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Concerning the advanced aquedus reprocessing system, the simplified solvent extraction
process for U, Pu and Np co-recovery has been investigated. We carried out the counter-current
experiment, which aimed for Np oxidation and extraction by high HNOj; concentration (JHNOs])
condition. For preventing Np leakage to the raffinate, feed solution and scrubbing solution with
high [HNO;] were used, which would bring high [HNOs] in the extraction section and efficient
Np oxidation and extraction in this section. In addition, high [HNOs] in the feed solution could
help the pre-oxidation of Np to extractable Np(VI).

The counter-current experiment had been carried out with the dissolver solution of “JOYO”
Mk-I irradiated MOX fuel at Chemical Processing Facility from 16™ May to 20™ May 2005. The
Pu valence was adjusted to Pu(IV) by bubbling NOx gas into the feed solution. In the experiment,
it was attempted to oxidize Np(V) to Np(V]) in the feed solution and the centrifugal contactors by
adjusting the acidity of the feed solution and scrubbing solution to be about 52M and 5M
respectively.

In the steady state, the Np leakage to the raffinate could be kept under about 1%. The
decontamination factor of total-y was 4.2x10* in this experiment, which meant that U and Pu
pfoduct solution could be decontaminated better than the past experiments. The concentration
profiles of U showed that [U] could be kept under the lower analytical limit from 1* to 5™ stages
in the extraction section and from 12" to 16" stages in the stripping section. The concentration

profiles of Pu were estimated [Z°Pu+?*°Pu] measured by a-spectrometry, which showed “tailing”
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in the extraction section and scrubbing section. During the experiment, the aqueous phase and
organic phase were taken from 11" to 13" in the scrubbing section for measuring [U], [Pu] and
[Np]. The results of these analysis indicated that these elements were not accumulated in the
centrifugal contactors. The stage efficiencies for these elements were estimated by fitting the
concentration profiles calculated by MIXSET-X into the experimental ones. The stage efficiency
of U, Pu and Np were evaluated 94%, 97% and 89.5% in the extraction section, 100%, 100%,
98.5% in the scrubbing section and 95%, 90% and 88% in the stripping section respectively.

Keywords : NEXT Process, Neptunium, Simplified Solvent Extraction Process, Stage Efficiency,
MIXSET-X, Centrifugal Contactors
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% Table 4 |ZHFETRT,

AEERRBAAA 120 DRI ELIZT 73— ME O, SHESKAE 2—5 BE B, WA A HE 12
—15 Bt H R OB O o087V 7 J0iE6NI ) A HIZEBiT5 U KO Pu DL
IHTCEDRER, 26D U, Pu R EIXEBIHH T RIEARRU : <0.03g/L, Pu : <0.2g/L)Th->
72o =05, Pu [T OWTIL LA T O T IRME AR & FRINSE AT OV TiTaf A7 Y
SIHTEAATU ATV, o O TERMELL TICB I D5 E 7 a7 7 AV ERRG LT,

4.2 CA-4 BB D0 0 EFHAIE

5 BRI IRIC L0 U R O Pu I 7 07 7 A VDB % BB T, ATHEBIRA 120 551
BT HHHES 10, 11, 12, 14, 15 Br B AHMERER S, 10, 12, 14, 15 B2 BAKFEDLOHF TV 7 LD
BONT=Y T AT DONT CA-4 B D53 RN TREZAT 72, CA-4 B/UWICREBL THD
A3 FE SR FHE KOS ALY L% Figure 6— 15 1R L, 0HHE% Table 5 12E&D 5,
INBDY U TADN, 12 BeEA#MA, 11 BB HEBHEILOH TV 7 I0Boni= e
DWTITREARIER D728, IASHTIZED U KO Pu DRESTTEIToT2, ZNHOSHTHER
ERHOTRIRANT VB ELN TS —EHOFEMETO U KO Pu REIZOWT(D), (2)3&KY
RfEb-Tz, — 5, BILASRZIVBRELINTOBAMBY > FAHF o U KO Pu BEIZOWTL,
1 BARAERR DT 6D R 5 By B O/KAMRV > VR A IVRIELZ, L)L, 2O 7 v
FD U KO Pu IREEDSEE AT O T IRMERR Tho7o/ed, HHEY I icTiRbE
RETOEEFEHL,
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Cop = 62.683% 4, ,(429nm) o)

Copy = 6.996% 4, (471nm) ' ©)
ZITC, Coy KO Copu (IEHEFD U BT Pu EEETRL, doy B dop, 1E CA-4 EADIN:
FEFHCEDRIE S 429nm K OV 47 Inm (BT AR EEZRL TS,

S 10, 11, 12, 14 ROV 15 BB OFEFRIZIITS U, PulREL, eIV RIES
HHHER 13 B B OB D00 RLIZIEV MEZ R U, LosL, HHHEs 5, 10, 12, 14 &
N 15 B BAKFRHIC I BIREENE, HhHHER 13 Bt H O/KMICBITARE LB T 2 fHZE
[l T 0Tz, A BIORBTIL, i 50R ST HIEC LR T 07 7 A VOBERERDZD CA4
VIS T I EFE R FE M LTz, ZD X726 5 B2 38T BB W THDIRE S 07 7 A LD
HE AT m L3 CET, Ko TEHR, ZOHHHCBIL TRICHEE R LICED 28128, A7
BWEHFLZENTELEEDND,

43 WEILEK
WX O HT=>TIR), @RIV REFHHE LTz, 120 5ZIBITDINR Y somin 1S
C,.,j XV,

Y, = 3
120 min CFJ XVF ( )

