AEMEIT. BRFARFEZEONRGHTRER L
[CBI9 HRETF—LIFE2REE (20205F9A10H) D
BEH2-21CHEENME-BELEEIDTHS,

Eh AR -
RFAIRILF—EF ERIEEZEK ST

*NEIMA: Nuclear Energy Innovation and Modernization Act
(January 2019)

RFHREEZEE [RFARET
REEBE BMERY IIL—7 HiTEiER
Hitiss T8 HE
2020/ D R&E Bty Ay - TJAA—T YT I F—
20211 A19B A 514 Bl
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H R

NEIMAD Hf &
NEI 18-04: NEIFE fiT#R &5E18-04 (Aug. 2019)

S — 222 B 42 (Frequency-Consequence Target)

-+

R [EONRIRF A% DL 5 E Bl (sAps)

NEI 18-04DHAE—s2E B IR EBSL, BSOED LLER

RGlHAE 1.174
R IE B F& (Defense in Depth) &) A VFHRIEF (Risk-
Informed)
RIEES (Uncertainties)

35T
IR}

= BHE%@E@]'E@?”@ (Assessment of DID Adequacy)


http://www.nsr.go.jp/english/
http://www.nsr.go.jp/english/

NEIMAD B E @

n KETRX2018F 128, 5iHD LRIZHE. RFHAIRILT—E
L REE (NEIMA) BEF TR, SO T KFEAZEF1A148 4T
GLEEIZERA I,
n BAPEFEGRAESERR. BB RAFEDOIERKFEO/NEED
S5—fA(SMR)ZF) [ZDULVT. NRCIZHE R :
2FELIRIZ. ERBEROEFEE ] (staged licensing) 1AL . YR TR R

ZERALENIA—T U AR—ZX D H R A FHER AT EH MK
ﬂ("'f’ﬁﬁ%’&ﬁﬁ%?’é (strategies for the increased use of risk-

informed, performance-based licensing evaluation techniques and
guidance) €& NEI 18-04 (Rev. 1, Aug. 2019)

202712831 83ZIZ. FIEMFDS A XBREIZEL . FFEIS
EKELLGZLVRHFZEADE=ODIL—ILIEYER TESE S, (...

shall complete rulemaking to establish technology inclusive
regulatory framework ) NEI: Nuclear Energy Institute (R F N ITRILF—HR)
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IHITEFEEm] A+t X (10 CFR Part 50, 52) ) €D,
”"Dis-incentives”

(4) S.G. Burns, Nuclear Law Bulletin No. 99, OECD, 2017.

m 10 CFR Part 50 (EEE%IF) :
B R SEEL S/ AT O0EX,
MEEE E & TE 1% (certainty and stability) D R AN : TMIZEE i {12 . 2%

ZFRFIAGRIE. ...... .
IS5 MR DRI RN } " 10CFR Port s20RE
m 10 CFR Part 52 (HT1&!IR)
E%ﬂ"j‘»{ ~EFA] (ESP: Early Site Permit) &Eﬁ%‘l’igﬁ (DC: Design
Certification). JEE% 1B 5 — FEEF 32 A] (COL: Combined License) M55,
DCIEIRZELIZEMR
DCTI&. FslEERELI-5%ET (Design Completeness) zZHAfF. X
P& B (stepwise) 23K O HERETRAFE B D REE[ERE LTS,
m NEIMAIZIEEKIF - RFEDFFRAITOERZBHEITLOTHY.
"Flexibility” BN EE, > EXFEAIEFER ] (staged licensing) = Part 53
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NEI 18-04: JEEEKIF DB BT R EBS D= DT-RIPBDH XL AL

(Risk-Informed Performance-Based Technology Inclusive Guidance
for Non-Light Water Reactor Licensing Basis Development, Rev. 1, Aug. 2019)

n YA FEQIEFREMLAEKETODZIMNIMP) 1D
— I &L TERF, * LMP: Licensing Modernization Project, a cost shared initiative led by

the Southern Company, coordinated by NEI and supported by DOE.
5 o Technical contributions are provided by INL, NEI and NRC.
FETJORX: P y

