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SUMMARY

I. Title

System Analysis of Advanced Spent Fuel Management Process

I. Objectives and Importance

It is important how to manage effectively spent nuclear fuels as future
energy resources for a long time. This study is to find an advanced spent
fuel management process for countries which have not yet decided a
back-end nuclear fuel cycle policy. The process concept for these aims has
been established by comparing several dry processes and their systems

published already, in aspects of nuclear non-proliferation and peaceful use.

. Scope and Contents of Project

The system analysis of an advanced spent fuel management process to
establish a non-proliferation model for the long-term spent fuel management
is performed by comparing the several dry processes, such as a salt transport
process, a lithium process, the IFR process developed in America, and DDP
developed in Russia.

In our system analysis, the non-proliferation concept is focused on the
separation factor between uranium and plutonium and decontamination factors
of products in each process, and the non-proliferation model for the long-term

spent fuel management has finally been introduced.

IV. Result of Project
As a result of the comparative assessment of the various processes,
Li-process is the most optimal process for an advanced spent fuel

management process. The advantages of Li process are as follows ;



O Most of the spent fuel oxide-fuel elements except alkali and alkaline
earth elements and a part of rare-earth metal elements should be
converted to metal by Li process. Furthermore the lithium process has
no capability of uranium and plutonium mutual separation and its
decontamination factor is too low.

O On the other hand, the lithium process should achieve the volume
reduction of spent fuel to one quarter and the decrease of the
decay-heat and radioactivity to one half.

O Therefore it is considered that the advanced spent fuel management
process based on the lithium process is one of the effective process
for the long-term spent fuel management, especially in the case of

country that has not yet decided a back-end nuclear fuel cycle policy.

V. Proposal for Applications

The result of the system analysis is to be utilized as a fundamental
guideline for the establishment of proliferation-resistant flowsheet of advanced

spent fuel management process.
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Dimitrovgrad Dry Proce
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Fig. 1. UQO2-Pu: recovery method in DDP.
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Fig. 2. Flowsheet of DDP.
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Oxides Pyrographite Burnin
Cl, (100g/kg) yrograp s

Ash

Y
? Recycled
Products
0,+Cl,+Ar (40g/kg)
athode
Deposite Distilled
7
Granulate Water(3 l/kg)
Off-gases with Salt
(Purification)
4 k Granulate
Gas to _ Used Salt
Ventilation ‘ (Purification)
| Washing Solution
y (to Evaporation)
Stime 10g/k :
(to Storage§
< Water Granulate 98.0% (99.5%)
Pins Production

Fig. 3. Flow-sheet of UO;-PuO; fuel granulation process with recycled

products streams.
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E 2. Testing results of purification methods for NaCl-KCl

Impurities content, mass. % * 10 E3

Purification method
U Pu Am | Fe Cr Ca Al Pb
(Used salt) 1300 | 600 | 150 | 350 | 15 20 10 | 500
Electrolysis with
high current density > 11 >1104 1 1 1 1 1
Phosphate precipitation 30 60 3 10 1 1 - 10

¥ 3. Solid radioactive wastes at ERC(estimated for 1000 kg fuel/yr)

Waste Waste Content of fissionable
Wastes type output, | amount | materials, g/kg wastes
ke/kg Fuel| ka/yr Pu U
Used salt
(without used salt-dissolvent 0.2 200 05 3
purification)
Impurities Concentrate(slime)
(with used salt-dissolvent 0.013 13 20 20
purification)
Pyrf)graphlte units of 0.2 200 04 16
equipment
Equipment 0.7 700 0.2 0.8
Filters 0.13 130 07 15
Rags 0.02 20 33 40

- 12 -
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*

*

*

LWR Fuel

Recycle Salt

!

