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IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

1 - INTRODUCTION
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1. Introduction - Background

According to the experience of Member States that
conducted PSA studies of operating NPPs,
earthquakes are one of the most important external
events affecting NPP safety.

In some cases, the risk caused by earthquakes has
been found to be comparable with the risk caused by
internally initiated events.
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1. Introduction - Reasons for a Seismic PSA

• Response to a regulatory requirement for licensing a new
plant;

• Resolution of existing seismic issues;
* Resolution of new seismic issues;
• Development of a risk management program;

« Performance of cost/benefit studies for decision on plant
upgrading;

* Assessment of an existing plant safety for a newly
defined seismic input exceeding the original design basis

* Plant life extension.

IAEA

1. Introduction - Applicability

The general methodology is applicable to all of the
potential applications.

The depth of the study may depend upon the
objective of the project and the level of seismicity of
the site.

All types of reactors:
* commercial PWRs, BWRs, LMFBRs,

* research reactors, and

* military reactors.
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1. Introduction - Objectives of a Seismic PSA

• To develop an appreciation of accident behaviour;

• To understand the most likely accident sequences;

• To gain an understanding of the overall likelihood of
core damage;

• To identify the dominant seismic risk contributors;

• To identify the range of peak ground acceleration that
contributes significantly to plant risk;

• To compare seismic risk to risk from other events.

IAEA

1. Introduction -Seismic PSA Results

For Level 1 PSA. Potential releases and off-site
consequences are not included.

The main result is to provide an order of magnitude of
the frequency of core damage associated with
earthquakes, which might contribute to the total
frequency of core damage.

A number of beneficial side effects:
• Consideration of different spectral shapes;

• Alternative hypotheses regarding soil properties, structural models,
material characteristics, etc.

• All leading to a weighted sensitivity analysis, as a way to detect the
weaker links in the chains going to undesired events.
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IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

2 - PURPOSE AND SCOPE OF
THE DOCUMENT

IAEA-TECDOC-724

Published in October 1993.

IAEA

2. Purpose and scope of the TECDOC

* To provide information and guidance to those starting a
seismic PSA, giving a overall picture of the usually
applied procedure.

• It covers mainly:

• Frequency of occurrence of ground motions, i.e. the seismic
hazard evaluation;

• Seismic accident sequence initiators;
• Fragility analysis of safety related plant items;

• Capability of systems to mitigate accidents from seismic
events;

• Integration of all above aspects which can lead to core
damage.
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2. Purpose and scope of the TECDOC

It does not cover the effects of earthquakes after the
event of core damage.
Aspects that may have significant contribution to the
overall risk and have not been considered in the
document are:

* Increased probability of human errors, subsequent to the
occurrence of a destructive earthquake;

* Significant probability of damages to lifelines and other
infrastructures which may have been planned for use in the
context of emergency planning and evacuation.

* Increased probability of delayed response to the nuclear
accident due to the interference of another catastrophic event.

IAEA

2. Purpose and scope of the TECDOC

An "internal" initiator
* is an event in the plant itself which may affect or have

consequences on the "exterior"

An "external" initiator as an earthquake, or other
natural events of regional scale,

* is an event that affects also and simultaneously the "exterior"
of the plant, i.e. the region and the public, who may receive on
the top of that the consequences of a nuclear accident;

* affects passive safety systems;

* may lead to common cause failures, affecting redundancy;

* is a cause of interactions between items.
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IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

3 - OVERVIEW OF SEISMIC
PSA PROCEDURE

IAEA-TECDOC-724
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3. Overview of a seismic PSA procedure

The major steps for accomplishing a Seismic PSA are:

1. Development of a seismic hazard curve;

2. Structure and component seismic response
determination;

3. Assessment of structure and component fragility;

4. Random failure data development;

6. Event/fault tree construction and solution;

6. Risk quantification incorporating results of steps 1)
to 5)
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Overview of a seismic PSA
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3. Overview of Seismic PSA Procedure

* Seismic hazard (i.e. the seismic input), and the

* Seismic fragilities and response of individual plant
items (i.e. components, systems and structures)...

are combined to provide an estimate of the
probability of various plant damage states

* The seismic hazard is the initiator of the accident
sequences.

