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24 NPPs are operating (2021.06)

& 38,400 tHM-
(HIBXt X =

- B2 (6)

243)

MEE(©)

7 (7,350) 2 (2,800) 9 (10,150)
5 (4,100) : 5 (4,100)
6 (5,900) : 6 (5,900)
6 (5,900) 2 (2,800) 8 (8,700)
24 (23,250) 4 (5,600) 28 (28,850)

2020@ 1282 J|=

12| (3)
N [E))

2d 0l

=y iy

e 12127 G- X[('17.06.18), 2812 7| - X|('19.12.24)

(&9 OE)

el 8,038 6,599 82.1% 2031
NS 1,560 296 19.0% 2065
st 9,017 6,566 72.8% 2029
st= 7,066 6,072 85.9% 2030
dEd 1,046 520 49.7% 2042
A 26,727 | 20,053 75.0% -
24 489,952 | 474,176 96.8% 2022.3
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= |AEA Safety Standards Categories o U AHIIE L AN XA
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/ I1E7IE A

2 DM (71E7IE)

Safety Fundamentals

General Safety Requirements SUXHOIH L S| DAl H| 2021-2=
Specific Safety Requirements - _ o "
General Safety Guides [BAMd=ESel =28 W 280 2ot 73]

Specific Safety Guides
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= |AEA Safety Standards for Spent Fuel Transport and Storage

IAEA Safety Standards IAEA Safety Standards |IAEA Safety Standards

Regulations for the Advisory Material for the Storage of

Safe Transport of IAEA Regulations for the Spent Nuclear Fuel
Radioactive Material Safe Transport of

2012 Edition Radioactive Material

(2012 Edition)

Specific Safety Requirements Specific Safety Guide Specific Safety Guide
No. SSR-6 No. SSG-26 No. SSG-15
S)1AEA S)1AEA S)1aEA

12
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— L Al

o MEHA

B o

p
[0

o HES

-1987~2002 : 8 5|, 8 Cr

b

-1996~2013: 13 §], 130 =

2N CANDU Canister&7| Silo 0|&

'rr

- 1990~1991 : 39 2] 156 Cte
-1993~1995: 39 8], 156 Ct&t

- 2000 108, 40CHE
- 2001 : 638, 240
- 2002 » 123, 48C0HE

Total 1106 &, 424 Chet

KN-12 Cask (12 PWR SF)/ KN-18 Cask (18 PWR SF)

Q382+~ 2P~
e KN-12
- (122l) 2002~2019 : 129 3], 1548 C+&
- (8t¥!) 2009~2012 : 19 3|, 228 CI&
- (8t=2) 2008~2019 : 77 2|, 924 CI&
e KN-18
- (8t¥) 2016~2019 : 11 3|, 198 Ct&
- (8t=2) 2017~2019 : 13 3|, 234 Ct&

Total 1249 3|, 3132 O} & "




- JUIHE =2 AERYAUHR 2UNY 488J1 &

- KORADZ21 (Dual purpose metal cask)

ltems Description |
Fuel Region
Capacity 21 PWRF/A(WH & CE) Basket
- BU : 45,000 MWD/MTU Canister e o Trunnion
Design Basis - Enrichment : 4.5wt.% U235 A D A
Spent fuel - Cooling time : 10 yrs
- Decay heat : 16.8 kw/ canister

AH RN
- Cask: O.D. 2,216 mm X 5,285 mm L o DDDDD.
- Canister: OD. 1,686 mm X 4,880 mm L DDDDD

O O
- Cask : 104.7t (with loaded canister) Cask Bod DQD

Dimensions

Weight  _ canister : 33.0t (with loaded fuel)
Neutron Shield Heat Thansfer
- Cask : Forged carbon steel Fins
Material - Canister : Stainless steel, BORAL(B,C+Al)
or METAMIC

- ZWIHE 32 A2 4|
- KORAD21C (Concrete storage cask)

ltems Description

2| steel liner

T, o I steel liner

Design Life time 50 yrs

Dimension O.D. 3,266 mm X 6,030 mm L

Weight 143.8t (with loaded canister)