EFEE R N— R EHE & (LBEs: Licensing Base Events, AOOs, DBEs, BDBEs
ZRU)DRERED-ODRMIGEER— TV ADFHEF
BT, VAT LRUHER(SSCG)DEEEEESEF

%JE MEE@&EUJ'IEEEFW (assessment of DID adequacy)

m PRADNGIEONDA YA aER, BRERT 7' O0—F (prescriptive
approach)l&¥R57E0Y, > RIPB

HEE — 522 H1E (Frequency-Consequence Target) Z{£5,

m NRCIZSECY-19-0117TNE I F—X (Dec.2,2019) = RG 1.233 %
F14T (Rev.0, June 2020)

& )
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F _ B, 488 ([ 45 (5)
HE—72E B1E (FCTa rget)
1.E+01 | T : . -
l o ! | B8/ 18 % R B (pass-fail
6 1.E+00 § :Iso-RiskLine %UZOE%& i basis)f*&)@%@'@(i@b“
Z <
5 | | : BHEHIR1L17a08EER
gz 1 | |
EE o * F-C Target 1 ll : &Etﬁﬁlﬁs JZOE:I:ﬁﬁb\
s N e Anchors & :u—:,%i?ﬁm“} bfFoSFN R (risk insight)
____________________ -3 | —
°% i ; ™ ; FOEFELICANS,
uwas |5
§ & 1E03 | | P i n BER/FERFEDHRE] (demarcation
aL DBE | @ g ! of acceptable and unacceptable
5 ' ‘ K ISALBEDTHEL
R === -1 5 results)l< Ay A
- | Design ] N
| | N
| Objecti ' ! N
Y TR individual Aok~ 10 CFR 50.34 Dose Limit: 250 mSV.
| l /QHO (Prompt 4
at 10*/RY for BDBEs
B - /
I i QHO: Quantitative Health
1.E-07 T e L gl P | e R o . . . .
1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 ObJeCtlve (ear|y7hea|th effECtS'
30-DAY TOTAL EFFECTIVE DOSE EQUIVALENT (REM) 7.5Svat 5 X 107/RY)

AT EXCLUSION AREA BOUNDARY (EAB)
Figure 3-1. Frequency-Consequence Target: HH B (2)—EBI0E

* For lower frequency AOOs at frequencies of 10-Y/plant-year down to 10-2/RY are set at a reference value of 1 rem corresponding with EPA Protective Action Guide (PAG) limits
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S ENRC H$IHAK1.174 (Rev. 3, Jan. 2018)

BRI TS5 OB EARN—ZADEEIET SRV EHEE
BRI R VEBEERT 21007 FO—FO

- REME
%ggg 2. Change is consistent §é¥ﬁ\'f§

with defense=-in-depth
philosophy.

3. Maintain sufficient
safety margins.

1. Change meets current
regulations unless it is
explicitly related to a
requested exemption or
rule change.

V

ﬁ‘%fe‘\,._.\iii
ZEED HERREIRY

=802 Rlsk\'\\ S{i(PRA)

N
5. Use performance- InSIg ht 4, Proposed increases in
measurement strategies CDF or risk are small
to monitor the change. and are consistent with

the Commission’s Safety
Goal Policy Statement,

Figure 1. Principles of Risk-Informed Integrated Decisionmaking

JAVEHZEFEALEMEERREICHETSH5/RE

&
1L 7=l (Z


http://www.nsr.go.jp/english/
http://www.nsr.go.jp/english/

HEONRBF AR DL LFMEE sapst)

* Safety Assessment Principles for Nuclear
Target 8 Facilities 2014 Ed. Rev.1 (Jan. 2020), ONR

Frequency dose targets for accidents on an individual facility — any
person off the site

The targets for the total predicted frequencies of accidents on an individual facility, which
could give doses to a person off the site are:

