavy transportation within site

G10

Missiles from military activity

G11

Missiles from other plant on site

G12

Interna fire spreading from other plant X

W01

Strong water current (under-water erosion)

02

Low seawater level

XX

03

High seawater level

Wo4

High seawater temperature

W05

L ow sea water temperature

06

Under-water landslide

07

Surfaceice

W08

Frazil ice

W09

|ce barriers

10

Organic material in water

XXX XXX [ X

11

Corrosion (from salt water)

w12

from ship release

Solid or fluid (non-gaseous) impurities

x

13

Chemical release to water

14

Direct impact from ship collision

6.3.

3 Criteia

After having made these preparations and decided the general plant effects from the
potential site relevant external events, the impact screening criteria (ImSc), aslisted in
Table 6-3 are applied to each event in order to test their applicability.

Table 6-3 Impact Screening Criteria

SCREENING CRITERIA

CODE |PRIME APPLICATION [Element DESCRIPTION
ReSc|ImSc |DeSc|PrSc
CR-1] X Distance The event cannot occur close enough to the site and its relevant surroundings during future decades
CR-2 X Inclusion |The event shall be included into the definition of another event
CR-3 X Applicability |The event is not applicable to the site
CR-4 X Scope The event is already or is planned to be included into some other study (PSA)
. The event has a damage potential that is less or equal to another event that the plant is already

CR-5 X X Severity designed for

The anticipation time of the event

. A - is less than the time specified, or,
CR-6 X X Warning B - the increase rate of the strength of the event is low enough for carrying out the
precautions preplanned.

The severity of the event is known at the plant but the analysing work shall be postponed because
CR-7 A Postponed the plant shall be modified having remarkable effects on the endurance of the plant

The effects of the estimated maximum strength of the event does not exceed the design basis

documented or the endurance based expert estimate. This means that the event does not cause
CR-8 X CCl A- during power operation at least a need for controlled shut down or scram and additionally

some losses of safety system functions required for the need
B- during shutdown losses of safety systems required during shut down

CR-9 X F';SISAk The risk contribution of the event is minor and acceptabe

The following plant related criteria are normally used in this phase:

CR-5 Severity

The effects of the event are not severe enough to damage the plant, since it
has been designed for other loads with similar or higher strength.
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CR-6

CR-7

Note: Before screening out an event it must be decided if the design basis depends on
active support systems, which have not been modelled in the PSA.

Warning

There is time to shut down the plant or for implementing pre-planned
precautions which will make the event non-relevantin the first case, the
evaluation of the event shall be restricted to the cold shutdown state of the

plant.

Note: The assessment of what is a sufficient warning time requires a plant specific
approach, and is mainly dependent on the time required for safe shutdown of the plant.
However, it aso depends on existing procedures, emergency plans, etc. and must be
evaluated on a case-by-case analysis.

Postponed

Plants are continuously modified and improved. In order to avoid extra
work, the treatment of events for which plant modifications are under way
could be postponed. Especially thisisvalid if thereis no time to affect the
modification in time.

Depending on how thoroughly the identification phase has been carried out, some of the
other criteriamay also be used in this phase.

6.4 Example

Examples of using the above-mentioned criteria:

CR-5

CR-6

CR-7

Severity

The load from heavy snow depends on the water contents of the snow. The
plant has been designed for the water load, which usually exceed the
effects from snow. Snow could therefore be screened out for this reason.
However, for example local loads from snow banks must be first checked.

Warning

The increase of the seawater level isaresult from many phenomena, such
as waves, tide, season, low air pressure, stormsin the North Sea, seiche
etc. Therise in pertinent conditions may be fast. However, the plant may
have a good prediction system and therefore enough time for initiating
preventive measures. The event could be screened out if these precautions
exist.

The time specified is related to shutdown procedures of the plant. Usually
itisaround 10 hours.

Postponed

TVO had suffered from frazil ice before doing the analysis of of weather
related external events [6-3] . The modifications and improvements were
started to carry out. The analysis of the external event frazil ice was
therefore postponed to alater stage.

6.5 References

6-1. Kimura, C.Y.; Prassinos, P.G.; Evaluation of external hazardsto nuclear power
plants in the United Sates: Other external events; USNRC; NUREG/CR—
5042-Suppl.2; 1989
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Knochenhauer, M; External Events Screening Analysis— PSA R2, R3 and R4;
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Louko, Pekka; Teollisuuden Voima Oy, PSA: Sdailmi6t ( Weather Phenomena);
Tyoraportti (Working report), 11.10.1995
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7/  Event Analysis

7.1 Aim

The aim of this chapter is to present the event information and the event analysis
methods which are needed in order to perform the deterministic screening (Chapter 9).

Strength and frequency data need to be provided for the potentia plant relevant external
events (from Chapter 6). In some cases, this may require rather extensive analyses,
while other cases can be handled with simpler approaches, e.g., by showing that the
maximum strength of some event islower than some limit which the plant is designed
to handle. To some extent, this activity is performed iteratively in parallel with the plant
response analysis (Chapter 8), which may be needed in order to define the above-
mentioned limit values.

This part will also give an introduction to some of the analysis methods used when
analysing experience data for external events, and discuss data sources.

7.2  Scope

The main focus is on the methodology for performing the task. An overview will be
given of some alternative methods for event analysis. As alternative methods are often
possible, no specific recommendations will be given for the various external events.
Furthermore, as the range of possible analysis methodsis very wide, the methods
described are not an complete list of possible analysis methods.

Wherever possible, references will be given to more detailed descriptions.

7.3 Analysis Methodology

7.3.1 Parametersneeded

The parameters needed are typically strength data and frequency data. Using the same
classification that was presented in the chapter on Impact Screening (Chapter 6), Table
7-1 characterises the types of data needed (taken from Ringhals 2-3-4 PSA [3-9]. It
should be noted that not all the types of data might be needed for al eventslisted. As
seen from the table, the data need depends on the kind of general plant effects. In
addition, the following applies:

e Strength data
The event strength shall be given at the plant. For many events, this means that
the distance from the location of the event to the plant also needs to be
considered.

e Frequency data
The frequency shall be given for the event having a specific plant effect. In
many cases, this means that conditional probabilities need to be estimated. Thus,
if the most probable effect from an event is LOSP, then the probability of the
event causing LOSP needs to be estimated in addition to the frequency of
occurrence of the event.
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e Other data
In addition to the strength and frequency data, there may be need for other event
information. Thistypically includes duration and rate of change.

For many natural events, there is a need to calculate strength/frequency on more than
one level, i.e., to decide how the event strength develops when the frequency is
decreased. For this reason, more or less continuous strength/frequency relations are
often presented.

Thisis not the case for most man-made events. Typically, strength data for man-made
events are more deterministic than for natural events, as they usually related to a
specific source at a specific location, e.g., an industry located at a certain distance from

the site.

For combined events, reasonable assumptions must be made on the probability of
simultaneous occurrence. Furthermore, there may be a need to consider combinations of
more frequent / less extreme event, which may be non-relevant as single events, but
need to be considered for combined events.