L, PR EOINER Y I2 DWW T
1y =
Cp,; XV
TRHMBEIT ol Z2°C, Cy ik R ERT i 1ICRT D0 j OREE, v X N EET (2B 5 A
B, Cojld7 4 —NERIRIZIBI HICHR j DIRIE, veld 7 4 —RESROUHET R, V,iXH 0T i O
&, Vpld7 4 —NRIRDIRELE T D,

ARBHE R RT DE R REZRICTANTZ MIXSET-X OFEERNOEHSNZ U, Pu, Np
e OV FP IR D4 Hi D ATIC N 32BN 2 e OMFAE L% Table 6 R N IZEED D, EH K,
PRI T RO W RIVEHEINZARRICEIT S U, Pu, Np XU FP LROAH A
AT 28BN e OFFELL% Table 8 RN 9 [ZFED 5,

ARBRICBW TG L7 4 —FIRICBIT 2K LR DR EE 100%& LT E, NEERHLA
120 53 D7 uZ 7N BITHINERL U T 89%, Pu lZBIL Tk 95%E7ao7z, ZAUZxL, HHE
BRI A7 e OEIEITU KO PudILEREL T, Table 8 IR T INTENZEI95%,
110%EVHEDELNTZ, Np 1IZBIL Tik, AERRRRLE 120 D% O 72X VROILEIX 107% Th -
To, Fio, FRHEERH 1T D Np DINRIT 85% Th-o7c, IR DUNEDAEIL 100% 7114 O $fE
THHNINGITZHT LOBMERHFE N THHEZ 2 bNDI), SEIORRIZBNTL, U, Pu &k
O Np IZ W TR AR EIN TE-EBbivs,

A
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“

4.4 BRYAREL
SNTRER I uZ SR D U, Pullxt$ 5 FP OBRYURI DFp, %KD T, 708, RYAREIL(S)
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KIVFEH L,
Cy,
CF U+Pu
= — 5
DF,, G, , &)
CP,U+Pu

ZIZTC, Crld 74— NN OILHE j DIRE, Coyrpa (37— FEET O U+Pu DIREE, Cp 37w
ZUNRDTEFE j OIREE, Copyspu 1E7 B 7D U+Pu DRETHD,

Table 10 12 U, Pu 1232 FP ORYREE TS, BT L(PCs), 2ymey AP By KOt
ISSEW)DBRYARENT 4.2x10%, >1.8x10° L U>6.2x10° L7, total-yDBRYLAREIE 4.2x10* Tho 7=,
ZHUE, 2003 IS EME L R A HRROE TH S 2.5 X 10* LI L Ch BV EE ©h
Do

4.5 RESa77 AL
4.5.1 U, Pu }y (X Np DIEFEF 0T 7)1

T4 —REREAAE 120 DBICEERIVY VTR ER U, $2, KRBROEBIZBWT
MIXSET-X DEZh# % 100%E L CEHHE%E1T o7z, MIXSET-X DFHHEEMHFELTIE, H—NZ—
TRF TR (KK D EREGEHERE IV, MR E 45 CICTHIRL7ZBRoHZRA O
?ﬁfﬁ@ﬁﬂél/)b\’C&i@%L’_ﬁOf::'#/I/l\“%ﬁ.@ﬁ@ﬁ,’%(f’igure 16y 5EZ LT, Figure 17 KO
18 (ZHEH#E J O HIERIZH317 5 U, Pu, Np & ORI B 0 2B} OB R EZ R T,

452 FP DEFET 774V

Figure 19 & O 20 IZASERRRR 46 120 230121230 DA HITE B OWfifl 50 o> MIXSET-X (24% FP
BESaTrANVDOHEMEERT, 28, MIXSETX IZEBIJ57 4 —FEEOMBEELT
ORIGEN2.1 OFEIVEDNI-=VNa=yNZr), T7FT 7 A(Tc), A F 7 A5(Sr), VT =
A(Ru), BUDA(Ce), HRV=L(Gd) K T 4 —RFEKOWRART Mo L0EbITZ Cs D%
Ex AW, F2, Te T 20 EREEHRRILT 70 AR T /1T (CEA)IC KWL N=b 0%
VW, SIENE, 120 0 %ICBIT DB COWRARI MV T & T M L7277 Zr, Te, Sr, Ru,
Cs, Ce, Gd IZ DWW CTEHBEMED A% 7 oy LTS,

4.6 HNO; 1285 Np DFR{LUS
Np %, HNO; IFE 128\ T Np(IV), Np(V), Np(V)D B2 BT liZE Y525, ZO A Np(IV),
Np(VDIZHh A THY, Np(V)iZEE M CHD, RILAEEER AW UINp Z U, Pud
(T LENN T 5728 Np DJFEFliZ 30%TBP/n-DD (IZHIH S )2 Np(VI)IZFHEE 95, HNO; 1A
I T Np 1 FEEORUTIY Np(V)E Np(VD) D G BEER AR T 5,
2NpO! +NO; +3H* ¢ 2NpO2* + HNO, + H,0 (6)
F2, ZOROSEENY, HNO; 1B E K OMEAHER(HNO,)R E & FL, TRRORNICLVEEIND
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[7]
_dNp(V)] _ 1.8x107°[H"][NO; J*[HNO, ][Np(V)]
dt [HNO, ]+ [Np(V)]
(NZ4E, HNO; IR JE & 'HNO, IR E R E <725 L, HNO; IZL5 Np(V)DEBRLHEE D EH-35
- ZEERLTWD, —J7, HNO; R EE KUY HNO, IREE (6RO UG H 1T MBI b B
FIET, (6)RDHDNT O ELILZANSDRE KO Np(V), Np(VDIREEIZEVEL T D IR
ESN5(8],

