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1. HAAM XX 2|—Pyroprocessing
2. 1122 — SFR, AFR(ABR)<>ADS

\/

s* Sodium Fast Reactor

¢ Adavenced Fast(Burner) Reactor

** Accelerator Driven System

(ADSR, Accelerator Driven Subcritical Reactor)

3. 3HHp|. HSHPRT)

Partitioning and Transmutation

4. W& hA 2
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— M2 Z 0| HZ = UO, LWD, MOX FBR
% Smear density®| =A(75~80%)2} ZrA 72 2 &
— O3], 852t ds(ene 123

B. 74 AIX
% IFR7
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C. 83Y9==H(Salt extraction)i}
25 M| HKN| H(electro-refining)2| =g

D. a) =2/ +H((EE & )
b)2t=t N =8 (Nsdaxl &
AL

O| &t Eoi<+E )

E. 12 8 == E2|7](Ar cell)2] &7H0|H,
N EA =7} =L



[FR(Integral Fast Reactor)

S (LMY £ =2-1984H 2 E IFR Program
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| Cdﬁﬁ Bt
=1}
LiCI-KCI
Hoj 22 SRR
(650°C) (500C)
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AZX =
(1500C)




O

AZ AN sl K| (Disassembling)
DHFE 9| é': (chopplng)

3)AtS}(i I 2 2 -decladding) %
— _T_'%*._ 2}(Voloxidation) —
» 500 ~700°C, 1 ~ 2h, 3U0,+0, > U,0O,
» 21 S7}2 = B 1t
% FP7FA(Cs, Tc, Mo, I, Kr, Xe &)°| XA « &t
% Tc(97.8%), Cs*Mo(30 ~40%) X| A

~FPAMSIE Q3 2 22 1000 °COAC 2 O 22IC}.



DFDF (buPIC Fuel Development Facility)

s X|CH 2kg/Batch(Batch&F 10€)
— 12 Mzt 0| 2EH(Us0s)= ACPF=E

DUPICAH =lo| 41y

Direct Use of spent PWR fuel in CANDU

1)EAT2o| AN BSHARS STEO| HARE
(TANDEM—DUPIC)
2)1992~99EH(DUPIC) 77t K| 488.46A 9| < M| HHH|
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AMot=0| 353}
1) " & (LiCI-Li,O, 650°C), & Basket, Wire(Pt)
2) Cs, Sr, Ba, ] 2 Ml & (G3l=)
— A3l=9| EXFO|HX[7t LIECH 2 A
— ALEO||A Li ECt & A2 LMZ=HEE =
o MAO|2o| MAAAHE "AATEA" EH
3) Eu= N| 2|2t Lantanoids + 2=FP
+(U+TRU)+= BasketOf| =0}, TSk k& 73 Off

o=l  U(99.7%), Pu(97.8%), Np(98.8% 0| 4})
Am(90.2%)



HAZ XM O 2 E| S S EESA2
onditioning “rocess Facility-




1kg/Batch

20104, ctxH 2l o] M2|5 L 20kg/Batch

A 7|53 A 27| =(F78)—16h/Batch
B. 8h/do| Ao 2 104 7t9] 8OA|7t
—Z2X[7IE, H=HO| O|F-AZ 28, &4,
XFK|LHZF =
o o
C. x| A37 2 —1Batch/2F 47| &
—So AIBEZAZY L 3tst2 A (30HE) +

102 2N

D. ¢F 307Vl /y2 HL, m .

Rl




57solld - | liquid Cd
cathode cathode

-y

500°C
LiClI-KCI
eutectic

Liquid Cd
Anode

AM: Alkali metal FP; AEM: Alkaline earth FP;
RE: Rare Earth FP; MA: Minor actinides
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M Basket
2) B230| U(Denriteik)—3|4=&0|(HEN7)
3) CdE2 20| U+TRU+RE—EEE |
4) QZig|F= obZHp S| E 2 (ALE) > MG E ?
S) AEMAZO TEE L Hull, FSLFP

(Zr, Mo, Ru, Te, Rh, Pd, Nb &), O|ZF9|
Xt= Actinides 7} A BasketOf| &=L}

— 4%9| Y2, 11%0] LaHs



[ Hertee oz 230 s|4srt |

IMs= | HKlcd 5= | A Bis=

Ul 2.0x10u 25 1300
Np|  2.1X107 28 200
Pul  2.7X10° 18 130
Am 710 10 67
Y 0.37 0.0053 0.0012
La 0.09 0.28 0.59
Nd 1 1 1




S8 HETH2| MA, FPR|

A 593K © Batch=2| X|ot1} 2&I=E O XT}

a)FP(Cs, Sr, Br )| =X 0| t= 04| kit:-=CH

—=70|, AL, ALEQ| =7} =, Batch =9| K|t 2

a5 g8eE2 ddo= 2hAE5E 0| X5}

b)0|2|= Actinidel| S| B0 [E 2= X O] =&t
OM==2| RY0| o EEHFE E=Ch

»Bach==2| NSt} Pug|=9| 7|A|=, &£9| Actinide®?}

FPO| 527} 7| &

B. &|2 = SHIX|-ArStH|Q| 0|8
O’Act|n|de7f FPELCF HA Zeolited|| S*:t51E2 £,
a)ge s N(F&L)S ZEst Cdot ME—Actinidel| CHEE0|
Cd=
b)ActinideZ} 9= €= Zeolite 0 8=—-FPx=
COFPZ X1|7i§F At ActinideE Z 35t CdE HEA|F,
AMSEH|(CACL)E ®7tsto], ActinideE o2 F|=E2IC}.




(4) NSl K| & (Electro-winning)

1) TRU, U, REQ| 2|4 = Ignot
—Cd(5 78, 800~950°C) & T5{{E2| XA
28 A (LiCI-KCI, ##scd) o| =
)5 559 Cdg=2| fEk— U(49%), Np(0.2%),
Pu(48%), Am(0.8%), Cm(0.2%), FPs(2.1%)
3) 8582 TRUE FHIPI0 2=
—Zeolite ColumnO| £ 9 2 &O| 2|AIO|E
4) dZg| = 52 Sodalite 13N 2, Cs-Sr S*f

Zeolite Column EER S 2

S)HE7rS (I HEE Y

2) XY O4E)K|°4(U-I-Zr) *L'E %Ql g A
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= O =

& OBL=XISl 0|22 (QF 0.6%)S OF 94 ~96%E

ZE PN

o SN[ ECF A oSk

OF&| A

- L- O

2t A Xl ot = 2 78 X £(0nce through)0f| H| o}

& AEHERO| T2 ZAT00£9] 1)

w KB 2R 0| B2|7|ZHGHE)—(102HH0f A 30050 2)
S H| 24t

“ HFEe2[0|BE2 HBI|AE20 HE =75
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ra e WU =S RSl IDN PS =Y
x A E
7} | 1.Minor Actinide®| O| & (B &
Z O | 2.8 Z7| 7H(SF)
& Cf 3.3 2 (FE, Pu)
o Ch |4 2H[(TX])e =+
o O | 52K AR 7| Z2f &
< Ot | 6.2 H[ =4t
7t 52| 7.5 EH RS A2 9l Ba|7|7te = A
? | SHIEEEXIUY M| SEe| 744)

Closed fuel cycle




U236

U238

FPs
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A. AR O Mg EE — OFO| L A

[U2359] 4.1%&=%=, 1000kg] 2| A= A|

olU: U235(59kg) +U238(8,241kg) =8,300kg
21X U235(41kg) +U238(959kg) =1,000kg
DUO| 2HAl: U235(18kg)+U238(8,241kg) =7,300kg




MOX@ 2= Zt2U7} 0

< Thermal recycle(MOX ¢I29| A2)
U235(0.9%)+Pu(1.1%) =

o MAHE2[S™HaO| Loss A EQOHXE 12{5IH,
Q75| XH% ET I:IfO|I_J|AO| 7?'_“0| Ct.

