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A Study on the Reprocessing of Spent FBR-Fuel by lon Exchange - 11
Yuezhou Wei*, Tsuyoshi Arai* and Mikio Kumagai *
ABSTRACT

In order to develop an economically efficient wet separation process other than solvent
extraction for reprocessing spent FBR-fuel (MOX fuel), we have investigated the possibility of
an advanced ion exchange process.

Based on the results of fundamental research and the fruits of this research in last year, the
proposed FBR-fuel reprocessing process which consists of anion exchange separation and
extraction chromatography separation has been studied quantitatively from the engineering
aspect. The plant concept, construction cost, applicability of this process were investigated
and preliminarily evaluated.

The proposed process was improved to reduce the amounts of operation solution and waste
generation, and to enhance the properties of the impregnation adsorbents for MA separation.
The mass balance including waste generation in main processes was evaluated. The operation
flow sheets for each process were drawn. The main machines were conceptually designed.
Furthermore, conceptual design for the reprocessing plant using ion exchange and extraction
chromatography was executed and the installation layouts of the machines, equipment and
facilities were examined and designed. Based on the research results, the construction cost for
the reprocessing plant was estimated and compared with the existing PUREX plant.  Finally,
the subjects resulted from the introduction of the ion exchange process were extracted and the

considerations for solving these subjects were also indicated.

This work was performed by Institute of Research and Innovation (IRI) under the contract with
Japan Nuclear Cycle Development Institute (JNC).
JNC Liaison: Reprocessing System Engineering Group, System Engincering Technology
Division, O-arai Engineering Center.

*Nuclear Chemistry and Chemical Engineering Center, Kashiwa Laboratory
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CMPO,”Si0,-P:  MA (Am,Cm) = 40 mg/ml; Lns (La,Nd,Eu %) = 23 mg/ml

Cyanex-301,7Si0,-P: MA (Am,Cm) = 50 mg/mi

Et-BTP,/'Si0,-P: MA (Am,Cm) = 46 mg/ml
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F2.1 T oA UEBERAROIOFEER L UMHE .

4-(1-Methylbenzimidazole-2-yl)phenyl 4-(1,3-Dimethylbenzimidazolium-2-yl)phenyl

‘ CH3 ([:HS
: N
Functional group | N j@ . |
N\t
\x N N
| CH,

Carrier bead

Bead diameter ( x m)

Mean pore size of beads (nm)
Pore fraction in beads (-)
Matrix structure of resin
Resin content (wt%)

Total capacity (meq/g-resin)

Quaternary capacity (meq/g-resin)

Porous SiO,

40-60
600
0.69
Macroreticular polystyrene
24.4
3.4
2.0




#2.2 HNOAEIZBI ZPANR AR OTTIREE D PEH R
(3 : AR-01DResin® 1324.4wt%. AR-O1RIZSIOFEMZ L)

AR EUWMBFEEC  UHEZREENS IAEElazs
mmol/g mmol/g N4 %
(EC=N3+N4)
0.84 0.49 58.2
AR-01 0.77 0.49 63.9
0.88 - —_
AR-01-Pd 0.77 0.50 64.4
0.76 0.51 67.2

Pd & &= (mmol/g) . 0.13, 0.15

AROIR 2.84 1.14 40.5
2.50 1.07 42.8
231 1.13 49.0
AR-0IR-Pd - o 553

Pd 7% E(mmol/g) .  0.46




Exchange capacity (meg/g-resin)

2.0

[0 Tertiary EC
gl O Quaternary EC |
Q 0O
O
16O O |
1410 | -
[
O
1.2 - -
1'0 ] 1 ] ) | 1 | 1
0.0 0.1 0.2 0.3 0.4 0.5

Pd adsorption amount (mol/g-resin)

2.1 PA(ID)% Wi L 72 AR-015 A D7 & L PAIDILA & & DGR,



Distribution ratio, D (ml/g-Resin)

16 T T y T T T T T

* I—[NO3 conc. : ]
—0—3M
: -6M ]
2 F ~C—9M 4
O 020 40 60 80 100

N4% (%)

