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<collective action problem>
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Introduction

Definition, Terminologies &‘Q

DS

J
0.0

/
0‘0

J
0‘0

Multi-unit Risk

Site Risk

= Multi-unit Risk + SFP + Dry Storage Cask + ?
Multi-module Risk

Site

= Many nuclear power plants (NPPs) are co-located at a single

site. Specifically, there are 32 sites with two operating reactors
and three sites with three operating reactors in the U.S.A.

= |n addition, some sites are physically near to each other
such that they are essentially challenged by the same
external hazards (Hope Creek is near Salem Units 1 & 2, and
FitzPatrick is near Nine Mile Point Units 1 & 2).
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Overview of Issue
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Background:
Multi-unit risk, is it a new issue?

7
[ ) [ ] [ ] L) [ [ )
Multi-unit risk, is it a new issue? ﬁn
10'
WASH-1400 (1975)
g
3
:
S S O O T . A
£
5 f J | lOCéNucluéarPo\ierPlaiim |
e Het e e Ewhtﬂmﬂs
m-:o‘ wlo‘ ‘ 16“ 1:04 : 1;‘ : 108
Number of Fatalities, x 8
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Multi-unit risk, is it a new issue? &ﬁ -

< NUREG-0660, TMI Action Plan (1980)

= NRC identified the need to consider the effects of an accident in a reactor plant on an
adjacent plant in a multiple reactor site. This issue was subsequently dropped at the
Commission'’s direction

= SECY-82-1B: have minimal value for improved safety and, therefore, need not be
considered further: namely, effects of severe accidents at multiunit sites and post-
accident recovery plans

< After the Chernobyl accident (1989)

= The 1989 lessons learned report included four recommendations that address multi-unit
accidents. Many of these recommendations came about because noble gas and
airborne volatiles were found to have been transported to the other three units
onsite through a shared ventilation system during the accident.

<+ NUREG-0880, Safety Goal (1983)
= CDF < 1.0E-4/yr., LERF < 1.0E-5/yr.

= Some commenters objected to the originally proposed individual and societal numerical
guidelines because they were to be applied on a per-site basis. This would have
resulted in tighter requirements being imposed on plants at multiunit sites than at
single-unit sites. The Commission decided not to impose a regulatory bias against
multiunit sites. Therefore, the quantitative design objectives were changed from
risks per site to risk per plant.

Multi-unit risk, is it a new issue? &‘Q 75

s SECY-05-0130 (2005)
= “Policy Issues Related to New Plant Licensing and Status of the
Technology-Neutral Framework for New Plant Licensing”

= Integrated Risk Analysis
« Option 3: it requires nuclear power plants to quantify the risk of all units on a
reactor site

« ACRS suggested, however, that quantifying the integrated risk from all new
reactors onsite.

«» SECY-11-0079 (2011): Multi-module risk (SMR)

10
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Multi-unit risk, is it a new issue? —

o

< 10CFR Part 50, App.A, GDC 5

= Structures, systems, and components important to safety shall
not be shared among nuclear power units unless it can be
shown that such sharing will not significantly impact their
ability to perform their safety functions, including, in the
event of an accident in one unit, an orderly shutdown and
cool down of the remaining units.

% 10 CFR 100.11(b)

= If the reactors are interconnected to the extent that an
accident in one reactor could affect the safety of operation of
any other, the size of the exclusion area, low population
zone and population center distance shall be based on the
assumption that all interconnected reactors emit their
postulated fission product releases simultaneously.

11

Multi-unit risk, is it a new issue? & .

< IAEA Safety Goal
= CDF < 1.0E-4/yr. for existing NPPs
= CDF < 1.0E-5/yr. for new NPPS

“ In KAERI

= Ha, J., Yang, J.E. (2001), Safety Goals - for A Unit or Site?, ANS
« Is the Safety Goals for A Unit appropriate for A Site with Multiple Units?
« Site Risk = zUnit Risk) + a

= Jung, W.S,, Yang, J.E., & Ha, J. (2003).
+ A New Method to Evaluate Alternate AC Power Source Effects in Multi-

Unit Nuclear Power Plants. Reliability Engineering and System Safety(82),
165-172.