M

_[Np(vD)]-[ENO, T *
T = ip(V)]-[no, ] ©

Gourisse DHFFEINCLDE, BEIREZ IM 2D 4M IZ EFEH LB DOFEHER Ko 15
3.2x1074 735 9.3x 10 IZHEMI T B ZE M E EZN TVVD, Ei2, B HNO, B E TIE6) D K HZM
FEANZ A, Np(V)DERV RIS S5,

AEBRIZBOTE, Np DT T4 R —b~DV =T IEN 1% THHIEEER T HE, ARBRSE
P TFIZRVT Np(VD~DOEEEMEES I, HhH R QWi RO RIE B RITEITLZb D & HE
B&ND, TRDE, YHO B B ThE 74— R CYEERO R LIC RV (DRCRL
7= Np OEMEEEEE O f)_E R O6) R CRUEBLRISOET R+ lbN b DL E 2 6N,
4.7 #ITHROMH K Ol 24 8)
~ Figure 17 2OV 18 (R HER KONl R 38115 U, Pu, Np o ORI FE & 0O SEBRAE I OV HEEL

EEFEERYT, 770N O, $HEAME 2—5 BE B, SfhHEAaHE 12— 15 B B R OBER
BEH DICBT5 U BEEL, AT oM TRMERTLRY, EMRRE a7 7 A VERET
BT LW TERD T, FHHES 10—15 B BB W Ik~ F o U BRER 510K
&, FoTHa bl —albEL T RNIERHER TED, ,

PuZDOWTIE, 774 —ME 0, HHEAKRE 2—5 BE B, WA #AE 12— 15 BB B R OBE
R O IR AT o8 H T IRIERIR S oo 7, ZHLDH U A E R B EL oAb
VASHIRATY, S EE a7 7 AN ERE LT, ZODORERICLDE, T70%— MO,
HHAHER KK 2—5 By B, W HE AR 12— 15 BF B R OEEEH DIcR Wi T AV 7 834
DHENT, TAV ZHENRZARRELTIE, K 30%TBP/-DD DMAEL THAHIER
Pu(IV)LIS DA BRI DR ME RS HAFL COBZEERE 2 LD, fHES 11, 13 Bt H Tk
U LRI D TOMENEL, 2T Fabl—alZRo 42 adm R R A
ITL OB LRI,

Np IZ DWW T, aRAI MV SHTIC I T 7 42— M A, FhHERAKHE 2—4 B H ORE T 07
FAN BTG LIz, ZORE T a7 7 ANEFBETT 43— M DB 4 B B IZMT T Np iR
BEDMEDNT _LHLTEY, TBP IZIVHHEN TCWAZEIRIBRESND, —FF, WA 15
B H, BEVAIEH 0 TIIBZEAE TIIHHLOD, 13 B BHD 14 B2 BIZ)NTTIL, Np DR
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BALTWAZE, THa bl —al DERESILQORNWIE, BRIREIZ Wi H T IR R
THHENIZ LB ETHEH KIS EITL WAL DEB b,

4.8 BeZhER

PR B O IC 300 2 il R LD D472 U, Pu, Np R OBBIRIE 707 7 A )Vink, K
HERIZ I T DR B R O ER DB h# % MIXSET-X DOFMRAEE Db R~ 72, &
BARBE E U OV T, KK b0z AL, #ifihiE 45 CIOImELZBEOM RN OR
ERRIZOWTE, BEICERL2a— A RRBROBREEIZLU, 2, 70— BT O Np
1328 Np(V)EREL TRBEZIT o772, M8 MIXSET-X DA SR VAT 77 ANV 577,

HIEOFRERTIL, 5—7 BB OV PV T ICBIIAETROBE ST 74V00 U, Pu K
Np (ZXFT DB DBRNRIL 92.5%, 95% KN 89.5%& RiEL LN, ZOBSERE iz
MIXSET-X OFEFHERE T 11 BEB,D 14 BRI T, FEHETOX THRRE IO F O
HTLBBREDHFNRKELRD, BB LELIIT X2 b — gl PAEL TOARIEEMEIURIBEI UL,
FoT, S RIOFRERTIE, HHE 11 KO 13 B2 B OKMEECEHEFHEIZOW T TV 7 %270,
BRI OWTREREEFERE L2, T REH5E 11, 13 B B EHICEHE P OR 23 K4
FOBREE FRHS>TEY, 7ol —a 3 EL VRN 2 ERHERRE -, ZORE RN,
Bt BriC B W BN B AR DT L AR L TRY, AEHRRFO I & O R o5
PV IV BN B E T 07 7 A VRIS, MIXSET-X (IO AREMH TSR HE AH
Botz, EERFE OHEIVELNZHHETRIZRTS U, Pu i " Np OEE 7 07 7 /L % Figure 21,
22 RO 23 1R, £2, RS HERIZ OV T Figure 24, 25 K826 (2 F N E R,

