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- As Low As Reasonably Achievable (ALARA)
- Defense-In-Depth (DID)

- Design Basis Accident (DBA) = BDBA (PSAR} Af112t2|)
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- Sabotage, Physical Protection
- Design Basis Threat (DBT)
v’ Fukushima AF11(2011) O| =
- External Events(Earthquake, Fire, Flood, Typoon, etc.)
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- Multi-unit Site Risk vs. Safety Goals

- Inherent Safety Features & 2 (Fukushima vs. Onagawa)
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v'New Safety Goal:

- No Radioactivity Release (Background Level Release)
v'New Design Basis Accident (DBA):

- Severe Accident (Core Melt Accident)
v'"New Engineered Safety Features (ESF’s):

- In- and Ex- Vessel Cooling Systems

- Double Containment with natural and

- passive cooling systems, etc
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A set of actions
- to prevent the escalation of accidents,
- to mitigate the consequence of accidents, and
- to recover a NPP from accident conditions
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PSA

Probabilistic Risk Assessment(PSA) is a systematic technique for investigating
the transformation of an undesired initiating event into a set of possible
outcomes and their consequences. Event Trees(ET’s) and Fault Trees(FT’s) are

constructed for PSA.

1. The Reactor Safety Study (WASH-1400), 1975, USNRC
v" Surry Power Station Unit 1, 778MWe, Westinghouse, PWR
v" Peach Bottom Atomic Power Station Unit 2, 1065MWe, GE, BWR

Prof. N.C. Rasmussen, MIT

-Mr. Saul Levine, USNRC 1972 — 1975 (3 years)
-70 man-years about four million dollars

PSA

2. Severe Accident Risks: An Assessment for Five U.S. Nuclear Power Plants, NUREG-1150

, USNRC, 1990
v" Surry Unit 1, 778MWe, W, 3-loop PWR , sub-atmospheric containment
v' Peach Bottom Unit 2, T065MWe, GE,BWR4, Mark | containment

v" Zion Unit 1, 1100MWe, W, 4-loop, large dry containment
v" Sequoya Unit 1, 1148MWe, W, 4-loop, ice-condenser containment
v" Grand gulf Unit 1, 1250MWe, GE, BWR6, Mark Il containment
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z.._;:_,J At Power Level | PRA Results
100%
78.7%
DF = 4.5x10°5 [ yr 80%
Initiator Contribution to CDF Total: OIZ301 CHSOIH 2OLS | oo 53.9%
+ Internal Events.......................56% O:I Jél E} S._UW
+ External Events .....................44% 40%
:»-Seismichems 21‘3:= 17 67
* Fires 18% o : o~
» Other 20% /l:%% 4.9% :J.O.%
0% . -
- - . % 0 10 20 30 40 50 60 70 80
—MA o=
O|= Level 1 PSA Z3t  22|Lt2} Level 1 PSA Z1p | MOl 2 g0 Qo) A2 =157
(A 43071) (A 2471) PriX = k n, p] = B(np) (n AIZH S ALRT} k¥ A 28)
oA H|& A H|S Letk =0
= -5 ) -5 ol =
= | 252605 | 56% 5 | ee3e06 | 126% C?F 4.5 x 1075(/RY) Ml A, 5.27 x 1075(/RY) $+=, n = 80(years),
2T | 1.96E:05 | 44% 9[¥ | 427E-05 | 81.0% p=0.00013
HA | 4.50E-05 | 100% MA | 5.276-05 | 100% Pr At =1 —Pr[X=0|n,p]
=0.787

gth BIF Af 1 819122 Management Failure Accident caused by Nuclear Safety Culture
(1979 TMI accident—1986 Chernobyl accident —2011 Fukushima accident)

AHP(Analytical Hierarchy Process)

a Design and Modification
" b Application of Standards
Al —E—Ql‘ O_:|| Eotx'” al Safety Culture c. Feedback of Standards
d Override of Standards

OtM =23t R4 Safety o Leadership L Responsibility
Knowledge Attitude (Performance Goal) Communication Assignment
a
b
b b
b c B~ b b c
a b
Technostructure, 290 x| S El Zxg=xel YN eoEl HMH|J|2E

Operating Core

Plant Safety (asingle component Ljnavailability)
qm,Z%iLRr+ % + Ap Tr + Yo + Qo