* The accident sequences are developed from an initiated
fault condition (e.g. ATWS, LOCA) produced directly by
the earthquake ground motion.
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3. Overview of Seismic PSA Procedure

* Attention is called to the possibility that the "initiated
fault conditions" may arise from failures which are of
negligible probability on case of an internal initiator PSA.

* Multiple failures with simultaneous occurrence must be
considered in the case of a seismic initiator because of
its potential to generate common cause failures.

* References in which the detailed procedure is described:
• US-NUREG/CR-2300

• US-NUREG/CR-2815

• US-NUREG/CR-2015

• US-NUREG/CR-1150 . . . .

IAEA

IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

4-SEISMIC HAZARD

IAEA-TECDOC-724
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4. Seismic hazard

The 1s t step of a seismic PSA is the quantification of the
seismic hazard.
The final output of the seismic hazard study is:

* Hazard curve, i.e. frequency of the vibratory ground motion
parameter (usually, acceleration)

• Response spectrum in the free field.

This seismic input is derived using a probabilistic
methodology, dealing with randomness and
uncertainties, (i.e. the PSHA).
The procedure is described in IAEA Safety Guide NS-G-
3.3 and a short overview is shown in the following graph.
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Flow chart of a PSHA
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Analytical task flow of a PSHA
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Example of a seismic hazard curve
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Example of a Uniform Hazard Response Spectra

1.6

1.2

| 1.0

1 ,,
o'

0 .2

5 % c • M . p l U x
a - O . S

-

—•"

/

, •

/

/

/

/

/

/ ^

• x

\

\

\

V

V

\

S
\

s

\

s s

—

—

—

- A RI P I (Ml i-

-1IMMH) t v 1

i

1
F u n i l a m e n t i i l h p e r i o d us (» )

IAEA

4. Uncertainties in the PSHA

The main contributors to the uncertainties of the
hazard curve are:

* Boundaries of the seismogenic structures and
provinces;

* Geometrical parameters of seismic sources;
8 Specification of the seismic activity of the sources;
* Choice of attenuation relationships;
* Choice of stochastic model;
« Other: calculation of magnitude from intensity and

transformation into acceleration.

IAEA
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4. PSHA and Engineering Quantities

* Any hazard curve must ultimately be translated into
engineering quantities.

* The main problem is that hazard curves are defined in
terms of a single parameter, i.e. pga or intensity.

* Structural Engineers require a response spectra or a set
of time histories.

* Influence of duration and/or frequency content of the
ground motion have to be added.

* Hazard curves give the probability of exceedance of pga
in the free field or in a hypothetical outcrop. Influence of
local geological conditions -site effect- are not usually
included.

IAEA

4. Seismic hazard - range of frequencies

The seismic hazard should be discretized into a number of intervals,
to quantify the probability of each accident sequence at the upper
bound of these intervals, e.g.:

• 0.10-0.25g
• 0.26-0.50g
• 0.51 - 0.75g
• 0.76-1.00g

The upper limit is chosen so as to be certain that no significant
contribution to the assessed probability of core damage is omitted.
The probability of each accident sequence would be quantified at the
upper bound of each of these intervals
A sufficient range of of earthquakes has been examined if the
assessed probabilities reached a maximum within the range of levels
considered and decrease as one moves to either extreme.

IAEA
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Seismic PSA results

FIGURE 1.A.2-14 : Quantification Results Summary
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IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

5 - SECONDARY SEISMIC
EFFECTS

IAEA-TECDOC-724
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5. Secondary Seismic Effects

* PSAs include seismic loads directly generated by the
vibratory ground motion of the earthquake.