FHHERCIX, 74%—hMH O, KM 2—5 B B2 oW T, Ut @sstror B T RE AR S
IpoTz ]2k AR 5 By B OfEE VY, Pu, Np IZ0W Lo A MVAHHCEY 1—5 BEH BT
DIRE T a7 7y AN EE B UIZBRHBEORAEEITHE, B D BZISRIZ U D3 94%, Puid 97%, Np
DWW 89.5%DIEN LIV, U DEZIFRIZ OV TIIRH TIRIERFE OMAE A LI79
94% Ll L OB THHLEBDOND, TEHFEIZBWOTIE 11 KO 13 BB 0K R VRO
ERFICBENROBEHEZITV, U T 100%, Pu Tid 100%, Np 122V T 98.5%DIEANELI
7o
WS TR, 7 e 7 0 EF#EE 12—15 B B R OBREEH NicBW T 7Y /a3

BEL 7z, UZ DWW T HAE 12— 15 B B ROBEE L 0 CH Ao T IRERT L e o7,
PUIZOWTITRE 707 7 A NEL UIEDBN TOALO DA 12—15 B B, BRIALSEH 02
FCEE EDHETHoT=, 2, Np il oW i 7 a7 0, FHEE 13BEE LN 148 B CL
I BRI NTRE R DI e oTz, Lo C, TS ERO BEERICEL Tid, U K Pu 2
DWTCIIHHIR 12 B¢ B, Np IZ WA MM 13 Bt B OEEREICHE G L, SihibEicsi?
BRI, U, Pu X UXNp IZDWTENE 95%, 90% K% O 88% DIEN ST, ZHHDFER M
HERTHEIEMREDFRZF U LIXE W EE DS, Hh I Ee~ i o B Zh AR &
VOB [10]23 R S 7=,
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4.9 SLPRE & :

KRB CHERE A K CA-3 BANIC TG LRI DM &2 L% Table 11—16 1237, AR
CTTBNIG D DXL OERHLH, R T OMRESCTHARVAELZE T DL, Eis RRER
WEEDbIA, BETHERHZIBW T, Ml IR W TEE A~ 80mL/h OKFEDT A
VAV, AER R O HERRIZ I\ COBERIR I~ D KFE D = A A b
13K 105mL/h X Th o7,

Au D AR IZ DV T, CA-3 BAVBRARTIZ 2 —/VREREREITV, KFE O KALER T &R
3000mL/h CTHHZEZHER LT, ZDOa— L RERERE, AR LD —20T ¥ 7 NEDR
AT, LB AKREO L TEANIHE AL, LU, RERTIX 2000mL/h FREOHET
TUNAVANPELT, ZOBRRERE T L2017 o7 a— VRRBR CIE7 L —RE R+ 7 b
WXL CHRELROTIEREALDECLTODLDEEA LGS, R KLIRREOIR T 23 R
Shie, EBIZ, ZOT VL —FHOELEFE LB EELFAT L, BYIOMEREERELE, Z
NBOZEND, SEDOTUR A A OFREE, B—F0 %7 Neth B KRR T 550 T
{, RERFIZO—FNDT L —RDELPELIZZ LI DD EE 2 BB,

5. kEE

M BG IMK-1 AR SRIR 27— RESIR E UT- B SR iR I ph 3B 2 e e U T, ARRER T, 7
A —FIRIE R OB R OBETRE % 5.2M KO SMISHREEL, Np DT 743 —h~DU—27Bh 1L %X
Tz, RRBREMFITRBINCEERHIRBITD Np DT 74 F— DY — 7 IENT 1% ThHolz, K
HEIREALG 120 DRIZBIE 7 aZ Zh o U, Pu & OV Np OB, 89%, 95%K TN 107% T
BV, FHERZICIT AT 0 7 M OW BT U 23 95%, Pu 23 110%, Np (2380 Tt 85%
ThoTz, Eie, S EIORERIZISITS total-yD 70 x 7 NI DR EIE 4.2x10* THY, @%E
O FAIAER HRBR CHEON O P ThRrb B R Lo T, RIEIRBALE 120 5% IHiIH
R QS ERDY L TV TR FERL, FIBRORET a7 7ANVERR L, U 1220,
F74x—MEE, FHHEAKH 2 -5 B B, WA 12— 15 Bt B R OB H D iz T
RSO FERMERT T o7z, Pu, Np IOV THE, oA MUSHTIZ LK B E 7
T AN, TODRE T a7 7 ANV KM ENZ BT 5 U, Pu LU Np DE#ISRIL, Zh 2
FL94%, 97%K2 O 89.5%, LEiFBRIZ DU T 100%, 100% K T8 98.5%L720, -k
% U, Pu B U Np DEEEIERIT, 95%, 90%K% O 88% L2 MLz, AT m—3 —NZI1T% Np DlF
0%, FBR FERCEIEFAEM RO ERERE L TOD, IHEOBIBE DO o AD &L
I ZE B R 2 5 bk L CREIEL VKB ERHDEEb,

6. SHEDTIE
AT, FIHE R O IR R 1T 2% RO BRI FMICHRET T2 FE Th o723,
743 —MHA, fIHEMAHE2—5 BB, SHHEAEAE 12— 15 B B R OBEREH 0N T
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U B BSHT O T RIERT L2078, F2 Pull oW TET AV THRBALNIZZ L%
B Lo TIEMR B R AT T 22 LR TH o7, 4%, BRREBEBICBITS U D5
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30%TBP/n-DD Feed 5SM HNO;
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Figure 2. Experimental flowsheet
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Figure 3. Reagent supply line system
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Figure 5. Absorption spectrum of the feed solution after adjusting Pu valence
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Figure 6. Absorption spectrum of the 15™ stage organic phase in the extraction section
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Figure 7. Absorption spectrum of the 14® stage organic phase in the extraction section
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Figure 8. Absorption spectrum of the 12" stage organic phase in the extraction section
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Figure 9. Absorption spectrum of the 11" stage organic phase in the extraction section
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Figure 10. Absorption spectrum of the 10™ stage organic phase in the extraction section
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Figure 11. Absorption spectrum of the 5™ stage aqueous phase in the extraction section