- Concrete,
- Carbon steel

Material

Cooling type  Natural Convection(4 inlets/outlets)

Channel

15



33 AML2(FRYAH) ELEN |
AR\ 2% 3007] 77| == i fa
Silo 3007|
=13
23e]E UEY o] 238iE nwA e ~ s | LN 2
ShA7F HAFAlRIY 174 E £ (168.000 ctgh)

2010.2.2
~2018¢

+3
= 17} : "91]05.~'92.04. (607])
om | w27 9705.~'%8.06. (807]) .
BN | L3 - 00.08.~02.12. (607]) R 0708 O A AT
» 4%} : °05.08.~"06.11.(1007])
Aahea 162.000 Thg 168.000 T2t
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3-1 A28 As aSA=06D)

AlESXI£(Deep Geological Disposall@l JI1& 14

— =22 O E :copper canister — bentonite buffer — natural bedrock
= A B2z =2 R HAFIAS SHO| X|2H=Z LtE 5+ Gl &
— KXNlot500m 2 0[2 st B SU AN Xlot==2| Lot &tEl

Fuel pellet of =
uranium dioxide g oy Natural Barrier System

nuclear fuel /:‘_; o
: 3 Copper canister P
with cast-iron insert

I
Cladding tube

|
BWR fuel
assemblies

Engineered Barrier System Bentonite clay

SKB Final rep;éitOry

for spent nuclear fuel

=
0f0
iy
it
2
ol
M
0F
[
I
02
J&
k&
=)
m
yr
¥
E
_>,j

S0 2ol E==
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3-2 KAERIO| Al2 2% AT ASAIE(DG6D) NS

KRS &lSME(DGD &A=
— Reference Spent Fuels : 4.5 wt.%, 55 GWd/tU, Cooling time - 40 yrs
— Canister : Cast Iron(Inner Vessel) + Copper(Outer shell)
— Design Requirement : Max. temperature of Bentonite Block < 100 °C

Tumel | « Disposal
. Tunnel

%r ﬂn& Spacing :
H 40 m

A
..
A .
'l = Package > & ° DepOSItlon
- :> ' Hol
- ole
== ‘ Spacing :
Mo Om

Spent fuels Canister Bentonite blocks & backfill material

* KRS : KAERI Reference disposal System for spent nuclear fuels



3-2 KAERIO] A2 ST ASHS(DED) JHE

ZA4:1.02m
£0/:4.83 m N
27| TetA| 4t
FE(UR)/A2(S)
01587
¢ 8 2SI AIEI(C174)0f| M2 X CHA
A+ MBS R
= & 26,700E (61,694 C})
> XE 87| £ : 15,4881

CHZEE )

v E{d : 50| 6m, & 5m
=3 X

Backfll
material

13.8m

CXHZEE U XME2S > X2

N

f},::--—"' Uncontrolled
' e area
e e __-"“
=
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U-235 ( 4.5%,)
U-238 (95.5%/,)

4 5WthS %
55 GWd/tU
109 42

A2 H(100% U)

PWR
ArEESAR
(LHehE)
HXE|
—
1=
AgFHEE
’ solz
(U, Pu, MAYO, zja
| *MA:Np. Am, Cm |

Cs,Sr ,
(0.53%)

I, Tc
(0.16%)

A=y, gud)|

(Pu, Am, Cm, Np &)

}—Jﬁaimuia\

BIZ17]. Pu-230R0H4H 1) Np-237024)
'ﬂE.'leAmzﬁ&aoL.jT Y227

o e

b
N
A
fr
>
AL

ZUA|, 1015y |

1129015702k H) Teog12h )

(5.03%)

(92.92%)

TRU : TransUranics
MA : Minor Actinides

FP : Fission Products

oI AXIEEB 0 E

T2BRRY500-650 °C) SHIM 2SS HISS 0

S| (< 30049) ]—'

45 NE

T

oIz YT

2 o HEFHAE

SFR A2 RS E ()

o=

SA=l4

v

H7[21/20, MZ5X[1/100 (O[4Il 1771 S HX])