12
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Is it an important issue?

13

What causes multi-unit issue? .

Initiating Events Identical Human
Component
Dfinite Pre-avent
s e Dependencies
hetween

Single 55¢C Departrmental multiple units

TimeSequential Plant
Standby Vendor
Shared Proximity Organizational
Connection

Figure 1: Classification of Events

[Suzanne Schroer, Mohammad Modarres, An Event Classification Schema for Evaluating
Site Risk in a Multi-Unit Nuclear Power Plant Probabilistic Risk Assessment, PSA 2013]

14
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Is it an important issue?

Table 1: Multi-Unit Licensee Event Report Classifications from 2000-2011

Classification Percentage of Total
Initiating Event 6.63%
Definite 3.83%
Conditional 2.81%
Shared 32.40%
Connection

Single 26.79%
Time Sequential 1.28%
Standby 4.34%
Identical 8.16%
component

Proximity 4.59%
Human 3.83%
Pre-event 3.57%
Post-event 0.26%
Organizational 44.39%

% Of the 392 LERs that affected multiple units, the NRC cited eight with official
findings (two red, one yellow, two white, two green, and one Severity Level Il
violation). Four findings were linked to organizational factors, two to shared SSCs,
one to identical equipment, and one to human action.

[Suzanne Schroer, Mohammad Modarres, An Event Classification Schema for Evaluating
Site Risk in a Multi-Unit Nuclear Power Plant Probabilistic Risk Assessment, PSA 2013]
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Is it an important issue?

% Results of Screening of Proposed Generic Issue Pre-

GI-0001, “Multi-unit Core Damage Events” (2013)

= During the screening of this issue, the March 2011 accident at

Fukushima Dai-ichi in Japan occurred, further underscoring the

importance of better understanding and quantification of multiunit

risk.

= However, the enclosed notional evaluation suggests that multiunit

risk is low and that interim regulatory actions are not warranted.

= The screening panel recommends that this issue exit the Generic

Issue (Gl) Program because of the estimates of low risk

significance and because it will require longer term efforts to

develop the tools to fully and accurately quantify multiunit risk, i.e.,
more than the six months

17
NRC Scoping Site Risk Estimat 8
coping Site Risk Estimate .
& RM ‘R 2.R
2 <Nn-Rgymyr + 1 su,SUI
where,
RM = site risk for a site with n identical multi-units (per site year),
Rgumur= risk for multi-unit initiators (MUIs) in a single unit,
Ry syr= risk for single-unit initiators (SUIs) in a single unit.
< Example Scoping Site Risk Estimates based on NUREG-1150
Individual Early Fatality Risk (0-1 miles)
CCIs SUIs Bounding Site
Seismic Internal Total Risk
Plant &lngl&uniLCCI Internal Events Fires RSIHQI&UHIT.SUI R§2)
Peach Bottom 1.6E-6/1y" 4.7E-1l/ry 4.8E-10/ry 53E-10/ry 3 2E-6/sy°
Surry 1.8E-7/ry 1.6E-8/ry 63E-10/ry 1.7E-8/ry 43E-Tlsy
Individual Latent Cancer Fatality Risk (0-10 nules)
CCIs SUls Boundmng Site
Seismic Internal Total Risk
Plant Rsingle—uniLCCI Internal Events Fires Rsingle—unitS[H Ré'a
Peach Bottom 1.6E-6/ty 4.3E-10/ry 24E-9/ry 2.8E-91y 3.2E-6/sy
Surry 3.1E-8y 1.7E-9/ry 1.2E-10/ry 1.8E-9/1y 6.9E-8/sy
% Conditional probability of latent cancer fatality (CPLCF) given core
damage = 0.001 (based on SOARCA, NUREG-1150)
18
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Is it an important issue? ﬁ,

< Many shared systems/components (HL}C}, O] =,
=)

< # of multi-units within a site (ZHLICI, ¥ &, ot3)

< Occurrence of extreme events (¥, LT, S/,

STH)

