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Dissolver Solution HIEFFEBNETISETcD/NSYZADH

100%
1st separation cycle v[Tc(VII)] Legends
<l
< N s

10%
- Extractor Extractor IT
(Co-extraction) (Co-stripping)

Raffinate (HA/HS j (HC)
2nd separation cycle | T
1 11%1 1
Extractor 11l - Extractor [V :
| (Co-extraction) rh (Pu-stripping) ‘ ' -stripping]
l (1A-18) %  (1B) 5% (10)

" s :
Raffinate’ ClS men i | Acid Adjustment
. . u(IlT)-reoxidation process |
Pu purification cycle !
| <01% !

Extractor VIII
(Pu-extraction)

U purification cycle

Extractor <0.1%
-

| vIU-

<0.019
= Extractor IX
r (Pu-stripping)

stripping) Solvent
0.06% Clean-up
Raffinatet Pu-product Raffinate* Uproduet
* to HLLW U,,'?P,‘{’,g,,i?[?f['e
1O/ ’fﬂbb’(extracﬂon) (scrubbmgl ﬁfﬂﬁﬁ(stnppmg)
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Uranyl nitrate:

Uranium concentration 1—2 M
Free HNO; > 1 M

Impurities : Fe, Cr, Ni < 500 ppm

Boron equivalents < 8 ppm*
Fission products < 19 MBaq/kg U
o —activity (excluding uranium) < 250 kBg/kg U

Plutonium nitrate :

Plutonium concentration ~ 1 M

Free HNO, 2—10 M

Impurities: Metallic < 5000 ppm
Uranium < 5000 ppm
Boron equivalents < 10 ppm
Sulfate < 1000 ppm

Fission products (t,,, > 30 d) < 1.5 GBq/kg Pu**

TRP

UO, powder
6FPnuclides=0.5 i Ci/gu
Non U a =15000dpm/gU
Metal (Fe,Ni,Cr) =500ppm
Boron equivalents < 8 ppm
Total impurity =2.25%/UO,

TRP

Pu(NO,), soln.
Pu=250g/I
6FPnuclides=50 y Ci/gPu
241Am=5000ppm

Metal (Fe,Ni,Cr,Ti,U)
=4000ppm

241Am content (9 months after delivery to MOX—plant) < 5000 ppm

* The equivalent values are B 1.0, Cd 0.4, Gd 4.4, Fe 0.0007, etc. The amount measured for each of these elements

multiplied by the factor indicated must not be more than 8 ppm.

sk 9Zr-Nb < 185 MBg/kg Pu.

21
=) ~ m =
BELETIZALDIREREHKIESE ()
(TBq)
s Half-life Sellafield* Purex™
ource
(y) (TBa) (TBa/GW.,y)
°H airborne 12.33 222 41
liquid 1050 643
4C airborne 5730 4.1 20
liquid 0.54
85Kr airborne 10.72 26000 12300
05y 285 600 11
9Nb 0.0958 150
95Zr 0.175 150
9T¢ 2.13x10° 180
196Ry 1.02 810 39
1291 airborne 1.57x 107 0.006
liquid 0.074 39
181] airborne 0.022 0.0007
liquid 0.032
137Cs airborne 30.0 0.002
liquid 4090 13
144Ce 0.781 100
%1py 14.4 1800
U 11000 (kg)
* Releases in 1978 only; 1.8 GWe produced from fuel reprocessed.
** Average for 3 plants normalized to 1985-1989; La Hague, France, Sellafield, UK, and Tokai—Mura, Japan.
(From NSCEAR 1993.)
22
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Salt-Process Corrosion Products
/_H
100 -
@ Analysis:LWR-HLLW
BRSH
10
3
5 1 mi e o
8
€
g 0.1 i St
c
o
o
0.01 [ I neinemwnimis e EEEE
0.001 (] I nezismmE=EisEEEEEEE
P00 o AL L L S A
H+Li B NaAl SiCaCrFeNiZnSeSr Y Zr Mal'c RuRhPdTeCsBalLaCePrNdSmEu U Pu
Characterization

oU, Pu: =0.5%, MA (Am,Cm): ~100%, FP: >99.9%

®High conc. of Na and Corrosion Products, Trace of Organics (Degraded Solvent)

®Highly Oxidative ( HNO,: 2~3M)