Table 7-1 Parameters needed for types of plant effects from external events

event (load etc.)
e Distance from plant

Plant Events Strength data (examples) Frequency data (examples)
effect
Structure/ | A0 A02, AOS5, AG6, A07, AD8, | ¢ Strength parameter for ¢ Occurrence frequency
Pressure ﬁ;‘z ﬁ;g g(l)i g(l)z (A;(l)gz (A;(l)gz event (speed, amount) » Conditional probability of
G09, G10, W03, W14 e Duration certain event conditions
¢ Distance from plant (deflagration/ detonation,
o Affected plant parts etc.)
Structure/ | A0L A02, A15, A16,A17,A18, | ¢ Characterisation of missile |e Occurrence frequency
Missiles ~|A19A24, A25 G10,G1L types e Conditional probability of
o Weight certain event conditions
e Speed (deflagration/ detonation,
o Affected plant parts etc.)
Cooling/ | AOL A03,A07, A10, Al3 e Strength parameter for e Occurrence frequency
Ventilation event (speed, amount) o Conditional probability of
e Toxicity of substances certain event conditions
o Distance from plant (type of snow etc.)
Cooling/ | GO1, WOL, W02, W04, W05, | ¢ Strength parameter for e Occurrence frequency
Heat Sink wgg* W07, W08, Wos, Wio, event (type, amount) e Conditional probability of
e Duration certain event conditions
(wind direction etc.)
Loss of AOL, A02, AO7, A12, Al4 e QOutage duration e Occurrence frequency
offsite
power
Flooding | A06, W03 e Strength parameter for e Occurrence frequency
event (amount)
¢ Propagation paths (outside
plant and site)
e Duration
Fire Al6, A18, A25, GO7, G12 e Strength parameter for o Occurrence frequency
event (amount of
burnables)
¢ Distance from plant
o Propagation paths (outside
plant and site)
o Affected plant parts
Electric Al4, AZ3, GO3, GO8 e Strength parameter for e Occurrence frequency

30




7.3.2 Data sources

7.3.2.1 Plant Information Related to External Events

Usually, there already exists some information on external events for the plant, e.g.,
previously performed analyses or existing data. An important first step isto locate and
evaluate these analyses. They may have been specifically performed for the plant in
question, or they may be applicable in spite of having been performed for another plant.
Typica data sources are:

e Theplant FSAR and documentation related to plant design analysis projects
(BOKA, DART etc.). FSAR information for other plants on the site may also be
of interest.

e Previous plant redesign projects may have amed at evaluating or improving the
protection against certain external event. In such cases, the project
documentation often also includes analyses the external event or experience
data.

e Descriptions of plant reaction to mgjor external events that have occurred during
the operation of the plant.

e Plant personnel with long experience of the plant and a good general knowledge
of the design and operating history.

7.3.2.2 Generic Information on Analysis Methods and Results

A literature search usually needs to be performed in order to identify potentially
relevant information on external events generally, and on analysis of external events for
nuclear power plants. Most of the references presented in this Guidance have been
located in this way. Some important sources of information are:

1. Database search with the help of the Studsvik Library of the Royal Institute of
Technology (KTHB). The Studsvik Library specialisesin library services within the
nuclear field.

e INIS(International Nuclear Information System).

COMPENDEX (Computerized Engineering Index),

e INSPEC (Information Service for Physics, Electronics, and Computing),
e NTIS (Nationa Technical Information Service, USA),

e OCEAN (Oceanic Abstracts database), SCISEARCH (Institute for Scientific
Information, USA)

e SCISEARCH (Institute for Scientific Information, USA)

o ETDEWEB (available viainternet), maintained by the Energy Technology Data
Exchange (ETDE)

e LIBRIS (catalogue containing available referencesin all Swedish Scientific
Libraries/ www.libris.kb.se)

2. Internet sites for relevant authorities, organisations and institutions, e.g.,

¢ Nuclear Regulatory Commission (USNRC / www.usnrc.gov)

e International Atomic Energy Agency (IAEA / www.iaea.org)
e Swedish Nuclear Power Inspectorate (SK1 / www.ski.se)
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e Swedish Hydrological and Meteorological Institute (SMHI / www.smhi.se)
e Finnish Meteorological Institute (FMI / www.fmi.fi)

e Swedish Coast Guard (Kustbevakningen / www.kustbevakningen.se)

e Swedish Maritime Administration (Sjofartsverket / www.sjofartsverket.se)
e Swedish National Road Administration (Végverket / www.vagverket.se)

e Swedish National Rail Administration (Banverket / www.banverket.se)

e Swedish National Air Administration (Luftfartsverket / www.lfv.se)

7.3.2.3 Meteorological and Hydrological Institutes (SMHI and FMI)

Data which can typically be obtained from meteorological institutes, mainly the
Swedish Hydrologica and Meteorological Institute (SMHI) and the Finnish
Meteorological Institute (FMI) are:

e Seawater levels

e Wind speed (including direction)
e Precipitation
e Lightning frequency and location

In Sweden, the measurement frequency for water levels, wind speed and precipitation is
between once per day and twice per hour. Records are typically available electronically
since the beginning of the sixties, and on paper before that time. Viathe internet, SMHI
has access to much European data from after about 1970; older data can be obtained on
paper. This kind information in country specific and relatively expensive in some
countries.

7.3.2.4 Historical Data

One source of information regarding extreme natural events that have occurred before
regular measurement started, is to analyse historical data. The identification of available
sources of historical data may be difficult. Probably considerable literature search may
be needed, and possibly some information may also be obtained from meteorol ogical
and hydrological institutes.

An interesting possibility, isto make use of an existing database, "Overkill", which has
been created and is maintained by the Professor of Geology Sven Laufeld, and is
commercialy available. The database documents alarge number of natural catastrophes
which have occurred in historic time (since year 1), based on extensive reviews of a
variety of historical sources. According to Professor Laufeld, the database is the most
complete existing database (several thousands of entries).

7.3.3 Statistics of Extremes

The typical starting point when analysing a natural external event, isamedium long
series of yearly maximum values (minimum values as well for some events). Sometimes
the later parts of the measurements record hourly values, and in many cases, some
information on historical extreme values for the event is available.

Extreme value analysis aims at finding efficient ways to extrapolate data for alimited
period of time to a much longer time period. The situation is common in engineering
applications and typically concerns level of seawater or rivers, wind speed, precipitation
or contamination (environmental design).
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The basic problem is that the period for which data is available often is only 50 years or
even shorter. It may be possible to correctly describe the available data with a number
of different distributions, but it is highly uncertain if the distribution is still valid far into
itstails. Statistics of extremes aims at finding ways of describing thetail in a
scientifically and statistically acceptable way.

The basis of extreme value analysis was developed by Gnedenko in the 1940-ties, but
the first statistical applications were developed by Gumbel in the 1950-ties[7-2]. The
Gumbel distribution is a special case of the generalised extreme value distribution
(GEV). It was introduced by Gumbel with the words "It seemsthat rivers know the
theory. It only remains to convince the engineers of the validity of thisanalysis'.

The distribution can be illustrated with a simple test, the result of which isshownin
Figure 7-1. The figure shows the distribution of 500 sets of each 100 random values
from an exponential distribution (the bars), and the corresponding Gumbel distribution
(line).
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100
90
80
70
60
50
40
30
20
10

| B Antal max-véirden

Gumbelfordelning ‘

Figure 7-1 Comparison of test series with Gumbel distribution

The methodology developed strongly during the period after about 1970 and statistics of
extremes are now used in a multitude of applications. Descriptions of extreme value
theory are given in many references, for example [7-3, 7-4, 7-5, and 7-6].

Below, short descriptions are given of some different categories of methods. The
categories are:

Methods using yearly maximum/minimum values
Methods using threshold values
M ethods handling dependencies between parameters

Extrapolation of measurement series

o WD

Analysis of historical extreme values
Finally, a short section is devoted to computer programmes for extreme value analysis.

It isworth repeating that, while the methods listed are widely used for analysis of
extreme natural events, they are nevertheless only examples of possible analysis
methods.
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7.3.3.1 Methods using year ly maximum/minimum values

The traditional method has been to utilise only the highest (lowest) value from every
measurement year. The method is known as the annual maximum method, and has been
described by Gumbel [7-2] and Jenkinson [7-14].

The method is relatively simple to apply, but has the obvious disadvantage of giving
dubious results for short measurement series. However, some methods to derive
estimates for long return periods from short data series have been developed, e.g., the
exceedence probability method, introduced by Middleton and Thompson and the joint
probability method. References for both these methods are given below.

7.3.3.2 Methods using threshold values

Asis obvious from the description above, a distribution which is representative for
reasonably extreme values cannot always be used to predict extreme extreme values,
which iswhat usually is of interest in a PSA for a nuclear power plant.

This problem can be addressed by working with threshold values, i.e., by analysing
measurements that lie above (below) a certain level. This presupposes that datais
recorded with a high frequency (hourly for water levels, more frequent for wind speed).
In this case, every exceedence of the threshold can be identified.

The Exceedence Probability Method is described in [7-7 and 7-8]. The Peak Over
Threshold method (POT) isdescribed in [7-3 and 7-4]. The R-largest method uses
measurement ranked by size, and is described in [7-4].