Feed conc. of U(VI) : 5SmM,

Solution volume : 20ml, Resin volume:2.2ml
Contact time : 2hr, Reaction temp. : 60°C

2.2 RSERVANGIZ BT B UVDIRE M & AR-OIEHAADABISHL IR & DRILR.



0.2

C}
b
A
=11]
E 0.15 |
g
o _
= 0.1
s
3
D)
L
S
< 005 |
>
-
0
0
U(VI]) Conc

01 02 03 04 05 06 0.7
Pd(II) adsorbed amount (mmol/g-Resin)

.. 10mM, HN()3 Conc. : 6M, Resin : AR-01, Temp. : 25°C

X2.3 AR-OIZTIARIZ & AUV E I RIZTPAIDW S O 2%



CH,CH(CH;);
CH,CH(CH3),

CMPO (Octyl(phenyl)-N, N-diisobutylcarbamoylmethylphosphine Oxide)

HS. CH,—CH—CH,C(CH3)3
<

CHQ—(FH—CHQC(CHQ,)E;

CYANEX-301 ((Bis(2,4,4-trimethylpentyl) Dithiophosphinic Acid)

4 )
| X
R R
N,

R = C Hopyg (n=1-4)

. J

R-BTP (2,6-bis-(5,6-dialkyl-1,2,4-triazine-3-yl)-pyridine)

2.4 MAGEERF 1L — FREFHOSFHEE



(1) Synthesis of 2,6-pyridinedicarboxamide dihydrazone

X
AN
NaHy HoN l NH,
IN/ - \Syg/ N7 C/N/
NC CN H,N \NH2

(2) Synthesis of « -diketone (4,5-n-octanedione)

(CH5C0),0 / KM, 0,
R—CH=CH—R > R—C—C—R
I

(3) Synthesis of 2,6-bis-(5,6-dialkyl-1,2,4-triazine-3-yl)-pyridine (R-BTP)

S

H,N | NH,
\N\c/ NZ C/N/ + 2 R—C—CR ——> Y
0 N

H,N” “\NH, o

R

2.5 R-BTP#F L — MIREHROE I

N
e

N



FLF DAEB

2.6 ¥V HBEOETFEHEETE




Particle size: 40-60 x m
Porous Si0; particles | Mean pore size: 600 nm
Pore fraction: 0.69

Evacuation
# —Monomers: m/p-formylstyrene
m/p-divinylbenzene
Monomers sucking -4— Initiators: «, « -azobisisobutyronitrile
1,1' -azobiscyclohexane- 1-carbonitrile
$ —Diluents: 1,2,3-trichloropropanc
Polymerization m-xylene
(363 K, 20 h)
Washing with acetone
Washing with water -CH,- H—CHz—TH-

Polymer-Silica particles

CHO -CH-CH,-

Characterization

(Polymer content: 17-18 wt%)

2.7 L UH/ R —EEHEE (Si0,.P) ORRITE




SiO,-P particles Polymer immobilized in silica

Particle size: 40-60 « m
$ Polymer content: 17-18 wt%
Washing (Methanol)

!

Vacuum filtration

!

Vacuum drying (333K, 24h)

Impregnation in R-BTP, etc.

rotary evaporator Diluent: dichloromethane
é (298K, 1h)

$ |: Extractant: CMPO, Cyanex 301,

Removing diluent (Evacuation , 298~323K, 1~2h)

!

Vacuum drying (298~323K, 24h)

é CMPO/SiO,-P
Extraction resins Cyanex-301/Si0,-P
R-BTP/SiO,-P, etc.

[2.8 &BIEKEFICL ¥ L — MRBERORRIAE



70

Distribution coefficient, K, (cm%/g)

SR

i
itk SR
B

Concentration of NaNO, (mol/dm?)