®Highly Radioactive(e.g., T* a: 6.5x107, T+ B : 1.5x10'°, T+ v : 7.0x10° Bq/ml)
(3% Fx23-YEET(GRR) ;1.05x10Bq(?2Rn)/ml. L3 - #E;R R ; 1.60x102Bg/ml)

SEEZRLBEEN
OFNETIRNDEEEZR. EH
o RBESILLFTEEL
 MHEBEREERNFICEIDIETY

TO0tRIEZICEAEL-EZHIELTIE,

o FEIMREISYFDERMETDIEHEE

o aMBETIUIREREFTOMBIRE

» Heavy OilD & i &PuEIRE

o ERSUVICKDITBBREZTDRERE

s BLRNILERERFKEBEDIA—IVIER

OMEEHNOH (GEHDEEEH1967.11.1612H . TRIATFHREE (I3
FI58FE5H) &KVY)

o AREETHETOERAEHR

. SMETHERERAREDES (Red Oil)

o AFUKHEBHED MK

o AIEAK

o FARI7ILNEE®I®D MK

o AVEREB/BHMSLOIVERH

o FILb=) LEFEDEFH(Red Oil)




BEFRHBLETOER  SELCEXBLE - TERHOH (R

ETF) BEEE

a-Dodecane  »z Solvent BRTE Feed Scrub=2  Serub-1

¥
1 I2 |3 14 Isﬂljgmt«!;zlulmilslls

HAW Re

[12a9% 8
SHERR

Hydrazine Hydrazine
Cralate Carbonate HNO,

Pul*=Put*+e- E°=+0.97V (vs. SHE)

— - 0 — — s
NHg'=N, T+56H, +4e-  E°=-023V F&Salt—Free+EINMHEBHAIIL
2NH,OH* + 4Pu* — 4Py + N,0 1+ H,0 + 6H*

¢S5 EOBAE BRE-ZRXEZOLEK

Fm e

m @ & @ G B O @ © o Jan

Eat
A x o x o xox
ﬁﬁﬁﬂfﬁ’f x x x x x x x x (x)e x
B AA ST x <00 SO
s Sk x xe0 X XX

Bt
TV ATk x * x *
HmEES ERASE) x x x
Tuit B R ) x o x x

a (1) Flexible, i.e., able to meet varying requirements; (2) compact; (8) high degree of separation; (4) tractable wastes;
(5) operation at or near ambient temperature; (8) suited to high levels of radioactivity; (7) continuous operation feasible;
(8) suited to remote operation; (9) no major corrosion problems; (10) no fire or explosion hazard; and (11) demonstrated
on industrial scale.

b X denotes advantage; (X) denotes possible or limited advantage.
¢ Hazards with some solvents, but not with TBP in a high-boiling, high flash—point diluent.
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B/EFALT7AZJL(NRM ;Nuclear Rare Metals )
Definition as Rare Metals in Japan ; 47 elements, including 17 rare earth
Definition as Nuclear Rare Metals (tentative) ;31 elements in >10qg/t,
e.g., excluding Noble gas, Halogen, Cd, Sn, Sb, Bk, Cf
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Figure 3: Coupling of major and minor metals

(Hageliiken and Meskers, 2009)

P.Wager, et al., Sustainable Governance of Scarce
Metals, R 09 Twin World Congress (2009).

Geological factors

iminaratogical
barrier'

Amount of element available

Grade

2: Distibution of geochemically scarce
metals in the earth crust (Skinner, 1975)

Table 1: Specific greenhouse gas emissions and
aggregated environmental impacts of primary
metals production (source: ecoinvent 2.0)

Greenhouse  Environmental

Ecologicalfactors & iCamE ot e
painis / kgl

Major (base) metals
Aluminum (from plant) 12 0.78
Lead (at regional slorage) 11 0.16
Zinc (af regional slorage) 3.4 0.90
Miner (scarce) metals
Gallium (at regional storage} 190 1
Gold (at regional slorage) 13'000 1600
Indium (at regional sicrage) 160 33
Neodymium (neadymium oxide,