Effective dose, mSv Total predicted frequency per annum The tolera blllty of risk from nuclear
BSL BSO power stations, HSE: The Health and Safety
, Executive, 1988 Revised 1992.
0.1-1 1 1 1x 10'3
1-10 1x10° 1x10° . - ‘s
10=100 1 :10-2 1 im*‘ BB CTERLVaEE ¥R DIKRZERE
100-1000 1 x10° 1x10° JRAOIFIEEHIETSE
=1000 1x10 1x10 10_3_ 10_4/£E g[’\
= 1 YRR RN EST
s RaThen, BN
g 10 _ "FondlELES
g Lo BSL: Basic safety level U >TUVELNME
= ALARPET-| BOHFMETES
o MAETE5%8
@ 10°° 15 JAOEBDE R
o NEONIHEE
= 107 LEBBATHET
° 10-8/5 x7Z
8 10-5
% BSO: Basic safety objective IRESES WX JRAZIEZDLA
g 106 WIZHDEDREE
I THFITAOLE
5 107 BHETELHIRY
= 0.1 1 10 100 1000 10000 . _ .
(The tolerability of risk from nuclear power stations, 1992)

Effective dose, mSv Hi 8 - (6) R 51 F9D — &R
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Total predicted frequency per annum

NE| 18-04 D #a]

s NE| 18-04D3EE—2E

X

&

2 HIELBSL, BSOE D HLER

BiZ4R(%. 42, SAPsSOBSLEBSODBIZHIET S,

s REFRR HENTEICEAISIEENREBRQHO) Z@ETHRIITHTE
SNTHRY., RERAED/NSNWER(FEDKRELER) (L. SBOLIT DRHEE,

FEDL, [LBRINDHHEEICAS,

1

101

N

~

BSL: Basic safety level

102

103

S

N

104

NEI18-04MDHEE —ZE B 1Z
" DBIEORIE

QHO: Quantitative Health Objective

10

106

BSO: Basic safety objecitive

(early health effects: 7.5 Sv at 5 X 10-7/RY)

107

0.1

1

10 100

1000

Effective dose, mSv

10000
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KENRC fRFIH1F1.174: €D
P4 BHEE (Defense in Depth)&'}xaﬁﬁ5§4 i (Risk-informed)

RERE

n FEEIL. BEOCABDORAIEWNCEITOAEESEZEET S
=8 D EZh75F & (an effective way to account for uncertainties) T
Ho1-L. SRILHOHBYIRITEHETH A,

m 5512, TRE D (unknown) ] X I T F BB 8 (unforeseen) |85 A=
A LPYIBRIR R M2 E15 5 (potential)
_EEERETAH-DIZIEENTHS,

o AAD, TRDIETRMOIBLY [
I FEESHIEDED T, PRAT :
DD TFR T TIERERSNIE o egrated -
LS THS,

Regulatory Guide 1.174 (Revision 3, January 2018)

JAVEHRZERALEMAEERREIZHTSH5RE]
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4

(SNRAdz0m HEIH(F1.174

$E§$ (Uncertainties)

2.5.1 FHEEIDEA4T
2.5.1.1 INDGA—B—FFEEE
2.5.1.2 ETIILAHEERS

2.5.1.3 ST2SITRIH ST HESES (Completeness Uncertainty)

n [ ARSI FEERSITIEGEL BEL TS/ N\ F—F DR (
HE. GERK. .0 B 2EZH/\—LTLVELZ & (Scope limitation)
D RBRIZFELZLN,

s FHRMIC.THEOVRINECIZHEET S0 IICET L HEESE
744 (uncertainty about where the true risk lies)

NF—FOREFEDOFTMET ILAGEL., HBUL(E KELGTR
EESTHFIFIGEEF
) [EEBRHEICEHEBERNE,

Regulatory Guide 1.174 (Rev. 1, November 2002)
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REHAF1.174 av
R BHEE@:‘E'U”E@ =0 i (Assessment of DID Adequacy)

R RN—ADNEENEENEICEZ 6 EEZFTMT 5-HIZFE
Jﬁj—’\%?ilﬁ-

1. BEIDSEI7E/\T2 R  Reasonable balance among the layers
2. REREICBEITKREFLGLD GRETXIIGZES) : Adequate

capability of design features without an overreliance on programmatic
activities as compensatory measures.