7.3.3.3 Methods handling dependencies between phenomena

A basic assumption in simpler extreme value analyses is that the different phenomena
influencing the specific event (for seawater level, thisis air pressure, wind direction,
tide, storm winds, etc.) are mutually independent. This assumption is not necessarily
aways valid. Thus, there may be a dependence between the general seawater level and
the wave height. To be able to handle this kind of dependencies, various models have
been developed; an important one is the Joint Probability Method [7-12]

7.3.3.4 Extrapolation of measurement series/ L og-Pear son type Il

A method, which is used in some, references on sea water levels, and isillustrated and
described in [7-11] is Log-Pearson type 111. The method adapts a special gamma
distribution to the measurement data. The distribution is used extensively in the USA
for designing dams and flooding protection. It is recommended by the U.S. Water
Resources Council, who has a so published a guideline for using the method [7-13].

7.3.3.5 Analysis of historical extreme values

Dataon natural external events (wind, water levels etc.) has typically been recorded
only for the latest 50-100 years. However, data from alimited time period may also
cover only part of the mechanisms giving rise to the external event. As an example, the
water level datafor the Barsebéack plant covers the period 1938 — 1969. This means that
it does not include two rather recent events ("Backafloden” 1872 and the December
storm in 1902), which gave rise to extremely high seawater levels; for the 1902 event
the level was higher than during any of the years in the measuring period.

One possibility to address this problem is to include avail able information on historical
extreme events, applying a qualitative analysisin order to gain as much information as
possible of the strength data (levels, duration etc.) of these events. As arelevance check,
these data are than compared to the extreme values cal culated with one of the methods
described above.

34



7.3.3.6 Computer programmesfor extremevalue analysis

There are anumber computer programmes for extreme value analysis. As an example,
the widely used programme Statistica includes the Gumbel distribution (but little el se).
There are anumber of more specialised programmes, such as the Sintef programme
EXTPAR [7-9], and EXTLEV, which has been developed by NIWA (National Institute
Of Water and Atmospheric Research) on New Zeeland [7-10].

7.4  Example

As an example, level datafor the TVO plant will be described [7-15]. In Finland the
strength — frequency relations were derived based on historical data and in many cases
straightly extrapolated to the level of 1E-8/ year. These event function diagrams were
prepared by various institutes having expertise on event analysis and access to historical
data.

A result of these site-specific analyses, i.e., the seawater level vs. the frequency of
occurrenceis shown in Figure 7-2.
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Figure 7-2 Sea water level vs. frequency for the TVO plants

At the same time, the event expertise produced more qualitative information on the
growth rate of the strength of the phenomena and the various factors causing the
phenomena (air pressure, wind direction, tide, storm winds, etc).

Thus, the preliminary analysis (for deterministic screening) used a log-linear
extrapolation to decide sea water levels with extremely long return periods. After the
deterministic screening, sea water level was selected for continued analysis.

This continued analysis used the same data that were used in the preliminary analysis. It
fit the normal and Weibull distributions to the existing datain order to calculate the
return period for critical water levels (+3.5 m and -2.25 m).

Figure 7-3 summarises the results from the analysis. As seen, the frequency for high
levelsis very low (<10®/year), even using the conservative approach which was finally
chosen for the TVO PSA ("Weibull conservative” in the figure).
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Figure 7-3 Results from the TVO analysis of extreme sea water levels
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8 Plant Response Analysis

81 Aim

The aim of this chapter is to present the plant response information that is needed in
order to perform the deterministic screening (Chapter 9).

Data on resistance against basic impacts from external events needsto be identified for
relevant buildings and structures. To some extent, this activity is performed iteratively
in parallel with the event analysis (Chapter 7), i.e., the outcome of the event analysis
partly decides the scope and level of detail of the plant response analysis.

8.2  Scope

The main focus of this part is on defining the information needed on plant response to
the external events remaining after the impact screening (Chapter 6), and on presenting
awork procedure for performing a plant response analysis. The analysisis highly plant
specific. Therefore, details on scope and contents of the analysis will mainly be given as
examples.

The plant response information consists of design characteristics relevant when
evaluating the possible effects from an external event. Relevant design characteristics
concern both structural characteristics, characteristics of active or passive safety
functions and protective or mitigating human interactions as defined in safety and
operating procedures.

The actual judgement of the possibility of the plant to cope with specific external events
isdonein later analysis parts (Chapter 9/ Impact Screening, Chapter 10/ PSA Modelling
and Quantifications, and Chapter 11/ Probabilistic Screening).

8.3 Analysis Methodology

8.3.1 Oveview

The analysis shall generate the following general information on the plant response to
the various external events:

1. First, it must be decided whether or not a potentially relevant event will cause an
initiating event in the plant, and which initiating event is most probable to
occur2. Generally, only events causing an initiating event will pose athreat to
the plant. However, at this stage this judgement is usually done conservatively.
Furthermore, it should be remembered that while some events do not cause an
initiating event, they will require the plant to be shut down manually, either
immediately or after some time.

2. Secondly, the event must have the potential to degrade one or more safety
functions needed to cope with the initiating event caused by the event3. At this
stage of the analysis, this judgement should also be done conservatively. It must
be decided what kind of impact the various events will have on the plant, and

2 |n most cases the initating event will be atransient.
3 This corresponds to the definition of a Common Cause I nitiator (CCI)
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how the plant is protected against the impact. The protection may include both
structural characteristics, characteristics of active or passive safety functions and
protective or mitigating human interactions as defined in safety and operating
procedures.

8.3.2 Definition of Plant Buildings and Structures

The interaction of an external event with a plant is mostly via damage to plant buildings
and other freestanding structures. Thus, alist of relevant building s and structures shall
be created. Whether or not a specific building or structure isrelevant is decided by its
safety importance. Buildings that are included in the plant PSA are obvious candidates,
but other buildings may need to be included as well (e.g. fuel storage building). Table
8-1 lists buildings and freestanding structures as defined for the Ringhals 2 external
events analysis [8-3]; some of the buildings were later removed from the list, based on
PSA importance.

Table8-1 Ringhals 2 — Buildings and free-standing structures

Designation Building

1-L Raw water reservoir 761

1-R Screen house 1

2-416TUT2 Condensate Storage Tanks

2-600 Main switchyard

2-733T2 Primary Water Storage Tank
2-735RWST Refuelling Water Storage Tank

2-A Reactor building (containment)

2-D Turbine building (including intermediate building)
2-E Electrical building

2-G Fuel building

2-H Auxiliary building

2-H-Stack Containment building stack

2-K Diesel Building

2-N Active workshop

2-P Personnel building

2-Q Filter building

2-R-1 Screen house 2

2-R-2 Screen house 2 (connection chamber)
2-T92 130 kV intake transformer

8.3.3 Plant Interfaces

The analysis of plant response to external events can be significantly simplified by
defining the most important general types of interfaces. Thisisillustrated in Figure 8-1
below, which illustrates how the plant generally interfaces with the site surroundings
via

A. Eventsaffecting the structural integrity of buildings or structures
(e.g. aircraft crash, explosions, external flooding or lightning)

B. Eventsresulting in the loss of the main heat sink
(e.g. low seawater level, transportation accidents, clogging by ice or organic
material)
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C. Eventsaffecting the plant via ventilation
(e.g. ventilation blocking or toxic gases)

D. Eventsresulting in theloss of external power supply
(e.0. loss of external grid, severe wind, extreme snow |oads)

Figure8-1 Smplified illustration of the main plant impacts from external events

A more complete listing is the one included in Chapter 6/ Impact Screening, where the
impact is divided into the following areas:

e Structure/ Pressure

e Structure/ Missile

e Cooling/ Ventilation

e Cooling/ Ultimate heat sink

e Power Supply

e External flooding
e External fire

e Electric

e Other direct impact (specified case by case)

8.3.3.1 Structure/Pressureand Structure/Missiles

Some external events will affect the structure of plant buildings, possibly damaging
safety systems, components or functions contained in the buildings. These events
typically involve direct impact or pressure wave impact. Possible causes are external
eventsinvolving explosions or collisions.

8.3.3.2 Cooling/Main Heat Sink

Some external events will affect the availability of the ultimate heat sink. For Swedish
and Finnish plants, thisinvolves events that affect the supply of clean seawater to the
intake buildings.

Structural impact on the intake buildings or intake cooling water routes may also affect
the availability of the ultimate heat sink.
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8.3.3.3 Cooaling/Ventilation
In some cases, external events may affect the ventilation of the plant, threatening the
operability of safety related components requiring air-cooling.

