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** 3Km 14 ( : 350Bq, : 700Bq )

(  < 1500Bq )
**

1 23.08.24~23.09.11 7888 220 Bq/L 1.5 Bq/L
2 23.10.05~23.10.23 7810 188 Bq/L 16 Bq/L
3 23.11.02~23.11.20 7729 190 Bq/L 8.8 Bq/L
4 24.02,28~24.03.17 7800 254 Bq/L 7.7 Bq/L
5 24.04.19~24.05.07 7800 266 Bq/L 6.3 Bq/L
6 24.05.17~24.06.04 7892 234 Bq/L 7.0 Bq/L
7 24.06.28~24.07.16 7800 252 Bq/L 8.8 Bq/L
8 24,08.07~24.08.25 7897 267 Bq/L 7.6 Bq/L
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2. 2030 10 *
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3,4 22.9 23.5~ 23.7 23.11

1,2 23.6 24.1~ 24.10 25.
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20Y 30Y 40Y 50Y 60Y 70Y 80Y

3Y 1.5Y

PSR
30Y

35Y

1 CO 
PSR, LER, RER

3Y 1.5Y

1 CO 2 CO 3 CO 4 CO

45Y 3Y 1.5Y

2 CO 
PSR, LER, RER

55Y 3Y 1.5Y

3 CO 
PSR, LER, RER

65Y 3Y 1.5Y

4 CO 
PSR, LER, RER

(CO, Continued Operation)

1. 20 [ , (PSR) 10 ]
• (LER) (RER) 20

2.

20Y 30Y 40Y 50Y 60Y 70Y 80Y

3Y 1.5Y

3 PSR

35Y

1 CO 

PSR, LER, RER

3Y 1.5Y

1 CO(60Y)

3Y 1.5Y 55Y 3Y 1.5Y

2 CO 

PSR, LER, RER

3Y 1.5Y

4 PSR 5 PSR 6 PSR 7 PSR

2 CO(80Y)

4 5 6 7
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10 CFR 2.109 Effect of timely renewal application
(b) If the license of a nuclear power plant licensed under 10 CFR 50.2(b) or 50.22 files a sufficient 

application for renewal of either an operating license or a combined license at least 5 years before the 

expiration of the existing license, the existing license will not be deemed to have expired until the 

application has been finally determined.

10 CFR 2.109 
(b) 10 CFR 50.2(b) 50.22

5 , 

.

18



//

- , , ‘40

’ .  ‘ ’ 

, ‘ ’ .(2025. 6. 6. )

    - ( ) 27 29 2 , 40 , GX (Green 

Transformation) 20 .  

, 20

60 .

   - , 

. (ASN) L.593-22 (grave) 

(imminent) 
, , 2024 NEXFO 19

(( )) 

20



( )

21

1.

2.
• , , , 

3. , 
• 10 CFR Part51.73 NRC
• L.123 L.123-18 ASN (

)

22



(( )

1. 10 20

2.

3.

4.

5. ( )

23



가동원전 규제감독 체계 선진화

오성헌

서울대원자력정책센터 연구위원









•

•
•

•

•

•

•

•

•

•



• •

•
•

•
•

•

•

•

•
•

•





• •

• •

• •



• •

• •

• •

• •

• •

• •

•

•

•

•

•

•

•



•

•

•

•

•

•

•

•

•

•

•

•



•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•





•

•

•

•

•





•
•

•

•
•

•
•

•

•
•
•

•

•
•



•

•

•

•

•

•

•

•

•

•

•

•



•

•

•
•

•

•

•
•

•

• • •
• • •

• • •

• •

• •

• •
•

•
•



“ ,   “

SSC

‘ ’

   

•

•

(Risk-informed):
• ( )

• /

(Performance-based):
• (Safety Performance Indicator, SPI) ,

(Graded approach):
• /

,

• NRC ROP, NRA



:
• :

• :

• :

•

•

•

·

, 

, 



•

•

•

•

•

•

•

• RIPB-GROP ,



원자력 바로알기
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Energy capacity factors in the U.S. 2023, 
by source Published by Statista Research Department, Jun 28, 2024
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Energy capacity factors in the U.S. 2023, 
by source Published by Statista Research Department, Jun 28, 2024
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985 h

1400kWh. ( ) 
2312 , 3055
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(24

) 15%. (21%) (17%)

1GW 
1300 10
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29GW

290

: BIZ, 2017.08.12
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- : 24,000 /tCQ 2018 K-
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A microgrid with Small Modular Reactors and renewable energy 
resources. (Image by Dennis Michaelson/Western Engineering)
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 가능 성장을 