% 743, SFR7} T2 E|Of &, SX Y| U0 PMHO=
082 Ho|BZ,

U235(0.9%)+Pu(1.1%) +MA(0.1%) = @ X

S« XX 2| °4i7f4—(7|7|
F0HX[E 12otH

=
Ol




» AL QAR

2. Z7tLMNE| ST,
(1)2015E 122 TR, HHYA|2 2, MK E|SHE

ZAAH| 7}, 7,600 "(1993I—=I)—><>t 272,200
(2)5-%%*%KIHIE, °F 1,100 /A3 &7}
(3)20154 122Xy, IHI—|E|I:I|RO|

112 H(2004EH) =15 47 (AN AHAH M)
3. s Z AFO|2(32,000t) MK |RO|

18.8& (2004 E)— x| X 747< J0|2t= }EEE
4. =g 4l XSHEZF H[E I1I2IEI01 |C}.
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A. I 2|8 15.4x1H1(32,000t)

>6,394t(PWR)x4821 2| = [aiel VA=
> 7,414t(PHWR)x3921 & =0F 35 6= <
B. SHO 2 AFO|2H|E 74X (St 740X L))
=>6,394t(PWR)x 2F 2312 OF 1
>7 414t(PHWR)x Qf 231 Q| =0F 171 %= 2l

C. 7H5 & 100%S MH 2 3t AL 57

2F

1L MANE|S ol = ZENEZ 2 ER0IL

2. PHWRO| SFO| B2 ?



Mock-uptt+ 22| Al A|A PRIDE
PyRoprocess Integrated inactive Demonstration facility
IOVPREIES RIS 74l C &4

+10t/y] Ma|sa, AMH| 330 (FY ?)
— SAX||, & 750t/y(PWR 20t/y + PHWR, 95t/y)

— 757|9] 3% x 330 2= 27347509 ¢
- FHAI 2@ 7= MEAl2 S8 205 ?)

S U AMTYKE| SEO| AMH|THEAL, 199214)
— 2|52 20t/y, 258242 (2F 2600 &)

2. = SH| 2 g4} AL XtO|7} B{Lt

—2HH|, M|, 22 ZH[(ZH|2] ¢f 40%E ArX|or=
717|n2tH| 5), 21A8|, 17| =X 2|-XZH|, sfA 1|
—7t53&(100%= &5 0[Lt) 2



<R.D.Philiip, Commercial-Size IFR Fuel Cycle Facility,
CRIEPI/EPRI Joint Study of IFR, June 9, 1986.>
.::>_|T|_|.O| = . I .—'A-”AIO| |:||_9_O XAI—
AIEH|= SAI0|5590|1, 282H| 2829|1

e = -
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Comparative cost analysis of direct disposal

versus puro-prosessing with DUPIC in Korea,
Jewhan Lee, Jeong Ik Lee, Woo Joon Chang,
Soon-Heung Chang (20104)

The primary conclusion of this study is that
the pyro-processing alone is still more costly
than the direct disposal, but it can be
compensated by the DUPIC at a feasible range.

¢ DUPICZ Pyroprocessing 2 CtE =M X = SECL.
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KAPF

-Korea Advanced Pyroprocessing Facility-

2012 H — 2=+ & (PRIDE)

2016 H—-ASH2?

2025 -4 E(& )+ 2, 100t/y
UFMF: U-Zr Fuel Manufacturing Facility
TFMF: TRU Fuel Manufacturing Facility

The US Department of Energy included in its 2008
budget funding for pyroprocessing R&D. This was
sighificant in that the USA had strongly

discouraged reprocessing in Korea previously.
(World Nuclear Association)
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+ GAECH Ao 2 A7+ 440
tom, B 2|7kl SFHEIs
(1) 87|-8012| 0] 0| GICHF 20| BCh

2) 2 312 RS AFBOHA| L
Nn-

— X AL TBP(Tri-n-butyl phOSphate> =)
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XHX'| E‘_._II-O‘ :L% E‘Aﬂ

1. AbDA|O| C{-FRI|BH(FPsC| = =
5| 2 A|OFHU235) — 900g(FPS),
LF7FAR| (Pu239, 10kg® &) — 1,200g

20& /49| MK 2|5 %=9,000,000g(FPs) =

2. Xt Qlo| mE=T}
— Am, Cm £9| _T_'(%)Xf% HEZO| Tt
— SFO| PuO| BFAFS 2 22 Pu2399| O
— FPs O| HFAFS

APLDA|, E=7| 29 F 7|2

= FHN-S2| et



3. @5Pull 7|5 L=l ATt
Ar7tA 9| Hot-cell, FIAXH™ AHK| £

4. Xe, Krr T 1 S H{|7|7}A HIE
— TX 2|0 (2 80%) HdHAIE (2 20%)



0| =2-Z = M-S (MA2))e| 17| =

O 3o| HXNe[sE HiE7tA, E5E Y
FPILA, CdQ| 7| &

QR EO| 24, NBHE(MIIR 2 5). T

=
77|, 7|, Impeller, Mol| &=, &, N[22 S




Off-gas 7} A 9| Ui =

1. 2QE(-ZH) SEEK, H=Xe)=» B M
FEAAM(Cs, Ry, Te) A 1 A3HE(Tc207-
SXEF Cs202, RuOs 5)

S(HCHEN) | 7kA Q| 90% b=
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Off-gasO| N|H - A&t

1. R E()— Zeolite filter
(1) FPsQ| 2f 1%(= )
(2) 1131(8<). 1129(17008FH, 2F 75%)

M HH|&?
2. 22/E(Kr85, 10.74H)— il 71818

= H—
(D2|F=>Adats7E, H22ded, 1789
— Cell2| Arg W45l 1ol 2l H0
)ME — B0, 100~200EH 7t Z}A RS BEX|?
(3)Kr90—5Sr90, Kr89 —Sr89
3. T(12.3H)— At310t0] HTOZ EE




4. Tc = 52 H
5. Xe — Cello] ArS (ML EE)2 X
HEZ L=
T O

@ I(Y,)Q] HBIA|O| & Xe7}AQ| HEZEFD
79| 100%

< C14(5715), 1129(15702+ ),

Kr85(10.76 3 )=

TAs2 IR F=

oH
L -1
25|90 2 sHHESHIL =L
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IT. 11 =2 (Fast Reactor)

EVCRTEN

1. MEX7|, RetsXAt& el o 2~d

— J1===Al 2 (Fast Breeding Reactor) 9|
A=, FetsAt L oHA & S &
2 Z2egolMitz

X O| sl Ht-S 2 (Reactor)
SIEZ R0 ASS Q1

AW N
07 T A
4= 3
do o
A

[
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LWR SFR
= aAt =3AXt NE=gXt
(2200km/s) (28tkm/s)
UO,, MOX HA = 15E RitE,
Pu, MOX
=(8F), 7t H2ZE XY Pb, Bi, Na, Gas
= 5T 8¢ N HeRE
=

1.24~1.29(0| 2 )

°F 33%

O | 1> | JF> |

ne | oM |oN |0
40 | MO

0.6 7
39%
= ot 8 = O
x Ab LI B 3t
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1. 19468 &, Al 2 Clementine(25kWt)2| A
2. 19513128204, EBR- I (200kWe)Qo| Zx|== &M

3. Al 2 EBR-II(1961F) Bl FCF(Fuel Cycle Facility)
4. 242 CRBR (Clinch River Breeder Reactor )9|
Aol =}AE (19834, 91%2t =)
—|LWRQ| 10H}jO|Ato| ZHAH|!