-19-



JAEA-Research 2006-030

—_
W

— —
e w
T T

@
O
y

Absorbance (-)
= o
(9.1 ~3

@
%)

400 600 800 1000 1200
Wavelength (nm)

Figure 12. Absorption spectrum of the 10® stage aqueous phase in the extraction section
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Figure 13. Absorption spectrum of the 12 stage aqueous phase in the extraction section
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Figure 14. Absorption spectrum of the 14" stage aqueous phase in the extraction section
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Figure 15. Absorption spectrum of the 15" stage aqueous phase in the extraction section
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Figure 17. [U], [Pu] and [Np] profiles in the extraction section and scrubbing section
(Calculation was carried out with 100% and 100% stage efficiency respectively)
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Figure 18. [U], [Pu] and [Np] profiles in the stripping section

=== Aq.Cal === U Org.Cal

_=@=Np Aq.Cal == NpOrg.Cal

—meHNO, Aq.Cal ==+« HNO, Org.Caf*- "

=fePy Aq.Cal  =+&= Pu Org.Cal
B INO, Aq.Exp % HNO, Org.Exp

% UAq.Exp 4 U Org.Exp
== Pu Aq.Exp Pu Org.Exp

@ NpAqExp & NpOrg.Exp

1

¥

2 3 4 5 6 7-8 9 10 11 12 13 14 15 16
Stage Number (-)

(Calculation was carried out with 100% stage efficiency)

23



JAEA-Research 2006-030 "

30%TBP/n-DD Feed SM HNO;
1343mL/h 650mL/h 176mL/h
1
4 _>Loaded
Solvent -
Raffinate €— 112§3j4)5 T8 9)10f11)12]13F14f15¢16
1.00E+03
=71 Aq.Cal eesen 7 Org.Cal
OO ~@=Tc Aq.Cal  *"O* Tc Org.Cal
00E+02 | q 2
1.00 ~d=Sr Aq.Cal  **%* Sr Org.Cal
~#=Ru Aq.Cal *[F* Ru Org.Cal
LOOEFOL | “B~Cs Aq.Cal  *3¢* Cs Org.Cal
=¥=Ce Aq.Cal "= Ce Org.Cal
1.00E+00 | . =e=Gd Aq.Cal  »=O» Gd Org.Cal
5 1.O0E-01
::D ! SE
= 1.00E-02 | o0 ]
g
—  1.00E-03
1.00E-04 ¢ "9 O 0 ¢ 0
1.00E-05 &2
1.00E-06
1.00E-07 b=z o e ot EEE :
12 3 4 5 6 7 8 9 1011 12 13 14 15 16

’ Stage Number (-)
Figure 19. [FP] profiles in the extraction section and scrubbing section
(Calculation was carried out with 100% and 100% stage efficiency respectively)

n-DD  Loaded 3M HNO, © 0.02M HNO,
24m{_,/h Sol‘llent 84ml./h 1992mL/h
N4 v
. L. » Spent
U/Pu/Np 1213 5 708 oftofnfi2i3]a)1sf16] = Solvent
Product
1.00E+03
w7y Aq.Cal ~ »ee=s Zr Org.Cal
=@=Tc Aq.Cal ~*O" Tc Org.Cal
1.00E+02 | q g
mefenSr Aq.Cal - **%* Sr Org.Cal
=@=RuAq.Cal =43 Ru Org.Cal
1.00E+01 ~-Cs Aq.Cal  *¥" Cs Org.Cal
=3¢=Ce Aq.Cal Ce Org.Cal
1.00E+00 |- =@=(Gd Aq.Cal - == Gd Org.Cal
g 1.00E-01
)
= 1.00B-02
3
= 1.00E-03
1.00E-04
1.00E-05
1.00E-06
I.OOE_07 i1 i i 5' i H 5 i i i1 "|' ) ‘I 1 3
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16
Stage Number {-)

Figure 20. [FP] profiles in the stripping section
(Calculation was carried out with 100% stage efficiency)
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Figure 21. [U] profile in the extraction section and scrubbing section
(Calculation was carried out with 94% and 100% stage efficiency respectively)
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Figure 22. [Pu] profile in the extraction section and scrubbing section
(Calculation was carried out with 97% and 100% stage efficiency respectively)
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Figure 24. [U] profile in the stripping section
(Calculation was carried out with 95% stage efficiency)
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Figure 25. [Pu] profile in the stripping section
(Calculation was carried out with 90% stage efficiency)
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Figure 26. [Np] profile in the stripping section
(Calculation was carried out with 89% stage efficiency)
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Table 1. The composition of irradiated MOX fuel
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Experiment 1¥ Reprocessing Experiment in 2004
Fuel “JOYO” Mk-I Core Fuel “JOYO” Mk-I Core Fuel
ue
(FPPJX134) (FPPID2U3)
E Pu (g) ~23 ~23
£ 3 * ®
2 3 Enriched U (g) ~103 [23.77] ~100[23.8™]
G —_
gﬁ £ Depleted U (g) ~166 [0.4 | ~165[0.4™]
= Natural U (g) - -
238 0.0 (0.0™) 0.0 (0.0™)
Pu 239 77.7 (79.8) 76.5 (79.17%)
~ *3 *3
) 240 18.6(18.*7 ) 19.0(19.*2 )
£ 241 3.2(0.97) 3.8(1.0%)
& 242 0.5 (0.6 0.7 (0.7%)
Q
*3 *3
fé 234 0.0 (0.07) 0.0 (0.0
§* U 235 8.9 (6.7 9.0 (8.17)
= ) 236 0.0 (0.6) 0.0 (0.2
238 91.1 (92.77) 91.0 (91.77)
U Enrichment
- 23 23
—Initial Value—(Core, w/0)
Pu Enrichment
18 18
~Initial Value—(Core, w/0)
Burn Up (MWd/t) Ave. 41000 Ave. 32000
Cooling Time (Day)™ 8426 8366
Amount of Radioactivity (TBq) 3.64 2.08