CO2

CaCl,+ CaO + FP-2 v
bCAgCCIIZ —p Reduction ! —p{  Salt Recovery [—® Waste Salt
athy + FP-2
Cu-Mg + U + TRU C
+ FP-3 + Fp-4
MgCl,
Y
Donor MgCl +TRU + FP-3 Acceptor
(Cu-Mg) (Zn-Mg)
A
U + FP-4 +(TRU) Zn+ Mg+ Zn+ Mg
" TRU + Fp-3
A
Electrorefining Retort ——» TRU + FP-3
U+LiCl-KCI A Cd+(TRU)
LiCI-KCI cd
A FP-4 \ 4
Cathode Cathode
processor processor
U (TRU)

FP-1 : H® Xe, Kr

FP-2 : |, Br, Cs, Rb, Ra, Sr, Sm, Eu, Se, Te
FP-3 1 Y, La, Ce, Pr, Nd, Pm, Gd, Tb
FP-4 : Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb

Fig. 4. Flowsheet of salt transport process.
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¥ 4. Standard free energies of formation of chlorides at 1000 K

MCln kcal/;?‘ei;iv.(ll MCln kcal/;%e((;];iv.(ll
BaCl; 83.6 MgCly or.7
CsCl 82.6 UCl 54.0
RbCl 82.5 MnCl 42.2
LiCl 78.8 ZrClz 34.2
KCl 81.6 ZnClp 35.0
SrCle 80.8 CrCly 32.8
SmClo 80.0 CdClz 30.4
EuCl> 79.0 FeCl; 26.3
CaCly 76.8 CuCl 22.0
NaCl 76.2 NiCl. 186
LaCls 67.0 NbCls 114
PrCl3 66.3 MoCl2 8.0
CeCl3 66.3 TcClz 74
NdCl3 64.2 PdCl, 0.3
YCl3 61.2 RhCl 14
PuCls 584 RuCls 0.3
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B Ze vk o3 F&HeE AF/HIA, Zn-20 at% Mg £§FTELE AFF
"ot

(FP—-3)Cl; + 3/2Mg— FP—-3 + 3/2MgCl,

ol¢} 2 HAHE T3l Cu-Mg §85E5Lo=ZRE Agzxloz FpP-3 AR Y
AARE AA7} 7538t 800CAA Cu-16 at% Mg &85 3 MgCh &84,
Zn-20 at% Mg £8F53 MgClh &892 Ce, Pu ¥ U EuiAss 4z
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TRU 9428 € 27t 7tsde vdeblla o a2y 8849 ola34de 3
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Fig. 5. Schematic representation of donor-acceptor process.
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Fig. 6. Distribution of TRU elements between MgCl: and Zn-Mg alloy.
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Fig. 7. Flowsheet of Li process.
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¥ 5. TRU element distribution and conversion rate in reduction step

% of amount charged
Pu Am Np Ce Nd
Reduction salt 0.3 0.2 0.3 ND ND
Uranium ingot 2.3 19 325 ND ND
Cu-Mg ingot 974 979 67.2 100 100
Conversion(%) 100 99.9 99.8 - -

Jh

o2 Az
PuCls(salt) + 3/2Mg(acceptor) — Pu(acceptor) + 3/2MgCl,(salt)

Zn-Mg £835%49 TRU 842 2344 E AA 35y 53] &89
$85&329 TRU 949 E8jAFY As vnd 27 g & 35S
271 AslA = HY LFEED BEEY olFxFol a7dY. ¥ 63 72
TRU €949 EujAsd 8§8539 &89 o524 3o ©& TRU 4
o FFE&s HEtd Ao2 1 3 &89 olFE&d & I5go] vy v
= ¢ 7 sk

Donor-acceptor 382 &89 ol&xz 3 d R &0 3 @
T, &893 Cu-Mg, Zn-Mg &85539 EWjAS(E855Y BulAs
Mg&takol =A WAshHet 3= AE o839 TRU ¥4 % Sy ¥
7bedg et ioh
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o
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rr
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E 6. Distribution coefficients of TRU elements between salt and alloys

Elements MgCly/Cu-Mg MgCly/Zn-Mg
Pu 1.6 <0.05
Np 1.4 0.036
Am 15 0.38
Ce 0.49 0.028

X 7. TRU element distribution in donor—acceptor process

% of amount charged
Pu Am Np Ce Nd
Cu-Mg ingot 974 979 67.2 100 100
First salt transport cycle
Cu-Mg >34.1 6.5 26.9 31 23
Zn-Mg >61.4 64.6 382 37 50
MgCl; <19 26.4 67.2 32 27
Second salt transport
cycle
>12,7 15 9.3 <9 <12
Cu-Mg
>82.8 67.6 559 >57 <58
Zn-Mg
<19 30.3 2.0 >34 >30
MgCl:
Third salt transport cycle
Cu-Mg >49 14 6.7 <10 <10
Zn-Mg >89.6 59.7 5R.1 >66 >68
MgClz <29 36.2 24 >24 >22
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(2) Ca &3 A
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E 83 o] Ca #HYUZAHAA &7le]l R &7l ESSALES] FP-2 9
FIAEEL CaCly 869 W3l g2 ABHD, 1299 & &Y
S $etE, SREEY o] F£508 HPIAY Ca F4TAL ¢l 2
5 AEY FP-2 EGAFZET 247 HEdd HZEAAEY Al