* However, there a number of other secondary effects
which may appear as consequence of earthquakes and
lead to accident conditions:

* Systems interactions;

• Spatial interactions: falling, hammering, spray, internal flooding.

* Systematic interactions: function failure of a non-safety component
that may affect a safety system (earlier NPPs)

* Fire interactions;

* Flooding.
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5. Secondary Seismic Effects - Other Pathways
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5. Secondary Seismic Effects - Event tree for
surface faulting

• in «*« »t*# vta&ttixtr

IAEA

IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

6 - PLANT RESPONSE
ANALYSIS AND FRAGILITIES

IAEA

IAEA/ICTP Workshop - February 2005 17



6. Plant Response Analysis

It is the analysis of the full spectrum of possible
undesirable plant responses in case of occurrence of an
earthquake.

The first task is to determine the response of structures,
systems and components to the seismic input.

For that purposes, plant specific information should be
obtained, either (a) scaling existing design information or
(b) conducting selective new response analysis.

The definition of the earthquake induced failure mode for
each item should be included.

IAEA

6. Plant Response Analysis

As a simplifying measure it is important to focus
attention, initially only on the apparently most vulnerable
plant items e.g.:

* Off-site power insulators
100 kv feeder

« Condenser
* 600/208 V transformer
* Auxiliary building: masonry walls
« Station and auxiliary transformers
* Reactor vessel internals
* . . . .etc.
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6. Plant Response Analysis
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Response and fragility curves
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6. Fragility

The seismic fragility of a component or system is
defined by a curve that gives:

• the conditional probability of failure,

* for a given number of a seismic input motion
parameter, e.g. the pga.

The input motion can be defined at:

* the structure/component interface (support location),
or at

• the base of the supporting structure (ground level).

IAEA

6. Fragility

There are many sources of variability (randomness and
uncertainties) in developing a component fragility, in both, response
and capacity evaluation, e.g.:

Peak to peak variation in input motion,
Phasing of earthquakes components,
Phasing of modal responses,
Vertical/horizontal acceleration ratios,
Soil stiffness,
Soil damping,
Structural stiffness,
Soil-structure interaction
Material strength etc.

An entire fragility family to a particular failure mode should be
developed and it can be expressed as the best estimate of the
median input motion parameter and 2 random variables:

A = Am . ER • C U
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Fragility curve representations

IAEA

Flow chart for seismic fragility development
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IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

7 - SYSTEMS ANALYSIS AND
SAFETY EVALUATION

IAEA

7. Systems analysis and safety evaluation

The major steps for accomplishing a Seismic PSA are:

1. Development of a seismic hazard curve;

2. Structure and component seismic response
determination;

3. Assessment of structure and component fragility;

4. Random failure data development;

5. Event/fault tree construction and solution;

6. Risk quantification incorporating results of steps 1)
to 5)
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7. Systems analysis and safety evaluation

1. Accident sequence definition/event trees:

Initiated plant states

* Facility functional response

2, Systems analysis and fault tree development:

• Safety system failure criteria
8 Fault tree development

IAEA

IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

8 - RESULTS OF SEISMIC PSA
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8. Interpretation of Seismic PSA results

• The results of a Level 1 seismic PSA consists of the
"frequency of occurrence of core damage in case of
earthquakes".

• The information is synthesized into a central value
(median or mean) and two fractile values (lower and
upper) defining a range of frequencies within 90% of
the frequency contained.

8 The central value can be roughly thought to reflect the
contribution to the risk due to intrinsic randomness,
while the confidence interval gives the measure of the
uncertainty involved in the process.

IAEA

Example of Seismic PSA results
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8. Interpretation of Seismic PSA results

Results of a seismic PSA are typically compared to results from
internal events and other external events (e.g. fire).

It is an IAEA requirement that the radiological risk associated with
external events should not exceed the range of radiological risk
associated with the accidents of internal origin.

When this comparison is made by a PSA requires a Level 3 analysis.

