JAER | -M
93-211

TRUY H A4 Z WIWF3ED 728D
Ny 7 v R AR RS DR R

1993411H

WO sEge - AR BRI - BT OBMA
HHOET -8R R - HH OB
WE e - kI AR .k
BN T

H = & F Hh H R A
Japan Atomic Energy Research Institute



JAERI-Mu #— b i3, BABETAFRFAFFERCATIL COLHRBREETT.

AFOMEHEE, AR FHFRIARAEEEDEETHE (T9-11 F BHRIMEET 5T,
BELIACEES G, A8, IR ICHERARTHLESER L o $ — (T319-11 FiREIHER
B B AR T AR TRELLIEREMIBI A TED 2T,

JAERI-M reports are issued irregularly.
Inquiries about availability of the reports should be addressed to Information Division Department

of Technical Information, Japan Atomic Energy Research Institute, Tokaimura, Naka-gun, Ibaraki-

ken 319-11, Japan,

© Japan Atomic Energy Research Institute, 1993

WERFEIT DAEAFREF N R
2 Bl =l zT7ogiad




JAERI-M 93-211

TRU U+ A4 2 VERED OOy 7 1 v FRBERESO®RE

0 AR T H PSP TR 4 7 VB TR
BE SR ER BRI -HE RTLEmH BT
A BEX-HE EEC.ER g=teRm fogt
CHR R BRI

(19934£10H 1 BZ )

AEEEIT, BAEEREMBIRETESRF — 45T » 72 [BKFRERENRSHBER] ©
Ny 7Y NRBREZROESIC OV TRET LIEREE LD EDTH S,

IR OBEBEI Y 4 2 B NTR, FV b= A 054 2 VRIREED T R ¥ —HFELHE
BT B2 RENRS L, CHEHRET B0, FEBHTHRAET S TRU SR SBEEII L Tl
MEEMOENRSHA RIS EHFFELN L, FWETR. [BARFTREHRE R
LI KBV TTRURSUBEBET LV b=y s ZBRBEELELTTRU A YA 7 VAT
50 EAMEEE Uiy 7 T ¥ FEHOBRIIA AT 5 BRI 20 TRET L7,

) BEMRSEM, SARX, WERE, &S GRS E AN DT TRAFI SRR ERSF - 2D
 WEEEART ¢ T 319-11 FRE IR AR AN O FER 2 — 4
+ 1 REDER
+ 2 SERERFERSS —
+3 RETPRETHER
+ 4 RFFFETESR
x ZFEwF )T AHRAL



JAERI-M 93-211

Conceptual Design of Backend Technology R & D Facility
for TRU Recycle in the Future Fuel Cycle System

Sachio FUJINE, Shigekazu USUDA, Yasuji MORITA'®

Zenkou YOSHIDA 2, Yasufumi SUZUKI'TY, Teruo FURUTA®
* *
Tatsuzo TONE+4, Kazuaki OHTA , Kenji NISHIMURA

*
and Shinichi HASEGAWA

3

Department of Fuel Cycle Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka—-gun, Ibaraki-ken

(Received October 1, 1993)

Plutonium is needed to be recycled in the future fuel cycle to
establish the stable electricity supply system. Techmology for isolation
of TRU elements is required to reduce the long-term toxicity of radioactive
waste in the backend of Pu recycle fuel cycle. Advanced LWR Technology
Development Program Team in JAERI has proposed an "Integrated Test
Facility for the Future LWR Technology" in order to conduct research

and development works for the future fuel cycle. A concept of backend
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technology R & D facility is studied as a part of the "Integrated Test
Facility for the Future LWR Technology". The facility is planned to
perform R & D of reprocessing and the other associated activities,

mainly on MOX fuel of high plutonium enrichment for very high burnup and

minor actinide~bearing fuels,

Keywords; Reprocessing, Partitioning, MOX Fuel, TRU, Fuel Cycle,
High Burnup, Backend of Fuel Cycle
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Concept for a one-cycle Purex process (IMPUREX). For
the engineering symbols cf. Fig. 1.
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waTste : pureT product
J
raw ] pure = Taw _ : waste
product T ¥-step—P-step product ; product] P-step [ Y-step
recycle of | | recycle of |
impure product fraction | impure product fraction
AT
”Qﬂ"‘ iHCH
Fig. 1 Separation principle for high yield and high purity
t recovered
wastes Impure U fra'r;tion -——-=
i i&I y ! c1 2 purs U
ous ! |
ague 4 1 concentration;  C2raffinate
feed |
. pure Pu
o1 —{ce—
. ] Y + 4

impure Py fraction i

———— — -

EXTRACTION (Y+P-STEP) : CRYSTALLIZATION (P-STEP)
AL

Fig. 2 Simplified extraction-crystallization flowsheet concept
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1. Inner cylinder 7. Feed solution