5] X2 AOoZ FAHAY Ca FYTAHE uWEA B Cs Sr o

(4) CaClz €89 R Cu-Mg §855AdAM9 Ca S TS
Ca $9REZANA Cu-Mg €8§5&52 HEIAAHEY et AF
s LS AR ded A vk Zo] Ca LFAHAA &ote] 2 g7}
Y EE4 Al FP-2 AL ETN 322 AEEH 19 e YL

e, toE 3 EFEFS 4528 JAEHI, Cu-Mg §8F5Ad A
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Cu-Mg &&5&A &aide SA4S 2 JATH28]
Cu-Mg &&F0] EAste UM Ca F4FHL CaCl, &5 949
A& A v s Cu-Mg 85550 e FP-3 A ELYALE 2 TRU ¥4
o EeiEHez A3 FP-2 HEEAEE oo FP-3 LN EC] F71=
AAD .
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Ca 43 AAA ¢etw, EFEEH FP-34 JEEAWPYELS Cu-Mg &%
w50 dig &3 542 i A4 Edd. Cu-Mg &850 &3
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X 8. Mass balance before and after reduction process

Li reduction Ca reduction
Component
Salt Precipitate {Oxide(wt)| Alloy(wt) | Salt(wt)
U a& 64.464 64.464
Pu 2% 43t a4 10.112 10.112
=34
FP-1 0 0
FP-2 F3tE 0.963 0.963
FP-3 ListgEd4) 1122 1.122
FP-4 a& 1.66 1.66
Li <
Ca 31.161
(2.833)
Cu 2778
Mg 49.121
CaCl; 113941 | 113.941
CaO 39.636
Li2O S =gk
o]}
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¥ 9. Solubility of U and TRU metal in Cu-Mg at 800 C

o . o
Metal(wt%) Solubility(wt%) MgCly Salt
(U wt%)
Mg Cu U Pu FP-3 FP-4
19.3 79.8 0.91 high high low 0.122
33.7 66.1 0.177 high high low 0.039
46.7 53.2 0.0753 high high low -
uj$- folsitt, B FAAAME 47 & 3aE LEvHAY EFEFS XY

# TRUS $ohw 3459 AG7Hs4e Bash

(7h) TRUS] AgA
A& vpel Zo] TRU 342 Cu-Mg &85 FP-3 HEQAHE

% Zo] &£38 Fu= EAE}E Cu-Mg 8850 €318 TRUS FP-3 &
EREE 552 MegClh &893 ety g3 A dsE2 7A¥dd
FP-3 Y2 E] d3E2 MgClh &&FAd EAstn, $ew, EFEF
2 FP-4 HEIAEEY UgEEL Cu-16 at% Mg £E&IF&A EA$oh
FP-3 E PN E d3tE& T/ MgCl €8E2 750 T Zn-20 at%
Mg &88&AR ol$H3, FP-3 AEFGALEY dEL 345202 AfHT
Zn-20 at% Mg 88502 F&59

E 107 Zo| FP-3 B2 dAANEHR EFEFY EWAFTE donor £848%
7 MgClz &8 4914 10.7, 0037, 28 3L acceptor 8553 MgCl, &894
oA 00127, 1.7 x 10°8 Yedch 4719 £ujA+E 138 @ FP-3 #rd

1

tlo
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27 7beEe & 7 Ao §8FY olFdFd

g2t £FFY N £ 2% donor £5TESE HH

FP-3 YR AANEL & €2 AAZ 7S Uehdiz gl vl59 ANL

AFAE old THAA #HuENL 2HS UF37] Ado FP-3 &G A

o oF 10 %ol AAHRL, YA 90 %9 FP-3 YLEWHES EFEF
Zol] FEI}EH &89 olFFRY MEgE A5

oot

X

(W4 25 359 A49A
FP-4 2GR E THE v T4 donor £84F508 HH
3|49t FP-47 &+8 $ats 248 irxdoA MgCh €89 ¥ Cu-Mg
SEEEANA FslE2 A8d UCK7 TR £859L Zn-Mg &84254

