


2



CONTENTS

3



4



•

•
•

•

•

•

•

•

• •

•
•

•
•

5



•

•

6



•

•

•

•
•

•

7



8



• •

• •

• •

9



• •

• •

• •

• •

• •

• •

• •

10



•

•

•

•

•

•

•

• •

• •

11



•

•

•

•

•

•

•

• •

• •

• •

12



13



14



•

•

•

•

15



16



•
•

•

•
•

•
•

•

•
•
•

•

•
•

•

•

•

•

•

•

•

•

17



•

•

•

•

•

•

•
•

•

•

•
•

•

18



• • •

•

•

• •

• • •

• •

• •

• •
•

•
•

19



SSC

,   

  

  

•

•

   

20



(( SMRR )

kimhg1108@ismr.or.krr 

CONTENTS

2

21



3

4

22



5

6

23



7

8

24



9

10

25



, , 
System Design ( ) 9.4 (RG 1.32) .

Quality Assurance ( ) Q .
9.13 A.1~10 (Reg 1.155 App.A)

Seismic Qualification ( ) KEPIC END 2000 (IEEE 344) .

Environmental Qualification ( ) KEPIC END 1100 (IEEE 323) .

Identification ( ) 9.7 (RG 1.75) 
KEPIC ENB 2000 (IEEE 384) .

Independence ( ) 9.7 (RG 1.75) 
KEPIC ENB 2000 (IEEE 384) .

Single Failure Criterion ( ) 8.5 (RG 1.53) 
KEPIC ENB 3000 (IEEE 379) .

11

12

26



13

14

27



15

i-SMR 

20 4 8 4
3

20 PAZ(3~5km), UPZ(20~30km) EPZ

5 (AST, MST)

10 4 , 

20 SG , SG 

21 CV, CACS 

22 /

23 , ( )

24 2

27 ATWS FPGA DPS 
16

28



i-SMR 

28 MTC 2
, BA, 2

29
30
31
44

, 
( )

2017-15 TID-14844 (AST, MST)

2018-5 , CV 

2024-7 , ( FPGA )

2021-28 60 80

2022-6

17

4 3 EPZ 80

FPGA

18

29



19

- , 7 ( 3)
10. 1, 2 3
11. 1, 2 3

- , 20 ( ) 
·

.

20

30



21

( 1 .)
.

2. , 

.

22

31



23

24

32



‘ ’
, , Refueling 

1. CZP
2. / RCS MTC
3. RCS  ,

RCS 

25

26

33



27

28

34



29

30

35



Accident Classification
Phenomena Identification & Ranking Table (PIRT)

Selection of Modeling & 
Analysis Codes Methodology Development

Preliminary Safety Analysis

Modeling & Analysis Codes 
Improvement

Separate Effect Tests
(2025~)

Integral Effect Tests
(2027~)

Feedback & Design  Change 
Implementation

Final Safety Analysis 31
31

32

36



Group 1

Group 2

0 / 1

90 / 3

180 / 5

270 / 7

2
4

6

8

LEF(Bottom Nozzle)

Bottom Grid (Grid 1)

Mid Grid
(Grid 2)

Mid Grid 
(Grid 3)

Mid Grid 
(Grid 4)

Mid Grid (Grid 5)

Top Grid (Grid 6)

Intermediate Flow Mixer
(IFM 2)

Intermediate Flow Mixer
(IFM1)

UEF(Top Nozzle)

Heater Rod

33

34

37



35

i-SMR , , 

( )

2035 , 

NuScale Pre-Application Review PAR Exemption request

i-SMR /

FOAKE / Milestone

36

38



39



(( )) 

igkim@rmas.or.kr,, (HP)) https://rmas.or.kr

CONTENTS

2

40



(( ) ,, 

3

SSMRR  

4

41



SSMRR 

5

6

42



7

22 '24

8

43



SSMRR 

9

((KINSS ·· KINAC) i-SMRR  ·· ·· 

10

44



''24

11

12

45



13

14

46



15

SSMRR 

16

47



17

““ ”

18

48



19

(( )

20

49



21

22

50



((Advancedd Reactor) NRC,, DOEE  

23

IIAEA’ss uclearr armonizationn andd tandardizationn Initiativee 

24

51



25

52



KKu.Chung@kins.re.kr

CONTENTS

2

53



3

??

• : (license)

• : 

• ?

Atomic Energy Act, SEC. 182. LICENSE APPLICATIONS

…, the applicant shall state such technical specifications, including information of the amount, 

kind, and source of special nuclear material required, the place of the use, the specific 

characteristics of the facility, and such other information as the Commission may, by rule or 

regulation, deem necessary in order to enable it to find that the utilization or production of 

special nuclear material will be in accord with the common defense and security and will 

provide adequate protection to the health and safety of the public. …

4
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(( )) ?

