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Nuclear power is currently the second largest power supply method in Korea and the number of nuclear power plants are
planned to be increased as well. However, clear management policy for spent fuels generated from nuclear power plants
has not yet been established. The back-end fuel cycle, associated with nuclear material flow after nuclear reactors is a col-
lection of technologies designed for the spent fuel management and the spent fuel management policy is closely related
with the selection of a nuclear fuel cycle. Cost is an important consideration in selection of a nuclear fuel cycle and should
be determined by adding external cost to private cost. Unlike the private cost, which is a direct cost, studies on the external
cost are focused on nuclear reactors and not at the nuclear fuel cycle.

In this research, external cost indicators applicable to nuclear fuel cycle were derived and quantified. OT (once through),
DUPIC (Direct Use of PWR SF in CANDU), PWR-MOX (PWR PUREX reprocessing), and Pyro-SFR (SFR recycling
with pyroprocessing) were selected as nuclear fuel cycles which could be considered for estimating external cost in Korea.
Energy supply security cost, accident risk cost, and acceptance cost were defined as external cost according to precedent and
estimated after analyzing approaches which have been adopted for estimating external costs on nuclear power generation.
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-
‘ PWR SF |!j

(a) OT cycle
PWR
‘ PWR SF HLW
i R
b) DUPIC recycle CANDU fuel,
B Sl
CANDU CANDU SF
PWR SF
Y HLW
—
(c) PWR-MOX recycle ‘ Id
PWR MOX fuel  PUREX

PWRSF MOXSF

HLW

‘ SFRfuel
PWR C—/ ‘—' Id

Pyroprocessing

(d) Pyro-SFR recycle

SFR SF
SFR

Fig. 1. Schematic flow diagrams of nuclear fuel cycles.

OT HA5F7]dA e AAR2HE FEHE ARE-
ASE ¢ o] A glo] I+ HRAER Bl
2}, Fig. 1(a)¢} #2o] F38 AsF7]E 748k ©
+ PWRI A0 2 ojust A= AA| = A =1t

PWRoA LA == AR Am = o8] HAeha
T gy S ekl Qlvh, wFEe} Ak
uhet WEARE 3 5wt EFES} 35 GWd/tHM A4-EE 7]
F0 2 th2F 0.9wt% U-2352} 0.5wt% Pu-2397} A58
ol &S "ot o] AR s AASEtES A
83 CANDUE dAt2oA A8E AM-E & Qe %
ol Ao} 7tEages AX EIBPEE] AAHH
PWRE] AMRF3 A8} 2 Q88 CANDUY| &7
T AUt ol9f o] PWR-CANDUZ} QA A5 F7]
DUPIC & AAgF7]2} 8t PWRY CANDU F 279
Ak2e} PWR ARSI AR5 E A 2lste] CANDU dA5E 4
A= DUPIC A 2 A ] oA T == #7]1E3
CANDUOJA] 14~ § WA v &= 9| 7] 55 A sk g e
2 A5 F77F A E. (Fig. 1(b)

PWR ARSI AR E o 2eh= Festd AA e
342 PUREXE A &Aool AHgFedes &7l &
FEAE A8t U Pus 38 & EFAEEHE(MOX)
Fe 2 U puo] £3H PWR 98 A|2E 98 AHgHT

o

= g

‘

(-

245



Byung Heung Park et al. : External Cost Assessment for Nuclear Fuel Cycle

PUREX7} =l sl odg 7] oA]s PWRA] WEE]E= A}
g5 dAgr A 2E F oha] PWReA dadd 1w
F71 WA 0 8 AR HA] X8kl PWRAM W&
= AH 3 MOX 918 PUREX 34 olA LA EE #7]
23} 3 ARH 0|23 FA8F7|E Fig. 1(0)9} 2ol
PWR-MOX & 915572} g},