¥ 10. Distribution coefficient and solubility in donor-acceptor

Distribution coefficient | Solubility in alloy(wt%)
Temp

(C)

Operation
FP-3 Pu U FP-3 Pu U

FP-3 Donor 800 10.7 0.037 | 0.0015 | high high 4.1

FP-3 750 | 0.0127 | 1.7x107*|7.0x107°| 12.0 12.0 5.0
Acceptor

U Donor 850 - - 041 high high 7.5

U Acceptor 750 - - 0.004 high 12.0 50
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2 ol$H1, Zn-Mg &§8FFAdA 2ty d3E2 FHeE2 dgdY. ¢
2:9] donor-acceptor @AYlA RE AEel FP-4 HRLIHBHEES dER
AEHA &3, 34 A2 EAsr] Qe 2w 509 357t Thesit
® 103 o] MgCl 8§93 Cu-Mg 885539 5
7] W& &894 oF3s F FHwEY L&l WS Wk fEES 289
o 6 3 «@HAFANAN 7] FHw =Y o 50 % o] donor FFelA
acceptor FF L2 olFHI, 9 % olFE& olFAT7] AMAE o 26 o &%
d £33 Hgo] a7dEY

—L
1=

FATHAN AHEHE $89T Li, Ca 3452 F34T sdAo) A7)
o FR 2 Fas EYr9 228 g A FHF ek st ool 9
o 53 #deAdL 889% Li Ca 5539 2=H £&dAd B3
& 2L A 800 rpm o]l 1& myke] o] Fojxol Ay 53] W

X
FAEEA Ca0 H Li,Ov #Y A&go 2 & vA7] Wi &5 A
I x ooz EAGA FEF WEEAE Aojstdo} st ol o] Uth
g AFEL F 1104 E= vieh o] dAE Ca 93H0] Li aXRTG
ot A Utz gloy dAIR 96 % ol4e AEEE Usdz Utk &
BHE 22X Ca $93Ao] Li 3XAED 9F 100~150 T w2 A 34
FAEHL CaClz 859 FAH LR Ut A5 A A
o] At Ca §AFTHLE WEHAHo] e Ay, &3 % 238 AF =71
€€ TEsey, 1ex =V A& oen by AF}u| &, ¥
TAdas Cae] 1A T2 Aty FAYH AIE AA X o™
HellA Li 33 Aeta7 52 2HAddE 29 QY =7 E AHRE 5+ 3l

7] W&o, Ca $AFAe) vla) 24 ZwolA 2 L 23 Yk
Mg eE @ RAN o9 TAL T4 ZHME Li FHL Ca BUFTA

#} donor-acceptor 322 FAE &FF olFTAHd nvld FAHo dadlx

’



¥ 11. Reduction rate of Li and Ca reduction process

Oxide reduced Ca process Li process
UO; 100.0 100.0
PuOq 99.8 99.0
NpO2 9.8 97.0
AmO; 99.9 93.0

FReHo| foldith Ca RATAL BE $8T&0 EANA Y=

TT &
Ankgo) 7M5aA R, F4HFAHR donor-acceptor FHE st §FFEA

L

ZAA S35 ojop gttt 53] donor-acceptor FAHE 1P FHE ol
A BAFHNY Cu-Mg &&55% IHEZY &E23FAHFA donor-
acceptor &A0°] F72 KT Y. 53] donor-acceptor 3 WA EwjAS
27 vl d zZ7) wie] e Fo)7] AAe & A §6F wECH
o] a3 HY. Jglm nxEHAAA BFEETH §8FY olsxFe] 8FHI o
o 14 A wj¢ EsH.

ol

rgo] g9 SFFAdNE FAHEY LiO% CaO7t 47 EA§oh.
Ca 3934 L 8449 LiO% CaOE H7|&E3istd A< Lig
Ca, 8#§9E 3Fdta, ol& AAES dA7ee] 2AFS Hasste FHol

Atk Ca BUFAH /)RS AL Cu-Mg $83% AAE FFo=

’

=
P

TR AR ZPAA AVEsweS AFIT29]. Li ¥HL 27
E!