• (normal operation)

: , ..

• (unplanned event)

: (Abnormal Operational Occurrence), (Postulated Accident)

triplet !

What can go wrong?

How likely it is?

What are the consequences?

5
Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023

““How likely it is?”

https://atomic.snu.ac.kr/index.php/ _ _
6
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““Whatt cann goo wrong?”

https://atomic.snu.ac.kr/images/4/41 _ _ .jpg 7

““Whatt aree thee consequences?”” ::  == 

8

https://atomic.snu.ac.kr/images/2/20/ _ .jpg
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““Whatt aree thee consequences?”” :: == 

• , “

1: 

2: , , …

3: , …

: ( : )

9

https://www.kns.org/files/pre_paper/30/98A-277.pdf
( )

((500 ~~ 70 )

•

• (limiting case) : (DBA)

• DBA 

• DBA 

10
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 ?

•

: O

( + ): X

( ): X

• (Technology Inclusive = Design Independent) 

( )

( ) ( )

( ) 

( ) 

11
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((Licensingg Modernizationn Project,, LMP)

TI-RIPBB 

13

• The LMP methodology is a technology-inclusive, risk-informed, and performance-based approach 
developed for informing the licensing basis of non-light water reactors.

Developed by the Southern Company
Cost-shared by the Department of Energy (DOE)
Sponsored by the Nuclear Energy Institute (NEI)

NEI 18-04, Rev. 1, “Modernization of Technical Requirements for Licensing of Advanced Non-Light Water 
Reactors: Risk-Informed Performance-Based Technology Inclusive Guidance for Non-Light Water Reactor 
Licensing Basis Development,” August 2019.

Endorsed by the Nuclear Regulatory Commission (NRC)
RG 1.233, Rev. 0, “Guidance for a Technology-Inclusive, Risk-Informed, and Performance-Based Methodology 
to Inform the Licensing Basis and Content of Applications for Licenses, Certifications, and Approvals for Non-
Light Water Reactors,” June 2020.

• Uses probabilistic risk assessments and traditional deterministic engineering approaches to risk-
inform design decisions and support licensing applications.

Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023

:: Categorization off Licensingg Basiss Eventss (LBEs)

TI-RIPBB 

14

LBE Category Description
Event Sequence Family Mean
Frequency Range Plant Response

Anticipated Operational 
Occurrences (AOOs)

Anticipated event sequences expected to occur one or 
more times during the life of a nuclear power plant, which
may include one or more reactor modules.

1×10-2/plant-year

Account for the 
expected response of all

SSCs within the plant
regardless of safety

classification.

Design Basis Events (DBEs)
Infrequent event sequences that are not expected to occur 
in the life of a nuclear power plant, which may include one 
or more reactor modules, but are less likely than AOOs.

1×10-4 to 1×10-2/plant-year

Beyond Design Basis Events
(BDBEs)

Rare event sequences that are not expected to occur in the 
life of a nuclear power plant, which may include one or 
more reactor modules, but are less likely than a DBE.

1×10-4 to 5×10-7/plant-year

Design Basis Accidents (DBAs)

Postulated event sequences that are used to set design 
criteria and performance objectives for the design of Safety
Related SSCs. DBAs are derived from DBEs based on the
capabilities and reliabilities of Safety-Related SSCs needed
to mitigate and prevent event sequences, respectively.

DBAs are derived from the DBEs by prescriptively assuming
that only Safety Related SSCs are available to mitigate

postulated event sequence consequences to within the 10
CFR 50.34 dose limits.

Identified by an integrated decision-making process (IDP)

Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023
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TTI-RIPBB 

15Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023

((LBE)) 

TI-RIPBB 

• + Design Basis Accidents

AOO(~1 10-2), DBE(~1 10-4), BDBE(~ 5 10- )

(5 10-7) : QHO( ) Early Fatality

DBA (integrated decision-making process)

• LBE (Initiating Event) PSA Event Sequence! ( , DBA Event Sequence)

DBA , DBA “ + (

, , , …)”

LMP LBE “ + ” Event Sequence .

16

60



??

TI-RIPBB 

• Possible consequences

early/late fatality, population dose, offsite economic consequence, EAB dose, …

•

: 1mSv ( 0.1rem by 10 CFR 20)

DBA : 250mSv ( 25rem by 10 CFR 50.34)

• LMP EAB (30 ) 

: 0.1rem, 25rem

QHO (LBE ) 750rem ( , x)

LBE ( ) ?