When comparing Level 1 results, the comparisons may be
misleading due to the fact that the uncertainty in the seismic induced
core damage frequency may be much greater than for internal
events or other external events.

The analyst must be objective in his evaluation of the results and
actions that he may recommend for improving plant safety.
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Interpretation of Seismic PSA results
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Interpretation of Seismic PSA results

* A warning! :
In case of the seismic re-evaluation, and consequently
possible upgrading, of an operating existing NPP, for a
newly defined seismic input exceeding the original
design basis . . .
. . . special care should be taken on the decision about
the opportunity to conduct a Seismic PSA and the real
physical actions for improving plant safety . Easy to
perform fixes can be more cost-efficient and safety-
effective, as well they will also have influence on the
fragilities of the plant systems and items, on the basis
of which the results of the seismic PSA are obtained.

IAEA

Interpretation of Seismic PSA results

Another warning! :

• The output of a PSHA can never be better than its input,
or

• " the output of a PSHA is only as good as its input To
improve the value and credibility of PSHA, one must
improve the quality and increase the quantity of
earth science information related to seismic hazards..."
(*)

(*) Panel on Seismic Hazard Analysis - PSH Analysis - US National Research

Council, 1988.
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THANK YOU VERY MUCH

Antonio Godoy
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IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

1 - INTRODUCTION
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1. Introduction - Background

According to the experience of Member States that
conducted PSA studies of operating NPPs,
earthquakes are one of the most important external
events affecting NPP safety.

In some cases, the risk caused by earthquakes has
been found to be comparable with the risk caused by
internally initiated events.
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1. Introduction - Reasons for a Seismic PSA

• Response to a regulatory requirement for licensing a new
plant;

• Resolution of existing seismic issues;
• Resolution of new seismic issues;
• Development of a risk management program;
• Performance of cost/benefit studies for decision on plant

upgrading;
• Assessment of an existing plant safety for a newly

defined seismic input exceeding the original design basis
• Plant life extension.
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1. Introduction -Applicability

The general methodology is applicable to all of the
potential applications.

The depth of the study may depend upon the
objective of the project and the level of seismicity of
the site.

All types of reactors:
• commercial PWRs, BWRs, LMFBRs,

• research reactors, and

• military reactors.
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1. Introduction - Objectives of a Seismic PSA

• To develop an appreciation of accident behaviour;

• To understand the most likely accident sequences;

• To gain an understanding of the overall likelihood of
core damage;

• To identify the dominant seismic risk contributors;

• To identify the range of peak ground acceleration that
contributes significantly to plant risk;

• To compare seismic risk to risk from other events.
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1. Introduction -Seismic PSA Results

• For Level 1 PSA. Potential releases and off-site
consequences are not included.

• The main result is to provide an order of magnitude of
the frequency of core damage associated with
earthquakes, which might contribute to the total
frequency of core damage.

• A number of beneficial side effects:
• Consideration of different spectral shapes;
• Alternative hypotheses regarding soil properties, structural models,

material characteristics, etc.
• All leading to a weighted sensitivity analysis, as a way to detect the

weaker links in the chains going to undesired events.
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IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

2 - PURPOSE AND SCOPE OF
THE DOCUMENT

IAEA-TECDOC-724

Published in October 1993.
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2. Purpose and scope of the TECDOC

• To provide information and guidance to those starting a
seismic PSA, giving a overall picture of the usually
applied procedure.

• It covers mainly:
• Frequency of occurrence of ground motions, i.e. the seismic

hazard evaluation;
• Seismic accident sequence initiators;
• Fragility analysis of safety related plant items;
• Capability of systems to mitigate accidents from seismic

events;
• Integration of all above aspects which can lead to core

damage.
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2. Purpose and scope of the TECDOC

It does not cover the effects of earthquakes after the
event of core damage.
Aspects that may have significant contribution to the
overall risk and have not been considered in the
document are:

• Increased probability of human errors, subsequent to the
occurrence of a destructive earthquake;

• Significant probability of damages to lifelines and other
infrastructures which may have been planned for use in the
context of emergency planning and evacuation.