€ ¥Fo=2 ARESta, 20U AL 24 Fol HF9 LI 549
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gaHo] £8F e AA Li 85 Fo] FAol HHY ol dFoz A&
k. AR NEESHolM Li 33 AL Ca ¢33 w3 £§ET L0
BaAL 27t 27 R ¥ AFUE(Ca 34 170 mA/em’, Li 3|5 540
mA/cm?) 9] A o] JhsEtn, AU BNEESY} AFEL(Ca 5 70 %, Li F
g1 91 %ol vl FA vy gt

S5 dA e LS BN Li 38H Ca BFUdFAHAA 2HEA E2Q Cs
I} Sre 93 EZ AZBHT EFEAd EAFY. ol EFL £g9EY
AL7E 27 W&o A7 e ol E AAY EVtsdH &893 Sk
of Aegdrt. £8FAN ol EHol FAFTE ol EAE HAfode 1y
qog A3 &899 dFE AASNE M2 £8EE 253k gd Li 3F
ANM AARD HELEFEL ALHO|EE o|&dtd FUHE 5& Cs &2 Srg
Aoz FHAAASNL, &FES A A Ca LT HAA AR AAHE
#H CaCl; 892 CaCly 883772 T)olde] &xoAE A &etolES AW3
2 s gWNEsF Brlsst wElA Ca $YFTAHANAN AARD ALFEL A
o] Brbssith B 2AF SN Ca F9FHol I Li THRT B
g Aoz FAHHAC

Li 342 AfADTATL 59 T79 LiCl £ LiICI-KCl &89S AH&3%
o a2y 89 o4FAL ANAATAHAY & CaClh9} MgCl, &892 A
|02 Q3 HEEE MAFTAH FUIE 27HI, TAHY AAA FHAA B
23 @do] gl

o
=

M

) 7€ 484
u5¢ ANL @74dA 7idd Li 383 &8¢ olF3A L MaAd
A AAst AsE HFAEE [FR HAE5F7]d A 502 HfLd ¥

Joz oejgol= Aed TzaddMr AZHoz WIeE
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FEI o] FEFY] WEA SEASTAHL YHFEAMA VNES 7

k=
HJHZ A & A&FYAE A
53] 2719 FHA
1gdd B2 Cs 2 Sro] Hd3 AAG #5148 £y HEHE g
Y F UE FHe] Qo old BHAAN FHAJAE AZBY
Ao A AT AR A AL @37 e Re g wddn

53] Li AL 98 Uit Zo] AEFdds AN AT T &

A Adstn At W AFEF Ta BAHS AAYto A%E YAR
g IYE AP A5 F5 FUE WERD, o8 HF 5 FUE ANA

A7 A Ate wie} o] 4} FAL AU BEMEA HLo] stu
IR0 vy Gestn g FHAA Li A0 e {EE Aoz Aul
th. ANL 974 Li 348 [FR #da5F7]ed 488 5oz 20 kgol 45
APe T8 FF AsV|eH FA A HFS SBIAC. o] BN

Li 3L 7€ A4 FhME wle 78T RAos gddn
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As gL o] &3 EIIAL IFE $HAEH EFEFY Fddd o
salt cycle &R, DDP&} A& FAHox FERALU ol FAHL A#73EH
el o3 fElEd ZEEFS £d37] 94 A3 E ddue 34 ddgE

EE&FGAd galste 0] Ao ok ot E3| salt cycle 347 DDP+ 2t
StE ddgel d4viaste] vk 93 AA® uranyl chloride, plutonium
chloride®] 83547 WaAEAHEL o] &3t g SFEF AHESL 58
o AHRETAHL A7153A IRl g3 S5IYAd8E BF A &35t n,

2AGTH AA Cd F3L 185 242 253} TRU 448 H59
2 ATEHNE pF3 Aol ALY ANFA A} DDPE 34
o2 2257 EREFY PAEs U 049 $AEH EREFRY A4

ANHATHE A& v} o] [FR dArFrsle S4FHo2 [FR
FEUdu: BE Li 343 AAs] A2 A8Fadge A7 Asein
FeAS A HeTANN WRANLEY F2r} Asa