XY, 2™ (E79|, Module)2| LWR 8! SFRZ 9| =}
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1.1959F
2.197417
3.19931
4.1994'5

, 2P E DFRE| A »E=FetsE

, AG Z PFRE| &

, mEA5E EFRRAEA = ZE(Z0, SX])
, PFRQ| TH| 24

1. 195743, Al 2 RapsodieQ| QA

2. 197343, R 2 Phenix2| & A

3. 19854, A= 2 Superphenix®| & A| 2}
1§ 2H (1998 H)

4. 20104, PhenixQ| H| 2 (MAL| HEFZ Al)
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— 60 ~70HLCH Z=7JtX], £3| Oil Crisis(19734),
LWR =2tC{ el Ue| =g HEI (V14 dS) Ol
6. AT ZA - PusQ U2
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H2AS 52 7h E=

1. O|= — AFCI-GNEP, Gen-4,
MM A AN Z(ABTR)S| = A,
2. m2tA — 2025 77HK| K& 2 ASTRID(EE! Cycle) Q|
A= (AR TEE?)
» M HE AL V| = B(19913)
» HARE | 7| =22 | A =l & (2006 H)
3. 2{ A|O} — BN-600 (21%2} 33%2| HEU)
BN-800(215 122, X| % O] MOX SFR - 2&H)
« STARTO]| [[}2 Pu(34t)Q| A A K&
. E=32 — 20104, Al 2 CEFR(64.4%2| HEU - MOX)
Tho| 2| AIO| 2 (T A
= (X 7HS?)

— 11

/
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1. 1992, KALIMERS| &+t

2.199716%, ARG SETI|H
- KALIMER(152tKWe) 7 = A A|, 2001 EH 77}X|

3. 2002-2006 4, KALIMER(602FKWe) 7| A A|
- 2028, KALIMER(608HkWe, A=2)7H4 A
-20404E, KALIMER(1208tkWe, A Z)H A
- 2068, Break-even reactor

4. Gen-1IV SFR(PGSFR)Z A A H A
ABR(Advanced burner reactor)
‘¢ Break-even, Even, Breeder
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PGSFR

Prototype of Gen-IV Sodium-cooled Fast Reactor

A AIEE

= O
» 2028 A0 ™ (602tkWe)— with ANL(Design)
»U-Zrgf8l=(=x7) - 670

U-TRU-15%Zra&5%=5— 1174 &

4

L)

®

L)

0

4

L)

®

o 60U VE, 7lae= 70%, €2 = 38.8%
¢ Pool-type(Tank¥&)
1) XA > Loop-type

2) AAIHIK — X[, E2? 3) 22X 9F

4) YZIHRS




Fundamenta
Prototy

Approach to Safety Design of

e Gen-4 SFR, Tae-Ho Lee
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1. AR S4 734 B3

(1) SAI9]| 60~70%= =210 A, L}H X| Blanket

i S A ZH30 ~ 60) BT L2 0| =5

H O] &7} OfL2r S| Ared
F2 H:I|E1|0| Trade off J—F71|
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@ Urtele

1) Az 0| EHE - 7HEds
» 2000 CH, MAIGIA 1,0007|2] SHEFH A FA| ?
s SOt LEts, Ko LEts(SF 462t)e| =X
2) 100H| 0| & — /& & E
»UOIE HALE(2 0.5~0.6%) ©@ NLZ2(2F 60% ?)
(3)H|A AAH|-2HH[(Monju, 282tKWe)
1) A A(B60A)—95HE, AAHAFLLA|(5,886HA)
% ohA7|Ee 2HfRCt
2) 2015E 77k K| 2| 27 X|H|(4,339H )
* 7157(2k 369, H7|24Y O 6240l
* HXZ0|E Na2 £ QX|(H]2) — 2 200°C
3)20154 32lak =H|& 153 1,703l

oo kWEol' ?_-|A‘||:| =
=4 LWRS| ©F 11HH

4

L)

(R )

L)

L)




1) Joyo(Hd 2, =4
% 200745%, O| 52K D% —
Al Z4 0.6cm 40| 1.3cm2| =l
& 28|7|7t 2~44 - ~p|EF 4l &2
— XY, 7| &

< H[E 4~100

2) Monju—14d 574 9| &4=7|Zt,
<« DUWSAEX S 1 (2010H8Z

l
i
HL
mi
N

(4) =2 H 2 H|Z(JAEA, 2013 H L| E =4
— 23,0004 A(Z 7} 78! )

(5) SMR(Small Module Reactor)2| &%t

(6) 7|=71ko| RIEH? —» E5IAlM



1. Na(Moniju, 1,600t)

(1) =2o| HHo =
SEALS| AE£=7) QICE
a)330 CO|S}— Na+H,0 = NaOH + 1/2H,+ &
b)330 CO|2f—> 2Na+H,0 = Na,0 + 1/2H,+ &

(2) 7HE AL} '*fE'—fE O °I°F7I7I9<'HH 2 S9
<1 2>
57|28 BtE L =,

A A A :'
%AI_I-—l—; T =

% Cover-gas = & X}E(Ar Gas), 1XtA S 2 (N)
7FEEOI X oF = Hj2H5 4], i3§, = 3 Am241)
s DA|AEJ(F ) E Bl B2t

00 00 00
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(3) Na(8 ™ 97.8°C)o| EETHAM
S APDAL B 7|17] 9 7|s7eo e
— H7|7ko| F7|SHAM M KB}
4) F280 SS9y = 3| A2 E9| &4
* HX|Z=0|E Na2ESX|(H &)
— 9F 200°C(Monju 2 X|H|, 2002 2ll/14)
(5) Nao| == atz| =&
S ERE(RE, AAERE)0| Bow,
SR EIN T INEE
(6) Smear density/r HES| L, HAV| 0] ZH,
% FP7tAQO| =X oz mERLYO| 7tA Y S}
* Swellingllj 20] =2t DS 4ZEE
< REZ} m|E 2t 83510, 52 FH <9




(880°C— 7| X|Na)—

—H|S

O  Kop
- ol oo
O or <1
B 1o H
~ M1
BKF
v 1 Hr
O o0
S =1
= __Em_w
LH o —
ol 4
ol Jurs
0l 1
— 4o
Ol ._.o_._”_
H ofo H 1
8d0jo otAo
qr=o <0
Moy oT
T ol
SJoKf-__OF.=-
OHr< ™~
H <okl
ol ol H T

SB[ °| Void coefficient

=
o

* NaQ| H]

Kid

A X} spectrum@| fififk
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o

[U235, Pu2399| 3

(100keV™H ) — == Barn

1. 254Xt (1eVO|5}) — 500Barn
2. 15Z 3K EG

74
(€F 3.4mm), FBR(Monju 1.4mm)
A

-O

—
= T

WR(&F 0.62mm), FBR(Monju 0.47mm

]

7t

©
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Reactor containment vessel

Cladding

tube

Monju plant summary

Secondary sodium Steam generator
circulation pump (Evaporator)

Auxiliary

air-cooler l l
‘ [N

ﬁ

Steam generator
(Superheater)

Primary sodium
circulation pump

Core Intermediate
heat exchanger

Turbine

Generator

[ —

b Condenser

/ -

Feedwater Pump  Sea water

Reactor core
Guard vessel






1) 9dE(x2 2 5)9| atX|(Core compaction)
A = &4 (dispersal) 7ts-80| &0},
1ot= O|O1RICtH 10 =%
(2) H=8KN[7F =2 &EC 8E0|
(3) Z=HE U2380| Blanket2 A HEZ O| =1 QLC}
(4) 2= &EfO|A LIEEL| H|S(Void S71)
SEH.QD AL L, HE o ot