25°C; 2 h; pH 1.18-0.58; 0.50 g Et-BTP/SiO,-P

2.9 EtBTP,/Si0,-P WEHIZ & 5 Am(III) & Ln(IWE 2 KITT
THERA 4 VIREDRE,




70

60 |

50 |

30 |

20 | 7/

10 |

Distributio coefficient, K, (cm?/g)

Time (h)

25°C; [NaNO,]=3 M; pH 0.66-0.68; 0.50 g Et-BTP/SIO,-P

[92.10 Et-BTP./SiO,-P W&Z&E#IZ X % Am(IIL) & Ln(II)H 7 DRERZEAL.




1.0

0.8L ‘ i
< ® CMPO /[ 5I0,-FP
> a Cyanex 301/ SiO,-P
g 06] i
cU
A0,
g
5 04L i
©

0.2L " A A _

A VN A A
0.0 1 Lyl 1 1 lllll.ll 1 P& 330
0.1 1 10 100

Shaking time (h)

3.0 M HNO, (0.50 g CMPO / SiO,-P)
1.0 M NaNO,; pH 3.38 (0.50 g Cyanex 301 / SiO,-P)

25°C

R2.11 & 9 RERICB T BWAERID S O EREHOWE ST



#2.3 JRE S EBRIC BT BECBTP/SIOPRA A D & OE-BTPH HB I E#5 R
(25T, 28FFEIRE )

s o 0.1
BRARE M) |5 102 0.1 0.1 1.0 2.0 3.0 (pl-?illl) (PHL.08)
AR (pH3.17)| (pH2.42) | (pH1.09) | (U,Fe.etc) |(U,Fe.etc) | (U,Fe,etc) | (U,Fe,etc) 70 hs 5i0,-P
BHHTOCHRRE (ppm) | 161.8 175.3 | 205.9 498 3864 3952 4079 214.9 16.2
2.95 3.20 3.70 9.15 70.9 72.6 74.9 3.82

Et-BTPAHEE (%)




F2.4 14 yTHRBLE SO AOSEBREAE

BHNE H B i % (GB#E)
(1) T8
@ PdBEEEEOEIH| - FARBEF ORI -80 Kmol/& |+ REPIZBHLLOTEBRKFLRICERETED
0. INFARE; 0.4mol/d — 0)| - BLRUBEHEOER ~4 w'/H FHEEERH SIEE
RELENE, BAFEOEL -2 ¥
@ ToEEEROED « fEFRHNO3 B D{ER (6MHNO3) ~4.8 m*/ d * ToDBHBEEN L EREHRE
(6MHNO3 ; 1002 — 50¢) - B LARILBEROIER -4.8 m/8
@ PuREEEREDET - (ERAEBMBOER -0.6 Kmol/B |*PudBEtiFtEmr S LBEREHT
(B 2.6M — 1.5W
@ BEROFEARHROEX - (EAIHNOS B DER (6MHNO3) -5 m'/B |+ BEERTHMEEO TREN, S EE
(6MHNO3 ; 24[E] — 96[) - BRIEI IR e K D B -138 Kmol/H
® O OBmuEEOHY - FEEROBRIEENDET -1~2 ke/em’ | * BEARETHSOEHBERIICLD
( 950¢ — 8;201.’ )- 3-?4 ke/cm?G
(2) MAZBETEE
D MAZEBLAILER - MARE R HERR D UL *BNETOLRLEOBEERIZLES

(PBE — BRER)