< Expectation of high population-dose (¥ &, &,

st

From OECD/NEA Multi-Unit Risk WS, Ottawa, CA, 2014.11

Assessment of Multi-unit Risk

20
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Initiating
Events

— -
Level T PSAL CDF Level 2 PSA: Level 3 PSA: Effect to the
Term Human & Environement
Safety Safety SA CTMT
Sys #1 | sys#2 | Result Phenom. Result
TS
Freq. OK oK
B | S
D
RR —
* Random Failure + Leak/Rupture « Fatality
* Human Error + Release Amount « Contamination

[ %

of ST |
..Hi‘ i

SAMG

Risk-informed/
Performance-based
Approach

. DU YAH AT = YREAA B|AT + SHA 2|AT + XS 2|AT + X|F 2|AT
. SAAOF UM B[AT = LYEAA 2|AT + X[Z B|AT + HS BAI L M °N

Fukushima Insights for PRA -~

% Key cause of accident was flood damage to emergency
switchgear and EDGs located in basement of turbine buildings
and resulting station blackout to Units 1-4

= An internal flooding PRA was never done but would have likely identified
flood vulnerability and improved flood protection
= Flood vulnerability also exposed by 1991 flood event

% Fundamental causes included

= |nadequate protection of site against tsunami despite evidence that tsunami
risk was high

= Location of safety related switchgear and EDGs in basement of turbine
building was a critical vulnerability and contributing cause

= Lack of protection of equipment from internal flooding amplified this
vulnerability

= Multi-unit interactions and dependencies, loss of infrastructure, and site
contamination made major contributions to accident progression

= Lack of appreciation that PRA can be used to identify safety
improvements

[K.N. Fleming, National Academy of Sciences, Fukushima Committee, June 24, 2013]
22
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Multi-unit Risk...

< Cte27| £X] 2|23 > XY THE=7| 2[A39] e

100 —
Include NPPs under constraction,
exclade NPPs no loager in service.
gle 80—
______ 187] 2|a3 3 About 50 % of NPPs are built in
—— 237 2|23 [ malti-uit sites with 3 or mare unis.
p— 5
F —_— CHEE2| 2|23 3 As of End 2004
i R — 2X| 2A2EH B £ w-
Fy e ~.
S . 20 |—
s Y
o i1 P
" .
\

1 2 3 4 5 8 T 8
Mumber of Units in 2 Site
Fiz
Country Plants Reactor Number of units
! Canada Bruce PHWR § (2 shutdown)
i Pickering PHWR § (1 shutdown)
Ry RW 2|Aa3 hpa Kedivasl BWR 1
(AP RE=) South Korea Uldhin PWR ]
Yonggwang PWR [}
France Gravelings PWR ]
Indie Rejasthan PHWR (2 under construction)
Site Risk = zUnit Risk) + a ool I8

[T. Hakada, “Seismic PSA Method for Multiple Nuclear Power
Plants in a Site,” RESS, V.92, No.7, 2007, pp.883-894.]

23

Multi-unit Risk Assessments

w» Seabrook PRA (mid 1980s) < |AEA
L?;%%ﬁted Level 3 PRA of two unit = |AEA-SRS-xx-8.4: "Methodology For
= Seabrook had minimal use of shared Safety Assessment Of Multiunit NPP
systems Sites For External Events And lIts
= Full scope treatment of internal and Review”
external hazards and plant operating . .
states % OECD/NEA CAPS Multi-unit
< Byron/Braidwood PRA for Risk- PSA (2014)
informed Tech. Spec. Evaluation
(Iate 1990's) % France EdF (2013)
Isrg;(telgorr?sted Level 1 PRAs of two unit < NRC Level 3 PRA Project
= These plants have shared systems and (2012~2015)
structures
= Internal events and internal floods from
full power

% Modular HTGR PRAs (mid 1990's) * KAERI (2012~2016)

= Integrated Level 3 PRA of four reactor
module plant

< Seismic PSA for Multi-Units
(2007)

= T. Hakada, “Seismic PSA Method for
Multiple Nuclear Power Plants in a Site,”
RESS, V.92, No.7, 2007, pp.883-894.