at regicnal slorage) 34 a2
Palladium (at regional storage) 9900 S'800
Tantalum {al regicnal slorage} 280 20 9
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Time after separation (year) Time after separation (vear) 12
I v
ENRM DS EZ 1%
FBR MOX, Inner core, 150GWd/t, cooled 5 years
Ru, Rh ; Short-lived FP Cm, Cs-Ba, Sr-Y, Rh, Eu, Cf;
After 40 years stockpile, radio-activity of Ru will High Radiation & Exothermicity (e.qg.,
become at below than exemption level (BSS). >0.1W/g)
By element separation of Pd/Ru, stable Ru and 137Cs, as instead of 6°Co
pure 196pPd isotope will be obtained.
Mo, Dy, Er, Yb ; Stable FP
After 80 years stockpile, radio—.activity of Rh will Would be of great value. Higher order
become at below th_am exemption level (NRPB). isotopic abundance of FBR Mo would be
By element separation of Rh/Ru, stab!e pure beneficial for production of ©Mo(—9%mTc).
103Rh and 192Ru isotopes will be obtained.
Pd, Tc; Long-lived FP Natural Mo(%); °°Mo:14.8, ®“M0:9.25, ®*M0:15.9,
Low radio-toxicity (e.g., Exemption Level - jEMO:m'G' ™M0:9.5, #M024.1, 1°M0:9.63
Z 4 JEAO3
931}(? 1%312%)88) Ma-98(S) / Mo-100(S)
1O7Pa:105(NRPB) S10E-03 I ™ Mo-95(5) Mo-97(5)
z T Mo-96(5)
La, Nd, Ru*, In*, Pr*, Gd*, Th* (*after ~ ="' ]
50 years) ; Very low radio-active FP = i |
Less than 0.1Bg/g*. Note that radio-activity of a hot- o
spa water of Jachmov / Czech for cure is 10.5Bq
222Rn/ml. LOE-03
Seem to become hlghly strategic and important 10E+00  LOE+01 1LOE+02  1LOE+03 LOE+4  LOE+05
resources in the forefront industries. T'ime after separation (vear) 13
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S-HLLW etc, for electrolytic
extraction runs

NaOH or Sea Water in the case
of H, production runs

Electrolytic Cell employs for Separation of RMFP from Simulated HLLW
and for Generation of Hydrogen by Electrolysis
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Dieposition yield (%)

CEE (2)

®Basis of CEE (Catalytic Electrolytic Extraction) utilizing UPD (Under Potential Deposition) effect

o

in HNO; Media

) B, s, NHE
i 4 e
. - Bl == 0915
BC + s Pd Pl LRl
Rel), Reld, 0768
e Rh*RE 0738
- P 2 T, Ten,” | “0.738
P A : . w
= ™/ o ] el Re, 0 A ;
% / ; / ! Ru*Ru RAb i
L] 2 Ll
i o -¥ Re, Re 026
Y & i 1 Ru*Rus | 0249 .
" _.'J, e i ‘.
i . ~ Z o ” ..
s a8 50| lnters
P R0 b ot e ol o
e gl &
¥ - B Mediaror ."'I @
- 20 »0e h
Time {mn) J : Promoter
Separation of RMFP from Simulated HLLW A
fitioms gl ,’N) Tiland State ™

Smeooth Pt . Cathode (Zew) . Anode (Sene) . Az AgCl

= ®Extension of CEE in HCI Media

CEE Q); £TFAAUE [CLHME{REMRDEZEVGERBER)
CEEDQRBIEIERICL>TELD;

1/ PADCEE%#IR — X:Ru. #;Tc*, /V;Re
2/ RADCEER — X;Ru.Re, Tc

3/ Re(Tc?) R URUIZIZCEEZN R L%y, Pd,RhE X 55

Reduction Ratio (%)

*OLFKRI £ FEHZET—2(EEER)

Run RMFP Pd Ru Rh Re Tc
1 Pd 97.8 - — - —
2 Ru = 17.6 = - —
3 Rh == - 90.2 - —
4 Re = - = 13.2 —
5 Tc — - — - 57.5
6 Pd-Ru >99 >99 — - —
7 Pd-Rh 99.1 - 98.9 - —
8 Pd-Re 99.1 — — 17.6 —
9 Ru-Rh = 99.2 93,5 - —
10 Ru-Re - 6.8 - 11.3 —
11 Rh-Re = - 92,2 41.6 —
12 Rh-Tc = - 299 - 99.7
13 Pd-Ru-Rh-Re(3.5:4:1:0.5) >99 83.3 >99 914 —
14 Pd-Ru-Rh-Tc(3.5:4:1:0.5) >99 86.9 >99 — 68.9