2.5 AT VBB TREFLE

18 E MY
i 135 i/h HNO3 :3M
RREO 3MHEZE11.5M - HNOIE CoME BTy T
ik 215 1/h HNO3 :6M
HNO3 6 M
U 161 g/ U :346Ke/h UO2(NO3)2
Pu 19 g/l Pu : 40Kg/h Pu(NO3)4
Np 0.1 g/ Np :0.02Kg/h
Am+Cm 0.7 g/l Am+Cm:0.16kg/h Am:Cm=3:1
FP 12.3 g/1 FP : 265Ke/h
Ru 1.2/ Ru:0.25Kg/h
2; e R - BERY I 15min/ ¥4 (c)
AL 551 /490 (e)
-EH¥E HNO3 6 M
u 161 g/l U : 9 Kg/e
Pu 19 g/1 Pu : 1 Kg/c
Np 0.1 g/l Ne : 5 g/c
Am+Cm 0.7 /1 Am+Cm:40g/c
FP 12.3 g/1 FP : 0.66 kg/c
Ru 1.2g/1 Ru :63g/c
IIEERET |4V E 09 m' UVDIRZES : 10 g/l »>%BRESE 09m’
. |-EREE 045 m® FIEELME 50 % — ZE[EZ -045m°
-BEE FHEERS (BREZe,E. B, MR, THREEER)
HE<hik 80cm ¢ X 200cmH A:0.50m?
FElEE 80cm @ X 180emH " FEIEYS: 140 3THRAFAR-01
«ZEfHER E: 10cm. F: 10em
¥ $rid 7 em/min
EHEX 3-4 Kg/em2
-MMIBEERE (1BERE 15min ( 55)
(H490)  (3E%®  1.1min (400
R)BEEE  21min  ( 75()
(A)BEEE  2.8min  ( 1000) 180cmH(200cmH)
GEER 2.6min  ( 5500)
DEIER  4.9min - 80cm®
& 15min




A A 2 3RHRIE (1) (1) (2 - ® (4) (5)

. . 3
REE : 0.9m | FPEIR VIR U. Pu. Ru. NplEHR TolElR - B4
-EMEE ;. 50%
CEEAER : 0. 45m° - .fl\. . * t ?
.FRE - D, 05n’. BRE FPYEHH ViBBEi® U. PuiB B ToiR Bt
. (B4
6MHNO3 6MHNO3 1MHND3 1. BM¥ER 6MHNO3
U(VDDIRFER : 10gU/¢ 55¢ 40¢ 75¢ 100¢ 550¢
R -
- . FP l 820¢
T 0.025 3 ]
[ Ru [ (Te)
0. 45 ' : | i s ()T~

0. 025 . ’ | .
&3 ol R
MR J/\L {2y \l/

@ OF
...... GMHNO3 (P) S B U Pl Ra e
55¢ 6MHND3 GiMHNO3 1. oM=Eie e HN03 T
402 55¢ 40¢ 1004 502
' 75 1MHNO3
YA U LB : 15min 100¢ 75¢
230¢
5607 l( . l l R
V
B [ v ] [ UPuNp.Ru |
(BEIR) MA. Ln. Pd

M2.12 A4 REELAEEETREO Y < b 5RE



£2.6 A F AP OFAT L BT

FRAENY4ILHY)) HiE HNO3# BLAVER U Bk U,Pu,Np,RuiZ & TciB ik
6M 1-0.5M
\ (1) (1) (1) (1) {1) (1)
(7R BMHNO3]. 55  [(1)(2).(3)(4) 500 -
(5),
(QFPHERE BMHNO3; 401  [(5). 55,FP(6MHNO3)
BUTEHEE IMHNO3. 1001  |(5), 40 (6MHNO3)
; 75 {1MHNO3)
(AupPuBBEiR  15MYER| 100 100(2M+E&)
(5ITcRREE 6MHN03,? 5501  |(5).
. 50,Tc{6MHNO3)
&&t /%49 500 0 55 115 100 50
FEBO6H(IN) (m3/H) 48 0 5.3 11 9.6 48
BRI 96 0 ] 0 0 0
e {m3/B) 0.5 0 5.3 11 0.6 4.8
HNO3FER  (Kmol/H). 3 0 32 —~ (+'F 9.6) 29
B E R~ BLALEERNIE~ [BEE. B~ B, By~ |[BUAVERREA