24
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Seabrook PSA for Two Units (1/3)

RN HFH E E Xl [K.N. Fleming, National Academy of Sciences, Fukushima Committee, June 24, 2013]
¢ O HL- /| O

- MUR Estimation from SUR model (Level 1/2/3 PSA model)
- Use of multi-unit event tree (MUET)

- Multi-unit initiator (MUI) frequency quantification using inter-unit
common cause failure (CCF)

o itiating Mult-unt inftating eve]No core damage for bot No core damage for uniNo core damage for uni,
Category .1.|;1:}atmt._ Eveut? : ey humsUl&U2 UL 3 N_uz___,_ Damage State i
= Loss of Offsite Power D U12-CD U1 U2-co
Events Impacting |+  Seismic Events B P ., ok
Both Units +  Tornado and Wind 5 f-Pd i-h il
+  External Flooding % Seq.2. (D on one unit
+  Truck Crash in Switchyard L g $eq:3:CD o0 one unit
Events Impacting |+ Loss of Condenser Vacumm L F'P"
Both Units under |+  Loss of Service Water % 5094:CD 0n both units
certain conditions |+ Turbine Missile W $09.5:CD 0 both units
+ Loss of Coolant
Events impacting |+ General Transients Seq.283: CDF ;= ‘El{z(l E Pfl)(l i Pll)Pll} =2+1E+ Py
) each unit = Loss of Component Cooling Seq.4: IE Plz[
independently |+  Loss of one DC bus : " 1
- Tntemal fres Seq.5: CDFy = 1B Py =16 ) (Bifis + Q) = 16, ) Bifils
+  Intemal floods — »
«  Aircraft crashes where, intra-unit CCF factor (B), inter-unit CCF ().

atZunits, Q; = Q* +2pQ° + (BQ)* +B Q

o Mumber with | Mumber with | &', Multiunit -
comonent | Sty | B | o, | o faie MUET & Inter-Unit CCF
. Ne Potential Potential Parameter
" Diasel k] 1 7 22%
e 1% (4) 0+1
- Motor= 11 o 11 043w
D6 ————2 MOV ——
praged : TIx@ +7%(2) T IxAD+1
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Seabrook PSA for Two Units (2/3)

+»» Site Level 1 Risk Metric

. . Core Damage Frequency Uncertainty Distribution™
Model Type Risk Metric Mean Value 5% 50% 95%
Single Reactor CDF 23x10* | 6.9x10° | 18x10* | 5.4x10*
PRA per reactor year
Single reactor COF
e site year 40x10* | 1.2x10* | 3.1x10* | 9.4x10*
Integrated Sit Dual reactor CDF
PRA & both Units et site year 32x10° | 1.1x10° | 15x10% | 1.2x10*
T;;ar' Sﬁgeygg': 4.3x10* 1.40x10* | 3.4x10* | 1.0x107°

CPMA = Conditional probability of multiple core a:x:ident_%kind of a Dual Unit
“bandaid” multi-unit metric) given core damage on either unit Site CDF
Initiating Event - % of Total
(Per Site
CPMA = .14 Year)
: Seismic Events 2.80E-05 88%
§ o7 Loss of Offsite Power 2.80E-06 9%
i
§ E 04 External Flooding 1.60E-06 5%
-
E s Truck Crash into Transmission Lines 1.00E-07 0.3%
s Plant A {2 unita) Fant B (2 unita) Plant € (3 units) Plant D (3 units) TOtaI 320E-05 100%
26
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Seabrook PSA for Two Units (3/3) ﬁ“

«+» Site Level 3 Risk Metric

T T T T L Risk D
) T «—— | Single Reactor Events
5§ | | ; -
55 Release from .
ag one reactor l! .
£ H Risk Dominated by
;‘ *r . !a - Multi-Reactor Events
H
i Release from Non-linear increase ,i
a two reactors 41l ’ -
% S ’/Iinear increase
AR o |
ot i dadem, oy ol
w 1 w? w wt w L
MRSIER OF HEAL THEFFE)

% Seabrook PRA 20| 2 H|H
» 2AHI31O| 022 (MUET and inter-unit CCF for a n-unit site ?)