17

TTI-RIPBB 

18

NEI 18-04 F-CC Targett 
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TTI-RIPBB 

19Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023

TTI-RIPBB 

20

? 3 : , NSRST,

62



TTI-RIPBB 

21

== Requiredd Safetyy Function .. RSF ?

Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023

TTI-RIPBB 

22

Requiredd Safetyy Function?

• To keep consequence of DBE & frequency of BEBE within F-C target

Reference: Marty Stutzke , “Technology-Inclusive, Risk-Informed, and Performance-Based Licensing Approaches”, NRC, 2023
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TTI-RIPBB 

23

FCC ?

0.99

0.01

4.95e-04 /year

5.00e-06 /year

0.5 rem

50 rem

5e-04 /year

50 rem

TTI-RIPBB 

24

FCC ?

Initial Point: (C=5.00e+01, F=5.00e-04)
Function 1: Name=PSF_A, mitigation capability =0.01, reliability=0.99
Mitigated Point: (C=5.00e-01, F=4.95e-04)
Unmitigated Point (Failure of PSF_A): (C=5.00e+01, F=5.00e-06)

capability

reliability

64



TTI-RIPBB 

25

(DBA)

• DBAs are derived from DBEs based on the capabilities and reliabilities of Safety-Related SSCs
needed to mitigate and prevent event sequences, respectively.

(C ) (F ) 

• DBAs are derived from the DBEs by prescriptively assuming that only Safety Related SSCs are
available to mitigate postulated event sequence consequences to within the 10 CFR 50.34 dose
limits.

DBA “ DBE + ” = 

(25rem))m))) DBA A 

• Postulated event sequences that are used to set design criteria and performance objectives for the
design of Safety Related SSCs.

( ) 

TTI-RIPBB 

26

LMPP (NEII 18-04)

• (LBE)

PRA , F-C targe LBE 

LBE event sequence ( ): AOO/DBE/BDBE vs DBA

DBA (25rem) 

• SSC 

(SR) SSC, NSRST, NSR

(SR, NSRST) SSC : , , QA, … 

•

65
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TTI-RIPBB 

28
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29

100 CFRR partt 533 ( )::  

• LBE, DBA : , DBA LBE , DBA , …

• DBA : 25rem ( : 2 , : )

• DBA LBE : , 

• 3 : SR, NSRSS(Non-Safety-Related Safety-Significant), NSS(Non-Safety-Significant)

• : SR QA , NSRSS

     

FC target ! DBA 25rem

NEI 18-04 LMP 

 

30

LMPP ?

• /

: , …

: /RCS/

: 

•

(LBE)

     

LMP part 53 !
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?

• F-C target

, 

/

• / (‘ ’)

F-C 

/RCS/

…
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박석빈 서울대원자력정책센터연구위원

69
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이이계획에에원자력을을이용할할것인가가?

70
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새로운우주용원자로특성에맞는안전규제프레임워크구축

- 기존규제체계로는우주원자로의운전환경에서발생할수있는특수한사고및위협을평가하기어려운만큼, 

    이를반영할수있는새로운기준필요

- 소형화, 경량화, 자율운전등비전통적설계를고려한맞춤형규제기준마련필요

- 우주용연료사용과고온운전조건등을반영한위험기반/성과기반규제기준수립필요

-우주의극한조건을고려, 예측할수없는상황을대비한비상대응체계마련필요

-우주용원자로의핵심특성을반영한규제프레임워크가국가우주개발에필수역할할수있음

체계적인안전성평가기반마련

- 다양한우주환경과운전조건에따른잠재적사고시나리오분류필요

-발사, 궤도이동, 착륙등단계별안전성평가항목도출

-각단계에서발생할수있는사고유형에따라맞춤형안전성평가가이루어져야하며, 

     사고발생가능성을미리예측하고이에대한대비책을마련해야함

-국제사례(INL, NEI 등)를참고한성능기반규제적용항목식별

-우주환경에서의우주선, 우주용어의특수성에맞춘세부안전지침수립

-세부기술현안과안전이슈를구조화하여규제기관-개발자간가이드라인제시

-기술진보와규제일치를이루기위해규제기관과개발자간의원활한협력필수

73



물리적방호및원자력통제기준정립

- 발사및이송단계에서의보안위협대응방안마련

-우주환경에서의자율운전체계에적합한방호요건설정

-자율운전시스템의특성상예측불가한상황고려한물리적방호요건강화필요

-국제기준(IAEA 등)에부합하는핵물질관리 감시체계구축

-우주용원자로사용연료의안전성확보를위한국제협력및기준수립중요

- 우주선과우주환경에서의사고및사고예방을위한안전망이필요하며, 

     원자력안전과물리적방호가통합된체계적접근요구
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