-1 =

C) Ad=es 52 2
(6) =52 20 2t 5717l =52 x5 AU

= —/ —
(7) 59|, sd2| BIS0| &€&t S7|7F 52 HES
O

(8 == G=7}
(9) 40 = EfAd Lid{Qt 2o A= 2f 2FH|SHC.
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4. OI'_<I5|' |:C|>|'A|')é'>|_c_)_‘ Na

L—

“ Naz4(15A|7ZF B2ty), Na242| 2F 2000 2|
19| O] Na22(2.54, vy)

— 758X 2 1T E = AXZ20 B2 L

Na22= HTES | E HMH 2F 10rem(100mSv)/h

— BFALSHEl Nallj Z0f| LH &I =, A8 -d X5}

17/

s B 214 24740 LY R 39)

(1) Y= (GNE )R] — i

= O o
o LWR(1507|¢H &IZA70cm, &7 7cm
SFR(2F 107|¢H) &AZA80cm, 74 1.1cm
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o NaX{ &l 3 (Guard Vessel)o| &=

[Monjul| A1 Abd]
— s SX(13EF)e| EA
=2 EX[(IA|ZE302 %), Na+==2H < 0.71)
~ 0|, MonjuAtdl, Y5 2{3|I2 1A|7130E
A9, etk FEX[IFX| 7| 347+ 402
* 7|7|7} &= €34 — Monju(2f 10Hf]) > LWR
% Monjul| | X2 7|2| Guard Vessel=
—=0[| 12.7m, =74 4cm

6. HiEtLN O HArS| 2 E

“ HiEtLhO| NaZt 0 Rl 7tsd
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(1) S27I(=, Cr-Modil), w377, A FHl 2| 25
—EHRER +=mm, AZS27?), o 1407| o] X}

(2) MAak(M[2Ho| AAIEEHECTO| H L_I-o )ﬁgg)

(3) S22 A52 R OF 200°C £ CHE WA

8. Ol = XISHH[ O] A A2 2}

% Microscope®| Q2 Ho| ShA




11. 5|0 £ 9] Of3h

% SFRO| aHBIES 2 |\WRO| CF 250H £,
LWR(H[ O &, S4t)2f= E 2| A0 St
1) S oY= IWRZ 2220 L|j(& A 1.6X)
= Nal| H| S0 &4 Ri(=s& ') ?

2) K| =M X}IH| & — U235(0.67%) < Pu239(0.22%)

SFRO| == A KH= 1000HR O] 1K

12. fAZ O Lh7t-d S LHEF 2| S JAF ZA

o = BETYC LT ~H Mol E
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LWR 2} SFRO| SF(/t)

LWR SFR
PusHS 2F(kg/t) 10 245
o A = (MWd/t) 33,000 80,000
= 1| <E(kw/t) 19 75
FPsO| HFAF<(Ci/t) 30 85
19| BFAM=(Ci/t) | 4,200,000 | 18,100,000
Kro| HFAFS(Cift) 1 11
TO| B AFS(Ci/t) 690 2,300
TRU(g/t) 660 1,560




13. SFRO| 297

(1) 8878 0| ZCH1057+125°C).

< LH2tE(2750°C), Efel=(2300°C), H2t=E(25977C)
(2) Swelling X — &7|7t HAA|

3) We 2L O|AME D22t HiLhHE

(Eutectic reaction)

14. 79| CHEH (=4 HY) > LWR

o AAE T LWRECL 3~4H| =0}, FPEF0| 511
B AsE SItet
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_—||__|C_>|_9_‘ OF X A—I(KXF)

(1) ML= HLX HHI%(882°C)77HIO| O 77t O %
AC—a4ast 40 20| Bl

*Nao| H|E7}X| “QF 300°C” O| q#(%x e ey =
500 ~ 600°C)

—NaQ| [t#h0| 9| "2F 4209| 1" 0|2t ™2

“ECCSE Z Q= AO| ofL|z}f, AT 4= QiLC

of Btk

o1 2 , 2 f ._| V0|d3J_r7f IZ-| 3t
(4) RAE22[7|, fi%lliner — MonjuAt L A| I
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. Jrieet 24

-Partitioning and Transmutation(P&T)-
1. N2 2 S22 A Qs XA =2

TT O = O T O—T7T0o0o=2
=2|StC}

2. SFEO| MAZ} LLFPE SFR 9l ADSE 0|3}
HbtZ3 2 Soff, Ct-H alE EE Qi Zo =
H=EA|ZICE.

(1) U, Pu, MA(Np, Am, Cm)2| s 2 &
2) 5 dX} 202 MoHAoZ>CH=HHZT
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(2) & 7| Risk X &

(3) H| 7| =2 Ar& =t



M-1. 9 7|28 74

1. SF&0| T2 2 753U, Pu, B 4HeE 0l
MA, LLFP S & E2|-==73lLC}.

2. 1| L2 U, Pu, MA= SFR EE= ADS9|
AZZ AR
L a2l 212 By YEOR He

3.LLFPE =2 L= ADSOAM S K=l Gl
S1|S S8 - HHT O R HBtotL

4. YRO|LFP(FR, WIF)S BB

5. EHAHEOI Cs, Sr 52 20| MHE-L| 7

O|ME=2 22| E=NMEEF 17|

ﬁu
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4.5%, 45000MWd, 3Years Burning,

4.5%, 55000MWd, 4years Burning,

4yers cooling (=) |10years cooling (ehat)
T A | H = A H|=
U234 | 0.2kg | 0.02%
U235 | 10ke | 1.O% | 1 1999 4k |92.94%
U236 | 6kg | 0.6%
U238 | 926kg | 92.6%
Pu 10kg | 1.0% Pu | 11.6kg | 1.16%
MA | 1kg | 0.1% | MA | 2kg | 0.20%
FP | 46kg | 4.6% |Cs,Sr| 5.3kg | 0.53%
I,Tc | 1.6kg | 0.16%
FP | 50.1kg | 5.01%




=L Fxoel FZY

Canister olE A AFHA{O

Thermal =g = Thermal
Recycle Recycle
A 20829| 1 oF 5HoO| 1

(2F 0.22)

of BhH | <f 300
10 1000£9| 1

= 2
o —

2k 0.12)

N
N
N

|1o

A =9 1 e N.A
A | 10021 | ZHBMEzd | A 3z91) AF4z29 17
HA (1)
1) SLjO| FEL KEXO| B2|7|7HE 3001 0[5}

2) O'EO1|I_1X|75, 2013.5) ;JAEAC| X} =(2014.2), (1)-= Canister,

3) MAQ| HH 31} Sr-Cs©| 100~130E S 0| & ':”J.L1|7|O| Ab|o|C}.
OFPo| £2|2F MAS| B3t (@sr- CSJQEBZ %ol 300 WZts o] AKX
@P&T S™MO| HAH 151N o 60 ZE © 2 1002 9| 1(Z=A7=M)

of 759| 1
(2F 0.15)
TR

80| 1/ of 240z
(2t 0.004)



I-2. ol 4=

1. 2 &Z 2| (Partitioning)2 =7t

(1) XY, #

(2) e

(1822 G~4ER

(3) AZL2| — HO|X 7|&TH ?