GACA HEIPLES FEUAE B2 FEATAY &5 RIAAAAA
/el o3 dF EHHD, F AA dANAME dae

29 109 AARAFAY BASANN BE ws) Zo] AR £33

HolA NMU4Y FP-4 SR 42L 98122 A8sx @2 5482 Cd

83440 AV 22 FP-23 4RGN R QEEL CdCl £89
dgol ola) ABREZ VYD, 24U EAFE EHL 21 Uk W

He EH ARIANES AGASE ¥ 129 23, B4

b

a3h A
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o

P
e
ol4
ol
H
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¥ 12. FP decontamination of electrorefining process

Element Decontamination factor

TRU 452
Ce 250

Y 1000

Nd 1500
RE 1000
Cs, Rb, Na 1500
Ba 1500

Sr 2000
NM 1000

(2) Dimitrovgrad dry process
DDPE o& ZANAHFTAN Hlaste d3te FHE AY dsdtds
AAA ZA tt2t}t, DDPE {8 G ANA uranyl chloride$}t plutonium chloride
o] 83|54, uranyld} plutonyl ©]2¢] HIHEARE oLty 2ty 2 SFEF

Astee §43d. DDPE AETA 74 2 wgzdd wi ZRYY U,
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UO2-PuO; B PuO: 37t 7Hed FAe] Atk AFE A58 E Farl299)
woo] el MASE To ANBL ABHI, TEEAY NaCl-KCl $8597)
o &3H= EAS za vt E3] pyrographite =7HH e BAZRANAM BE
NFEL ASER ABHY] g Y4B ABSHT FLAAY SHSA |

4 2oyl Brbsett. ARGANES X Bd AR
A4 Eegy) gEe FHABEFTY L ANYAZYIE S4Y ASo] 2RA

5 AFITAL 1 Ve SdAY AN YD, o] A 3
AAY 7t §A18 Ry, Rh, Pd, Ag, Mo 2 Ni 59 947} SA9 A&xdc}, 19
Zr¥ Nb g3l8 = A&E UO% wgsted AstE= A=, U0, AEEx
A Fedn. U0y @5 AFITAL Mz weh 99~995 %<9 UO; 3
7t 7hesty, RFAHNEY AdATs & 137 2o

¥ 13. Decontamination factors on UQ; partition electrolysis

Element Decontamination factor
Zr, Nb 0.27
Ru 64
Cs 18,000
Ce 1,000
Pm 450
Eu 390
Pu 126
Am 690
Cm 1,570

(FP /U) initial mett
(FP/U) geposited Oxide

* Decontamination factor =
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U0z @5 H&RAFAHL UO; 3Folgfel UO:-PuO: 13 2 PuO; IAF
de Y37l M E§F5EAY SEbw TFES Ao dARE o8 HE ¥
t}. UO;-PuO: ¥8F FAHL U0 Pul; EFEY 3+F5Ho2 83t &4
o2 §84GA &A= PuClyE PuO:LL2 HE3E Wrgo] das ook it

U0y Pu0; 3% 34 Ja-4ie) EY72E §4dA FFete 270
N saETh S8 FAREY U, BEe AFYES 2 dFe @E v

Pu0:9 B8 28949 plutonyl o] &% xd] AJ&gS it FARES Pul,
22 HAd 70 wt% 7HA T g vEi

PuO; FAFAZL PuO; 34 &L &894 ZF PuOE AAS A%
FALZ, PuO%E 3437 A e U0 ©5 AFZFAH o) £8GA9
uranyl °]<& M AATY EFEF FFELS HA7FASe wbgd oI =
2EF A EE JHEY 35d EFEF AREY AGAFe ¥ 149 23,
AAFTAANA oF 995~999 %9 EFEFo| Ik

$BEd ZFEF BY F9 £85GAd EAste JEIAHE AL H
158} 2o 8§ A IFde YRIAAMELS sodium phosphates: &8 FA
o 7}ste} A A A Zit). phosphate o2 AHd HERIPAHEL &FFol &3
HA ¢x, AY fEe 2 AL o] &3t nASI e d FHol A F
3 89 AATAL E 159 o], sodium phosphate g Folx HALA
249 Cs das AAHA F2 &FGAA ¥FI

N
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¥ 14. PuO; Decontamination factors