위한 정책방안 
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원전수출을 위한 인적역량 
제고방안
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SMR의 국내외 현안 및 동향분석
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IAEA - “Opportunities for Cogeneration with Nuclear Energy” NP-T-4.1, 2017
IAEA - “Guidance on Nuclear Energy Cogeneration” NP-T-1.17, 2019 
NEA – “Beyond Electricity: The Economics of Nuclear Cogeneration”, 2022

KKG Gosgen 1
`79 , 45 MWth
35 /
2020 243GWh ( 23k Ton)

Gösgen

Bruce A CANDU 4
( )

Bruce ( , , )
5,350 MWth(`81 `97), LNG

R. Sadhankar, NEANH Workshop, GIF Industry 
Forum, Toronto, Canada, 2002
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TerraPower-CorePower, Molten Chloride Fast Reactor
[ ] CorePower
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사고저항성핵연료(ATF)개발 및 
규제 동향과 과제
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3. ATF  

1. ATF  



ATF (1)

1.

-
Zr (>1000oC)

Zr+2H 2 2

Zr 
Cr,  FeCrAl,  SiC

( ) US DOE, of LWR

ATF  (2) : 

2.  

The strategy recommends:

•Taking immediate and bold action to strengthen the uranium 
mining and conversion industries and restore the viability of the 
entire front-end of the nuclear fuel cycle.

•Utilizing American technological innovation and advanced civil 
nuclear RD&D investments to consolidate technical advances 
and strengthen American leadership in the next generation of civil 
nuclear technologies. (HALEU, , SMR, VTR)

•Ensuring that there will be a healthy and growing nuclear energy 
sector to which uranium miners, fuel cycle providers, and reactor 
vendors can sell their products and services.

•Taking a whole-of-government approach to supporting the U.S. 
nuclear energy industry in exporting civil nuclear technology in 
competition with state-owned enterprises.



ATF  (3)) :: 

2.  

•

•

•

•

•

•

(PRIUA) (2024.8) 
Energy Act of 2020 (HALEU )

[DOE CETRUS HALEU ]

ATF (4)) :: 

2.  

[ -100 12.3
[
[ ] 4 SMR 3

NRC
COL , 

(2025. 1 )



ATF (5)

3. 

Google : SMR  

Amazone: -100)  X-  

Open AI: 

Microsoft: TMI 2 (16 )

 , 
1 100

( )

ATF (5)

4. 

• ( , )
• ATF

SMR
• SMR  

( ) 
•
• ATF ( )
• (HTGR, SFR, MSR )
• HALEU  

•  ( , , 
)

• ( 60,  62 
GWD/MTU) 

• (LWR LOCA FFRD)

• ATF  



ATF :: 

ATF :: (1)

(HANATM )

Cr
( 4m Arc Ion Plating )

10

Las: La2O3-Al2O3-SiO2

0.1 wt.% LAS

(LAS)
( )

30% 
3

6
’ ’

KNF KAERI ATF 
KNF 



: (2)

• 3.5 vol% Mo
100% 

• 20% 
•

ATF (microcell) 

(ATCR) 

KAERI 

• B4C (1080oC )
• / ( 600oC )
•
•
• SMR B4C 

(Eu, Dy, Hf )

3. ATF  

2. ATF 



1. FFRD at High Burnup
•

•
      -
• For 

      -
      - -

•
• -

•
) 

•

2. LEU+ Supply Chain
•
•
•

. 
•

) 

4. Lack of Regulatory Basis and Guidelines
•

•

•

60- GWD/MTU

ATF 

NEIMA 
(2019. 1)

ATF 

ATF
( )

ATF 

ATF 

ATF 2024. 1

RG 1.183( )
2023. 10 RG 1.183( )

2021. 4

2021. 12 FFRD RIL 2021-13

2023. 10

2020. 1

Cr 

ISG
(ATF-ISG-2020-01)

ATF 

FFRD: ,

2021. 4

2021. 12 FFRD RIL 2021-13

2021. 12 SECY-21-
( ATF

)

2022. 3 SRM-SECY-21-
( ATF )

ATF 2023. 6



            —

(1)      more resistant to a nuclear incident     11 of   
  of  (42 U.S.C. 2014)); 

(2) lowers the cost of electricity     of     .