3. ZEM., Mtk SR System redundancy, independence, and

diversity

4. HBEREHE (CCFs) [2%9 P55 : Adequate defense against

potentlal CCFs
5. Z&E/\)7 O 1%F#$F: Maintain multiple fission product barriers
6. ABIBERIZ%9 S5 : Sufficient defense against human errors

7. T2 RDERETEEDE R A DE S :Meet the intent of the plant’s
design criteria.
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TI-RIPBIZA T4 ELTEIKM ? @

) 2715 5E F (Risk-Informed):
IRIRDRAHERFIZE TAFRMELGLZEMEDHEIR

KEINRC PRATR!) S —F=BA(©)

INDHA—T A A—X| (Performance-Based):
INDA—I R R—REEXFRE AT (Prescriptive) TIELN &
SECY-98-144 - White Paper on RIPB Regulation, March 1, 1999
INTA—R AR -RN—ALDEKRTIL, FHEITTEEZEFHER /R
(outcomes) DB EEFZEMT A ETEHRL. ERDT=HDAE
[CEHEZEZ5, (f5l:10 CFR 50.56 {R=F#R A, July 1996)

Nils J. Diaz, “Realistic Conservatism,” April 16, 2003

BT (R EY) (2R FFE L7 LY (Technology-Inclusive):
WARRIIZIRELR) TGS (BEHENEZOND) K2 LEE
FimmICERIEESND,

W (o TTELTEKOENE, VRV IDO R EESKE?
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13

TSR - FTFRIFICRI T HANRCERA~AD
JV—2J42% (202052868)

https://www.gov/docs/ML2004/ML20041C974.pdf

» Sf0&E :NRCEE . NRCRAYI RUNEBRAT—IHRILE —- 13RIV
(USDOE, NEI, Southern Company*, UCS: &9 5 F& R HE)

* A= ILNPPEEE T U3 — VT ENDHERH,
LMP: Licensing Modernization ProjectZx £ &,

m Edwin Lyman, USC

AR DEREFRALIZ/INIA—I U AR—X D FEIZET 55

DRI RYIZH PRAICIRFLTHY. BRETARICRL. AEH
[CHBERMWET—FIZHE->TLNSELD T, ... | think there’s too
much dependence on PRA and making essentially a common cause
failure mode ....
IREF R TIE, FEFKIFDEREFTIEFRLDTD . FHTEIGIRET D B
IZHY . REEDT=OD+ 27 T—R2IFELKLY, ... for a non-light
water design that’s still on a paper, there are really academic
exercises and they don’t have sufficient data ....
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&=k

U.S.NRC, Report to Congress on Increasing the Use of Risk-Informed and
Performance-Based Evaluation Techniques and Regulatory Guidance in Licensing

Commercial Advanced Nuclear Reactors, Enclosure 2, July 19, 2019,
https://www.nrc.gov/docs/ML1912/ML19128A324.pdf.

NEI Technical Report 18-04, “Risk-Informed Performance-Based Technology
Inclusive (TI-RIPB) Guidance for Non-Light Water Reactor Licensing Basis
Development,” Report Revision 1, August 2019.

NUREG-1860, “Feasibility Study for a Risk-Informed and Performance- Based
Regulatory Structure for Future Plant Licensing, Vol. 1, December 2007.

Stephen G. Burns, “Reformed and reforming: Adapting the licensing process to
meet new challenges,” Nuclear Law Bulletin No. 99, OECD, 2017.

U.S.NRC, Regulatory Guide 1.174, “An Approach for Using Probabilistic Risk
Assessment in Risk-Informed Decisions on Plant-Specific Changes to the Licensing
Basis,” Revision 3, January 2018.