FEEIE JRCR 35, Pu7 L EFEO= SIEIX] 222 (Np, Pu, Am, Cm Group Recovery)>



KAERIO| IOIZZZHIA &1 i)

f Key Tech. Developmentw ( Eng. scale Development W(Eng. scale Feasibility Verification

(Lab. Scale Research)
\_ (‘97 ~ ‘06)

L (07 ~ “11)

(Eng. Scale Equipment)

(Joint Fuel Cycle Study, ‘11 ~ “20)
(12 ~ 20)

X

Acquisition of

» (PRIDE) Eng.-scale performance with
depleted uranium(DU) and simulated
fuel (50 kg/batch)

Eng.-scale > decladding, off-gas capture, porous
process pellet fabrication, carbon anode,
technology tungsten cathode, salt waste
mlnlmlzatlon’ nOble WaSte form’ Porous pellet Electro-reduction Ele;tro-reflninglwlnning FPs separation
equment automatlon fabrication Metallic product U ingot/(U+RE) metal Clean salt/FPs residue
Assessment —_—
of » Development of Eng.-scale safeguards = =
. approach for pyroprocessin — =
nonproliferation SAEE TR .
and = Economic assessment and advanced e brnagaerd
: nuclear fuel systems S
economics
» Verification of Eng.-scale(2~4kg/batch)
integrated pyroprocessing using LWR JFCS
g s Joint Fuel Cycle Stud
Verification sznt Tujg, | ducti ' v
feasibility > eraeilelli, CEElEEe el * Technical feasibility
(JFCS) electro-refining, electro-winning, - Economic viability

distillation, fuel fabrication, critical
gap(crucible, off-gas capture, waste
form, new electrode et al.)

= Nonproliferation acceptability

24
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4-5 SHI|SSAUFCS) Al 88

KAERI PRIDE: Scale-up Study

E) ;
T = > T /8
pint é / "
4 1 BDSM,

ATR: Irradiation of Metal Fuel REPF+: Model of 30MT/yr process for SG analysis

)

‘ ECHEN PLAYTFLOK DAGRAN =
i . o=

1 =

o

- - E - e e
o - - -
- i -
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5-1 AN ZE AAIHES] SRS

O HIHANE JIISWO] Hlil > ~m/mecots ez 2eu™ Q7UETL OHE

Country Area for HLW disposal in DGD (km?) Total land area (km?) Population density (people/km?)

Sweden 3.6 (12,000 tU) 450,295 23

Finland 2.0 (9,000 tU) 338,424 16

4.6 (about 27,000 tU of PWR)

Korea (Disposition area only) 100,363 507

NS

Finland - Rep. of Korea Pop. Density: Per./km?

__101
12

2-4
__14-8
- 18-15
15-30
BN 30-60
BNG60-120
Bl 120-240
Il 240-480
El480-1000
Il 1000<

LEE et al, 2021, Tunnelling and Underground Space Technology 103 (2020) 103452
28



Multi layer concept

0 0 0
Initial temperature Initial temperature Initial temperature
before the excavation before the excavation before the excavation
1,000 years 1,000 years 100 years
1 year 1 year 1 year
1,000 years
-500 -500 -500
—_ _ _
£ £ £
= = =
2 g 2
© © ©
= s =
.\g T 100 years .g .\g
years
8 8 ™ 100 years 8
N N 10 years N
1000 100,000 years 1000 10,000 years <1000
Ventilation effect
10,000 years after excavation Ventilation effect
after excavation
Ventilation effect
& 100,000 years
after excavation 100,000 years
10,000 years
-1500 T T T T 1500 v T T ™ <1500 T ™ T
20 40 60 80 100 20

Temperature (°C)

40 60 80
Temperature (°C)

20 4 60 80 1
Temperature (°C)

Thermal analveee rectilt for cinale laver doiible laver & trinle laver




5-3 AR AIZ=Z(DGD: Deep Borehole Disposall

Encap, Plant

100 m
200 m |

—Concrete '™
— Asphalt

. Compacted
Bentonite

‘Ir Canister

Bentonite

(Brady et al.)