Humber of Mumber with | MNumber with | &', Multiunit
GComponent | CCF Events ] Low Common Cause
P 5. | Multiuni Hultiunit Failure

reeneds He | potential Potential Parameter

1% (4) wov 0+1
B S T —— - —
Ix(4)+7x(2) 2x (1D +1

Diasel 8 1 7 «22%
Ganeraters DG

- Motor- 1n a 1 a3
Operated
Yalves

27

Byron and Braidwood f.m

% Two Dual Unit Westinghouse 4-loop PWRs built and
Licensed in one safety analysis report

% Each site has two reactor units with highly shared
support systems (service water and AC power) and
co-located equipment in a common structure

| 5U Loss of Offsite

MU Loss of service
Water
33%

Heat Sink
5%
SUSG Tube
Rupture

5% gusmallLocA

6%

28
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Multi-unit Seismic PRA =

| 1.06-05 T T T T T
Condi LOCA State, J0E 50 0ni Gos e 0=0
Seismic Fragilities | LOCAon LOCA on m:;:::;?hc: Number | BLOCA on Both Units
Event Correlated? | Unit 1? Unit 2 Concurrent 16608 +——+ !
Given Seismic Event | 1
LOCAs 3 {
£
{ |
f 1| af [z ] 2 e |
« Yes Yes g
Yes (1) 1 [ epp T o ] ‘

No No 10608 ¢ 1 ‘ W

f | e | 2 |

f | Yes
Yes | (1f) | (tajfef) [ 1 |
(1-a) No
No f | wa¥af) [ 1 ]
(1f) [ Yes
N | @ [ gappn® | o |
No
el (O
.D.etailed or screening .—m—-l —e=y Seismic PSA
n . mgu ant f
s T.SA f(;r ts i Dominant Sequences | Method for
;e:i';:se“ INg plants I ™G5y or Risk Insights Multi-Unit Site
[Tadakuni Hakata. Seismic PSA Method for Multi-Unit Site-—- : " pesk Ground Accelerstion 5]
CORAL-reef, Next Generation PSA Software Workshop at NEL,
Nov. 13-14, 2007} 29

Seismic PSA Method for Multi-Unit Site
(Tadakuni Hakata) KAERI

Sample Analysis 1 Sample Analysis 2
Probability of Simultaneous Core Uncertainty Analysis of CDF
Damages in 5-unit Site !
Ul T Uiz | Unad s St
Probability % Monte Carlo Runs (1000 x 500 runs/GPA ) 50 {
100 Number of Sis Damaged Plants & 5 163
95% probability = 2.47 plants (49%) H
Mean = 1.66 plants (33%) af 1E4 ! +
80 — 5% probability = 1.2 plants (24%) 5 326E- 121€-
X: Point Analysis = 1.58 plants (32%) g —_ -
60 ! B ES TAIES T8IEE £
g8 snem o
40 2§ 166 o e
T3 y
-] e
20 = 7
0 _ 3‘ 4E 2ZHES
0o 1 2 3 4 g 1e8
Number of Units with Coincidental Core Damage i 282E8
Results: . ! i
1) Mean number of plants with core damage is 1.66 out of 5 =
2) Site CDF / site-year is about 3 times mean CDF/ reactor-year 2aEs iEs

J

Effects of Mutual Support in Multi-unit Site
. Im hr’i:k-dominanl components within a safety functional system is

R e Tie rom other units
RCS Cooling

osT | AFWP {56 | Through sGs
+ Sample Analysis shows effect of 50% reduction in site CDF
CDF x10%/year  Design Basis Earthquake Motion
50 {

Effect of AM:
Site Risks (CDF/site-yr)
Wihout AM CDF/site / mean CDF/ry
Site Risks (CDF/site-yr) =N Xx 1 x AM=13
With AM 5 119 05
where,