#2.7

DNELAVEBREEE

PRI I & BETGRAREEE T OB A E

BN LEREEMELCRBRSERE SR
BEE—NIAEEA~
RO~
1A 3Tk B E{EPurex
M I
{m®/d) (Kmoi/d) (m®/d) (Kmol/d)
@D AFURBFPEERE 10 60 @ HE# 45 1
{6M,HNO3) {2.4M,HNO3)
29 BEIEERER 1.8 13 | QOBMEREBERE® 17 11.2
(8M,HNO3) (6.6M,HNO3)
BIRSRE 1.1 1.1
(1M HNO3)
&5t 11.8 73 6.2 223
2) THER B 8 -HNO3EE T * BB MEL T11.5MHNO3ZEIR—~F#E A
-BRE-BINVERREEEA
REEK—ELN LRGSR A
AH 35 i FE{EPurex
snEEE MBE
(m*/d) (Kmol/d) {m3/d) __ (Kmol/d)
143 MHNOSEE R 05 3 |OEsiEEg 207 19
(6M. HNO3) (3M,HNO3) _
@ RETIEHNOIGEE 956 19 | @UIREEEREK 18 48
(3MHNO3) (2.7MHNO3)
23 BAVEBBESE 10 67 | @) BAVERRER 14 192
{6M. HNO3) (1.4M. HNO3)
@ U RsEREK 2 5
(2.7M. HNO3)
) G 22 94 36.5 25.9




3. PECGEHE & U R B AR SR RET

3. 1 axet&EfbeHs

AR EHT 5 L TOREMER LB FHZ RICRT,
(1) ML

200tHM/y

(2) SLFEXT SR IAE
(INC) X iR & N7 HE A FBR-MOX #8227~ & 3.1 WRBoESH
WERT,

3) BRREE

1) B—azy FOBERES

F 32 CRTHMANREZ BT —2oy MEBBICARMOBRT TS L 0
LT, B—HRESRRBEIC L > TOBRICR L2V E D 10T 2, ERTOEBOBE.
Pu B1LED wi25% %R TH 5.6cm 2\ B, B4 4 ¥ BB O TILFAAE
TR BREEEISTT 2 mE T 3.3 HiTRET 5,

2) MEFH
HRERBBEOMET BRI oL TORIBEM L LTIk, SHEEE 2 >TV 5
HI3 LT S0cm BlLEQBMER & 0, 20 hEFRIM % 30cm OE S TRE
TBHIEIZT A,

4) B UADARPER RS
) BETRERLORBRS>ZUTOL ) ITHRET 5,
BT A4 X FERED WX
70— R BRERIEAE, BEEEE RO VR
Ty N—RE S RFEEF—BIRE S ORET, BT0HERESEE S5 K
Ly FEHE B VAR THELEIEE Sh b X




2) RHERE

FRTA M) =27 - KBOBEREIZ25CT LT 5,

Ly FRIEOEHREEIL 40CL T & 5,

3) AE

ERBIDTOEEE25X2)5bDLT 5,

FT74 PRI BREET

7)) — X ;-1 ~ -5mmH,0

T y8—[XIE ; -6 ~ -14 mmH,0

Ly FIX#K ; -15 ~ -40 mmH,0

4) BRBE

BEAE IOV TIIBREREF CERSWIBAEL LEORE., AEZHEE T
EBRMEBOFMET Lo THETS2dDET 5,

PRI 100%EIDOFHBEERETLID LT 5,

(5) EHEKE

FEBXOOMEYERIIXII L, T EREEET S

fe BHETRRIGE 120 CERGIEIIITOE VWb DE T4, LB AL LT
ZL VB THY RS BETEEORAEE (DF 12HE) 12 LT, 12.54SVh BT IS
TELEaVZ7)— MERES L LT, TiOELZRET S,

DF = 1434 ; 1.9m
DF = 104 ; 1.7m
DF = 1E2#fHY%4 ; 1.5m
DF = 1E3#4H4 ; 1.3m
DF = 1E4A#HY ; Lim
DF = 1E5#4H% ; 0.9m
DFE = 1E6#HY4 ; 0.7m
DF = 1E7#H¥%4 ; 0.5m