PWROA] ZAFE B 2 oA v 2 e Al Sl odg
el U " TRU Y459 AAE 98] &2 (SFR)S}F A€
A ATF77F 142 /L) I 2= AL e, PWR-MOX
= g SFROJA HEEE= ALl odg = b
2 #alE 4 9Jo PWRF SFR AFSSalolg ne

|23 (Pyroprocessing)= -3 x| €}, o]} 12 Y
ARF7]E Pyro-SFR | dwF7]2t & 4 9le}. (Fig. 1(d)

AgFEr)dx BAEE Bds2e Py, o
9l AZAA 27 A= H)w3 4= k. 1 TWh A2

e 7o ® FYAH 7HY stellM Aldtd =25 E 2

A
[e]

N

FH)8-2 1) AukEl 27 43
Ee B8 2) AR AR GIA] &g w= )
2 27 dEl oA BA = 25
&l ExternEY} CASESO)| A= a3} of| A] 1kAg
=z % 7P°ﬂ gk fle A=
Al Aol ARl

@ o] 5 o
Hhogste] 3 AkaiAl Fagh AbaLg)
o] o] gt 7} & H7}38t et oy

2
2

1y

=
o%oo

e < R
2 AL L ood fo Hr oo
(o]
{0

o2
)
RN
il

_,d
)

o

Oﬂ: —lNI
10 [
LD
Job 3R
4 &
l‘ O
2 ° z
ll 2

fo gy rIF gy

2
S
o,

o o oo o
>

oo
=2
e
re
-4
il o

> o ® N g i oo (o
jus)

O o
> o
2 ro
f
I
o
My :Jd
o
by
A8
>
X,
o
A
i
f
rsu
&
op
i
)
do
12

A}

A
o
i
(i,
=
oo
(o
fru
M
Hu
i)
4
X0,
o
]
v
*

jincd
l

ox % op
o
)

=7 3ol Al o] Fu]|g-o] AAE|o]o
ExternEU} CASESol| A9} o] oJut & J
Aol 9]5} Hl%@— 517}%}71 AerE o AEe] shak

.,,d
er?L'
Py

gt‘
o

246

i Mining& | i Mining& | { Mining& | i Mining& |
milling | i miling | i milling i miling
20444tV | NU 18.769tU lNU 1792HUl NU 12.342tUl NU
A 4
EConversion | Conver5|on Conversmn EConversion
20424tV | NU 18.750tU lNU 17.903tUl NU 12330tUl NU
A 4
fen | 102521 | i
{Enrichment i Ennchment Enrlchment DU Enrlchment
2215tU | EU 2.6600tU lEU 1942t l EU 1337tU l EU
A 4
Fuel Fuel Fuel Fuel
fabricaion fabricaion fabricaion fabricaion
22130 | Fuel 265710 iFueI 1.940tUi Fuel L336tUi Fuel
‘ PWR ‘ PWR ‘ PWR ‘ ‘ PWR
2651 tHMl PUR 1.831tHM l f 1.261 tHMl R
Pyro-
DUPIC ‘ PUREX ‘ processing
0.018tHM| TRU
002tHM | PU 0041 tUi U
DUPIC 0.109tHM| MOX fuel SFRfuel {0072 tHm
2558tHM | Thuel” i | fabrication fabrication | Hiw

MOX SFR
0A273tHMl fuel 0.432tHMl fuel

2088tH | PR
0.106TRU
PWR ‘0.267U‘ SFR |

| CANDU ‘

SFR
0.373tHM <

Pyro-
processing

DUPIC MOX
2496 tHM | Vg 0259tHM | eY

a| Disposal ‘
(a) (b) (© (d)
Fig. 2. Material flows based on 1 TWh power generation at
equilibrium[4]: (a) OT cycle, (b) DUPIC recycle,
(c) PWR-MOX recycle, (d) Pyro-SFR recycle.
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Table 1. Basic data for energy supply cost estimation (End of 2013)