*1 : Weight of *°U

*) : Analysis value in fuel fabrication

*3 : The value is calculated by ORIGEN?2.1 after the cooling time

*4: At July 1, 2004
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Table 2. The composition of the feed solution (estimated value)

Element Concz;r/lltgation Nuclide Con((}:;:};a;tion Element Com;;lLtr)ation Nuclide Con(c;;/tlrgtion
Ge 1.09E-04 U 1.53E+02
As 3.36E-05 Np 2.57E-02 Np 6.70E+05
Se 4.29E-03 Pu 1.38E+01
Br 1.58E-03 Am 3.40E-01
Rb 2.63E-02 Cm 3.06E-05
Sr 4.68E-02 %S¢ 1.09E+11
Y 3.21E-02 0y 1.09E+11

Ny 0.00E+00
Zr 2.70E-01 Zr 0.00E+00

Nb 6.72E-07 %Nb 0.00E+00
Mo 2.53E-01
Tc 6.31E-02 T 3.96E+07
Ru 1.79E-01 1%Ru 2.65E+05
Rh 5.55E-02 1%Rh 2.65E+05
Pd 1.04E-01
Ag 9.99E-03  '"mAg 232E-01
Cd 1.03E-02
In 1.40E-03
Sn 1.29E-02 12381 8.69E-10
Sb 3.10E-03 1258h 2.57E+08
Te 4,56E-02 i 1 6.28E+07

17Te 0.00E-+00
127mTe 0.00E+00
Cs 2.50E-01 Bics 2.12E+07
s 1.71E+11
Ba 1.39E-01
La 9.26E-02
Ce 1.71E-01 4ce 5.20E+03
Pr 8.81E-02 144py 5.20E+03

Nd 2.96E-01
Pm  6.19E-05 “Tpm 2.12E+09
Sm 7.78E-02 51Sm 8.29E+09
Eu 6.90E-03 By 3.99E+08

1Ry 1.27E+09
Gd 5.58E-03
Tb 3.31E-04
Dy 1.92E-04

Ho 7.45E-06
Er 7.44E-06

* . Estimated value in 2L of the feed solution
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Table 3. Analysis plan

Valence Absorbance

Sampling Concentration
Point SampleNo. [[U Pu H" o 7y PuVl
Before' Pu Valence Dissolver solution 17-F1-00-01A O O O O
Adjustment
After Pu Valence Feed solution 17F1:00024 [O O O 0T O O
Adjustment
Spent Solvent 17-B16-120-010l O O O 0O O
Product 17-BI-120-01A O O O O" O
Raffinate 17-A1-120-01Af O O O O% O
In Strip Section 15" Stage/Org.  17-B15-120-010| O O O O™
In Strip Section 14® Stage/Org. ~ 17-B14-120-010f O O O O™
In Strip Section 13" Stage/Org. ~ 17-B13-120-010] O O O O
In Strip Section 12" Stage/Org.  17-B12-120-010 O O O O°
In Extraction Section 15™ Stage/Org. 17-A15-120-010 o™
In Extraction Section 14" Stage/Org. 17-A14-120-010 o™
In Extraction Section 13" Stage/Org. 17-A13-120-0100 O O O O
In Extraction Section 12" Stage/Org. I7-A12:1200100 O O O O" .
120min After A1 120020 - o"
Starting Hot  In Extraction Section 11" Stage/Org. 17-A11-120-010 © 000 “
Operation ©
In Extraction Section 10" Stage/Org. 17-A10-120-010 o™
In Extraction Section 2™ Stage/Aq.  17-A2-120-01A O O O O%
In Extraction Section 3™ Stage/Aq. 17-A3-120-01A| O O O O
In Extraction Section 4" Stage/Aq. 17-A4-120-01A O O O 0%
In Extraction Section 5™ Stage/Aq. 17451200101 O O O O
17-A5-120-02A o™
In Extraction Section 10™ Stage/Aq. 17-A10-120-01A o
In Extraction Section 11" Stage/Aq. 17-A11-120-01A| O O O O"
In Extraction Section 12" Stage/Aq. 17-A12-120-01A o™
In Extraction Section 13™ Stage/Aq. 17-A13-120-0IA O O O O"
In Extraction Section 14" Stage/Aq. 17-A14-120-01A o™
In Extraction Section 15" Stage/Aq. 17-A15-120-01A o™
Raffinate 17-A1-8B-02A |O O O 0% O
After Operation Product 17-B1-SB-2A O O O O" O
Spent Solvent/Org 17-B16-SB-020[| O O O 0% O
Spent Solvent/Aq 17-A16-120-010f O O O O
%] - 237Np

%2 : B9py+240py,

3 . 5%y +240Pu,

2%pu+**' Am and Np

238Pu+241Am

*4 : By spectrophotometer in CA-4 cell
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Table 5. Absorbance measured by spectrophotometer in CA-4 cell and concentration