Element Decontamination factor
Zr >400~600
Nb ' >200

Mo >380
Ru >10 E3
Pd >10 E3
Ag 10 E3
Ce 10~30
Nd 20~40
Sm 10~20
Eu 10 E3
Cs >10 E4
Am 50
Fe 15~20
Cr 20
Ni >80

(FP /Pu) initiat mert
(FP /PU) deposited Oxide

* Decontamination Factor =
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X 15. FP distribution in salt and slime

Element Salt(wt%) | Slime(wt%) vl i

Zr, Nb - - - UO; W23 A AAE

Ru, Pd traces traces "
Ag traces traces "

Ce, Am 30~40 30~40
Eu 60~70 60~70

Fe, Cr, Ni 50 50

Cs 100 - - &59A R

A 2E7F W& 500 Co 2% AN FRHY, & g4 &84
Aol 2A &L LICI-KCl 8899 5S4z A3 A &%
a2 2" AfAo =7ty ALgo] 7hed Fgo]
DDP 3AL ©x F§ZA9 NaCl-KCl(Z2 NaCl-KCI-CsCl) £8§EA Y
2o 284 FHVIE KA st Aol Utk 53
A3 Ags vlmsty 2 Jarbaete] dshwtgol o) s
g A8 E 4352 A3, E5FAN &AAIE HAA A b2 ¢
382 U2 ¥ uranyl chlorideZ AgHI, ZTFEFS T Y3¥
AREHHEL dstEE AZd. 53] LA AA FHdge] 2 Ru, Zr,
Sn 59 dstEL #YJo Gtz vT F9E JhsAel dvh ol tAE

il 1}

®
o
>

gol t3 g J7tFAIZY. DDP 4L £899 Z=Ad o 92wt
ga2xg 700 T v 22X FPHY, NaCl-KCl €883 G27t29
FAgdo0=2 A3 AA HAA Aol Ao ol#F HE st DDP 532
=719 AAE JNAAH FAxe dFAde] $53% pyrographite2 XA 3 o
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TEAY &gx A2 Q8 LAHE=E FUAIIE FHLE oY, uranyl
chloride’} uranium chlorideZ & =0 $-gta 3F&o| H4"E 7t5Ao] A
A Hdd FAHY DDPE 2 @A T3] §Y Z7tYolA F3=7] wief
FAH9 o] HlwA Lo)3tx, FAHol ddttt. DDPY PuO; AAFAHL &4
EFEF 93ES Aslstd 387 dEd JAAdE PuO,
29 oA BEadtAof 3t olg S A vud o]

1l
X 165 Zo] AN FHFTH A} DDP 34 &5 HA AaTAH L £85I
94

®

Bhe SN HSSE e =@ WAl go, HaANee o &% Sebw
3} EFERY HFEE 9 % o¥olL, URIYHT ALAFE wnH B
o}

¥ 16. Reaction condition of DDP and electrorefining process

DDP Electrorefining
Temp | Time |Recovery Time |Recovery
Process (C) (h) (%) Process (h) (%)
Dissolution 700 30 Dissolution| 27
>94 % U
U0, ’ 4 ° U 1o | >0%
electrolysis 1.3 % Pulelectrolysis
>99 %
PuQz ’ 21 |>95% Pu|  FY °
precipitation electrolysis *[J<30%
PuO;
collection ’ 03
FP
precipitation ! 12

(2) #7188 ¢AF
Al JAEH DDPE $4ME ZZ7IGAFH Hr7E AHYTAE ¥y

sl Aol FHRAT. 58 A4ADIAANN TAHE Avl2e 4
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ALEABAES TRt U3, #HE 548 12 A 284 B9
oA HFsoF st Ake] gt

AAAATAANN SAHE A2 £89F 8854502 FEIAY oE
A8 A& utel 2ol U9 AR AX HFHo
FAe AgaolEg vLgde] NM d49 AE% 59 3458 Cus nAF
ST 2T HAY £859Y FLITE £85I LS AAHAET
Hog AeHstd HNE] TAFS Has g