DF = 1ESLLEAMY ; #BeEEW, BT ERRErH DL




LTary7)—bERESZHREL W
MR DOBEIE L L Tk, WEBLEOLEEIrGEZ NS R LEBEREMHRE L0
EHEI 2L, ZEMoEsT5,

(6) fHEEs
REEEICB W THERETRIT DI LEL Levwb DL T5905 TEOMER
SR LOBEEESEICH L TN 2HBEERATsZ L ET 5,
AV FZAUTICRTHEZETHAHETH > T, BENOEE HROKEND
Dy
1) BSHEHMEDEZHE L TWaAD, T RABL ThARICERBRLTSEY,
FOPEEESREIZ L O ST E 2R IC BT A TEBEED S B L 0,
2) AT E 2 ARSI A REEDH 5 BEREIET 2 2D ELR D,
3) ERLD &) BEREE DB SR ISBE S A BT B & 5 8 & R &
HHIZDIZLELR LD,
B 77X ERIZBVWTHENRILEN NIV D,
CIIRAZTABIZ FAUNTES:-> T, —MEEERLAFORTELTHE
ThRIZI Wb D,

(1) —ik&arkat
1) e LEELRBRBICOVTIIMT 2 %L T2,
2) A RO B ORRH Tz ER LT 5,
3y AR, B ESEEMRT 5, FARERT AREL. EFMEOH R, £
Wi LA OB IETE, TR E ORI R GRADNIE RS L

2bDET B,

4 A—0:KEEFIZ, KEDILKREZFFIET 5 72012 BW R KR - BIRAFHE TH A
RFTRT Do T/, KR IBREZEFETH00FN L RZHT S D
DEF 5,

5) BEMEWEOBRANOBEICEL T, BE7 MW EOERE - BRIIET



T, HE-FETHIENREHELLDDLT 5,

3. 2 BT

FOT7OEASBARFTOBRENEL CTAF BT 02D 70— A4 F >~
RMEME AR T O R OWEINEFRE L,

B 31 CAFYR|RTOLADTO—2RY, £ 3.2 1044 X33 FLHE 7o
A EEOWENLERT, [ 3.1 DA 7oL A 70T, T34+~
REWEA~DOBEREIE HNO,BEEZ M 225 M IIE® LS, 1| 4 7 N0H720) 3M
DIEME 135L i< 11.5M-HNO, % 80L iR L T 6M @ HNO, HfRiRICRET 5, 4 4
YRR TIE, W R A L72RIC PP R, U BB, U+Pu BRI, Tc A8
BEEBDINCHAT 5, EPLORERIE, 6M-HNO,, FP &4 HNO,. U &F
HNO,,U+Pu+Np+Ru &4 X8 (LLF: U+Pu §FW L LTET) . Pd+Tc BF HNO,
PMERFEHE LTI ERINT S5, ZZTU FAFRE U+Pu EFINTH U ORI
XU BHREORENOCEEETROL I LR Y, 4EOFKKETIE MOX BH O
METZELTCU EAMLE UtPu SAEO U LR % 21 1 ICBRELL, 3.2 121
SFHHEOERSOREEZRLTBY, FPEEMIL FP; 2.65 kgh, U SHERIT U;
23kgm, U+Pu FT T, U; 11.6kgh, Pu; 4.0kgh, Np; 20g/h. Ru ; 0.25kg/h.
Pd+Tc &AW TIZEEF 0.27kgmh BT 5,

HBUEFHKE U+Pu EF R TOREREOPIZOWTL, USHIKT 10° R,
U+Pu HAE T I0~ 1P BE L FHENE,

—J, A7 ATLEEL T HEEL, HNO, & ¥EBETH 5, HNO, I3, SHRE
T FP PRI & FARICH WA R OBER % TEEEEINEE T 95% L LEIRT 5, FEk
WKDOWTIE, U & Pu & RIGDL THE ENL D5, ol 70%D FERIE UPu iBHEE
THEBPOEBSETUITLENTRE LTAINE NG, 28 U T Pu & KB
LEFREIKFBREBS TR L THR S NS, ZoSRERERVFLICHET 5
T eIk B,