A few events may also affect the plant by entering the ventilation system, e.g., toxic
gases.

8.3.34 Effectson Offsite Power

Many external events have the potential of causing aloss of offsite power (LOSP). This
isillustrated by areview presented in NUREG 5042, supplement 2 [8-1] where the
cause of LOSP eventsin US nuclear power plants during the period 1965-85 is
presented. Most of the events also lead to a plant trip. A summary of the review results
is presented in Table 8-2.

Table 8-2 Causesof LOSP eventsin USNPP:s
Cause of LOSP

Plant fault (9 shared) 51
Human error (10 shared) 43
Lightning (3 shared) 40
Grid Fault (6 shared) 31
Tota wind related 39
Storm 11
Show/ice storm (3 shared) 11

Rain storm
Salt storm (2 shared)
Dust storm (1 shared)

Tornado

N~ O R W R

Hurricane
Forest fire (6 shared) 1
Internal fire (electrical equipment) 2

1
1

Car accident

Airplane accident

Total (compensated for shared events) 190

Note: “Shared” means that there were double causes, e.g.. “Human error/Plant fault”

As seen from the table, a substantial portion of the LOSP events was caused by external
eventsincluded in the present analysis. Probably the presented results are at least partly
applicable also to Nordic conditions.

However, it must be kept in mind, that the LOSP events caused by external events are
included in the grid statistics used to decide the frequency of the transient "L oss of off-
site power". Therefore, separate treatment is only needed if an external event causes
longer grid outages, or if the external event is such that the LOSP event usually occurs
together with other plant failures.
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8.34  Sourcesof Information

The information needed in this phase is usually largely available from existing plant
documentation and from analyses previously performed. Examples of information
Sources are:

e FSAR

e PSA for the analysed plant, including information on risk significant CCI events
e Analyses performed of plant protection against certain external events

e Design information regarding structural strength

¢ Information regarding system requirements in various situations

e Information regarding system capacities

There is amultitude of references discussing nuclear plant protection against various
external events, often including discussions of suitable analysis procedures. Some
examples are given in references [8.4 — 8.22]; many of these include protection against
aircraft crash, explosion loads and wind loads.

8.3.5 Consideration of Non-Safety Systems

For each way of impact of an external event (heat sink, ventilation structure, etc.) it
must be decided what the design basisis. Thereafter, it must be decided what are the
preconditions for the design basis to work (passive or active protection). An exampleis
the plant heating system, which - if operating - assures that low outdoor temperatureis
not arelevant external event. However, if the active system is unavailable, thereisa
possibility of a CCl event, where the plant has to close down without sufficient heating.
Dependencies of this kind may sometimes mean that additional systems need to be
modelled in the PSA.

8.3.6 Damagelevels

Depending on the plant response to the strength of an external event, a set of different
plant damage (DL ) levels may need to be defined, and separately analysed in the PSA.
They are defined as event strength corresponding to a specific plant damage, e.g.:

e DL 1 aboveplant design basis, causeslossof system x
e DL 2 aboveplant design basis, causes x and y system loss
e DL3 etc.

8.3.7 Plant Response Analysis

Two dlightly different ways of compiling plant response information were used in the
Ringhals 2-3-4 PSA and TVO PSA, respectively. They havethe sameaim, i.e, to
provide away of assessing system damage due to different potentially relevant external
events. The methods used are presented and exemplified in section 8.3.7.

84 Example

84.1 Plant Response Analysisin Ringhals 2-3-4 PSA

Appendix 8.1 shows an example from the Ringhals 2-3-4 PSA [8-3], where afunction
oriented approach was used.
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The kind of matrix shown isfilled out for all plant buildings, and includes information
oneg.:

e Safety functions contained in the building
e Interaction of building with surroundings
o Dependence on ventilation
o Dependence on water cooling

o Dependence on power supply
o Other dependences (e.g. diesel oil)

e Structural protection against
o pressure and missiles
o flooding
o lossof ventilation

e Building areas and building location

8.4.2 Plant Response Analysisin TVO PSA

Appendix 8.2 shows an example from the TVO PSA [8-2], where a system oriented
approach was used.

Plant response analysis was carried out together with plant system experts, because
these have the best knowledge of the capacity and vulnerability of their own systems.
The personnel used the existing documentation where possible. However, in many cases
documentation was not available or did not exist. In such cases, expert judgement was
used.

The working methodology was based on prepared and structured interviews, and
included the following steps:

e Potential initiating event of the PSA-model was identified for each event after
performance of relevance screening and impact screening. This also included the
identification of the conditions that must apply in order to cause the PSA
initiating event (transient).

e Together with each system expert, the interviewer identified qualitatively and
quantitatively the effects from each potentially relevant external event on safety
systems needed after PSA initiating event identified. Thisincluded

o listing the safety systems modelled in PSA and needed for each initiating
event

o identification of relevant different damage levels. These levels are
dependent on the strength of the phenomenon. For example when sea
water level reaches +5 meters, the electrical motors of some safety
system in building x will be flooded (Damage level 1). In case the sea
water level reaches +6 meters, the redundant pumping system will also
be lost because the water flows from the yard via doors to building y
(Damage level 2).

o identification of the corrective actions during the accident

o identification of tolerance of structures
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9  Deterministic Screening

9.1 Aim

The aim of deterministic screening is to eliminate such plant relevant external events,
either single or combined, which do not cause any initiating event modelled in PSA and
losses of safety systems needed after the initiating event. The result isalist of external
events that cause the initiating event as well aslosses of safety systems.

9.2 Outline

The main screening criteria are presented and their usage described with some
examples.

9.3 Methodology Description

The screening criterion is that the external event does not cause an initiating event
during power operation as well as safety system |losses. Alternatively, in case the
analysis also covers the shutdown state, losses of safety systems needed for residual
cooling.

Table 9-1 Deterministic Screening Criteria

SCREENING CRITERIA

CODE |PRIME APPLICATION _[Element DESCRIPTION
ReSc|ImSc |DeSc|PrSc

CR-1] X Distance The event cannot occur close enough to the site and its relevant surroundings during future decades
CR-2 X Inclusion |The event shall be included into the definition of another event
CR-3 X Applicability |The event is not applicable to the site
CR-4 X Scope The event is already or is planned to be included into some other study (PSA)
CR-5 X X Severity ghe_ event has a damage potential that is less or equal to another event that the plant is already
esigned for
The anticipation time of the event
. A - is less than the time specified, or,
CR-6 X 2 Warning B - the increase rate of the strength of the event is low enough for carrying out the
precautions preplanned.

The severity of the event is known at the plant but the analysing work shall be postponed because

CR-7 X Postponed

the plant shall be modified having remarkable effects on the endurance of the plant

The effects of the estimated maximum strength of the event does not exceed the design basis

documented or the endurance based expert estimate. This means that the event does not cause

CR-8 X CCl A- during power operation at least a need for controlled shut down or scram and additionally
some losses of safety system functions required for the need

B- during shutdown losses of safety systems required during shut down

CR-9 X F';SISAk The risk contribution of the event is minor and acceptabe

In addition to criteria CR-5 and CR6, which have already been described, the following
criterion isnormally used in this phase:

CR-8 CCI
The event does not cause an initiating event during power operation as
well as safety system losses. Alternatively, in case the analysis also covers
the shutdown state it does not cause loss of residual cooling systems.

Depending on how thoroughly the identification phase has been carried out, some of the
other criteriamay also be used in this phase.
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94 Example

The TVO PSA of weather phenomena describes the damage mechanism for each
potential plant relevant external event causing an initiating event and simultaneously
causing losses of safety functions needed (CCl). Using thisinformation various
initiating events were identified, and using screening criteria it was possible to screen
out some external events. The criterion used most often was that external event do not
cause initiating event because the design basis is not exceeded. Interviewing the system
experts made this possible (plant response).
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10 PSA Modeéling and Quantification

10.1 Aim

The aim of this part of the Guidance is to describe how external events are to be be
modelled and quantified in the PSA.

10.2 Scope

Modelling and quantification of external events using an internal events PSA model will
be described, as well as how a PSA model can be used in order to estimate the
importance of specific external events.