a2y DDP 3AHL TAHY 544 #d9 d47t: AAE 4% F43X
g I 2 IAF E8E AAAAAA thEFe] AAH 7| Eo) R
o] 9Jol pyrographite 7t WFAHoR2 A3 =7ty #H7| 8o @A E @
o] itt. DDP AL AAH7ES F% 35dtd A, Ty A2 5
g& #Hr7E 2AFY HAstd x=FHaPAw, AARHAITZ A vlwstd gt
H 7)1 &0 WAL, HEFAHe Bt dHol vk £§E AR IAAN
S MNP eE AH At AYHAY, 1EEH 4 CsFH 4 Sr 5& A
ARA ¢ £Fdo EATY 28y £33 Aedd §8E9LS CsH Sr 59
ZHoz Jd8) A £8E dFE AASNL 2L do2 25k @ A
AYHTHY o 892 CsH Srg ALFHolEd & Hedy, DDPY #H 4
S92 NaCl-KCl €899 £8H®675 Tl XA ALeo|Ee Auisis
A3 AUNE 52 FAX Y7L E7b53tth. DDP 342 o™ He AR sk
oy, DDP 3% 9 AA #H7

T AR 4T3 gS Aoz A
dAdEd A Hre AYIAHL 8555 R §5FLe=2 U

284
291700l 34L& LA} st vl ovh, DDP 34 waste] 5]
g 35 % T4Y 349 AN WA 2A FIT Aoz FRun

) 7l€9] H8A4

WA EL FR 259922 9E 853 TRU 34¢ 355e [FR 9
Zolol A¢d 2o JgE FAHolth W] aloks D
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E dAeE £5FANN F3eT A3 vEE o] &3 AY 4y FuH=
SHEYN ZFREFS 3481, o]& LWR &2 FBR dd2F7)d A 23

Ha 3o A71e 34

A, AAAGALL A € dAY 273 TL

At
3 2 Alole] DDP 3R % AZ|oA 7143 vpel o] UOTE 3435 o)
g AZY07122 AR 5 IF A5 WY AAAPeD, Yojx) BRE

'S TS TRUS YESHAHAES 3y T2 Aiddez I 35 s o

aeY AEd uish o) WSS 0§ oF TAHL SFEWH FLEF
o ¥4 2 AGEEel ¥7) Wl G FANN WS gk w=

AE&L o] &8 LHTHL SHEFETASN vusty 25 EFEFY ¥
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A4 FFR} R AY FA=S

AR A FAA fggs £ AEFQ n2TgEeTHLE e,
e SFEFY 244, A9 2 7led Sl o

FYAT. T8 dWAATEL S AsE A5y Fyot dF nwEd 2
o] g3 AAd g FAE R WAt Favt e &8 olFFA, Li
T3, AAEETY 4 DDPE Agstd £4& ssiUY. TR AME 2
Y 1134 Zo]l 58T A MRt E o8 TAL2 FE3, HAAE 671
HAFTAS T2 Briatan. AHEFHds AAdEE HH AL =&3
7l S8 ded dujdAAgT Jledd Bt ol AHE Hdme Fy FE&E
% 2dd HEGALEY HHA AAMLe F5E FIsto Hrksid. &
TR FHHEe FSEE P E Foen, $E5F (T ¢ 103, BF 63,

Z3te] otk

1044
ol
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i
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N
i)
WE,
e,
N
LT
Hﬂ
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11104
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£ YEhliz gl

53] 889 oFTAL F5H4FF AN A4 donor-acceptor FANAM &
559 £A954, £89T £8FE5LY BulAS A o8 $EESY ERE
¥ ¥, NM 9 RE SEFAHEY F71 Ado] 7h5EE vdetia o &
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IR

LWR

Decladding

v

Salt Reduction Reduction & Salt Cl,—Pp] Chlorination
recovery (LiCl+Li) (CaCl,+Ca) ¥l recovery : (NaCl-KCl)
Y y v
Salt-metal Salt-metal Electrolysis
separation separation (NaCl-KC])
Metal Metal l y vo,
(U+TRU+ (U+TRU+ Donor o | Acceptor
FP-3+FP-4) FP-3+FP-4) (Cu-Mg) (Zn-Mg) Precipitation
A
Zn-Mg l
Metal Retort PuQ,+
U+FP-4+(TRU) (Zn-Mg) Na,FP(PO,),
v A J,
Electrorefining Metal
TRU+FP-3
iCl. A A
U+LICl-KCH) 0y ‘ cd|  lca+TRU
xcl FP-3,4
Cathode Cd distillation
processor

i

TRU

Fig. 11. Flowsheet of alternative process.
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Fig. 12. Flow sheet of advanced spent fuel management process.
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