2. Quter cylinder 8. Effluent

3. Annulus 9. Amplifier

4, He-Ne laser 10. A/D converter

5. Photodiode 11. Computer system

6. Dye injector
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2. 2 BRI

XETIZ. EFEEREBRBELIVZTOTHERACETHIU (Pu) 2o8LE
DBEBEMS., P2F )4 FTEP. Cs. STE0EEFPRRA*AMTE2-D0
B (BOBRE#H) oW TORRLESA#WMEET 5. Purexifa L L USHE
Eifi. BUBATEOABFEIDWTRIECRRZINRTNEOT, RETIIEH
SECMbOIERTORMOA TN ZEET S,

2. 2.1 HEEOWR

(1) P7F )4 REROSHKE

—~[itT7P2F /)4 FRELEW->THU, PubAm, Cm& TIIHEAEIKRELR
B, 2ZTIik. Am, CmOPEEADRLICAEXRDS,

a. BEMWEE

BEEEE R BREICEN. BHEASTRE. RENRENES. IREE
BET5LE06T70F /A FAROSBIBLENLZFRTH 5. LITIC, AL
FE s CEB L THRERORIKLHERZRT.

(a) U »{t&MFRAEH]
OTBP

T B P {tri-n-butylphosphate) iz, BEEERMPEFRY AePtHo—TH
D, VIfi. VEOT72F /4 FRBIIHL T, KEZBERDZEFD. Ll
MEDT2F /)4 FZE (Am, Cm) OB IERFORMEF KL ENHE

PEET B,

"@DHDECMP

DHDECMP (dihexyl-N,N-diethyl carbamoy! methyl phosphonate}id. —
EEADHEE) VISP THY UM TV =D LERERYH STV b=
YAQBENABHEL THIBa N, BETIR. B T5CMPOIEIDADLS
NTWd., CMPOIIEHAT., TRURRUIANTIERESBVWRE. SEKBE.
BROBRS X, WAMEE KEANOBBELRLCIBENWTE >TSS,

@CMPQ
CMP O (octyl (phenyl) -N.N-diisobutylcarbamoylmethyl-phosphine oxide)
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. —EREhESE) VIEAPHBERFO—2THD. BEEUTERRY ¥
EHMBEE THBTRPRE L BHSHREMUL T2, LA L, HEE
BB, BREOBWEESS TLTBP TREBLZIMOTRUTREMET
ZILNERTHEED. COBBOBEEARBALETRUEXT DS, XK
E7NTYXEUHEFR (ANL) TTRURZEOSE - BlO-DICERSN
TEDH., NEFIBEHOBEICKCT, 82207 0—FRFEFENTHS,
COTRUEXZ7utA0HEHI EEOPUREXBRIISENDCMPO%:
BMTAeitd> T TRUEXEEAAR T LM TEB L., LREDHKE
MR (0.7 ~5M) TTRUDOELB—ETHDIILIZLIVEBELEETHD
Cb, BRELNABRABTHE L, BREROALSY. WE. HEBEEHEC
HLUTOLBETEL 2R YNETONE. —FH. I8 /A FRBREORED
TERZVWEQEFRSSH B, S50, BHEESBRERDYS, TEOFEMBEGE
TEENSHEESAHD., LLLLPuDERHEICHFBERZANDIILIILST
WEAEEZROBHHEEBTORESS V.

@DIDPA

D IDPA (diisodecylphosphoric acid) . BHEER VU V{tE&HmtFD
1-5THH. CMPOLBUCIM NVEEUTVIEOTRUITEICHL THEHVH
HEENAET R, cODIDPANKEMEAHBLEAEY Ot ARHAREFAW
ERICBEWTHRESLSHEBENTED, DIDPAERLELET ORI
Tid. SO IERIE T T —ALBEELARBOEEERL T2 —PHREN
T3,

DIDPADQEHE. 0MEEOWME, SAnCn RO TRUKELHET S
TEDNTETHDIIE., KANOBRESBENIE, TEMBHERECIEATHDS
:t%%%ﬁé:&ﬂ?%éoDIDPA%%mETE@Mme7mtztE
CFiEiCLDAm, CmiETEAZLONBII>VWTLHRENTVD.