    NEIMA (2019. 1)

•

•
•
•
•
•

ATF (*) (‘21. 9)



• 5% .
• Sec. 70.24( ) Sec. 50.68 ,

71.55(
•

•
•

• ATF
•
• (Risk-informed)
•
•

•
•
•
•

•
•
•
•
•
•
•
•
•

•

•

 ATF  (‘22. 5)



ATF 

•

•

 ATF  (‘22. 5)

(Regulatory Basis Document) 
 (NRC-2020-

• Part 50(
), Part 51(

) Part 71(
)

• Sec. 50.67( ), 
50.68( ), 51.51(

, S-3), 51.52(
, S-4) 

10CFR Title Issues Recommendation

-

-

-

-

- -4
NUREG-

-
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(*) : 5

: 12

FeCrAl : 2

: 8

: 17
• 5
• 6
• 6

2

ATF
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3. ATF  
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/ (>60GWD/MTU) ATF ?
5% 

ATF 
ATF ( , K-Taxanomy )

ATF (Accident Free)

ATF LOCA FFRD (LB-LOCA , 
LOCA )

(NEIMA) , ATF K-Taxanomy

( )

ATF Taxonomy ?
3,4 11 ATF ? ATF ?

‘24 3 479 ( K-Taxonomy ‘24. 12 )

ATF ?

ATF 
(ATF )

• 1
(HANA) 

LAS-

• 2
Cr HANA 
LAS-

• 3
Cr HANA 



LEU+ HALEU ??
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, 5% (

)

LEU+ HALEU 

(PRUIA ’24.8, 

Rosatom ) (TerraPower )

·
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탄소중립을 고려한
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I. Reference Energy System
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3. 

Technology Plant life Cons. time
40+20 0.85 -
60+20 0.85 -
60+20 0.85 6

SMR 60 0.85 3
CANDU 30+20 0.85 -

30 0.85 -
40 0.85 4

LNG 40 0.85 -
80 0.18 -
50 0.15 5

BESS 15 0.17 2
PV_exist 25 0.15 -
PV_new 25 0.15 2

Wind_exist 25 0.23 -
Wind_new 25 0.23 2

Wind_offshore_new 25 0.30 2



*
Utility Scale

(LIB, 4 hour battery storage, 60MW, 240MWh)

CAPEX
($/kW)

O&M cost
($/kW-Yr)

`22 `50
-2.5% 

`22 `50
-2.5%

1,371 671 34 17
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LNG

A 76.9
(6.1%)

0.0
(0.0%)

0.0
(0.0%)

889.8
(70.8%)

17.1
(1.4%)

0.0
(0.0%)

270.0
(21.5%)

3.9
(0.3%)

1,257.7
(100.0%)

B 86.9
(7.2%)

0.0
(0.0%)

61.0
(5.0%)

736.0
(60.9%)

121.4
(10.1%)

33.1
(2.7%)

166.5
(13.8%)

3.9
(0.3%)

1,208.8
(100.0%)
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1 / (2050 )

11

/
:  45.922 GW

: 95.715 GW
( ) : 20.000 GW 

BESS
BESS ( - ): 241.732 GWh

    (80.0% ) 302.165 GWh
3 BESS 675.087 GWh
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•
BESS : 19%(69 )
80.0% 1,077.309 GWh

( )
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: 
: ( )

•
•

: , BESS
•
•
•

1 (30:50) 377.3 (30%) 377.3 251.5 628.9 (50%) 251.5 1,257.7

2 (35:45) 440.2 (35%) 339.6 226.4 566.0 (45%) 251.5 1,257.7

3 (40:40) 503.1 (40%) 301.8 201.2 503.1 (40%) 251.5 1,257.7

4 (45:35) 566.0 (45%) 264.1 176.1 440.2 (35%) 251.5 1,257.7

5 (50:30) 628.9 (50%) 226.4 150.9 377.3 (30%) 251.5 1,257.7

: TWh
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(LCOE)
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[1] International Energy Agency, Nuclear Energy Agency, Projected Costs of Generating Electricity, OECD, Paris, France, 2020.
[2] Department of Management & Innovation, Statistics of Electric Power in Korea (No. 93), Korea Electric Power Corporation, Naju, Republic of Korea, 2024. 

LCOE (IEA ) LCOE [KRW/kWh]

(58-59p) 85% 7% , LTO New

(70-71p) 50% 7% 

LNG (70-71p) 50% CCGT(Net Capacity = 491 MWe) 7% 

LNG

(64- / / / 7% 

( )

(64-65p) Hydro(Run of River / / 7% 

(60-61p) Commercial Utility Scale 7% 

(62-63p) 7% , Offshore Onshore

(66-67p) 7% 

(68-69p) (15 MWe) 7% ,
             (2,500 /kgh) 2 (=139.5 /kWh) + 

0

IGCC LNG
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[1] Department of Management & Innovation, Statistics of Electric Power in Korea (No. 93), Korea Electric Power Corporation, Naju, Republic of Korea, 2024. 

[TWh]

LNG

( )

IGCC
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(100.0%)
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(192.2%) 173.4

(180.4%) 161.9
(168.4%) 150.3

(156.4%) 138.7
(144.3%)
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• : 0% ~ 100%

• 50%
• ESS ( )
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