2. H=ZHTransmutation)& X| Q| Al 71=M ?

(1) SFR EE= ADS9| 7|=™ AN
(2) )\E|_9_2|-(7=|X-”A‘| 0l otX A =)0
Mal 7= A
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TRUS| &7

S yHZE SEXNHNTE
(W/g) (v/g * s) (n/g * s)
Pu238| 0.56 3.0 X 106 36000
Pu239| 0.002 1.1 X 108 96
Pu240| 0.007 3.9 X 106 1300
Pu241| 0.004 1.2 X 107 1.23
Np237| 0.0002 7.3 X 106 0.9
Am241| 0.11 4.9 X 1010 7000
Am243| 0.007 5.5 X 10° 540
Cm244 2.8 6.9 X 108 1.2 X 107
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1074

®
N

Feprocessed Llranium

Relative radiotoxic inventory
o
=

-
A

10" 107 10° 10* 10° 10° 107
Time after discharge in years
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OlzEl2=1 Heta =2 ot

1) (2&2) TRU F=(2L|)2---oH
— Am, Cm >99.998%, Np > 98.2% ---
2) CycleO}tCte| Loss

CEECE IR PN)

& MAO| ISt 8 OF 14%(22), 12%(Ate2)/
o Am2419| HIl=2 14 ~ 21% 2, MoK £
QIS BEZE Y| 20| SR 2 S0t
& MAQ| ZHAtS BB RSFRO| 24 A ROME
N

-
O
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TRUQS| HH=

STl E (%)
PLENTIFUL ENERGY, The Stor of the IFR, Yoon Il Chang

Thermal spectrum Fast spectrum

Npl37 3 27
Pu238 7 70
Pu239 63 85
Pu240 1 55
Pu241 75 87
Pu242 1 53

Am241 1 21 7?
Am242m 75 94
Am?243 1 23
Cm242 1 10
Cm243 78 94
Cm244 4 33
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ol 221 7| A7 =7HE
O| SFR EE = ADS7} £ 71

AR A, OHE N, HBE Y 777

S LU MER SSTE A0,
2T A= HEEO[Y

Nuclear Wastes: Technologies for

Separation and Transmutation, Washington,
D.C., National Academies Press (1996)



Managing Spent Fuel from Nuclear Power Reactors: Experience
and Lessons from Around the World
-Report of the International Panel on Fissile Material(p.15)-

According to a comprehensive study by the U.S.
National Research Council published in 1996,
however, even with repeated recycle and fissioning
of the transuranics in fast-neutron reactors, it
“would take about two centuries ... to reduce the
inventory of the [transuranics] to about 1% of the
inventory of the reference LWR once-through fuel
cycle.” The study also concluded that this would be
extraordinarily costly.
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Ending reprocessing in Japan
Masafumi Takubo and Frank von Hippel, Report of the

International Panel on Fissile Material(pp.19-20)

Separation of plutonium and other transuranic
elements and their repeated irradiation in sodium-
cooled fast-neutron reactors such as Monju, redesigned
to be “burner” reactors by design changes including
the removal of the uranium “blanket” around the core,
could, over hundreds of years “transmute” (fission)
plutonium and other transuranic elements into other
mostly shorter-lived elements, reducing their total
presence in reprocessing waste to a few percent of the
amount in LWR spent fuel. The cost would be huge,
however.
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Ending reprocessing in Japan

Masafumi Takubo and Frank von Hippel, Report of the
International Panel on Fissile Material(p.20)

A major review of transmutation by the U.S.
National Academy of Sciences (NAS, 1996)
concluded that “none of the dose reductions
[to future generations] seem large enough to
warrant the expense and additional
operational risk of transmutation.”
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U HFErE02| Hl Ul - 29 FP 2 Al-

(1) TRUZ|Z== 99.999% + WZk7|7F 5004 =0
< Natural Uranium

(2) TRUZ|Z== 99%, 99,9%, 99,99% = + HZt7| 7t
1,500 = 0| &=, > Natural Uranium

% TRUZ|4=2 99% + 300~500H90| LHZts,
— LLLW(a 8=, < 4000Bqg/g or < 2kW/m3)
% Simulation| E1}SICHLLFPO| H[AHZt=M?)
— AL AT A 2[of H|5H, FP XA =0 B ZICT.

*\WNA(2015)

(1) BNFI-Cogema® +1(2001) — Acinides N|H=&(99%)
(2) O|=29| A5— Actinides X|7{=(99.9%)

(3) O|=29o| HA— Tc99. 11299| H|7H=(95%)
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Ned BA

MAO| P&T S(Q & X Ah)

A. LWR(UO,)O| ZL2—9f 80%2 £4 7ts
B. LWR(I\/IOX)OI %3—?——>U029| 2HH O At O]

HAMO| WQRSILE, & 30%E =4 THs
C. SFR(I\/IOX)OI 39 —>u029| 30%0|M0|
MM 0 EBOM, %t 40% =24 Ths

% P&T 2 O35}, Thermal recycle 1} SFR recyle , =L}
XY SAL OHEICE
% FPE2|3F S}= SFRrecycle2 HAM = A7} OFEICE,
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The KAERI analysis assumes that the spent fuel would be
emplaced in the repository 40 years after discharge. At 40
years, removal of the transuranics would reduce the heat
output and hence the required repository area by about 40
percent. But cooling the spent fuel for 70 years before
emplacement would do the same.

SFo| 70id i Zto 2 ZH2 S ul = N 2% 40% Z4

Furthermore, cooling the spent fuel for 200 years, as KAERI
proposes to do before emplacing the most hazardous fission
products, strontium-90 and cesium-137, in the deep

repository, would reduce the repository area by 75% to about
5 km?.

SFO| 200 LtHZF = K 2 XHO| 75%= A

Managing Spent Fuel from Nuclear Power Reactors:
Experience and Lessons from Around the World
-Report of the International Panel on Fissile Material(p.68)



3) 1K OtH Mol X3}

o MABTVIZ
1) Doppler coefficient — 252 9| 1~ 3£ 9|1 X5}
2) Void coefficient — 10 ~ 50% S 7} StLCt

3) F2tA], MAZE = Aot ER 7t ULt
O| 5%k ¥ CCycleo| AL, Void
HIS =7 A2 10 $ (FEAN|$HX|)O[LH =2
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Double-strata Fuel CycleQ| /=7
ASY AR ET|-

SXEZE DopplerH|4=2| X5}

CH2HO|| Cior H4to| S o2 ADS)

% OZ(ATW— AAA — AFC) , 4&, o, =2

< H 70| ADS(MYRRHA —2016E At57?), Central Design Team(CDT)
% St HYPER(ADS), MEGAPIE(A9|A) 2N S =sAS &T-ZE|
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ADS 7l &t

1. U} PuZS HO| ILStHSHX| Aoz MAQ| AHA 0| Ho| aiCt
(1) SHIM = MK} — sHEHS} gl sHE

/|- =

(2) ML= H X — 2F 3074 =2

2. =2 W3l =1000tkWeZ(LWR) 107|590 MA w3}

3. &2 QMM N(7h47] 9] HR|—0|QH 2, ADSR)
(1) Pb-Bit rarqa o 284
(2) XILEMAL, HZHx) 0| Void= 1H(f1) S0 2H 7
MjM oz HMC}
() EZ7tEmg 28,
(4) MZ2 MAS| A4440| 70| QiCt
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(1) MEHD|Z= — AU MEF HiiEk 312483}

o

/]

(3) SFRO| 20 2 sHHsH(ZE S|

N5 Xe| B, Hetli & (Target Pin) 2|0
Z&Ping §0{0F BtCt. — H| 257} 7| =712
*x Zt2&Pino| o, Zr-H
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<FPsA M H| 8> 2}

(2) 66~166°| M2

— Of 85%0| Bt2 2 X2k 90~100,
135~145
(3) F=2| 600FZF/F+= 0.1%2| H[=O0|Ly,
= Sr90(5.8%), Xe133(6.6%). Cs137(6.2%),

[131(3.1%), Xel35(6.3%)
(4) 222 Bt 7] 901H 0|5}

< Cs137, Sr909| Histe n2tSICl = A
— 2| CHHAM 0| AOF HelstH, B2 7| HIF G

- - 1

Z O] TICHSr902| &2 100LH) 2




| = X Z2H(1129,Cs135, Se79, Zr93), A X & L 6l A (Tc99,Sn126

T8 LLFP(E 7 /1)