" N=number of units (5),
20 m”iw e T )
ol damaged units (1.9)
Without AM Multi-Unit Site Effect Factor
10 Ne MN=e oo n e Qd0 o oo
0 Note: Terminology is tentative
01 02 03 04 05 06 07 08 s
Acceleration (iIn G ) Fig. 12. (a) Sensitivity of CDF per site-year on correlations, and (b}
sensitivity of mean number of units damaged on comrelations.
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IAEA International Seismic Safety Centre al
Working Area (‘ ;Knilﬁ

<»Developing series of reports on multi-unit
risk assessment

= "Technical Approach to Multi-Unit Probabilistic
Safety Assessment” was completed by 2014 (Not
finalized yet)

= Supporting reports being developed on:
 External events screening and PSA
 High wind hazards analysis and PSA
« External flooding hazards analysis and PSA

« Other IAEA Working Groups developing updated safety
guides on
— Tsunami hazards analysis and PSA
— Seismic hazards analysis and PSA

31

OECD/NEA CAPS MUPSA o

= /KA EII."I1

% Status of Multi-Unit PSA (MUPSA) Developments
in Member Countries
= Objective
e The objective is the collection of information on how multi-unit

issues are being addressed in probabilistic assessment of multi-
unit site NPPs, on challenges and developments of MUPSA.

= Lead by Canada

= Issues identified in the Workshop held in Nov. 2014, Ottawa
« external hazards affecting all units at a site,
« the interactions between units at a site,

« human reliability analysis, common-cause failures between units,
management issues,

« EOP/SAMG impact in multi-unit accident, and
« accident simulation for multi-unit plants

32
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MUPSA Methodology by EdF RND ...

[Tu Duong Le Duy, Multi Units
Probabilistic Safety Assessment:
Methodological elements suggested by
Bl e EDF R&D, PSAM12]

[ standardized Systems

A\ gentical Systems

T shared room

m Shared Team

Figure 1: Representation of a site with two units with its dependencies

n components n coemponents
-
— — e
Unit A Unit B 6! ‘E
Figure 3: Reprezentation of identical systems Fizgure 4: Failure of component i of a Type i system

Table 1 Risk at unit level and the corresponding risk at site level

Unit level risk Site level risk
Case 1: Reference PSA model 1.67 E-10 3.33 E-10
Case 2: Upgraded PSA model 3.33 E-10 6.66 E-10

33

NRC Level 3 PRA Project s

% Objectives

= Develop a Level 3 PRA, generally based on current state of practice
methods, tools, and data, that (1) reflects technical advances since
completion of the NUREG-1150 studies, and (2) addresses scope
considerations that were not previously considered (e.g., multi-unit
risk)

= Extract new insights to enhance regulatory decision-making and to
help focus limited agency resources on issues most directly
related to the agency’s mission to protect public health and
safety

= Enhance NRC staff's PRA capability and expertise and improve
documentation practices to make PRA information more accessible,
retrievable, and understandable

= Obtain insight into the technical feasibility and cost of developing
new Level 3 PRAs

34
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Factor Scoping Options for Operating

Nuclear Power Plants

Figure 5.3 Site accident risk and approximate scope of NUREG-1150 (Source:
Marty Stutzke)

Figure 5.1 Factors affecting the scope of PRAs for operating nuclear power
plants

35

NRC Level 3 PRA Project -~

Activity 012 2013 E 2014 : 2015 E 2016

] ] 1 1

I I N
o et i mn 2 I | Level 3 PRA Project Schedule
internal = = M Level 3
hazards [ h I 1 [

i | | |
Ry, at-power, i (VU7 S Vot P | 1 ]
internal and i ‘_ ‘ | ‘ | ]
external - . Tyl | 1
hazl:: ] ] 1 1

I I | 1

: Level 1 ‘L!Ill] E E
P, LPSD, all 2 » 1 H
hazards ¥ 1 ‘ u_‘ ‘ Lavel 3 : i

| I | 1

i | 1 ]

| - Lovel 2 1 I
Rx, all mode
l||7‘|EBHI'dI 3 Af ’ ‘ Uit H t

i | 1 I

I | | 1

I | Level 112 | 1
Spent Fuel i
Pool : E H lpud]‘ :t

i I | I i

I | 1 1
o i i el i i
Szmgg ‘ ; Lowel3 E

; i i I

§ i 1 1

1 Approach E Multhunit slite rick with E

tevelaped i uneertainties ¥

Integraticn H —C - et ot ki

i I I "

i I I ]

i I I ]

i I I ]