• Increased probability of delayed response to the nuclear
accident due to the interference of another catastrophic event.
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2. Purpose and scope of the TECDOC

An "internal" initiator
• is an event in the plant itself which may affect or have

consequences on the "exterior"

An "external" initiator as an earthquake, or other
natural events of regional scale,

• is an event that affects also and simultaneously the "exterior"
of the plant, i.e. the region and the public, who may receive on
the top of that the consequences of a nuclear accident;

• affects passive safety systems;

• may lead to common cause failures, affecting redundancy;

• is a cause of interactions between items.
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IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

3 - OVERVIEW OF SEISMIC
PSA PROCEDURE

IAEA-TECDOC-724
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3. Overview of a seismic PSA procedure

The major steps for accomplishing a Seismic PSA are:

1. Development of a seismic hazard curve;

2. Structure and component seismic response
determination;

3. Assessment of structure and component fragility;

4. Random failure data development;

5. Event/fault tree construction and solution;

6. Risk quantification incorporating results of steps 1)
to 5)
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Overview of a seismic PSA
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3. Overview of Seismic PSA Procedure

* Seismic hazard (i.e. the seismic input), and the

* Seismic fragilities and response of individual plant
items (i.e. components, systems and structures)...

are combined to provide an estimate of the
probability of various plant damage states

• The seismic hazard is the initiator of the accident
sequences.

* The accident sequences are developed from an initiated
fault condition (e.g. ATWS, LOCA) produced directly by
the earthquake ground motion.
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3. Overview of Seismic PSA Procedure

* Attention is called to the possibility that the "initiated
fault conditions" may arise from failures which are of
negligible probability on case of an internal initiator PSA.

* Multiple failures with simultaneous occurrence must be
considered in the case of a seismic initiator because of
its potential to generate common cause failures.

* References in which the detailed procedure is described:
• US-NUREG/CR-2300

• US-NUREG/CR-2815

• US-NUREG/CR-2015

• US-NUREG/CR-1150....
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IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

4-SEISMIC HAZARD

IAEA-TECDOC-724
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4. Seismic hazard

The 1s t step of a seismic PSA is the quantification of the
seismic hazard.
The final output of the seismic hazard study is:

• Hazard curve, i.e. frequency of the vibratory ground motion
parameter (usually, acceleration)

• Response spectrum in the free field.

This seismic input is derived using a probabilistic
methodology, dealing with randomness and
uncertainties, (i.e. the PSHA).
The procedure is described in IAEA Safety Guide NS-G-
3.3 and a short overview is shown in the following graph.
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Flow chart of a PSHA
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Analytical task flow of a PSHA
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Example of a seismic hazard curve
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Example of a Uniform Hazard Response Spectra
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4. Uncertainties in the PSHA

The main contributors to the uncertainties of the
hazard curve are:

* Boundaries of the seismogenic structures and
provinces;

* Geometrical parameters of seismic sources;
* Specification of the seismic activity of the sources;
* Choice of attenuation relationships;
* Choice of stochastic model;
* Other: calculation of magnitude from intensity and

transformation into acceleration.

IAEA
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4. PSHA and Engineering Quantities

* Any hazard curve must ultimately be translated into
engineering quantities.

* The main problem is that hazard curves are defined in
terms of a single parameter, i.e. pga or intensity.

* Structural Engineers require a response spectra or a set
of time histories.

* Influence of duration and/or frequency content of the
ground motion have to be added.

* Hazard curves give the probability of exceedance of pga
in the free field or in a hypothetical outcrop. Influence of
local geological conditions -site effect- are not usually
included.