CEE Conditions; Electrodes; Smooth Pt , Cathode (2cm?) , Anode (8cm?) , RE; Ag/AgCl, Catholyte;

0.5M HCI, Temp.;50 °C, Ic; 2.5mA/cm? (1hr) = 75mA/cm? (2hr) — 100 mA/cm? (4hr)
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Tertiary Pyridine Resin (TPR) MIDOA
(Y. Sasaki, et.al., Chem. Lett. 36, 1394 (2007).
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\ (4) BB FARBERN =T OT47 5 BERER

* 4] 1438 G,
22 3x1%97(mcm’5)( SRS &
1.27g/30ml

Effluent volume /em®

B Perfect Removal of 1%Ru and '%Sb

B Recovery Rate of 2!Am Product
=>95% ( for Stepll + Steplil)

W DF for 22Am Product (MA/Ln Sptn.)
*DF'SSEu > 1.0 x 10°

B SF of 243Cm for 22!Am Product (Am/Cm Sptn.)
*SFemam > 2.2 % 108

W Purity of 22Am Product (Cm/Am)
*Ln(*44Ce+1%5Eu) / 21Am < 0.3 ppm
=24Cm / 21Am < 1 ppm
* ¥ FP(106RU+125Sh+137Cs) / 241Am < 1.8 ppm

W Purity of 243Cm Product (Am/Cm)
=241 Am/243Cm = 7.8 x 10° ppm

. Dissolution
(dllute H )
i L
Diluted HCI RMFP-free Utilization
|(L||;?Lne » " Pre- = Dislso_lver gnd/l(:r T
Separation ~ 22ton tockpile
Gelated Tertiary |- of pRMFP PtG(RulOS,etc) 2
by IX —] Tc99-Product
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Nagh insing__,, Step I-B
RS
(conc.HCl)
as tamcl l>| Ln. FP(Cs137, etc) Waste I Lns’ Cs
Sli(c!j:l:pl:))oned R = ' » HLLW
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e — )
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4 Re-Dissolution(HNOy) |
Additi f CH,OH .
b ll—lllznoao:Me:SZ::% TOtal
¥ —> ﬁctlmldes
HNO, +CH,OH ecycling
(Elute IV) m-Product
HNO3 Slica-supported 1 gm ! CItT]
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Diluted 0.5M NG, —— 5| DY IX J
y (Elute V) Step Il 27
(5) TOT47 R ERHER
Inter Group (4f/5f) Separatlorl Intra Group (5f) Separation
[ Fp 12M HC| | 0. lM HCI g L cm Am ]
F — A 1k |
e (Cs, Ln) Am+Cm I Pu ] L )
L | | + ]
L | s J
2 F | 1% F ]
‘@ L | { < L ]
& 0.5F 1809 i
c F {1 £
= r I ] L |
i I ] L ]
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Effluent volume / ¢t

= possibly more than 99.9%

= far more than 1~2x 103

+ far less than 1% (Ln/ MA <5% CEA)

product mass?

* possibly less than 1%

23

26



€ LI LRURNADF YLD

@ NH & Cs* 10 ve T s
oQ b° e |
Uptake of Cs*
in simulated HLLW & | J
]
o 40 J
=]
2M HNO,,0.98M 20 ]
NaNO,, 28 Metal
Elements o j , .
0 1 2 3
ki 9 Time/h
Structure of AMP((NH,),M0,,0,,P) in SG(D) Time dependency on uptake of Cs*
’ 11 10*
S {‘—"\fi']-'m' €00 Coo * CLD-HALG
hy Piats B CLD-GAALG
[;\f_',:oj Co0 CO0 Co0 Untake of Si2
ptake of Srz+
Lo/ o, (I:,u, (l:,ua in HNO,

D18C6-based CLD /c{.c/cﬁo?o\w
S

/ Shell material 10
of GAALG (Microcapsule) 0.01 0.1 1 10
530 pm [HNO,| /M
Structure of CLD-GAALG

Acid dependency on uptake of Sr2+ 24

7 LAY ERE (Rb, Cs)D BMIIAD BERAZE

ISTC Collaboration with IP, Armenian Academy of Science (2002-2004)