3. 3 EERSHE




HFUETRTOFTEBRBOBRE ) A& RT, TERBOBBIID VT,
A4 BB RM . &V ANVERRERE HAW) | BEERFEIZ > WTE 3.3
PHE 3.6 TR T BREFY A ML, A A4 ASHIERM, BERBMHERME (U, UPu
IR . HAW iRAg/ER R, RUALIRRRME (MK - CAMT, BH. - ) |
AW R T T AR IR T A EERII OV TR 34 P ORISR T,
2B, ETHED U.Pu.FP BT OERMOMEE TIaBR ALk, SFEEH, 256
IZIXFP T ORI L 5 EMEBOBRBELER L 72
KIZ, FEBEOERIZ DOV THRRS,

RTD R THLNI %D A & ¥ AREFRIE OB T 3.3 ISR 44 ¥ H|E
WCIREREE 2 ZE LR D 3 204+ Y SHEETTEETHERLTWS, 4
F VRBEDOFTHEZ 0.9m° TH D, FPHRMMIILFEHFEMATwo, T2, 4
FURBEO FHETRICEREMREZ MO BRITEIHEN Y BFAAIFRE S
nTnb,

B UAOVEERR REEE (HAW) O L 3.4 IC/RT, SMIIMERRNICE 5
EREBTHY, ERENCMBI ANV ZARKL, SHESHICEFI Ay H
ELTwh,

BAEIZOWTIE, Bl —EEBERALT, RETOEANEN CHBRERE YT
40~50 REICIRMES 50 SOWEFR ORMIX. B % REG0~60C) THRIE S
e, BEAOBESBERTE, SLIEABEEOMBY AR TELZHIC
H5,

BREIGERIE DORERIZ DWW TRE] 3.5 LK 3.6 ISR T, B 3.5 IERBEETHD., M
BT L RO FTEENRY —EF A R0 R0F) b TH B, BEIHETESR
B S THERES S ROBYEEIZREL, H3.6 IWFLETHY ., 5 BOMETH
FEZERIZ XY BiREOWBRI2M 2 BT 5,

FEIRETOMEE) X MCoOWTHERS, BESFIIIBREBESELDICLEL Ml
PREG TH D, HORETTIEZ, HE, BRESE, SHIEEERT 7Y v 770
v 7 (ZEfk) 2FERBL TRE LR,

LBAF rRBRBOBREESRETIIOVWTIE RS, 44 YZHEIE, EE 10cm



DEFEEBEE HITT 3 WERLEEL Lz, sIESRGEZX 315 1IRT, T8
o, PuDBIER/NT X — 712 L TETHIERE (Keff) OZ{LE PuDELE
100% THEMOKGTFEEEL /ST A— FIZ LI ETHERE (Keff) OELzH T
L7z #ERZH 3.7 £ H 3.8 1R, 3.7 26 PuEILED 100%i2 3V TEHRE
F&d 49cm & 59cm T& b1 Keff DHIR{E 0.95 L DEWEE 21, BRALELHE
Lize —H. E3.8 o3 ERATECBREIIFE 0.1 (8F3;10%) TRAMEZR
TH.CNTD 2 DOMMET Keff 7#50.95 2 FHY, BELEED RV L7 -
7zo L7282 T, BURRE L TS FRESY 4 7D 4 4 ¥ 3R SR LE LM
BEFLWEEZ b,

3. 4 MADEETOEADYWEIE E FEMRS

FDESHLRE Z KM L7 MA FEE7 DL RIZ0WT, £3.16 12 MA 8D T 4
OEEHARE . 3.9 1 MA DBECEOSBEHEET, X 3.10 2 MA FTEETRRO 7T
EATO—%RY, F72, £3.3.2101E MA BUIGERBEOMBEE ) A P 2R,

MA D5 HERME LBV TIE, £ 3.16 DML 3.9 OWED T A
L ORET L7z, WE D 7 4Tl CMPO IREM# 7 LILX 5 FP BT Dol e £
DI Cyanex-301 WAEM I 6 X 5T %= Flns)e MA DGBE%ITH o 2 TH
WAEIR X, FEEBERE LA 4+ VBP0 PR TH L BV RET R
WL TH 5,