®DEHPA (HDEHP)
DEHP A (di (2-ethylhexyl) phosphoric acid) &, DI DPALBU Btk
B VIEAYHERO 1> THB. DIDPALDBRVWOUD L DIZHERIC
BHEOBEESO. IMEECLAZTOAERS 2N ETH D,
BMTRERAZA VA LAV TRULHFIEAR L OSBRSSO TEELR
YIEbEBCLSTHETH B, BHICDTPAZSBERARELTHAY, TRUZE
R AHIIEBTRWRB T bR~ THELIELRLSET HTalspeak 7/t
ABFAENTWNWD.
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®TRPO

TR P O (trialkyl phosphine oxide}ld. AHBHOBEHNTHL. THLFIL
BEOREEFONNE~870hER) VLA THE. "Iy ORERE L
THERENTED. HRESECEN B2AMNTHD, £ ZOHLEHHT
SF )4 ROMBENEETEIILPOBELANERPSO T RUBESENK
HFEh T,

(b) 7 = KR LA |

FTIREMEFR) vREXE T LW LSRR BoPHERBER TS, T/ T2
KIZTBPRZREOMERIC. P73 FIZWPOD RO MHEAIIHIGT 5. #l&IL, DHOA
(N.N-dihexyloctaminde) it. TBPOKEHER & LTI PuoBERBICHMATE S
TS H B, COMEROEFRIZ. BENEENES T, HRIAHREHNTPLEE
THoTHONMRERMMBIBPIIE T RBPO LI HFARIZEZNENIARTD
Bo 128, UV L OBEDBERESHETDARE L, BEHEBERLLTHEN
IRAMD B,

U7 I RMERIE. CMPOE EH. _EEMOFHEBERTH Y. FLOFEES
HBXnk, TEERELICHDHS. BEDL Z AODMDB2- (3-ONPDASBR L ENT
LOLLTHEXNTVWS. PBEERHOLESDILNE N JABOPOUIED L Z
ATH5Y, BHERFRAZBVWAIECZEERNL TV,

)73Ivhk

DAlamine

Alamine i3, 2 F -, FYATIVORAGHTHY., BREDENL)FY
LBABORIZBVWT, 9V /A RTRLOTRURRIIN TOIMEAESTNE
MriEo, 203 b, Alanineddtt LIINB3T7TIVEAYAERLZ7 O,
TRAMEXiE & L AFIS LTS, TA Y Y Y AQEFRIZOVTIX, 99.99%. FL
ETEORDEGHL10000 L EMSBSRTWS, HLU, LiClEOERALESR
ETHERNLZINERSRWEBERMTH S,

(dHL7 4 K%K

OTPTZ+HDNNS

TPTZ+HDNNS (TPTZ:tris(2,4,6-(2-pyridyl))1,3,5-triazine, HDNNS
:dinonylnaphtalene sulfonic acid) (3. HHEOBEQI L2 WEAMRAEERL =
LOTHD., ZOMEFOET Bsulfur donor ligandsHBIRMNIT4ESA 2 &0
SfAF VERBTIREAFBLT, 72 /4503 /4 FRRE2SHTS
CEATEETHI. EREHETHODATWASEZFOSBIIRFIIITbDOATY
5o
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b. BEE
Wﬁ&ﬂ&é??%/%Fﬁﬁ@ﬁﬁ&bfm\ﬁﬁ#?yﬁﬂﬁ%mwtﬂﬁ
CEBOWESTEHONTNS. BB/ U TBRECIZHRICO VW THHRZN
T35, EREBOBATRZN.

84 yRREE L TiIE. BT UV RBELEBASA T UV RBEVTHROMBFIES
nNTn3d. *0HEFEE. AT Uy RRI0TbNSF5T74THB. £, TRUZ
wrEaAE BUCANSN, FOERIEIIREREDLOLSEREDLOET
BET?. BEICLABENEL. RANCEBEOERICL > TAADREEFSH
He L THBIFoh, ERNLZEEORBBLETSHD.

c. LE#E
BEPITEEORNFAMALEHL TR il > TRROBEREEA TS
EEL | THEHIRAREORIGEFTS. BOBESFREZHFELELIEDIIL L
h TENRPEAREAETES B EE2 bR ESEFOND, BHEONARKL
BlrlLTit, Yarl FEELAVWTBELVALNEEFOTRUTEOSES, %
FEEORBEHABELTRYI VORNICLZEN. 25WEHRKHZ EBETS
N3,
GRERENAAMAZLOOBEEKEEME L TRETIEEYRRIDZ VLT
MANB, —FH, AL LI - TENBBLUAOTROUBANOBTREBREE
TOEEEHENH D,