T IA=TRF HREF (PWR)

Laser-chemical Isotope (**Rb) ] 2
Separation - Mechanism

1:"RbD, Fa2+F 123 [
& "RbD, F=3+F =234
3:"RbD, F=2+F =123
4 "RbD, F=1+F =012

, A,

$5Rb +hv (780nm) — %Rb* (5P, ,)
$5Rb* + H, — Rb + H,*
$5Rb* + H,* — RbH + H

2%Rb* + H, — %Rb + “RbH + H I, LA

Frequency, 500 MHz/div, 25




& L—H—1bZi%E (LCIS) (2K B858RbMD B A 57 B

1 RRAES (A —FL—Y—, 2;Rb(Cs) /L. 3: AT (4 —F.6:%
HEIANVLTALYAIL

Desk-top LCIS Equipments

8SRbH
Deposits at
the Cell
Window

Item Figure

Rb vapor density 5X10"atom/em’
Hz density (converted STorr
into pressure)
Cell temperature 220~240C
Laser power, 50mW,
Irradiation time 30min~2.5hour
8 . 72% (Before exp.)

Rb ratio 98.4% (After two exps.)
87 . 28% (Before exp.)

Rb ratio 1.6% (After two exps.)

Y /(1-Y)
X [(1-X)

{

Head Separation
Factor was 2.99
(1st), and 23.9

(2nd)
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-1 L Pk ol b’%i?éﬂ%ﬂ@bﬂ_&( TNBETLEEX GFICRI OFEBEFMGE(BNWL—25x b3(8H)

FTERD B\ TTREEED B B HBHCED | B B H |+ FITOE%HE (e ton) BB bt *e—Y—2(x10%)
R 1 N (Z-br g) 25000MWD.~ t ©IBE CS/tEREIMND | 104 MWDDHE
Kr=—85 FEERFRES, HORAR 104 0.5 4 17 1,700

Sr—oo0 MR, PR 28 0.9 5 411 822 8.7
Te—99 WA, bt 21x10% - -\ 628 628

R TR, WS I URMBHE = = - 337 674

Ru I3%x b U ICERMEHR # & (+I¥Ru—~106> 1,707 354

Pd IR, WA L OIEAER &= = - - 976 244

Xe 5 EREREA - = = - 3987 1,196

Cs—137 | mon. HAMB 30 0.4 2 950 950 123
Ce—144|mE, FHRE 0.78 25.6 241 260

Pm—1 47| M, S 2.6 0.3 3 133 i 335

U —238 | mWwHE 4.5x10° - 8.9x10°% L]

U —236| Np—2 37088 2.4 x1 07 - 3277 36,070

Np—237| Pu—238oms 2.2x10° - 316 %320

Am—241 | #mBR(Cm—2 4 2Oy ) 458 0.1 56 2,800

Cm— 242 MBF(EELTPu—238&25) 16308 120 23 3,450

Am—243 Cm—24 4Oy 7,650 - 87 39,120

Cm—244 2 B 176 EX- 22 . 19800

Pu—238 m o 90 0.5 6 - 3,450

Pu—2 39! masuswmat 2.4x10% - 5453 - 49,100

FPu—240 #MAMw(Pu—2410H) 6.8x1 07 - 1,517 7,585

Pu—241 | BZARKEWRAN—241 GFA) 13 - 1,412 24,000

Pu—242 Am—24 30880 {:{BXID' - 386 15050

I

#=2 RBEKSHLRIOZAe—-FA

B VA | @WTERD ERo&R GMoRTES
Microwatts Pu-238 LROA=2 )=t =, | kNa; BHE,
HEEFHAR i-F 3.
100 ~ L000mW | Pu=238,| MIETOHE, =, RIBWOER S,
Sr=80, F=FaMANE, amn, Exn
Pm=147 KTRB
10 ~ 200watts | Sr=90 man, =g, Bfa,
H:llﬁ, ~dsomamPRN, | GNH, E48
LEES L L
PNCT-7099(1970) 1~ 10 KW Co=t60, MEOXRAR, FEET TS
BNWL-25(1965) Sr-ne, AREELNE, TTY
Ce=144 EnAS
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@O 7IZHF598r B U238pud F B

90Sr Battery (KRI 238Py pacemaker (KRI)