) : : L 4136
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S5t Ml 2|23 HIt
T
- munjet7|Et 2 29 I8 R
o Tl

- 37158

C437| £%] 8]A3 B}
- All Mode(HE/H™X| M Z=3)/All
Hazard (X|Zl, L& Stxlj/ &)
Site (82 £X|) Risk
- 3t xysl/sFp 2|A3 =

BX| X2l H| A2 /SCAtD/
UhAMs HIA S CiNor =5
AP - AN23sAB X EX(SFP) SCHA
EN NS AW} HA 25

o HEK +
- HIY S

o 2123 W SN XY JIE
- AEEF s/W, AZHUZE R,
& Digital I&C 2| @7}

- AR T

suqll
¢ Level 3 PSA \\
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R EE R T

O| (L1 and L2 PSA)

LHSA, Stdll, "4, X[E 2Lt0j0) CHet HEH/ZXIMES 22 (FFAOAILUE2E 2
07| fIBiME= BXINMEH E=)
LA T 2R A0 et A2 ZE|(Che=7] 2208H AL, 21T EHAHE 44AtD)
A

38
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Ct7] 2|23 "It 23 7|= <l¢t

> SR Qs Ct7| 2lA3 R QIR
o NS Yy W
+oll 1] L3PSA M A E
$E7(7H BEAQ I B 1l
o ELX|LY AbDof M2 EEQIN ME|
EX| QPMEF

= Risk Aggregation

= D215 7| {2

o

39

Conclusions

40
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Summary Fos

< Technical Issue

= Current single unit based PSA cannot identify the multi-unit issues.
« Underestimation of Site Risk
= Are the MUIs (e.g., External hazards) rare events?
« External hazard screening/frequency assessment and
« Combined hazards,
« Correlation of fragility between units
= There are a lot of technical challenges in MUPSA:
« Human reliability analysis, common-cause failures between units, management issues,
e EOP/SAMG impact in multi-unit accident and
« Dynamic Effects,
e Risk Aggregation and
e Risk Metrics for MUPSA

« Political Issue

= How to setup and use the Safety Goal?
« Site Safety Goal?
«  What is the definition of site? < Real Issues
«  What is the required tech. level?

. How to reduce the site risk? = Confusion on the definition of “Multi-unit risk”?

41

How can we ensure the safety?

Do right thing and Do thing right!!! [ EATe TR, 2o

Unknowns

Inherent -
-

Risk

Risk due to
Control Failure

« Ultimate Goal: No Release

+ Strategy
— Expansion of Controlled Risk Region = Improvement of Design (Prevention)
— Reduction of Failure of Control Risk Region > Improvement of Operation (Prevention)

— Prepare for the Residual > Improvement of Severe Accident Management & EP
(Mitigation)

42
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Concluding Remarks ﬁ

(D

Think Unthinkable vs. Think well Thinkable

“,‘,5 Do right thing and Do thing rightl!!
t
o

.{

1
W
§
)
¢

risicare

43

dAIiZUL.

- SIS RIX}2{o1Q
KAERI Korea Atomic Energy Research Institute
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Fundamental; objective of RB

*Ensure that nuclear licensees operate their facilities at all times in a safe
manner

*To do the right thing well and efficiently
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* Fukushima was a product of multiple factors

- Japanese regulator was not independent of industry.
- Safety culture in Japan was not adequate
- At most basic level, Fukushima event was a Station Blackout

* Post Fukushima, NRC further strengthened regulatory requirements
- Station Blackout preparations further strengthened
- Instrumentation for spent fuel pools required.

¥ POSTECH

Y EEnea

Lessons learned(1)

> In the safety analysis, deterministic/probabilistic, we must take every possible eve
nt in consideration. The large uncertainties cannot be the reason to
exclude the event from the consideration.