HH 27| usv/kBq | S

Se79 29.50F4 2.9 6g

Sra0 28.8 28 0.6kg

Zr93 1538+ 1.1 1kg

Tc99 21.189+4 0.64 1kg

Pd107 = 6500} 0.037 0.3kg
Sn126 108+ 4.7 30g
1129 | 1,5700f4 110 0.2kg

Cs135 2308+ 2.0 0.5kg
Cs137 30.14 13 1.5kg
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SEE|SL BUELT
BSGX | 8T (kg/Gwely)
E=21CHHM | \WR | SFR(FBR)
1129 30.32 4.6 6.6
Tc99 23.6 20.1 20.5
Cs135 8.3 10.8 34.1




2=7|9] A1t

= Sr90, Cs137---HLW 2t 2fo| 359 2
= 20 57|2HENS)

= BHOHEAT}X| = LLFP, 1 0| <= TRUZ} X|H{&
’0”"1500"&': Am2417|_ X|I:IHI_I
Ul =0 A= 112971 A[H{H

N/
0‘0

> FPO| O 10| LLFP(#HZt7| 30 0] AHO|C}.
S X840 4R, Se79(29.50t1H),
Cs135(2300HHE) 1 & =HE
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H SHCJALO| LLFP

* Io| =8 K| = 1129, Cs135, Se79, Zr93
* AR A S8l = = Tc99, Sn126

A. (X|CHH2S &, 16% ?)
(n.y)Tc100(15.8s)— f —Rul00

<*Rul00(n.y)—~Rul01 or Rul02 (SHHEHZE)
»RU103(EHAFAL, 39.26d)—Rh103 (QHA 8HE)

“HluX 40| Brt

.

(n.y)I130mM(9.0min) or [130(12.36h) — B —Xel30
“Xel30(n.y)— Xel3l, Xel32 (P el =)

or Xel31m, Xel33, Xel33m(11.84d)
<20 A 2 El 2lstHE(RfSHE- ex. YI;)Q| M7d?
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C. Csl35 oeltH =l gt
(n.y)Cs136(13.16d) —  —Bal36
+Bal36—Bal3/ or Bal3s,

Bal37m, Bal39(Et=E{SH =)
0 (Cs133(2F 15%, Cs134, Cs137)

—(Cs135 = S2HIE2|7t 2]

D. Zr93(n.y)—Zr94

E. Sn126(n.2n)
Sn125(9.6d)— B —Sb125(2.8y)— [ —Tel25
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(1)
(2)
(3)

MO|E2 o3 (E=)

AHESAE S 2lers gl FH0i0[&E S

Rul06 = 40459| 0|8
Rh102 = 80139| 0|8
°d107 A Tc99( >Ru100)
A< 2 2

»BRE| EE SR fHL?



SFR2} LLFP(L 22| A| =10 M)

A. SFR 17|(MOXH &)
% 1000tkWeZ(LWR) 3.67|&2| 1129, 1.57| 22| Tc99
% 1002tkWeZ(LWR) 5~67| 22| MA H$t7ts
(]2, 2015) SFR2 Xp7|2HA2E0| 1129, Tc999| HStIHS

B. ADS 17|(=1tH=E, 258tkWe)
o 1008FkWe&H(LWR) 107 | 22| MA HzI=s
—MAQ| SHHSt—» X ZSHEX HE 25%F2 XA
% 1008 FkWe=H(LWR) 1~27|8292| 1129 & Tc99

710k, Tc99= Erfi=k0| BIOf, St el
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1A
o

H XA 3 7|I{ZO0|C}

(1) 1129, Tc990||= 7| XA X2 K X| X2 X

(2) 19| H=2IOo 2 Xe7A EIAMSIN, Pin GasL &
55

(3) I127(n.y) —HISEHXA L QF 6.2BarnC = A 0,

SeALE

4) 5 EZr-H)e 120M 2| - d-dEl H7FA Tt
O=#5te = WEk(0], Zr-He| Zr/H H[EZO|
INEe;

=
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—e— TTHE

X 1E+18 " """""""""""""""""""""""""""" ~=A== U, Pu 99.9% 3|4
o 1EH17 b i N— —— U, Pu, MA 99.9% 34
: A\ S, === U, Pu, MA 99.9% 3|4 12|31, Tc99,
= 1Et+16 \\\\& """""""""""" 1129, Cs135, Zr93, Sn126 99% 3|4
=l . \\\
= o e — — T
9| \ e 1002HkW
L N e L e\ ml’*‘s~~ """""""""""""""""""""" o Haz
° (S 0 RN O ok 7 S ! I 7t 180
- ™ e "o o
< .--------.--_..p..\..-w_---,---------.\..\s ............... oAl
O B ST ¢l ats
A o WAts
e o @ smutation)| M & | 7T ’\"\\‘i """"
1.E+1O I T T T T I \‘
1E+01 1.E+4+02 1E4+03 1£4+04 1E1+05 1EH+06 1.E4+07 1.E1+08

AX2 0| Lt2 =2 ZutA|ZHE)
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RECYCLING OPTION SEARCH FOR A 600-MWE SODIUM-
COOLED TRANSMUTATION FAST REACTOR,

YONG KYO LEE and MYUNG HYUN KIM(2015 )
+*Sr90, Sn126, M099, Te129m, Se79, Zr93, Pd107, Tc99, Sm151

—w— 99.99(Except LLFP)
0.1 4 —&— 99 999(Except LLFP)

5 —iah— 99.9999(Except LLFP)
—&— 99,.9999(0Original waste)

\“\:\L;;ﬁ: Sl

v v

] Uranium ore (0.0019kW/m?3)
1E-3 :
: : -

o
o
-
|

Heat Generation Rate (KW/m')

L ]
] E F A
1 E-5 T \;lf T T T T T T T T T T
0 500 1000 1500 2000 2500 3000

Waste Cooling Time (y)



(1) 99.9999% < Natural Uranium

#dZt7| 2 A

(2) 99.999% < Natural Uranium
W 247|Z7Hf 1,500 %)
(3) 99%, 99.9%, 99,99%9°| 4%,

3,000 Z2t= 0| =4 > Natural Uranium
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_J_l_l-'c'il- 3 :|.7_| ?

X
= 1 -

L S2HEST) =29 28 2 7

—

< Cs13392| HSH0|| Al Cs135(2300HLH)o| A4
— 29|9| (n,E Cs135

o LI O
N
L

—
O
N — L—

2. 2Kt TAEEH7[=0] S7t8tLt.

< Sr, Cso| 22|22 235|8 MK 3tA|) 7t
* HIIHOR MSTIt - MY I F, F

3. 4=417]9| SFR7} HQ3}ICt—~SFRO| S %=
4. Z= Bgte=2 7|40 28 559

-1

co|2EE TdES A0X| #ox| H
HSl S S 20| 23|23 20| S715HC}



X} O L X| 2= KeVt~ 100KeV
erluX(1x1016[n/cm2/S])

Q=R s UetEE0 H

Sr90 Cs135 Cs137 1129 Tc90
SH 2 O A o (o) 2.0 7.5 6.5 1.5 6.0
=MALLZ 0.01~0.03 { 0.1~1.0 | 0.01~0.1 0.2~2.0 0.5~3.0
o
AtAFEF 10%9| 106~317 3.2~32 32~317
|2k ()
SHEHSHE (%/ A 7|7H | 5 7 21.5 20.7
PIEy V=] 21.3 24.3
ZAZIZHE) | a2 | 28 <
2k27) © 12 &
XD &= RFERAFEEH(x10283n/cm?) | =X F 6.3 5.8
PIEyV =] 2.1 1.9
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1129, Tc999| HIZIE &

(SRR ALEF, x10%3n/cm?)

