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e Shift of Technological Needs

Past Present
Single function Multiple function
Simple system Complex system
Independence Mutual dependency

= o

Frequent disaster with low tech. Rare disaster due to Tech. innovation
-> more careful consideration & treatment -> Once disaster occurs, Conseq. quite large
Traditional discipline is sufficient Multi-disciplinary approach needed

-> Risk management needed

e 4 Definition of Risk

Risk = Product of probability of having loss and magnitude of loss
R=PC
R: risk ($)
P: probability of event
C: consequence or loss of event (loss ($), fatality, etc.)
e.g., Risk of building collapse due to earthquake ($)
=loss due to collapse x collapse probability
Risk of fatality due to a single flight
=number of fatality x aviation accident probability
Risk of down time due to moderate earthquake (days)

=number of days x down time probability




How to Reduce Risk

e 4

R=PC

To Reduce P leads to

- to design and construct safer buildings

To Reduce C leads to

- to strengthen rescue power to save human lives, to let people not

— Precautious measures

— Post-event measures

live in less safe houses, buy earthquake insurance
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C , Multi-stage Risk management Scheme
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DID and Performance Requirements for NPP (JAEE, 2015)
JAEE (Japan Association of Earthquake Engineering)

From recent report by JAEE Committee on Tsunami Resistant Engineering for Nuclear Safety (2015

Levels of DID
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Normal Ops : Normal Operations
AOOs: Anticipated Operational Occurrence
DBA: Design Basis Accident
DEC: Design Extension Condition
CD : Core Damage
AM : Accident Management
SA: Severe Accident
SR: Significant Release
Disaster Prevention & Repair
Amount of Release
Acute Mortality
DBE: Design Basis Event
BDBE: Beyond Design Basis Event
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o Overview of Risk Management

(taken from Guide 73, 2002)

Risk Management

Risk Assessment

Risk Analysis

Source Identification

Risk Estimation

Risk Evaluation

Risk Treatment

Risk Avoidance

Risk Optimization

Risk Transfer

Risk Retention

Risk Acceptance

Risk Communications

Examples of Risk Assessment of
Natural Hazards
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Hazard List (Natural hazard)

Hazard Type Hazard Group

Natural Seismic Seismic motion
Hazard Subsidence
Landslide
Flood

Fire

Tsunami Tsunami

Wind/Water Tide

Strong Wind
Flood

Landslide
Thunder/Lightning
Temperature

Volcano Volcano
Seismic
Tsunami

Show Snow Load
Snow slide
Landslide

Others Biological
Meteorite
Magnetic storm

Combined Seismic induced hazards

Seawater/High Wind/Heavy Rain
Seawater/High Wind/Heavy Snow/Lightning
Seawater/High Wind/Melted Snow/Lightning
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Risk Profile - Earthquake, Thunder, Fires ?
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e 4 Hazard Comparison in Japan

T.Takada and Y. Horiuchi (2006)
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e . Why Risk Assessment?

1. “How safe” should be demonstrated rather than “absolute safety

(safe or not)”
2. Comparison of various risks (comparison with common measure)

Discussion should be made on from qualitative to quantitative

difference

3. Needs of reasoning for decision-making in various process

(accountability to the public)
4. As atool for consensus-making among experts

As a communication tool between regulator and general public
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Q ’ New Concept “Safety Burst” (EAJ, 2004) C+

Safety burst indicates the physical state that after either a single failure of a part or
simultaneous failures of portions of a huge, complex engineering system with
possible large failure consequence is initiated, further damage will be propagating
and expanding in time and space, and finally the expected performance of the
system becomes out of control.

I Chain-reaction (temporal) I Simultaneous (spatial) I

~

I Self-sustainedness

I Fail-safe I

Defense in Depth - Successive
Time- prediction
dependent .
I ET/FT | analysis Region problems
- block separation
| Robustness - mutual support
- mutual cooperation

Resilience I
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Summary
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Summary

Modern Technology needs advanced approaches due to its
characters; multi-function, complex system, dependability.

Risk is emphasized as essential concept for the above. Risk is
defined as R=PC

Risk management is a key approach to treat various risks. Multi-
stage risk management scheme is effective for implementation of
risk management with defense-in-depth concept. It includes
redundancy, independence, multiplicity, diversification.

New concept related to risk in time and space
- Fail-safe, robustness, resilience, self-sustainedness, region
blocking, etc.

18




19