= Concept : Disposal of HLW in the disposal
tunnel at the depth of 500 m

= Reference Concept for HLW Disposal

Concept : Drilling a deep borehole to the
depth of 5 km and disposal of HLW at the
lower part of the borehole(3~5 km)

Alternative Concept

30
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3 NE

Deep Isolation TBChI‘IOlOQV

NFE HE ABE0 1km B

0|=<E| gxl-jl l

- 0l0I D=8

A TH
T o

T 9o

ges=

E.

o

&— Surface Casing

DEEP :
SAFE
ISOLATED

Secured deep underground
in suitable rock, a natural
protective barrier

Aquifer

b Backfilled/Sealed
~ Access Hole

T

Spent Nuclear Fuel Canisters

Engineered Barrier

» Corrosion-Resistant Canisters

- Ni-Cr-Mo alloy*

* stable in the hot, reducing
environments, provide an
engineered barrier expected to
last for thousands of years.

 Casings, Backfill and Seals
- Casing : Carbon steel
- Backfill : Bentonite
- Seal : Cements

Benefits

Can be isolated from the
surface for millions of years

Provide safety against
inadvertent intrusion

Disposal costs are lower
than DGD

Significant safety benefits
Can be retriveved using

standard retrieval
technology

ISOLATION

DITEC-MEA0-EM | @ 2020 Deep isolation, inc., Al Rights Ressred

31
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i o 2

L 30" Conductor @ 45mMD L 30" Conductor @ 45mMD L 30” Conductor @ 45mMD

02
02

13 3/8” Casing @ 800mMD
13 3/8” Casing @ 1280mMD

A 133/8"CSG @
1700mMD

A 9 5/8" Casing @ 2300mMD

9 5/8”" CSG @ 3000mMD
6 1/4” Open Hole @ 4,500mMD

A 95/8" CSG @
3300mMD

= MOEA Z2HI0IXI(www.knoc.co.kr) AFSIAIH/IHEEALS EFX 32
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5-5 O010|18d|E N=24A  II0I= + DBD

DBD ME&2{9 0iddE = &EH S HEN
- MSIAEE MZO 37| HStE > KA SIH0l Lt HIRE 2
xotot R 4.8m Z0|0 = HES)| X

- ARAES 20|

IIOIZ Xl 2l%Alrps separationilt DBD AlE A
- AISRYARSERH 194 ¥+9 10|15,

» heat generating, long-lived, high-mobility, high-toxicity

X using pyroprocessing technology for separating = Spin-off of pyroprocessing

- SYH WEENNES

al

EAlHE gkl%% _E.EI

- M

» conditioned waste form for best DBD ; proper size
olkd si=©C2 Hl.E III-Ix.l_E_ [Hﬂ %g)l?_l- I-lII- S

= EEERER LT

Partitioning
(FPs recovery)

=T 1o = I

Conditioning
(Immobilization)

o

UPHIE )18 £ AE8J10l &0t DD Md

MNE

DBD

Storage

33
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5-5 O10|18dIE A

&4 0l= + DBD

B Ol0IEd= 49 S8

xS

PARTITIONING CONDITIONING

High-toxicity,
Long-lived

Long-lived,
High-mobility

Short-lived
(<300yr)

U-235 ( 4. 5W/o)

c I G

Based on
disposal
(or storage)
options,

- Matrix(ceramic,
glass :-+)

- Size (dia., hei.)
- Waste content

\
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1
I
I
I
I
I
I
I
]
/]
I
/

—
.
_238 (95 5w/ (High-heat, Short-] i \ ‘
[ lived (<30yr) ) 1 | .
" s556WditU i |- nghldurable
‘ 10 yrs cooling iy - Verylow
(Nuclear fuel I 1 leaching
Fresh (92.95%)/| material I \ * meet regulations
\
fuel SPENt L oo e T ;
fuel
/ HE AQWHZ F0|1 VHNS FAA|Z
v DBD#TI OfL|2} DGD MEZWAoE && 75
v =8| 7| & (FPs separation) > 2| B E LIO|ZEZZ MY 7|=0| &

DISPOSAL
or STORAGE

Deep
Borehole
Disposal
v TRU/RE

v 1, Tc
v U(for disposal)

Interim
Storage

v Cs, Sr
v" U (for reuse)

olr
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