258 5 |E45H §

[129 |Tc99 1129 |Tc99
S} S Ef Nal |[Tc Nal |Tc
2t TIH| 2 50 |70
57| Z2Hy) 28 1207 |Zts |AS

Sk /AH A 2 1.12 |1.17 |1.09 [1.12
X DE=MAF=AFSE 63 |58 (21 [1.9
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puc| CHEX S, 15 0fC

*

(1) Be ZA|Zte] o2 U | RE 28 %ol 0|8
SHALROME 3~671 20| B (EHHT|S)

(2) A 20 220 5|1t A|ZH0] ATiE oz I
2 2l Huolxl I—I[.|7£-||O|_| 'c'>'_||:||§l|-)c\:‘)|% O|—L||:|-,

(3) HEHO| Htg =& 21 Am, Cm S2| &2|7}

E7|'o_én;|' 7|'?
(4) a5UE= MU= 8RELHF 7|2 A =0
X SHS|C}
= .
(5) h M 2| 2Lt HALS O] ZOF A, B & EFe
M20| 20|5}ICt = €s137 3! sr902| X| 7 (& 2t)
(6) Eud54{Qt-g.613) Cel44(2F 285)0| B2 HIZHT|
% Eus= M| E 2 H|H, Ce= 2| Sl = ALE]

109



MM Ol siiH| =2k 2 O}

2ol M| > Amat Cm2 stetd 42{0] 02 |t
m241, Cm244 > sH27|=ZPu

s Zo| Zerzo| ExX)
efefel=o| B E(HRY 7|+ H SS(H7H)Y e
T ERIRPUM ()
2. AiFHE 2ol S X0 oot =7|(FHUNZE

2 Pu238, 240,242, Cm242, 244, 246

~ PUZO| ZA(EXL RSN, FUERI|B)R s

2 Cm2447} K| 2| 90%0| A4S AFK|----E£ 2
3. HFAMZFO| X — Cs, Sro| K| A
4. M= — Np237(ZHd = 7ts) X AmOj
CH3l, 1998 0] IAEAT} 2 QI(FSV)
Np237+&= Pu2391t So|ZFE QA}

é
5. MUR(EE=23)2 Edat A=?

R}
1L
O
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AE= 3”&&9# TRUEO*':' o TAts

Dose rate from 4.4kg transuranlcs through a canister

10000
B zxoen oz

1000 B sunerieT) M

=100
(rem/h)

kl 2re

A7l 01K 0| Ot AL =52 B4

10

0.1
0.01
0.001]

WPu(B27|2 Pu), RPu(XtZ23 Pu), Np(HlE&) Am(OtH[2|&), TRUELZHE A 4) 111



SHE T N =X, R =L} M=HA|Zh

1. Pu239(5kg) . U233(6kg) . U235(20.1kg)

- IAEAQ| XI & = Pu2380| 80%0|35}=, 8kg(L29|2h

— INFCIRC/153(Pu238 80% O|Ah)

DNEO| HZE7|& = 2.5~3kg

MetEE= AR 20|, 1~ 2°L S

. Pu, HEU(s=& 20%0|Ato| s=22l&), U233
= 5~8210| M} 1) A| 7t

4. PuO, & MOX(At3E292) = 135 Y
PuO,(Puf) =2f 9kg

5. 2% Pu = 7~10Y, 6. SFO| Pu = 1~37 ¥

AN

2 £ 40| YA

@B T 7] Sl K|
@IDE20| ™HA|(=#F) L Thermal RecycleQ| A

I8
=]
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Monjul| s A =

(1) =2 H=(108K[) — X[ O S1971
% MOXYUZO| OHZ QA2 = Pu 2t 15%(16%)
HIZFZ 0l 2 & Pu 9F 20%(21%)

(2) #ihiBlanket= === OF2 2| 0f| Z+Z+ 0.3m

(3) 1 (Radial)Blanket(1727f, €F 17.5t)
% o] ABRE AL 1F 77

(4) 1Cycle(148Y), 5Cycle(740¢) = LI A| Kj
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[Monju]
MOX(5.9t)+ U(17t) — Pu <F 1.4t
(Pu231+Pu241=2F 1t)

=L 97.5%9]| Pu

=Blanket 30kg + ZABlanket 62kg = 92kg

%EI =F 1kg



FBR SFQ| i (%)

Pu 214 FBR

Pu238
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PU239 94%0| At

Pu240 5%0| S}

Pu241 = 0.25%0| 35}

Pu242 0 6.4%




FBR(Moju, Joyo)- ATR(Hugen)2| SF
(2015.3)

BEl | NMEE

Joyo(AIE2) |[MOX 7,094kg
Blanket 7,722kg

Monju(& 3 £2) 6,071kg

Blanket 221kg

Hugen(& & £) [MOX 86,991kg

-Hz23- U0, 21,930kg




BT 7|2 LWR-FBR(Z =)

1. 29

1L L
=5FE5

< Pu2381} 2410| €t pu2381}f 2409 KtEFE MK}

2. =9 g

Recycle

ARO[ 2 7| 7| (B%25) A A A
Equipment Test Faculty, RETF 10kg/h

(1) FBRA & 2 (Joyo) 2} &3 2 (Monju)@| SF 10kg/y

(2)1995.7 X2 —2000H 6 0f| 1K-2AFE 2 (8302 1)

<QX[H| 2,7000/y, X§ALM| 64000 /y>

B)F 7S5 AtES K| —=Monjul| 7= HX|, X 2| 3% 9

SZALO| L= Ol=e & F

(4)Z0[50m, Z14m, =£0[|22m2e| 57t

(5)& & it

HEE 30003 /min, Z2(F=2)0| 8HYf 5=



Managing Spent Fuel from Nuclear Power Reactors: Experience and Lessons

from Around the World
-Report of the International Panel on Fissile Material(p.7)

A7 GO BALS =32 XM=, PHWR SF= =1F 513

Dose rate (Sv/hr)

100 - PWR 50 GWd/tHM
: PWR 33 GWd/tHM
; CANDU 7 GWd/tHM
e e B T TT
13 3\
\\_‘\~\
0.1 - h”“%»..__\_w_-
: ~— e
: -_“\\
- \%\w\“"-“___\
0.01 v v v v x . . ! v
O 10 20 30 50 50 60 70 80 30 100

Time {(Years)
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rotected lutonium roduction
(1) =2 gradzk py238(Qk 300HK) > Pu239

d4& =ehPuel 58, =< & 7|70
)

(2) At AR Pu238(2F 138FHH) > Pu239
o —_rl-Al-X'LQ_ _|_E|-(7(7|ﬁ‘_-|=||-)

- O -

(3) tHEHSFR2| Radial Blanketdj| O|2F& 7}, EE=
WR)---Pu2389| 12 ~ 20%2| A4 Ad
1) Np237 — Np238 — Pu238
3) Am242 — Pu242
4) Cm244 — Pu240
(4) Np2371} Am241= = A9| E=EH31Y| 7|
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IV. S| 2| 2| & Xh X2

1. 1970 CHO| m2tA TP 2| A|AE FUAE
2.1990ACH =0 m A
(1) 9= O| BNFL, Z2FA 9| Cogema

o X2, MOXAZO| 52

<Cliton M # o| diC|

(2)2{ A|OF2| MINATOM(RT-2)T},

o XX 2|, Puel Hi=zt
3.1999H A2 (BNFL)}o| 14

-2, MOXAZO| 52
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[V-1. Thermal Recycle