Most of the work described in this part is covered by standard PSA procedures. These
parts will not be described in detail.

10.3 Methodology Description
10.3.1 Prerequisitesfor Potential PSA Relevance

Not every external event causing atransient isrelevant. Therefore, before discussing the
PSA modelling, some important prerequisites, which have been described in earlier
parts of the Guidance, will be repeated:

e External events, which do not cause atransient, shall not be analysed. However,
this judgement should be made conservatively. This meansthat, if thereis any
doubt, it shall initially be assumed that the event causes a plant transient. In case
of ahigh-risk significance of such an event, a more detailed analysis of the plant
response shall be made.

e External events which simply contribute to an initiator which is already
modelled in the PSA, and which do not alter any other conditions (plant damage
etc.) are not to be analysed. As an example, there are many events which cause
loss of off-site power (heavy snow, lightning at some distance from the plant,
etc.), but which do not affect the structures, systems or components, which are
necessary to perform safety functions in that particular initiating event.. These
events are aready part of the plant transient statistics.

e Itisassumed that the PSA model includes mapping of area dependencies.
However, it must be assured that the existing dependency mapping is complete
with respect to external events. If the existing mapping isincomplete, substantial

additional efforts may be needed to completeit.

Note: Examples of areas where the mapping may be incomplete is: building heating and
mapping of electrical dependencies which may not necessarily be suitable for EE analysis (e.g.
lightning impact analysis.

10.3.2 Preventive Actions and Recoveries

If preventive actions are identified (to reduce the severity of EE) and instructions and
training are in order, this could be taken in account in analysis. Some examples are
warning systems, procedures and equipment used in order to prevent oil spillsto reach
the plant, or rising water levelsto spread into the plant etc.
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Recovery actions are mostly the same as in basic PSA, but some action specific to
external events may need to be added in the PSA model, e.g. connecting inlet channel to
outlet channel.

10.3.3 Optionsfor quantitative evaluation

10.3.3.1 PSA Modelling
Basically, an external event is modelled in the same way as a CCl event. This means
that the following needs to be done for each external event to be modelled:

1. The transient caused by the external event is decided, as described in
Chapter 8/ Plant Response Analysis.

2. The effects from the external event are decided at each defined damage
level4; thisistypically degradation or loss of one or more safety functions.

3. For each external event to be analysed, a separate initiator is created and
analysed in the PSA. Thisis done by

a. using the event tree for the transient caused by the event

b. using an initiating event frequency corresponding to the frequency of the
event damage level

c. setting house events® corresponding to the impact on safety functions for
the event damage level (like in area events analysis) and setting
attributes in the event tree corresponding to the impact on safety
functions for the event damage level.

10.3.3.2 Simplified PSA Evaluation using | mportance Measures

As an aternative to a complete PSA modelling with dedicated event trees for each CCI
external event, importance measures can be used. This may simplify the analysis, and
allow quick identification of potentially relevant cases. However, it does not entirely
replace PSA modelling, as the risk significant cases will still need to be modelled in
detail.

The following procedure is used:

1 The internal events PSA model is used in order to generate a set of
importance measures for the safety functions, which are most likely to be
affected by external event. The cases are selected based on the types of main
plant impact from external events and list of buildings and structures
containing safety functions.

2. Thisisdone for all transient, which may be caused by external events (for a
BWR thisistypically Te/ loss of off-site power, Tt/ loss of turbine
condenser, Ttf/ loss of feedwater and turbine condenser and Tm/ manual
shutdown).

3. Using this procedure, a matrix of importance measures (risk achievement
worth®) is generated, see Table 10-1 for an example.

4 The damage potential of an external event often increases with decreasing event frequency; thisis
handled by defining a suitable set of corresponding damage levels for the event.

5 A "house event" is a conditional branching in afault tree model, and will adapt the fault tree model to
specific boundary conditions, e.g., the occurrence of an external event.

6 Risk Achievement Worth (RAW) = an importance measure expressing how much the core damage risk
(or other risk measure used) increases if the unavailability of a certain safety function is set to unity (1.0).
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4. By combining this information with the frequency of the external event, an
estimate is obtained of the risk importance of the external event. This
information is used in Chapter 11/ Probabilistic Screening.

10.4 Example

Results from PSA modelling and quantification do not differ in appearance from the the
ones obtained in PSA for internal events, and are therefore not shown here.

Table 10-1 shows an example of how atable of risk achievement worth values, as
described in the previous section, may be structured.

Table 10-1 Table of risk importance measures (example)

I nitiating event (class) of PSA model
Te loss of Tt lossof turbine | Ttf loss of feed Tm manual

electrical condenser water and shutdown

power turbine
Safety function condenser
Ventilation 2.3E+x 2.5E+x 2.3E+x 2.5E+x
Main cooling water 4.3E+z 2.3E+y 4.3E+z 2.3E+y
(screen house 1)
Diesel combustion 6.3E+x 4.8E+y 6.3E+x 4.8E+y
ar
Diesel fuel tank 2.7E+x 8.3E+z 2.7E+X 8.3E+z
Etc...

10.5 References

Asthe analysiswork in this part is covered by standard PSA procedures, no specific
references have been given. The following are some general references dealing with
PSA modelling of external events:

10-1. Bari, R.A.; Budlik, A.J.; Cho, N.Z. Et a; Probabilistic safety analysis
procedures guide. Sections 1-7 and appendices. Volume 1, Revision 1,;
USNRC; NUREG/CR—2815-Vol.1-Rev.1; 1985

10-2. McCann, M.; Reed, J.; Ruger, C.; Shiu, K.; Teichmann, T.; Unione, A.;
Y oungblood, R.; Probabilistic safety analysis procedures guide, Sections 8-12.
Volume 2, Rev. 1.; USNRC; NUREG/CR—2815-Vol.2-Rev.1; 1985

10-3. Bohn, M.P.; Lambright, J.A.; Procedures for the external event core damage
frequency analyses for NUREG-1150; USNRC; NUREG/CR-4840; 1990
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11 Probabilistic Screening

111 Aim

The aim of probabilistic screening isto evaluate which events represent an acceptable
risk. The rest of the events may require in-depth analysisin order to become acceptable
with or without modifications of the plant or improvements in instructions and training.

The aim of this chapter is to shortly describe the methodol ogy.

11.2 Outline

This chapter shortly describes the probabilistic screening for further actions.

11.3 Methodology Description

Normal PSA calculation methodologies are used to calculate the contribution for each
external event. Because PSA modelling is a comprehensive approach, where the PSA
experts al the time know which are the main contributions to the overall risk of core
damage, it is straightforward for them to identify in what way the risk profile shall be
changed and which is the most cost effective way to reduce the overall risk. This means
that when evaluating further steps one should look at the overall results.

11.4 Example

Inthe TVO PSA of weather related external events, conservative quantification were
used. This means that for each external event one described:

e General assumptions necessary for the quantification (time window when the
event could happen, recovery time,etc)

e Conditionsfor an initiating event to occur (what must happen before initiating
event could take place)

After calculation, results were evaluated. Due to the uncertaintities throughout the
analysis process, probabilistic screening resulted in the following types of conclusions:

e Many assumptions that were made needed more assurance, which eventually
lead to results being acceptable in the probabilistic screening.

e Some phenomena had to be studied in-depth which, in some cases, lead to plant
modifications.

11.5 References

11-1. Louko; Teollisuuden Voima Oy, PSA: Saailmiét ( Weather Phenomena);
Tyoraportti (Working report), 11.10.1995

11-2. Himanen, R et al; SAailmiot; Chapter 16, TVO PSA rev 3 10.12.1998
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12 Implementation of Guidance

121 Aim

Chapters 3 to 11 describe the main parts of the project. It is believed that the planning of
the project work can be largely based on the over-all structure presented in this
Guidance, e.g., according to the figure in Appendix 2.1.

The focusin this chapter is on implementation aspects that are needed for a successful
project. Thisincludes aspects related to interface issues, cost-effective project
implementation, efficient knowledge transfer to plant staff on risk priorities and
qualitative information, and on creating a living decision tool for the plant.

12.2 Outline

This chapter describes some crucial aspects in the implementation of the Guidance.

12.3 Implementation I ssues
12.3.1 Organisation

The organisation of the project is discussed in chapter 2.2. It involves decisions on
suitable ways of involving plant personnel, both in the performance of the project and in
reviewing the project results.