23,000Ci Sr 150W
ca.150mgPu0,

241Am(n, ¥ ?2Am( B 7)—=22Cm( @ )—=2*Pu

B7A—E2507% LR AR TR

28

O ANIRHR. TIRFVL(Tc) DFIA
TA)H
1/ NASADOW/TcEERAFETOD T H(1964)
TCOWADEEF 5, Re&kYBNS, DRIV OUEEDHE
2/ z i, BHE. SRBEEE. dEEIFINR. TcE€a/ILOEFHAIZER,

av7
1/ B-emission ZFIfA ¥ REWTCEM (1978-
1983, O.Balakhovsky)

2/ B-SourcesZF AT D IRHKD X ERERFES
5% (1983 - 1993, K. Bukov)

3/ BERIMFIF (1960-1975, Kuzina)

4/ FEHHIF) (1975 - 1987, S.Bagaev,
S.Kryutchkov, K.German)

5/ Tc f#E (1975 - 2000, G. Pirogova)

BR
e oty 1/ BEIFIFABIREMSELL.
based on p-emission of 2/ FKFH ERRIEF| A O ZEEAIA(JAEA, 2002-), ZDfih

O EABALIE R A ZEB%A (JAEA, 2008-)
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99mTC
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1964 HNLERIE,
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160 1/ Bk&YHRESHITHIO
» EHABEN CEAME)
3 Pd-Rh-Ru-Re 2/ -1.05VAKRREERD
S 140 BREMLEZLND,
3 3/ 2R TlETc-Rh RU
2 0 Re-Rh OEHEAEL, Te
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3 Ru—Fl:h300p:r:m;1 Re~Rh300ppm © rursntoopom | | 4/ Pd-RhATIE, RERNR
< 80 i Pd-Rh300ppm Ru-Rh300ppm FEMNENFEEF N
b ® Re- m o g o
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S [} Re-Rh300ppm E ST N
g o0 . :hLmo o Tcso_Rhs’;’;pn 5/ é"lii‘i;ﬁ&m%lﬁl?h&l)
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° ® pt 6/ THESEEIR &Y HIEEEEIR
§ 40 DT(EB?)DFEULE
3 W(SEERTIVED
8 20 Y)
g © Pd-Rh50ppm 71 ATTAT R AL 0D SE T BE
3 | FESEE(TRARUAS
0 2)5EE%, TEEEN2
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Initial Hydrogen Evolution Potential / V vs.Ag/AgCl 3 EEIER
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Catalytic ability of RMFP deposit electrodes BARMTHE T, KRBEED
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*] Pd:Ru:Rh:Re = 1:1:1:1 *2 Pd:Ru:Rh:Re = 3.5:4:1:1;Pd/(Ru+Rh+Re)=1.6 Block Addition of Pd**
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1 ERBFIR, RE. EFm. ERHNESHEB-)DED
Rh; HH. ReffiExH
Ru; BHTER.BE
Pd; HH. EEME. R/NEOEE
Tc(Tc-99) ; K&, [REMERE. ReftEnH
Mo; JEMETE. #ZEZESTc-99mIiRE
#FEF(La. Nd, Dy, ---); - FEMETE

2/ #ZHIFI A . IREHR KR VR FI A

Cs-137; ¥ E-BREAMSHRIR. JEiEREACo-60 SRR
Sr-90, Cs-137. Ce-144, Pu-238(GEFHIZEREI AIR) . Pm-147, Am-
241, Cm-242/244 ; By HFRERR