(1) Ol=2| 52|(32t - O|AXIEHEHE 717E)
(2) sl ele| XX 2| SE
o So(AAEEE, 19913)
~ Thorpi H|4}0|(201814)
% IZFA Areva
— 2= 52 270 s2 MK K2 7tEsE 20%
— HE2tEQ| O|E[E0| =27 ULL}, mL{Z0| 54

G Eh )
(1) WX 2|= Erete|l= MOXPA 2 S E4+2 dUZRE ALE
“ Thermal Recycle

(2) AHE= MOXZ =Lt A2 AEEH |25 MEME
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5 2| 21 = XX 2| & |

1. A™A 2 - OIA'I-I O| E_T_'|-II-A o‘ $|_|TL|
el |:||-A|-*‘|J_L|7|§E HE|O1 :'_1”—} Of
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[V-2. Thermal Recyclel| A=

AFSHE(MOX: PUO,) 1 2

1. BXN|d— UO,H= | 7~9H H|M{LCF,
% Takahama(2013.6)°| 9g2& 17} 74
9A25702+HAI(MOX) <= 1259at2l(UO,)
2. 8t 2F— U0, A 2 9| o 80%0| £}
3. (AT R E— L2H5(U0,) Ao
10~20% 7
S Xk 2|H| 82| 1059 1

U235 20%°| SLH7ts 126



Il of 0% JIPNESE-BIES
R EEETEERNSEIEL o 1%

SHEGIM Py 0.55%2 ZSFSH OF 1%9| Pu
% 97§2| UO,(SF) — 1742 MOXY 2 H|=

B. X{ X 2|2 DU(LEESEtE)2| 0| &
@ A5%E Ms=(HZ=Zz=E,03%) 0|2
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ord-82l Ao

) M3t 7| XoHPu &7 &)
<+ 38X 2582 X5t
(2) DAL (REEED)(E o > 40GWD/1) 0 [HE
TAHSHRIM effect)7} MOXA B A=
(o < 30GWD/N) O A= E 72l
(3) = EO0f| 2|5t Pu Spot &4
S ADA| dzE2noin2 '—H7FXHI:|HJ-FO| 1| 24

(4) UO, 2L} B2 FP7IA0[ &

o e AADOAM HE 20 (QEHEST}
(5) UO,H L} (20~40°C) H& 28X
& &2=5 U0,2| 2,840°COJ| M w=2=3t PuO,2| 2,390°CT}X|

H| 2| & © 2 Sto}RICE, 128



(6) BFSEAILIA|, S5HE7) =L
o S HEHO| over-runZ} A, |01 2| 2758 0| 4z}
o K| =MKXO| X ZHPu239= U2359| oF 3E 0| 1)
—=M K| spectrum®| fi{L,

(7) AFLA|, TRUGSEC 2, I Z2F0| UO, 2| 2.3~2.5H|
QAUMHME 3 2~4H|

(8) MOX(SF)2| 2rgizre JO,(SF)E C} 2~3H| =C}.
o 471700 F7|=t AFDA|L] &

(9) MOXA= XM= R dX[2| =2 S7HSFE)
< UO,E L} v 4(2F 204])

(10) FE =X = =50| &KX H=CLt.
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O|LHB&2| 1)=E

| HSE

2L,
A. LWRO| UO, AF2A|=

= U0,

B. LWR
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the heat output of the MOX fuel at 100 years is
several times higher than the output of spent
low-enriched uranium fuel. This greater heat
output per ton approximately offsets the effect
on repository area resulting from a reduction in
the amount of tonnage of spent fuel.

Managing Spent Fuel from Nuclear Power Reactors:
Experience and Lessons from Around the World
-Report of the International Panel on Fissile Material(p.6)
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Managing Spent Fuel from Nuclear Power Reactors: Experience
and Lessons from Around the World
-Report of the International Panel on Fissile Material-

When all long-lived waste streams are taken into account, it appears that
reprocessing may not reduce the size of a radioactive waste repository
dramatically. ANDRA, France’s radioactive waste management agency, has
estimated the repository tunnels for the radioactive waste generated by its
reprocessing and plutonium recycle activities will underlie about 15 square
kilometers of surface area. This is about the same area that would have
been required had France not reprocessed at all(p.15)

France will have to deal with massive stocks of irradiated MOX fuel
containing six times the percentage of plutonium as spent low-enriched
uranium fuel and generating significantly more heat. If this fuel is not
reprocessed, it will need significantly more space in the final repository or
a century or more additional surface storage to cool down to levels
comparable with spent uranium fuels.(p.40)

MOX Recycle= O| £4) 33| 7} Ao



7)) F+2 | 4=

U235 7x108 +0.8 +0.77
U238 4.5x10° 0 0
Pu238 38 1.0 +0.44
PuU239 24100
DU240 6560 0.4 +0.14
Pu241 14.4 +1.3 +1.5
D242 376000 1.4 +0.0037
Am241 430 2.2 033 |




Pul| H|=(%) Am241 | A2 | 122

s7t | &7

238 | 239 | 240 | 241 | 242 Fissile | Fissile

A. SF X A 2| 2 | 58 | 23 | 12 | 5 0 80
IIO(UOZ)

B. SF 2| 2 | 58 | 23 | 6 5 6 / ~q
1445 (U0,)

C. SF XX 2 1.9 | 404 | 32.1|17.8 | 7.8 0 73
&1 2 (MOX)

D. SF 3|3 19 | 404|321 | 89 | 7.8 | 89 6.7 56

144 5 (MOX)
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= 2| X oHd A& =}

A. UOZ(SF)§ MA 2ot Al= Am2410| QILC}.
% Thermal Recycledj| AtEStH, 55%0| L.
Of) FZ=A=l29] 5%2| PutH,
Al Xl= 5x(1/0.55)=9.1%7} 2
B. | A 2| 148 =(Pu241—=Am241)0|| AtE
< Thermal Recycle0| AtESIH, 34%0|Ct
Oof) FZ=A=l2] 5%2| PutH,
AlNl= 5%(1/0.34)=14.7%7} € Q
*x U2369| &EX|U E0], U235s=E 7 10% 8T

KX 2| = SFR7t GiCHE O = H| & =X 0| L}
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(1) T{ M 2| = R A 0| B2 H[ES 7 =24

2) EF =354, F% 25M (Non-stop2| &l H),
ZH| & HYX|

(3) H7HLol=0f Cigt = EHe| &4

4) 258 = Cyclelto| Hatdx ULt
» J|ESES e Qlct

(5) PHWRZQ| SF?

HHAU0 O O|l&
3 Sl 5+ &l ot




of Abetie ) M2 T o] T

SEHYU Y -/ NU Y A 20 MY
423t - =H|S ] - EAE TR A (hi1T)

— O30 EAHS SO
“ 80ULH, LEPNC7IEBR- I E 0|83t 350 AHEHECZ

X235 2H2 0k30Q[JO 2 EBR-11 9| 7}50| Y&
of =02 WHX[LD UCt= AKX =+--

< O|2X o=z 7 Ltel o F0 S 0bsHA| 2, 1tstol2h= HelE
LHM2CF 2|2, Of &h2F 22 2| H 2917589 O F 0=

20| @OITICH — ZDpM Y2 T XX Y=CH

— 0= _ LS =

¢ Pyro-processingl} SFRE = #r 22| 9| Al=t2?
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1. "S=aot 7|=" of =z Rl AHA Xjik=
74 "= o|c

o P&RT= XESHE7|=9| CHA|=0| OfL|LC}.

2. Innovation= "A}g|o| @ "0 MSHlOF SHCF.
o 7|=722t0| InnovationO| OfL|LF.

3. MARFY| 2td =2 "N22| Aot o =

E S 0|0 N
4. A&, =Y SO AW E 2HO WE27
[e}

* AN, Ol== MOXsE A2 MEE

~N

*

2
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Fallacy of Composition
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