Sampling 8] Pu
Sample
. Absorbance  Concentration  Absorbance Concentration
Point Volume
©) @L) ) L)
(mL)
In Extraction Section 15" Stage/Org. 10 1.21E+00 7.60E+01 8.82E-01 6.17E+00
In Extraction Section 14" Stage/Org. 11 1.17E+00  7.32E+01 8.82E-01 6.17E+00
In Extraction Section 12" Stage/Org. 11 1.17E+00 7.35E+01 8.87E-01 6.21E+00
120min
In Extraction Section 11" Stage/Org. 13 1.07E+00  7.65E+01 9.00E-01 6.30E+00
After
In Extraction Section 10" Stage/Org. 10 1.06E+00 7.60E+01 8.98E-01 6.28E+00
Starting . . . .
In Exiraction Section 5 Stage/Aq. 10 — — — —
Hot
. In Extraction Section 10™ Stage/Aq. 10 5.42E-01 3.40E+01 2.80E-01 1.96E+00
Operation
In Extraction Section 12 Stage/Aq. 2 4,10E-01 2.57E+01 1.94E-01 1.36E+00
In Extraction Section 14™ Stage/Aq. 2 5.55E-01 3.48E+01 2.35E-01 1.64E+00
In Extraction Section 15" Stage/Aq. 3 4 44E-01 2.78E+01 2.01E-01 1.40E+00
* : Under the analytical lower limit
Table 6. Mass balances of U, Pu, Np and Cs calculated by MIXSET-X
Point U (%) Pu (%) Np (%) Cs (%)
120min Raffinate 8.03E-07 8.40E-07 1.82E-03 1.00E+02
After Product 9.96E+01 9.96E+01 9.50E+01 1.27E-26
Starting Hot ~ Spent Solvent 3.74E-07 3.90E-03 3.92E+00 1.88E-130
Operation Total 9.96E+01 9.96E+01 9.89E+02 1.00E+02
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Table 7. Abundance ratios of U, Pu, Np and Cs based on the MIXSET-X calculation

Table 8. Mass balances of U, Pu, Np and FPs calculated by experimental values

Point U (%) Pu (%) Np (%) Cs (%)
120min Raffinate 8.07E-07 8.43E-07 1.84E-03 1.00E+02
After Product 1.00E+02 1.00E+02 9.60E+01 1.27E-26
Starting Hot ~ Spent Solvent 3.76E-07 3.91E-03 3.97E+00  1.88E-130
Operation Total 1.00E+02 1.00E+02 1.00E+02 1.00E+02

Point U (%) Pu (%) PNp (%) 'Cs (%)  *Eu(%)  “°Eu (%)
After Pu
Valence = Feed Solution 1.00E+02 1.00E+02 1.00E+02 1.00E+02  1.00E+02  1.00E+02
Adjustment
120min Raffinate <2.54E-02 4.23E-01 1.08E+00 1.19E+02  1.24E+02  1.21E+02
After Product 8.94E+01 9.58E+01 1.07E+02 2.20E-04 <3.19E-02 7 <9.38E-03
Starting Hot  Spent Solvent ~ <4.21E-02 1.05E-01 <1.21E+00  4.86E-03 2.79E-02 1.59E-02
Operation Total 8.95E+01 9.63E+01 1. IOE+O2 1.19E+02 1.24E+02 1.21E+02
Raffinate <6.50E-02 3.46E-02 <1.87E+00  1.15E+02 1.26E+02  9.83E+0l
Product 9.54E+01 1.10E+02 8.57E+01 2.30E-03 <5.30E-02 <1.56E-02
After Spent Solvent  <7.60E-02 1.20E-01 <2.19E+00 6.72E-04  <3.80E-02 <I1.12E-02
Operation
Analysis Sample 2.66E+00 2.72E+00 3.49E+00 3.66E-10  1.22E-10  5.71E-11
Total 9.82E+01 1.13E+02 9.32E+01 1.15E+02  1.27E+02  9.83E+01
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Table 9. Abundance ratios of U, Pu, Np and FPs based on the experimental values

Point U (%) Pu (%) BNp (%) PCs (%) PEu(%)  Eu (%)
120min Raffinate <2.84E-02  4.39E-01 9.86E-01 1.00E+02  1.00E+02  1.00E+02
After Product 9.99E+01  9.95E+01  9.79E+01 1.84E-04 <2.58E-02 <7.75E-03
Starting Hot  Spent Solvent ~ <4.21E-02 1.09E-01 <1.11E+00 4.08E-03 2.25E-02 1.31E-02
Operation Total L.OOE+02 1.00E+02 1.00E+02 1.00E+02  1.00E+02  1.00E+02
Raffinate <6.80E-02 3.31E-02 <2.09E+00 1.00E+02  9.99E+01 1.00E+02
After Product 9.99E+01  9.99E+01  9.55E+01  2.00E-03 <4.19E-02 <I.58E-02
Operation  Spent Solvent ~ <7.95E-02  1.09E-01  <2.44E+00  5.84E-04 <3.00E-02 <I.14E-02
Total 1.00E+02  1.00E+02  1.00E+02  1.00E+02  1.00E+02  1.00E+02
Table 10. Decontamination factors of FPs and tatal-y
B1Cs ey By total-y
Experimental Value 4.2E+04 >1.8E+03 >6.2E+03 4.2E+04
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8%
MIXSET-X DAF 77 AV