As some of the analysis areas are highly specialised, and require competences not
normally found at nuclear power plant, it is also necessary to decide on how and in what
project areas to make use of external expertise.

12.3.2 Interface

Some important interface issues need to be addressed, the main one being related to the
use of the existing plant specific PSA models for the external events analysis. One
critical issue isthe creation of a suitable interface between the external events analysis,
which is often performed as a separate project, and the "main" PSA project.

Another issue which has direct impact on the quality of the analysis results, isthe
relevance of the existing PSA models for external events analysis. As an example, the
existing modelling of room dependencies developed primarily for the analysis of area
events may be incomplete when analysing some external events.

12.3.3 Co-ordination

Unlike in analyses of internal events, there are several major areas in an external events
analysis, where considerable co-ordination is possible.

Thus, al plants on asite can usually largely be handled in the same external events
analysis. However, the plant response analysis and PSA modelling and quantification
must usually be performed individually for each plant.

Further possibilities of co-ordination exist between different utilities (sites). Thisis due
to the fact that some aspects of an external events analysis are general. This appliesto
part of the data acquisition, but also to analysis methodology.
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Basically, these co-ordination possibilities are also a quality aspect of the analysis, i.e.,
co-ordination improves analysis quality by increasing the coherence of the various
analyses.

12.3.4 Quality

A number of quality aspects are discussed already in chapter 2.2. Below some further
quality issues are shortly described.

If performing a common external events analysis for two or more plants on the same
site, the identification of plant specific issuesisimportant. Thisincludes, but is not
limited to:

o Differencesin system design and area dependencies (usually largely coveredin
existing PSA models)

e Differencesin external event strength at different location of the site
e Differencein vulnerability to specific external events

Regarding the documentation, alist of contents should be written as early as possible.
The list might mirror the tasks as defined in attachment 2.1. Also the documentation
structure should be such, that a number of manageable documents are created, in view
of review needs and ease of future updates.

It is recommended to perform areview of the documentation after each phase. Asfar as
possible, plant personnel should be involved. Thiswill lead both to quality
improvement and improve the knowledge transfer and motivation of the plant
personnel.

Sufficient time and resources should be spent in identifying and compiling the analysis
input, both in terms of data needed and plant documentation. Usually thiswill require a
separate subtask.

In some cases, it may be beneficial to perform a pilot project as a preparation for the
analysisin order to decide the level of detail, analysisinput, project group, €etc.

12.3.5 Knowledgetransfer

The aim of project is not only quantification of the risk, but also to increase the level of
knowledge at the plant of how the plant will react to specific externa events, of which
events are most important, etc.

Efficient knowledge transfer to plant staff on risk priorities and of qualitative
information resulting from EE analysisis needed in order to be better prepared for the
events.

12.3.6 Leve of detail

The level of detail of the analysis must be considered, i.e., the analysis must be
balanced, asthe analysis of external events may easily give rise to extensive and very
costly analyses. Thisislargely mirrored in the suggested analysis procedure, which
focuses on an efficient screening process in order to reduce the number of events that
need to be analysed more in detail to the necessary minimum.

Finally, the analysis may point out in-depth analyses that need to be performed in order
to eliminate major uncertainties in analysis or decide how additional protection isto be
designed and implemented. After conclusion of an in-depth analysis, the an iteration is
made of the external events analysisin order to update with the results from the in-
depth analysis.
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Appendix 1.1 —

Definitions and Acronyms

Expression / Acronym Explanation

Air based EE External events threatening the plant from the air (including space)

Areaevents Initiating events occurring outside the process but within the plant. Primarily these
events are internal fire, flooding and steam release. Other examples are missiles
from rotating machines or exploding pressure vessels.

ASME American Society of Mechanical Engineers

BKAB Barsebéack Kraft AB

BOKA Barsebéck Oskarshamn Design Analysis (Barsebéck Oskarshamn
konstruktionsanalys)

BWR Boiling Water Reactor

CCF Common Cause Failure

CCl Common cause initiator; event causing atransient and at the same time weakening
one or more safety functions that may be needed after the transient.

Combined EE Two or more external events having a non-random probability of occurring

simultaneously, e.g., strong winds occurring at the same time as high sea water
levels.

Damage level (DL)

Depending on the plant response to an external event, a set of different plant
damage (DL) levels may need to be defined, and separately analysed in the PSA

DART Ringhals 2-3-4 design analysis

External events Initiating event outside plant

FKA Forsmarks Kraftgrupp AB

FMEA Failure Mode and Effect Analysis

FMECA Failure Mode, Effect and Criticality Analysis

FSAR Final Safety Analysis Report

FTA Fault tree analysis

GEV Generalised extreme value distribution

Ground based EE External events threatening the plant from the ground
GRS Gesdllschaft fir Reaktorsicherheit (Germany)

HRA Human Reliability Analysis

IAEA International Atomic Energy Agency

IE Initiating event

Level 1 PSA PSA estimating frequency of core damage

Level 2 PSA PSA estimating frequency of activity release outside of the containment
Level 3 PSA PSA estimating consequences from activity releases outside of the containment
LOCA Loss of coolant accident

LOSP Loss of off-site power

LPSA Living PSA

MCS Minimal Cut Sets

OKG Oskarshamns Kraftgrupp AB

POT Peak over threshold method

Potential external event

Result of identification phase of single and combined external events

Potential plant relevant external
event

Result of impact screening of plant relevant external events

Potential site relevant external
event

Result of relevancy screening of potential external events

PSA relevant externa event

Result of deterministic screening

PSAR

Preliminary Safety Analysis Report

PWR

Pressurised Water Reactor
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Expression / Acronym

Explanation

RAB

Ringhals AB

RAW / Risk Achievement
Worth

An importance measure expressing how much the core damage risk, or other risk
measure used, increases if the unavailability of a certain safety function is set to
unity (1.0).

Relevant surroundings

The surroundings of a plant within which a certain external event can pose a
threath to the plant. The relevant surroundings will be different for different
external events.

Return period

The inverse of the frequency of an extreme event; e.g., an event with frequency
0.001/year has the return period 1000 years.

Single external event

External event occurring inisolation, i.e., not at the same time as another event.

SKiI

Statens karnkraftinspektion

TechSpecs Technical Specifications

TVO Teollisuuden VVoima Oy

USNRC/NRC United States Nuclear Regulatory Commission
Water based EE External events threatening the plant from the water
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Appendix 1.2 — Participating Organisations

Organisation Person Role

Impera-K AB, Sweden Michael Knochenhauer Project Manager;
responsible for compilation
of Swedish analysis
experience

RAMSE Consulting Oy, Finland Pekka Louko Responsible for

compilation of TVO
analysis experience

Teollisuuden Voima Oy, Finland

BKAB Ingemar Ingemarson NPSAG Contact Person
Barsebéack Kraft AB, Sweden

FKA Johan Sandstedt NPSAG Contact Person
Forsmarks Kraftgrupp AB, Sweden Stefan Pohlred

OKG OlaJonsson NPSAG Contact Person
Oskarshamns Kraftgrupp AB, Sweden

RAB, Carl-Gunnar Mattsson NPSAG Contact Person
Ringhals AB, Sweden

SK, Ralph Nyman NPSAG Contact Person
Statens karnkraftinspektion, Sweden

TVO, Risto Himanen NPSAG Contact Person
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Appendix 3.1 — Trangdations of External Event

Names

Code External Event Swedish Finnish

A01 Strong wind Stark vind Kovatuuli
Hurricane Orkan Hirmumysky

A02 Tornado Tromb (stortromb) PyoOrremyrsky

A03 High air temperature Hég lufttemperatur Korkeailman lampdtila

A04 Low air temperature Lé&g lufttempeartur Matala ilman [&ampdtila

A05 Extreme air pressure (high / low / | Extremt lufttryck (hogt / 1agt / Poikkeuksellinen ilmanpaine
gradient) gradient) (korkea/matal a/muutos)

A06 Extremerain Extremt regn Rankkasade
Excessive rainfall and water load | Extremt regn och wattenl ast Rankkasade ja vesikuorma