Nuclear power generation’
) GDP G

T (trillion KW)? ~ Amount  Proportion (trillion KW)
(TWh) (%)
1.372x10° 1,363 138.8 26.8 365.3
" Jun et al. [6]
* BOK (www.bok.or.kr)
* Korea Energy Economics Institute (www.keei.re.kr)
Table 2. R; on nuclear fuel cycles (trillion KW)
oT DUPIC PWR-MOX Pyro-SFR
365.3 304.2 416.7 605.2
35
3.0 4 DUPIC
or
2.5
PWR-MOX
=
S 20
3 Pyro-SFR
g
= 151
8
1.0
0.5 4
0.0 -
0 1|o 2|0 3‘0 4‘0 5'0
Time (Month)

Fig. 3. Energy supply cost with nuclear fuel cycles.
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Table 3. Accident probability with nuclear power plant types

PWR and CANDU SFR
Reference Per year Per hour Per year Per hour
IAEA 0.00001  1.142x10°
World NPP 0.00035  3.995x10"
107 1.142x10™
Japan NPP 0.002 2.283x107
NRC 0.0001 1.142x10*

Table 4. Accident probability with nuclear fuel cycle based on 1 TWh
power generation

Fuel cycle Operation time (h) Accident probability
- TAEA: 1.343x10°
- World NPP: 4.698x10°
ot PWR: 1,176 - Japan NPP: 2.685x10™
- NRC: 1.343x107
- IAEA: 1.470x10°
. . . . -5
DUPIC PWR: 83.5 World NPP: 5.142x 10_4
- CANDU: 452 - Japan NPP: 2.938x10
-NRC: 1.470x10°
- TAEA: 1.343x10°
- World NPP: 4.698x 107
PWR-MOX - PWR: 1,176 - Japan NPP: 2.685x10™
-NRC: 1.343x10”
- IAEA: 1.018x10°
Pvro.SFR  PWR: 711 - World NPP: 2.841x10”
yro - SFR: 776 - Japan NPP: 1.623x10™
- NRC: 8.128x10°
A}a1gh 73ko] ARt

) A7 2 AR o] FHAARES 1 TWh 7|E0 2
T& o) AxtEo] 9glom4] o] & 7|Zo 2 1 TWh A A2k
Al HARFY] H AT R A2 AlnTES Tkt
o] Table 49} o] AAs Y. HEHo2 AA FF 9A
FOALT Blain] -9l 5829L ol gate] HdaFrd w
9] g AYitel thek Akl 93 w]-g-& ALkske] Table 59
Azs At

Table 5¢] A3& DUPIC A7 F=7]oA 714 2 13
H]g-o] F2kE] 9l o1 OT9} PWR-MOXE FU3H v, T1g]
3L Pyro-SFRe| 7P A& n]8-2 2 ALFE Ik o]i= CAN-
DU 972 §32 713 MWE 1000 MWS] PWRe] A 0.1 o]

= <19 DUPIC S deF7]0] & A4 $AAIZke] 14 27]
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Table 5. Accident risk cost with nuclear fuel cycle (KW/kWh) Table 7. Public acceptance cost with nuclear fuel cycle
Reference oT DUPIC ~ PWR-MOX  Pyro-SFR Amount of Waste Acceptance cost
(tHM/TWh) (KW/kWh)

IAEA 0.07789 0.08526 0.07789 0.05904

oT 2.088 0.1048
World NPP 2.725 2982 2.725 1.648

DUPIC 2.469 0.1240
Japan NPP 15.57 17.04 15.57 9.413

PWR-MOX 0.368 0.0185
NRC 0.7789 0.8526 0.7789 0.4714

Pyro-SFR 0.0724 0.0036

Table 6. Conlflict cost on low and intermediate radioactive waste disposal
site [9]

3o 1 mid 1 tHMo] A& &= Ao 2 7143t &+
CF sej w49l ol 1 mel B4 1 g 7
Unit cost of | d int diate radioacti t = - w =
e o on g TGt e VI 55y g o)Ak A WAGMNE AN WA A
Aol nabil F3} £FHol ARHY AEFAARE o

Unit cost of radioactive waste disposal of other countries 1531

(million KW/m®) : A7 F2A S} S 2B E7] wlEo) o] X2 1A It
son1 RN, 1E9] #1718 A8 whol 3ol wh9)E 50,21 Wykel/
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