1. AJi5fE
1.1 SrBifREsETHE

Te \Z DWW Tid CEA OF —F &I U HEREG ERE AV, TOMOIEHRIT OV TIL KK
DIy EAREGHERE AW CGHREZTT 72,
1.2 BezhsR

ASEEERALE 120 % 2 BEDIZ ERMEA ZRIZ MIXSET-X (CE0 T 497 4 7 %70, U, Pu K&
Y Np (336 B HH B K OVih R D B 5h =R 23R 6 7=, N BEIZ 38175 U, Pu & Y Np DB
X, FIVEI 94%, 97%K TN 89.5%, BerrBRIZ W TIE 100%, 100%K% O 98.5%, Wil By B
NRITEIEI 95%, 90% I IR 88%IZFRE LT,
1.3 BESMH

HHERIT R 25°CE LT, MWD I HEZINE L2 2B EL, BEOa—
JVRERER D BL(Figure 16)ICF5% 32— 454 CORE AR EZHREL,
1.4 HREMGHE

W T DR BT CRIE L EE Az,
1.5 FLROFHRE

U, Pu, Np B} Cs {2 DWW TIE 7 4 — R IEIR TR ZHI E LT oA ff(Table 4) 2 H L7z, Te, St
Ce, Gd, Am, Cm } O Ru {22V Thd ORIGEN2.1 KVFE SN - BRIER% D TC K B B (Table 2)% 1
IR E AR E L,

2. ANSizzAn

ExtScr5M-SU95Pu90Np89.inp

CONTR 0 0 7.0 0.001

*TAUC 1 0 7.0 0.01

PLOT 6 05 1.0 2.0 3.1 50 7.0

FILE ‘ExtScr53M-SU95PuS0Np89'

sk 3fe ok ke ok ok 3k ok ok ok ok ok ok 3k ok ok 3k ok ok 3k 3K 3k ok sk ok sk sk ok sk sk ok sk ok ok sk sk ok sk sk sk sk sk sk ko skskok sk skskoskok sk sk kR sk skoskok RskoskoskokskokoR R
* BankNO Stage BankAqin StageAgin BankOrgin StageOrgin Reaction
STAGE 1 16 0 0 2 3 1

STAGE 2 16 0 0 0 0 1

* BankNO VoIMIX VoISET

VOLUME 1 16*0.01 16*0.015

VOLUME 2 16*0.01 16*0.015

* BankNO CNAME M Conc.

INITIAL 1 1 0 16*5.0

INITIAL 2 1 0 16%0.02

*

SDIST 1 40*0

SDIST 2 40%*0

*

*Extraction Section
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*U

EFFICIENCY 1 2 -1 8*0.94 8*1.00
EFFICIENCY 1 5 -1 8*0.94 8*1.00
EFFICIENCY 1 19 -1 8*0.94 8*1.00
*Pu ,

EFFICIENCY 1 3 -1 8*0.97 8*1.00
EFFICIENCY 1 4 -1 8%0.97 8*1.00
EFFICIENCY 1 9 -1 8%*0.97 8*1.00
EFFICIENCY 1 10 -1 8*0.97 8*1.00
EFFICIENCY 1 20 -1 8*0.97 8%*1.00
*Np

EFFICIENCY 1 11 -1 8*0.895 8%*0.985
EFFICIENCY 1 12 -1 8%0.895 8*0.985
EFFICIENCY 1 13 -1 8*0.895 8%0.985

*

*Stripping Section

*U

EFFICIENCY 2 2 1 16*0.95
EFFICIENCY 2 5 1 16%0.95
*Pu ‘
EFFICIENCY 2 3 1 16*0.90
EFFICIENCY 2 4 1 16*0.90
EFFICIENCY 2 9 1 16%0.90
EFFICIENCY 2 10 1 16%0.90
*Np

EFFICIENCY 2 11 1 16*0.88
EFFICIENCY 2 12 1 16%0.88
EFFICIENCY 2 13 1 16%*0.88
*

*

*REACTION 1 25

*REACTION 2 25

*

* BankNO Temperature

TOFSTG 1 16*25.0

TOFSTG 2 32.0 33.5 343 350 358 36.5 37.3 381 388 39.6
40.4 414 42.1 432 442 454

0
0

*

* BANK Stage SET T FLOW HNO3 UO2 Pu(IV) Pudll) UIV) HNO2 HYD
HAN
FEED 1 -1 1 0.0 1343 /
FEED 1 8 1 0.0 0.650 5.19 1.50E+2 1.30E+1 0.0 0.0 0.0 0.0 0.0
* Pu(V) Pu(VDhH *! 0.0 0.0

* Np(IV) Np(V) Np(Vl) *!' 0.0 4.82E-2 0.0

* Zr(dV) *! 2.70E-1

* Te(IV,V,VLVI) * 0.0 0.0 00 6.31E-2

1* Te-U Te-Pu Te-Zr *! 0.0 0.0 0.0

1* Sr(Il) *! 4.68E-2

* Ru(DI) Ru(TR) *!' 0.0 0.0

1* Ru(NI) RuMO) *! 0.0 0.0

I* Cs(I) Ce(ll) Gd(III) *! 4.96E-2 1.71E-1 5.58E-3

*  Am(II) Cm(lIll) *!' 3.40E-1 3.06E-5

1*  ADD-MIC(1-9) *! 9*0.0

* Ru(TOTAL) *! 1.79E-1
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FEED
FEED
FEED
END

NN N =

16
-1
6
16

1

1
1

1
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0.0 0.176 50 0.0 0.0 00 0.0 00 0.0 00 /
0.0 0.024 /
0.0 0.084 30 00 00 00 00 00 0.0 00 /

0.0

1918 0.02 0.0 00 00 00 0.0 00 0.0 /
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