3 ‘AR MHBEME

Np-237. Am-241, Cm-242,244

4] RMiLiFTi5
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& RIGLAD TGS ORNL, etc)
Property of isotopes
- Isotope| Price(¥/e), |Price(¥/g) ?'/"'l‘_’l‘l'\fl‘; Abun | Rad.or . Solubilit RCRElI)Zy in the spent
P (A) 27th Feb.,2003 £ B dance | Stable vz y (©) b fuel($/tHM)
B) @) A*B*C*D
Tc98|  3.00E+10 cst| 2.66E-02 Orad. By 4.2x10°
Te <a. 100 - 5 0.8 0.9
Tco9 1.09E+03 100[rad.active [| 2.1x10%| LLFP 7.85E+04)
Ru99 39,040 2.55E-02 0
Ru100 43.170 38E102 3.3 3.75E+06
Ru Rulol 35,050 18E10. 28.6 07 0.0 2.61E+07
Rul02 20.410 S2E10. 36.4 1.95E+07
Rul04 27.300 32E10. 31.6 2.27E+07
Rul06 1.47E+01 0.4[rad.active 372.6d
Rh102 430E-03 0
Rh Rh103 29 1286103 100 0.8 0.99 2.04E+04
Rh106 1.38E-05 Olrad.active 25.80s
| [/—/———seaEtod]
Pd105 0.856+02| 28.6
Pd106 1.07E+03 31
Pd Pd107 5.67E+102 16.4[rad.active 7x10° 0-8 099 [TiFp
Pd108 5.20E 102 5
| [ 758k+od
Se76 3.25B-02 0
Se77 1.86 2.7
Se78 5.37 7.8
Se Sc79 8.57 12.5|rad.active 6x10* 0-8 09 [Crp
Sc80 1676101 24.4
Se82 3.60E+01 52.6
Tel22 76,850 1.37E+00 0
Tel23 140,000 est.| 5.27E-02 oO[radioactivd 1.3<10"
Tel24 29.230 1.16E+00 0
Te Tel25 16,040 2486101 28 0.8 0.9 2.86E+05
Tel26 8.950 4.02E100 0
Tel28 4,340 2256+02] 251 7.036+05
Tel30 4,490 6.40E+02 71.4|radioactivd 2.4x10?' LLFP 2.09E+0
1] U234 61,800 6.94E101 radioactivd.454x10°
Az 02 20.16
Au 10 1,455
Ru
Rh__| Natural
Pd 580
Pt 12 2.756 py"
i 28.000[1.126.514/ct JJ
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1/ ARBRB A2 /b BERAT (LGET) (SR DL 7 ARV E - FIF; TATDAu, PAEEH T[S ith
wﬁgl{:&;\ﬁﬁ%\LEcologlcal Factors (Kg COZ—Eq/Kg)ﬁﬁL\&L\*)*L%)(Z7'f|~ 22), —ZIZNRM
A

{511) Mo, Dy, La, Nd(BRYHE LEF. Ru, In, Pr, Gd, To(504E 5 #1#) . Rh(1004E 5 H11%)

AEN-EEEFA

BI7)FP+Ru — RIZRFELARJLLLT (404E)— 2S5 AL ALLLT(504E)

518) FP+Rh — RIZERL NJLLLT (804F)

AHNBEETRABEICESRERGALERE (F=f2L. Ru-99, Ru-102[£=0.1¢/t)

512) FP-Ru/Pd% 8 — Pd-106(s)

{513) FP-Rh/Ru%Z> B — Rh—103(s) 29$/g, Ru-102(s) 20,410$/g

514) FP-Pd/Ag5 B — Ag-107(s)

515) FP-Tc/Ru%y B — Ru-99(s) 39,040$/g
2/ BRETLHRHER

516)FP-Pd — RIFARLANJLLT
3/ B HULASHFIA

{519) FP-Pd(Pd-107), Tc(Tc-99)
4/ ¥IELHFIA

5110) Tc-99 — & FERu-100~102
5/ {RORFEGIA DB IC KB R EXIEFH
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FBRE AL F1)AIZEANRMEIYRF A (EUREI9%ELT)

-BEEOEERICHITHERNFEDH (2006) ;Ru:3.7t, Rh:2.7t, Pd:50.6t
2070F DM HY A VIILEEET HL. 2006 FFEDRUEE. Rh#140%. Pd #17%. ZFEMESTE

NG Rh, 1.1
Te, 1.16) Y, 1.02 [Tb.QOO2
FBREA L U4 OBLEEH B AR |0y, 0003
1,600 Ba a8 |l lrseom /Pm, 0.03
. In, 0.004 Eu, 0.30
1,400 b TSmzoz | @d 032
a2 e i
SR i R 548 SuaK .
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0 558 FOFFRAD
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EE(Y) ) SRt
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ERFARH ?!éﬁ'
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137CS
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TR R AL D U35 B FE BB

Trinitarian Research on Separation, Transmutation and Utilization
(S&T,U) of Nuclides and Elements, Based on FBR Fuel Cycle. A
Copernican Revolution on Fuel Cycle Strategy.