AO07 Extreme snow (including snow Extremt snofall (inklusive Kovalumisade (sis. lumimyrsky)
storm) snéstorm)
Snowload Snolast Lumikuorma
Snowbank Snodriva Lumikinos

A08 Extreme hail Extremt hagel Kovaraesade
Hail shower Hagel skur Raekuuro

A09 Mist Dimma Sumu

A10 |[Whitefrost Rimfrost Huurre

All Drought Torka Kuivuus

Al12 Salt storm Saltstorm Suolamyrsky
Salt fog Satdimma Suolasumu

Al1l3 |Sandstorm Sandstorm Hiekkamyrsky

Al4 |Lightning Aska Salama

A15 Meteorite Meteorit Meteoriitti

A16 Explosion within plant Explosion inom anléggning Ré&jahdys laitoksella

Al7 Explosion outside plant Explosion utanfér anléggning R& 8hdys laitoksen ulkopuolella

A18 Explosion after transportation Explosion efter transportolycka Ré&jéhdys kuljetusonnettomuuden
accident jalkeen

A19 Explosion after pipeline accident | Explosion efter pipelineolycka R&j éhdys putkisto-onnettomuuden

jélkeen

A20 Chemical release outside or inside | Kemiskt utsl8pp inom eller utom | Kemikaalipéasto laitospaikalla tai
site anlaggning sen ulkopuolella

A21 Chemical release after Kemiskt utdapp efter Kemikaalipaastd
transportation accident transportolycka kuljetusonnettomuuden jékeen

A22 Chemical release after pipeline Kemiskt utddpp efter Kemikaalipéasto putkisto-
accident pipelineolycka onnettomuuden jé keen

8A23 | Magnetic disturbance (radar, radio | Magnetisk storning (radar, radio | Magneettinen héirio (tutka, radio
or mobile phone) eller mobiltel efon) tai kannykka)

A24 Satellite crash Satellitstortning Satelliitin tormays

A25 Airplane crash Flygplansstortning L entokoneen torméys
Earthquake Jordbavning Maanjaristys

G01 Land rise Landhdjning Maannousema

G02 Soil frost Tjéle Routiminen

G03 |Animas Djur Elain

G04 | Volcanic phenomena V ulkaniska fenomen V ulkaaniset ilmiot

GO05 Avalanche Lavin Lumivyory

G06 Above-water landslide Jordskred ovan vatten V edenal ainen maanvy6ryma
Earthfall Jordskred Maansortuma
Ground sink hole Jordsattning Maanpainuma

GO07 External fire Extern brand (utanfér byggnader) | Ulkopuolinen tulipalo
Wildfire smoke ROk frén skogsbrand M etsépalon savu

G08 Excavation work Grévningsarbeten Kaivuuty6

G09 Direct impact from heavy Direkt paverkan fran tunga Vaiton laitospaikalla tapahtuvan
transportation within site transporter inom anl&ggningen raskaan kuljetuksen vaikutus

G10 Missiles from military activity Missiler frén militér aktivitet Sotilaallisesta toiminnasta

alheutuvat missiilit
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Code

External Event

Swedish

Finnish

Gl1 Missiles from other plant on site | Missiler fran annat karnkraftverk | Sijaintipaikan muista laitoksista
inom omrédet perdisin olevat missiilit
G12 Internal fire spreading from other | Inre brand som sprids fran annat | Toisestalaitoksesta leviavatulipalg
plant karnkraftverk inom omrédet
W01 | Strong water current (under-water | Vattenstrom (undervattenserosion) | V oimakas veden virtaus
€rosion) (maanalainen eroosio)
Erosion Erosion Eroosio
W02 | Low seawater level Lé&g havsvattenniva Matala meriveden pinta
W03 | High seawater level Hog havsvattenniva Korkea meriveden pinta
Tsunami Tsunami Tsunami
Characterigtic fluctutation of water \If;;itensktlsk svangning av Veden ominaisheilahtelu
Seawaves Sj6géng Aallokko
Earthquake wave Seismisk vég M aanjaristysaalto
W04 | High seawater temperature Ho6g havsvattentemperatur Matala meriveden l[ampdtila
W05 | Low seawater temperature L &g havsvattentemperatur K orkea meriveden lampétila
W06 | Under-water landslide Jordskred under vatten V edenalainen maanvyéryma
Bottom deposit Bottenfallning Pohjasakka
W07 | Surfaceice Is (pa vattenytan) Jagkans
W08 |Frazil ice Kravis Suppo
W09 |lcebarriers Isvallar (stampisvallar eoch Ahtojéa
packisvallar)
W10 |Organic materia in water Organiskt material i vattnet Orgaanista materiaalia vedessa
Algae Alg Leva
Bottom flora Bottenvegetation Pohjakasvillisuus
Shellfish Musslor Simpukat
Fish Fisk Kalat
W11 |Corrosion (from salt water) Saltvattenkorrosion Korroosio (suolavedestd)
Corrosion Korrosion Korroosio
W12 | Solid or fluid (non-gaseous) Fasta eller flytande (icke Kiinteét tai nesteméiset (el
impurities from ship release gasformiga) fororeningar fran kaasumaiset) epdpuhtaudet
fartygsutslépp lalvapaéstbista
W13 | Chemical release to water Kemiskt utddpp till vatten Kemikaalipaasta veteen
W14 | Direct impact from ship collision | Direkt paverkan fran Laivatdrmayksen suora vaikutus

fartygskollision
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Appendix 3.2 — Characterisation of External
Events (example)

The table presents part of the event characterisation in the Ringhals 2-3-4 External Events Analysis

[3-9].

Code |External Events | Event Definition I nterfaces and Comments

A01 Strong winds The event is defined as damage to the The event does not include tornado (A2)
plants due to strong winds. It includes both | due to the unique characteristics of this
direct damage from wind pressure and event.
missiles. differentiating effects from snow storm

(included in A7), salt storm (A12) or sand
storm (A13). However, the wind effects
from these events are included.

Effects from storm surges are covered by
the event high seawater level (W3)

A02 Tornado The event is defined as damage to the
plants due to tornadoes. The event is
separated from other strong winds dueto its
special characteristics both with respect to
duration, wind speed, and frequency of
occurrence.

A03 Highair The event is defined as plant impact due to | Plant impact due to high water temperature

temperature high air temperature. istreated separately (W4).

A04 Low air The event is defined as plant impact due to | Plant impact due to low water temperature

temperature low air temperature. (W4) or iceimpact (W7, W8, and W9) are
treated separately.

A05 Extreme air Plant impact from high or low air pressure

pressure (high/ | or from quick pressure changes.
low / gradient)

A06 Extremerain The event is defined as damage to the
plants due to extreme rain. It includes both
damage from rain load on structures and
damage due to rain induced flooding.

A07 Extreme snow The event is defined as damage to the Wind effects from snow storms are covered

(including snow | plants due to extreme snow, including snow| by the event strong wind (A1).

storm) storms. Flooding effects due to melting of snow
judged to be bounded by flooding effects
from extremerain (A6).

A08 Extreme hail The event is defined as damage to the Flooding effects due to melting of hail are
plants due to extreme hail. It includes bounded by flooding effects from extreme
damage from hail load on structures. ran (A6).

Any possible effects on the ultimate heat
sink are judged to be bounded by ice events
(W7, W8 and W9).

A09 Mist The event is defined as plant impact due to
mist.

A10 White frost The event is defined as plant impact due to
white frost.

All Drought The event is defined as an extended drought) Possible plant effects due to high air
period that lowers the water level of lakes, |temperature (A3) or high water temperature
rivers and open water basins. (W4) are covered by the analysis of these

events. No effect on water level (heat sink).

Al12 Salt storm The event isdefined asastorm involving | Wind effects from salt storms are covered
salt covering of plant structures. by the event strong wind (A1).

A13 Sand storm The event is defined as plant impact from a | Wind effects from sand storms are covered
storm carrying sand. by the event strong wind (A1).
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Code |External Events | Event Definition I nterfaces and Comments

Al4 Lightning The event is defined as plant damage due to| Fire started by lightning is bounded by
lightning. The impact may be direct, external fire (G7) and by the internal fire
causing structural damage or LOSP events, | analysis.
or indirect through the electromagnetic field
or fire started by lightning.

A15 Meteorite The event is defined as plant damage due to
meteorite impact.