IAEA

4. Seismic hazard - range of frequencies

The seismic hazard should be discretized into a number of intervals,
to quantify the probability of each accident sequence at the upper
bound of these intervals, e.g.:

• 0.10-0.25g
• 0.26-0.50g
• 0.51 - 0.75g
• 0.76-1.00g

The upper limit is chosen so as to be certain that no significant
contribution to the assessed probability of core damage is omitted.
The probability of each accident sequence would be quantified at the
upper bound of each of these intervals
A sufficient range of of earthquakes has been examined if the
assessed probabilities reached a maximum within the range of levels
considered and decrease as one moves to either extreme.

IAEA
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Seismic PSA results
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Seismic PSA results

FIGURE 1.A.2-14 : Quantification Results Summary
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IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

5 - SECONDARY SEISMIC
EFFECTS

IAEA-TECDOC-724
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5. Secondary Seismic Effects

PSAs include seismic loads directly generated by the
vibratory ground motion of the earthquake.

However, there a number of other secondary effects
which may appear as consequence of earthquakes and
lead to accident conditions:

• Systems interactions;

* Spatial interactions: falling, hammering, spray, internal flooding.

• Systematic interactions: function failure of a non-safety component
that may affect a safety system (earlier NPPs)

• Fire interactions;

• Flooding.

IAEA
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5. Secondary Seismic Effects - Other Pathways

1
- I V G M H H

1
S I

EO: Earthquake
VQM; VlbiraKwy ground
SF:
MM;

faulting

f o r

Soli insrfaotiitfese: Uquafaiciaori, slope tawrtajbility, subsidence,
Man-indkJO«d events: FfcKMS. ftiro, drifting elouMd, *xptoaton
Failure of conventional structureB {dams, pipelines, storage facsllttt
«KptoB«ve mat-erial)
Nuckeajr otructm-»s {containment, re&ctor building, bu.ilclingtt g
nsaclew, power I!«UB#, avritehyarrf. water imwfee ettrudures, ultimate heal sink,
<Ji*s*i gcnocaiCK t*u*j ing. rural sioraig« laciJ'iyl.

Haa:afrf# aor-i*(cl«r*d for M$:; Fire, «Kp40sIon, fi«»o<t, twiltement, uplift, h>3e of b-earing
capacity, ovartumino, tilling^ altdin^ f<s**f»d*taon rupturtt, impact; due to ooll3ps» of
oilier structures, drawdown.

FCSt

MS;

FJGr. S. iStf>ck diagram Jhr j

IAEA

5. Secondary Seismic Effects - Examples of
scenarios
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5. Secondary
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IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

6 - PLANT RESPONSE
ANALYSIS AND FRAGILITIES
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6. Plant Response Analysis

It is the analysis of the full spectrum of possible
undesirable plant responses in case of occurrence of an
earthquake.

The first task is to determine the response of structures,
systems and components to the seismic input.

For that purposes, plant specific information should be
obtained, either (a) scaling existing design information or
(b) conducting selective new response analysis.

The definition of the earthquake induced failure mode for
each item should be included.

IAEA

6. Plant Response Analysis

As a simplifying measure it is important to focus
attention, initially only on the apparently most vulnerable
plant items e.g.:

* Off-site power insulators
100 kv feeder

* Condenser
600/208 V transformer

• Auxiliary building: masonry walls
• Station and auxiliary transformers
* Reactor vessel internals
• . . . .etc.

IAEA
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6. Plant Response Analysis

IAEA

Response and fragility curves
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6. Fragility

• The seismic fragility of a component or system is
defined by a curve that gives:

• the conditional probability of failure,

• for a given number of a seismic input motion
parameter, e.g. the pga.

• The input motion can be defined at:

• the structure/component interface (support location),
or at

• the base of the supporting structure (ground level).

IAEA

6. Fragility

There are many sources of variability (randomness and
uncertainties) in developing a component fragility, in both, response
and capacity evaluation, e.g.:

Peak to peak variation in input motion,
Phasing of earthquakes components,
Phasing of modal responses,
Vertical/horizontal acceleration ratios,
Soil stiffness,
Soil damping,
Structural stiffness,
Soil-structure interaction
Material strength etc.