» Tsunami countermeasures were not discussed widely.
(The concern of TEPCO and NISA was not informed to NSC.)

Why severe accident measures were insufficient?
— Severe accidents were studied widely in Japan, but there were no regulatory requirements.
- Few people believed severe accident would actually happen (safety myth).
— Some people believed that the recognition of severe accidents would be misinterpreted as
non- satlsfactlon of DBA based regulatlon
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Lessons learned(2)

» We should have improved the regulation system with making use of the research
results
(research for research was meaningless).
» The disaster occurs any time, so | had to make regulation changes as soon as po
ssible.
> | tried my best to change Japanese safety standard so as to satisfy
the international obligations.
» Before worrying about the litigation risk, NSC should have presented
the requirements for adequate safety.
» The severe accident researchers’ knowledge was not utilized unless
the decision makers’ comprehension. It is important to build up a system
for advising their knowledge to the decision makers.
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New nuclear power plants are to be designed, sited, and
constructed, consistent with the objective of preventing
accidents in the commissioning and operation and, should
an accident occur, mitigating possible releases of
radionuclides causing long-term off site contamination
and avoiding early radioactive releases or radioactive

releases large enough to require long-term protective

measures and actions
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Comprehensive and systematic safety assessments
are to be carried out periodically and regularly for
existing installations throughout their lifetime in order
to identify safety improvements that are oriented to
meet the above objective. Reasonably practicable or

achievable safety improvements are to be

implemented in a timely manner.
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Fact vs. Truth
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Tentative schedule for URL & Final Disposal
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the detailed plan
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A bit of history .... and future

@ = o =

DINT/16-0208 Korad/Andra Workshop Oct. 2016
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1991 - Initial input data for the Road-Map

0 First law : The 1991 Waste Act
Creation of « Andra » as a public independent body
3 research directions for High Level Long-lived Waste: P/T; long term storage; geol
ogic disposal (reversible or not)
I main milestone : after a period of 15 years the Government should submit to th
e Parliament
o A evaluation report on research outcomes
o A project of a new law for RWM
Sub-milestones : a yearly report on the progress
o On each research directions in France
o On R&D outcomes from overseas program
And for Andra, as URL’s are to be developed,
o Public consultation must be organized prior initial site investigations
o URL construction application(s) must be compliant with applicable legislation(s), including EIA
, positions of the cities, district an region councils and report of a public enquiries,
o The demonstration that the applicant has the technical and financial ability to construct, ope
rate and dismantle the facilities.

DINT/16-0208 Korad/Andra Workshop Oct. 2016

2006 - 2010 : launching the industrial phase of the
project

DINT/16-0208 Korad/Andra Workshop Oct. 2016
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A bit of history .... and future

DINT/16-0208 Korad/Andra Workshop Oct. 2016

Chronology of the public debate
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DINT/16-0208 Korad/Andra Workshop Oct. 2016
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A bit of history .... and future

DINT/16-0208 Korad/Andra Workshop Oct. 2016

Forecast schedule

First Waste Pac
kage Emplace

Proposed Master Plan
ment

Safety Options
Start of Indust 2
Retrievability Technical Op rial Pilot Phase 030
tions Application Licence

2016 2018 2021 2025

>

Detailed design

——

Reviews

Amenities
Construction

DINT/16-0208 Korad/Andra Workshop Oct. 2016
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Keys to save time and mohney
0 A extraordinary long project ( 30 yrs ~ 1 generation):

Clear Political framework and decision making process (a road map, since 1991, sup
ported by 3 laws), independent review bodies

Clear and stable organization (working plan, who is doing what...), updated on a reg
ular basis, who evaluate the work and who decides

Clear and readable definition of the requirements, Iterative approach, internal milest
ones and project reviews, suited to the corresponding development phase of the proje
ct

Clear and adequate funding

National and International reviews, international cooperation, close relation with nati
onal academic/R&D groups, laboratories, universities

URLs are key elements in the overall strategy,
but not only...

Communication, public and stakeholders involvement are paramount
No instant solution, any (new) project will be unique and specific !

DINT/16-0208 Korad/Andra Workshop Oct. 2016
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