Reduction of Volume and Toxicity of Rad. Wastes.
* Within a few hundred years, let the radiotoxic inventory decrease to the
level of natural U tons corresponding to 1t of vitrified HLLW.
Multi-functional and Compact Reprocessing Process and Plant.
* Separate all actinides, LLFP(13°Cs,etc), MLFP (137Cs,0Sr) and prioritized

NRM (light PGM, Tc, Mo and Ln, etc). Target S.F. are not uniformly, as 90-

99.9% .

* Direct and deep separation of all actinides into 3-4 groups, U+Pu+Np, Am
and Cm from the spent fuel.

* High purity for NRM in utilization, low DF allowed for An in burning.

* Hydrometallurgical Separation; Adopt Soft processes and Salt-free reagents

for suppressing the secondary rad. wastes.
= Allow hydrochloric acid media as well, for the sharp separation.
Challenge Isotope Separation of LLFP (135Cs, etc) and NRM.
Contribute to Improve Existing Reprocessing and Vitrification Processes.

40

Radiotoxicity (Sv)

@ Adv.-ORIENT Cycle® B AZNE ; EL A4 (Sv) DK R
Provided, 1 t HLLW(FBR) = 60 t Natural U
FBR Spent Fuel Inner Core : 150GWd/t, Cooled Syears

1.E+10
o« NoSpm. 4,90% Spin.
L.LE+08 _An 99% Sptn.
-
1.E+06 [ -
.\'atul‘tll Ut \ \\
LE<04 [ h
Natural U tons Adv.ORIENT Cycle; \
Corresponding to 1t Sptn. 99.9% of
| Er0a | of Vitrified HLLW  An (U,Pu,Np,Am,Cm),
' - 99% of MLFP and RMFP, Lo
and 90% of Ln, etc. An 99.9% Sptn.
1.E+00 ' : : : : : '

1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07

Year (y)
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BVision and Strategy; One Conclusion

Through Adv.-ORIENT Cycle,

B Products; Energy and Nuclear Rare Metals (*actinides are consumed in
the cycle)

(s years (at the reprocessing); Pd, Tc¢ (long-lived, but low radio toxicity)\
Mo, Dy (non radioactive), La, Nd
(<0.1Bq/g)
Cm, Cs, Sr (highly exothermic)
~50) years (after stockpile);  Ru (below than exemption (BSS) level),
In, Pr, Gd, Tb (<0.1Bq/g)
\~100 years (after stockpile); Rh (below than exemption (NRPB) level)J

B Wastes; Around 100 years, the radiotoxic inventory will decrease to the level of
natural U tons corresponding to 1t of vitrified HLLW.

, will be realized. Low Greenhouse Gas Emission
Technology (KgCO,-Eq/Kg) seems to be Key. 0

FLI

LI R (AT BEEY) ORRICAITTOEE, SFAKYKEH S, “B7E =R
FHULEIZ, “IE"E IS !

LT ANIE SR EEICEELE-EERRT. KEDGDPEHIT5, HEk. FL
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R, EBMEELTIRONA AR TR BEL. SHLXNKREFETINEN
H5,
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TW%, FREABREE REYM CTIIHCAIER ELTRADRETH D,
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[CIREBEREREN) OERNBETH S,

*NRM®DA., Mo/ Tc/ Zr/ Ru, Rh, Pd (82 H%#&) / Cs / Sr/ La, Nd, Dy (F L %8) (&,
WEHME RS, BRI ERERUVERMBZELEDRANS BHTEELE
AbNDHFIT. KEYMELLTOTe. RBEBEELTDCs, P TcHERELTD
MO) )

FEFV IR AIIILHR T, YIRTYILR 2V —1RIREE B 5 B R T % BE
FELTLSH, SHITFECO M A St - R AT BT CENEELLSS
o TOTATRB+ IEHBERB~NDODREANIDETHD, 43
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BEBI(TR);
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Ly | (BED
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Lp, 388 BIEL AL
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1 has often proved true that,
the dream of yesterday s the hope of today, and the ealty of tomormow
by Robert Hutchings Goddard
EAOBL, $R0RZ BROSE
Sctentists e those people who sofoe e problems which they can sofe, and engtneers arethe peaple who sfve the problems which Raveto Ge sofved
by Albert Einstein
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