An entire fragility family to a particular failure mode should be
developed and it can be expressed as the best estimate of the
median input motion parameter and 2 random variables:

A = Am. eR . ey
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Fragility curve representations

IAEA

round acceleration (

FIQ. S Fragility curve rep

Flow chart for seismic fragility development

of omu

: rmepom

^quIpitMMi

^ ^

X
« ai

t

\ v . . , . , • •

fjrreirr.fi->*' .vtrixmti

IAEA

IAEA/ICTP Workshop - February 2005 21



IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

7 - SYSTEMS ANALYSIS AND
SAFETY EVALUATION

IAEA

7. Systems analysis and safety evaluation

The major steps for accomplishing a Seismic PSA are:

1. Development of a seismic hazard curve;

2. Structure and component seismic response
determination;

3. Assessment of structure and component fragility;

4. Random failure data development;

5. Event/fault tree construction and solution;

6. Risk quantification incorporating results of steps 1)
to 5)

IAEA
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7. Systems analysis and safety evaluation

1. Accident sequence definition/event trees:

• Initiated plant states

Facility functional response

2. Systems analysis and fault tree development:

• Safety system failure criteria

• Fault tree development

IAEA

IAEA TECDOC on
Probabilistic Safety Assessment for Seismic Events

8 - RESULTS OF SEISMIC PSA
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8. Interpretation of Seismic PSA results

The results of a Level 1 seismic PSA consists of the
"frequency of occurrence of core damage in case of
earthquakes".

The information is synthesized into a central value
(median or mean) and two fractile values (lower and
upper) defining a range of frequencies within 90% of
the frequency contained.

The central value can be roughly thought to reflect the
contribution to the risk due to intrinsic randomness,
while the confidence interval gives the measure of the
uncertainty involved in the process.

IAEA

Example of Seismic PSA results

1 J*rolwibnity of c<we

Man
Case NPP A

<*S EPRI

Inlcmal

Case NPP R

3J92B-7
3.000-7
2.2OEHS
6-SOE.-6

1.4S6-S
6.12EHS l.OSB-t

3.OSB-5
2J50&-S
1.13B-S
•C.10S&5

2.T2B-4

<«> ETRI
File I.O9E-6

7-CP7B-7
1.16E-5

1.3OB-5
1.96B-5
4.5OE-6

IAEA/ICTP Workshop - February 2005 24



8. Interpretation of Seismic PSA results

Results of a seismic PSA are typically compared to results from
internal events and other external events (e.g. fire).

It is an IAEA requirement that the radiological risk associated with
external events should not exceed the range of radiological risk
associated with the accidents of internal origin.

When this comparison is made by a PSA requires a Level 3 analysis.

When comparing Level 1 results, the comparisons may be
misleading due to the fact that the uncertainty in the seismic induced
core damage frequency may be much greater than for internal
events or other external events.

The analyst must be objective in his evaluation of the results and
actions that he may recommend for improving plant safety.
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Interpretation of Seismic PSA results
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Interpretation of Seismic PSA results

* A warning! :
In case of the seismic re-evaluation, and consequently
possible upgrading, of an operating existing NPP, for a
newly defined seismic input exceeding the original
design basis . . .
. . . special care should be taken on the decision about
the opportunity to conduct a Seismic PSA and the real
physical actions for improving plant safety . Easy to
perform fixes can be more cost-efficient and safety-
effective, as well they will also have influence on the
fragilities of the plant systems and items, on the basis
of which the results of the seismic PSA are obtained.

IAEA

Interpretation of Seismic PSA results

Another warning! :

* The output of a PSHA can never be better than its input,
or

• "the output of a PSHA is only as good as its input. To
improve the value and credibility of PSHA, one must
improve the quality and increase the quantity of
earth science information related to seismic hazards..."
(*)

(*) Panel on Seismic Hazard Analysis - PSH Analysis - US National Research

Council, 1988.
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