A16 Explosion within | The event covers damage to the plants due | Damage from missiles generated at another

plant to explosions (deflagration or detonation) | plant on the site are handled as part of
of solid substances or gas clouds within the | (G11).
site. The damage may be dueto pressure | Explosions in connection with
impact or impact from missiles. transportation accidents within the site are
handled as part of (A18).
Toxic effects from achemical release are
covered by (A20).

Al7 Explosion outside| The event covers damage to the plants due | The event does not include explosionsin
plant to explosions (deflagration or detonation) | connection with transportation accidents

of solid substances or gas clouds outside | outside the site (A18) or originating from

the site. The damage may be due to pipelines (A19).

pressure impact or impact from missiles. | Toxjc effects from a chemical release are
covered by (A20).

A18 Explosion after | The event covers damage to the plants due | The event does not includes damage due to
transportation to ground transportation inside and outside | airplane crash (A25) or originating from
accident the site or due to sea transportation pipeline accident (A19).

accidents. The damage may be due to Toxic effects from a chemical release are
pressure impact or impact from missiles. | covered by (A21).

A19 Explosion after | The event covers damage to the plants due | Toxic effects from achemical release are
pipeline accident | to explosions (deflagration or detonation) | covered by (A22).

after a pipe-line accident. The damage may
be due to pressure impact or impact from
missiles.

A20 Chemical release | The event includes toxic impact dueto Explosion effects from a release outside or
outsideor inside |chemical release outside or inside the site. | inside the site are covered by (A16 and
site These releases may originate from process |A17).

accidentsinside or outside the plant or from| Toxic effects after transportation or
|eakages of substances stored inside or pipeline accidents are analysed in A21 and
outside the plant. A22.

A21 Chemical release | The event includes toxic impact due to Explosion effects from transportation
after chemical release after ground transportation| accidents are covered by (A18).
transportation accidentsinside and outside the site or due
accident to sea transportation accidents.

A22 Chemical release | The event includes toxic impact due to Explosion effects from a pipeline accident
after pipeline chemical release after apipeline accident. | are covered by (A18).
accident

A23 Magnetic The event includes impact from man-made
disturbance magnetic or electric fields. The main

examples of such fields are fields from
radar, radio or from mobile phones.

A24 Satellite crash The event is defined as plant damage due to
satellite impact.

A25 Airplane crash The event includes damage to plant
structures due to an airplane crash within
the site area. The airplane may be either
commercial, private or military.

G01 Land rise The event is defined asimpact on the plant
from land rise.

G02 Soil frost The event is defined as impact on the plant

from soil frost.
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Code

External Events

Event Definition

Inter faces and Comments

GO03 Animals The event is defined as impact on the plant | Impact on intake water from fish, mussels,
from animals. etc., is covered by (W10).

G04 | Volcanic The event is defined as impact on the plant

phenomena from volcanic eruptions.

GO05 |Avaanche The event is defined as impact on the plant
from avalanches.

G06 | Above-water The event is defined as impact on the plant

landslide from above-ground landslide.

GO07 External fire The event is defined asimpact on the plant | Internal fires spreading from another plant
from fires originating from outside the on site are treated separately (G12). Fires
plants, inside or outside the site area. resulting as secondary effects from other

external events are treated as part of these
events (A16, A18, A25).

Internal fires are analysed as part of the
PSA area events analysis.

G08 Excavation work | The event is defined asimpact on the plant
from excavation work, inside or outside the
site area.

G09 Direct impact The event is defined as damage to the plant

from heavy from direct impact from heavy

transportation transportation within site. This also

within site includes the containment external
maintenance platform.

G10 Missilesfrom The event is defined asimpact on the plant | Impact on power supply and heat sink
military activity | from missiles from military activity. assumed to be bounded by other events.

Gl1 Missiles from The event includes damage from missiles
other plant on site| generated at another plant on the site.

G12 Internal fire The event is defined asimpact on the plant | External fires are treated separately (G7).
spreading from | from fires originating in another plant on | Fires resulti ng as secondary effects from
other plant the site. other external events are treated as part of

these events (A16, A18, A25).

W01 | Strong water The event includes damage to plant The effects from under-water landslide are
current (under- | structures due to strong water current. treated separately (W6).
water erosion)

W02 |Low seawater The event is defined as plant impact due to | Level decrease due to land riseis covered
level low seawater level. by (G1).

W03 |Highseawater |The eventisdefined as plant impact dueto
level high seawater level. The high levels may

be due to storm surges, waves, and seiches.
They are also affected by variations dueto
tide.

W04 |Highseawater | Theeventisdefined as plant impact dueto | Plant impact due to high air temperatureis
temperature high water temperature. treated separately (A3).

W05 |Low seawater The event is defined as plant impact due to | Plant impact due to low air temperature
temperature low water temperature. (A4) or iceimpact (W7, W8, and W9) are

treated separately.

W06 | Under-water The event is defined as plant impact due to | Plant impact due to under-water erosion is
landslide under-water landslide. treated as part of the strong current event

An under-water landslide may bedueto | (W1)-
above-water causes, such as prolonged
intense precipitation.

W07 |Surfaceice The event is defined as plant impact due to | The event does not include effects due to
thick surfaceice. frazil ice (W8) and ice barriers (W9).

W08 |Frazil ice The event is defined as plant impact due to
formation of frazil ice in the cooling water
intake.

WQ9 |lIcebarriers The event is defined as plant impact due to

formation of ice barriers.
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Code |External Events | Event Definition I nterfaces and Comments
W10 |Organic material | The event is defined as plant impact dueto
in water organic material in intake water. The
material may be algae, seaweed, fish,
mussels, jellyfish, etc.
W11 |Corrosion (from | The event isdefined asimpact dueto
salt water) corrosion.
W12 |Solidor fluid The event is defined as impact due to solid
(non-gaseous) (non-gaseous) impurities released into the
impuritiesfrom | water from a ship.
ship release
W13 |Chemical release | The event is defined as impact dueto The event does not include effects due to
to water chemical releases to water. The focusison | release of solid (non-gaseous) impurities
reduction of water quality. The releases (W12)..
may be due to a ship accident, but may also
originte from land.
W14 | Direct impact The event is defined as direct impact from & The event does not cover consequences
from ship ship collision. from releases in connection with a ship
collision accident (explosion, pollution, intake

clogging or release of toxic gases), as these
events are handled separately (A18, A21,
W12, W13).
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Appendix 5.1 — Screening Criteriain TVO
Weather Risk Analysis

Code Description

CR-1 The effects of the estimated maximum strength of the external event does not
exceed the design basis documented or the estimate of expert estimate. This
means that the event studied does not cause
. during power operation at |east a need for controlled shut down or scram
and losses of safety system functions required during the shutdown or scram
. during shutdown losses of safety systems required during shut down

CR-2 The anticipation time is less than 8 hours or the growth rate of the strength of the
external event islow enough in order to carry out precautions

CR-3 Frequency is extremely low during the near future decades

CR-4 The external event is not to be included in external event analysis but into some
other risk analysis

CR-5 The external event shall be included into a combined external event in case it
causes a additional risk

CR-6 The seriousness of the identified phenomena has been recognised but shall not be

analysed at the moment because of future plant modification

Note 1: In probabilistic screening one used aso criteria as follows: The contribution to the probability of
the core damage is insignificant
Note 2: In strength - frequency estimation one used expected values (50 % confidence level)
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Appendix 5.2 — Screening Criteriain
Ringhals 2-3-4 External Events Analysis

For the assessment of the relevance of potential external eventsto the Ringhals plants, a
set of six screening criteriawas defined. The criteria used largely come from the PRA
Procedures Guide [5-2]; this applies to criteria 1-4; in addition two more criteria have
been defined, criteria’5 and 6.

Code Description

Cl Severity The event has a damage potential that isless or equal to another event that the
plant is already dimensioned for.

C2 Frequency The event has a considerably lower frequency of occurrence than events with
similar uncertainties and cannot result in worse consequences.

C3 Distance The event cannot occur close enough to the plant to affect it.
C4  Inclusion The events can be included in the definition of another event.
C5 Warning The event develops at such aslow rate, that there is enough time to initiate

counteractions.

C6 Applicability | The event isnot applicable to the Ringhals site
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