AKBRTE. ICRPEIERUVEESAPIZE DV RVERODEARNEBZA. RFHK
T B EXASE2-35., FRi23F2826H.

https://warp.da.ndl.go.jp/info:ndljp/pid/2617010/www.nsc.go.jp/annai/kihon22/gensoku/20110302/siryo2-3.pdf
Regulatory Guide 1.233 Rev. 0, June 2020, “Guidance for technology inclusive, risk-

Informed, and performance-based methodology to inform the licensing basis and
content of applications for licenses, certifications, and approvals for non-LWRs.”
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Appendix A HME1—LTSURDIHEYRY]

Integrated risk of a plant with multiple reactor modules

n E=HEEBZEQHOs
QHOslE., ZH¥). UM rEDOHEZEELTED N, EFHE YA
FCIEZEELWVERELDB-OH NRCEELIZCNEZEEZO HIEIC
75 B (NUREG-0880).

B NRCRAVDIE, EHED 12— ILFHEIFETOHQHOs DEAIZDULNT, 3
DDA T aHEIRRL. AT a3 2% HEBE(SECY-05-0130), ZEE£I(E
_NZEIEL, &IZintegrated riskz FHLVSH &% T & (NUREG-1860)

1. EREBYFEITED2—ILE)
2. HAFADEBRDOHEIRED) XD E &t (integrated risk) =
I£9 5 BERIENHAIEE . TDURIITER
3. YMFARDEEEZFZEOEIFDOIRIDEHEEEILT S
n BHEDA—-ILTSUMDYRY
NE| 18-04: SR ETERE T, PRAIZKY . EHED 1 —ILFELER
U= ORI R EEETIIGWEZERET S,
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Appendix B: NEI 18-04

DAVR#MEFRAL
F2IN\TDA—T R
R—ADRERE
DI

RI-PB Evaluation of DiD

NEI 18-04 Figure 3-2.

A RAEAEER(LBE)DETE -

i An b 8

B

; o

Design
development

PRA
development

Y

2. Design
Development
and Analysis

.

3. PRA
Development/
Update

|

4. |dentify/Revise
List of AOQs;

Functions

v

6. Select DBAs

including Design |

Basis External
Hazard Levels

7d. Perform
Deterministic

CFR 50.34

fety Analysis vs.

5b. Select Safety-
Related SSCs

| 5a. Identi l : .
Required Safety. €«—P—— LBE

~!

|
|
|
| |
\ : Integrated Plant
|
|

Probabilistic

process i
: 7a. Evaluate LBEs

Against Freq.-
| Consequence
Target

7b. Evaluate

Risk vs. QHOs and

'

7c. Evaluate Risk
Significance of
LBEs and SSCs

including Barriers

|

— - —

Evaluation of

7e.RI-PB

Defense-in-Depth

=0T 12

LBE Evaluation

|
|
|
|
|
|
|
|
|
|
|
|
|
|
10 CFR 20 :
|
|
|
|
|
|
|
|
|
|
|
|
|
|

N, . —— S,
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Appendix C: NEI 18-04 JREFHB D EUIMEZHEIL T SR A Qan

* Input to LBE selection
* Input to SSC safety classification

Risk-Informed and _
. * Input to SSC performance requirements
Performance-Based Evaluation .
* Evaluation of LBEs vs. layers of defense

of Defense-in-Depth * Evaluation of risk margins of LBEs vs. F-C and
cumulative risk targets

* Evaluation of uncertainties and protective
measures

* Demonstration of adequate defense-in-depth

—

Figure 5-2.
Framework for
Establishing DiD
Adequacy

Risk insights and judgments to Risk insights and judgments to
enhance plant capabilities Deterministic enhance programmatic assurance

Evaluation

Plant Capability Programmatic
Defense-in-Depth Defense-in-Depth
* Inherent reactor, facility, and site characteristics \ ‘ * Performance targetsfor SSC reliability and capability \
» Radionuclide physical and functional barriers » Design, testing, manufacturing, construction, operations, and
*» Passive and active SSCs in performance of safety maintenance programs to meet performance targets
functions * Tests, inspections, and monitoring of SCC performance and
*» SSC reliability in prevention of events corrective actions
* SSC capability in mitigation of events * Operational procedures and training to compensate for human
« SSC redundancy and diversity errors, equipment failures, and uncertainties
» Defenses against common cause failure * Technical specifications to bound uncertainties

* Conservative Design margins in SSC performance » Capabilities for emergency plan protective actions
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