T LDBITIE, CMPO IFEM A T L% Los NI MA %% S0git MAETE,
Cyane-301 W&# 4 T 44 MA % 50g1 IRETE AR TEEI L Lo T,
CMPO W& M7 7 L TRERE 1Som THE S 50cm, Cyane-301 WEM I T 4 FEEE
15ecm TE S 20em D/PE L HF LTIV LR B,

ZD2ODGEEN T MIBWT, CMPOREMN A 7 L TIEEEL TW% Lns & MA
% pH3 BEOEMMU K THRE I ¥ 5, €D Cyane-301 YEM # 5 4 T Lns ZHMH &
T, ZEL TS MA % 0.1~1M @ HNO, BEEE CIiH 3% %, ZZTHWAHE
BRI MRS SL BB O L L WIRE T K\,

#3.17 LFE 318 ITRT MA EIERBORKE TR, 2 2DRENH T A L KIETH

__32__




BLTBY . MICREM 7T L0 6 OWEERSVER LG EORE L TEER
BT LEHL TS,




#3.1 XRFEHBELREOE B

(IFDBER1 SAMWA/t. 2BFHREET7 MW/t ARIEE4E)

%58 &5 (kg) Wt% EE(ton)/200tHM/y

U-234 2.9

U-235 45

U-236 9.7

U-238 26652.9

INET 26710.5| 83.0369633| 165.991878

Np-237 13| 0.04041409| 0.08078824

Pu-238 33.4

Pu-239 1829.8

Pu-240 893.8

Pu-241 108.9

Pu-242 104.7 ,

INET 3070.6| 9.54580782| 19.0821834

Am-241 63.9

Am-242m 3.8

Am-243 28.1

Cm-242 0]

Cm-243 0.3

Cm-244 25.4

Cm-245 4.5

Cm-246 0.3

/INET 126.3| 0.39263842| 0.78488887

FP 2246.6| 6.98417633! 13.9614576 RE=3.836
Pd=1.023
Ru=1.166

CEl 32167 100| 199.90119 Tc¢=0.307




#£3.2 BREE LOBRMHIRIE

Bz
o, P
R (U+Pu)
(I;Ef% Pu AL ;
sEmE | S0Wh | oo [SBE  |239/240/241=60/20/20wt%
“ Sk + 235/238=1.6/98 dwt%
B (49E) UHak ; 235 wi%
15.5 .
100wt% (igé? SE  [Pu-239 ; 100wt%
(SE‘?,;I,%) Pu 3ER% ;
- : 7 : & 5--' =1. . Wt
e () § ’
5.4cm
__=' .2 -' 0
100wt% () BE  |Pu-239: 100wt%
FRAR | 05wy GoE)  |SBE [239/240/241=60/20/20wt%
Ex = FE1 milt

#3.3 BRBXSTOREYER

REYES
(uSv/h)
RUA PEE <6.25
7Y — K =12.5
TR —EE $25.0 HEERFEOFVWER
£500  |IHASEEEHEORD THRVWER
vy KX >500 '




SHIRE

F o :0,135m3/h ]
HNO, -3

U :34. 6kg/h
Pu :4,0kg/h

Np  :20g9/h

Am+Cm:160g/h

[FP :2,9%a/h |

e 3

AET-31 AET-32  AET-33
(3 & @3y

0. 460m3/h
U :23ka/h

G

AET-41 AET-42 AET-43
4y 4y (4y

vEEE —

B -
] BB~

LPuEER———

b e trdia gy ]
(1)[0. 215m3/h) AT
- "1.5m°
m . '
AWT-1 ~m_
(1) 1 F /3T iR
AE-1
[0.8m% XZ.OmH]
‘I_%l L0.9 m3
HOFPESE s —
DUBRE s (— }
(WP BRE  oonje)
(5)Tc et T O AT “u)
, (550%/¢) RO TN
24202 /h { U,Pu)
(FPY
(1)20002/h -
(‘Jﬁ— ‘—EE_ (’“’Z—
amd 2m3 n3 2m° 2m
N
AWT-21{ AWT-3 | AWT-4 AET-12 AET-2
(2)(5) (3) (4) ay 2y 5y
AWT-22
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