(2)Y Cs, SrofK

a. MWHE

Cs. STORMEFICLZDUTIR., 259V —FAILLIBERTFINLE
SHANKRIA FIZLDEHBFREZRTN S,

rH3myI—F) (KBEAYVZ—FIL) X, 2 FARCEFOREREL. O
B HIBETOREIDALA A VEFORIRMOET I LNTES. ZOFKELZFA
TRt E-T. BEOHBOAEERNICHRE. METZIEHTRET, WD
05 STRINEFHOEIILHNTEBEEXLNT VS, 77V I—TLDE
Rzl Tl =6 ciasst, SHE2oRESTRHARTHI LD, N
ST ARAEBLETH D

ARN P ANET L FEEICLEBCs, SrofER. BYEIENTEIN
f0y FMEBTEERSBVEERSTTAZDATNS. RIFLDRMASERT
2 LHEMN FRAILS ORVEVERWVHRERZSZVOBEGHZRA

TH D,
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b. BEE
FHYVE A4 FESTIEAEATVWS, 95 VECETLIRESKEMAD

HB3M TEHBEITAIY. TLAVIBERTHE2LZFA5ND. N7+ —
FiosnwTid, 1 Fmglllobta—Ly 2 ABEBREBE» S LY U ARERBICE
N, BRELZER/SH D, WHARIBIIHL TENLOO, ERIEEHSLLBHE
(., BAC - THHUBSORASBISO NI EEHD. —AT. CsxRE
LEEdS54 b, SreRBELEAFIVEIEOIIHERTHIIEIL & h&ZE%2E
fbEeTHoEEMTEBRLWSHAND S,

(3) TcOIRE

a. WMEE

TciBEYETcO, DIFERTHEETA OB U THREOHBRNICLD TR
T&3, 72 VRMERTH ZPrimeneM-TIZFD—2T, DIAFU/INT X N
VI — REHLOREINTWAECUREDIYET DR TEDERSRTFENT
NB. MEYS Vv OPIBTLILBF7RFIL 2 ZOERICE> THHERET
BHLOTHD. EEBLLVEDIIRVFRUNMO Yy PAF—LTORBRBLE
THd,

b. RE
EHRAFBLATCORE - QBB 2L BEFSNE. HRERELENLOD
O, BHE TSI IRNERER Y 2L TAEESH L. ERERALETE. T
B, AEBAEO—FHEEEXTZILDONDCs. STEILSEVWENRETLETESD
TEEHBELTVWS. SEORESEREINS.

2. 2. 2 fEEoOERAE

(1) Uit
EERESBESERCHLTE. STE2OETHRAXRTHEIUEAHTINETH

3. CHIENFOBOBRTEOREAKRIBICETII LB TES. UDTREEL
LTid. TBPA#MURA L T 2Purex7 L 2AHERBRICHZ. (ZOHBEPuLY
Ubbbizoland, ) Lol, EEMEEREOLEBIIENWTE. BERL X
AHEL. TBPORMOABSAERBEL 22 EESH 2. COBKRT. &
BREFrHAVZVRIFEOERIC O WTEN T2 L RRBESHD. BL. ERF
BEPSOUNBEED CLTORMEOHRRIEZ+4TLL. PuRFPRH
DEHZLSHEORIBEIERE V., . BFECIIANBHUCERZIERETDZ
LY ROTIF) A FTRABIBEOHEAITKEET I L VWIATERTSH D,
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(2) Cs. ST &T72F )4 KTRLEDODE

Ko 2Ty REBHHRIIBWIB72F /4 FBEOQETIR, FBHEEZECTD
LN TEAREBLELEETACLBROVENTH S, T0HEL. LTHEN
EES. BEOKNGBEAMAZEKT72F /A4 FXESBICKILSCs.
SrARSRBERELBLTIERETACLMTENETLVEEROBVW T ORALR
5.

TOEZITAHTBCs, SrOSEBELLTIR. B-RBRETHSS. CsD
a%%ﬁ%nmﬁéﬁéﬁ&mmﬁénfméﬁ,Srtomfﬁ%@&ﬁ&ﬁ%
BEQLoAEEIATHW RV DS, BEZRAMICSHB TSI Cs. S
EREEICRL, TOoFFREXRRBR IR LW FRARSEL BRIV, &
Wz, Va2 vBETEE. BBEEREHVWIZOHEAESEITEALONS. L
NoDERBEIISWTHIBEEIFRSTHORATVLIH, BEREINIEZW,
TR BEABEMIIBETRLLUTOLIICR 2.

D7 F /)4 RERE :
ChETHEhEHRETIE. 99%RWVWIZ99. S %DOENESRET
Hh. BiEVWANESERINIBECEEINOEBELLETH 5.

@UDILER
URVIETH 2 L B LEN. VEAORTHSLEL SNBHEEESH 5.

@S roikit
SrHx1O00%RIIIBToLRELYL., YOREFRETEZLERFTE
PVEHRH B,

@t ITEDEE
Bin. 72F )4 PR ERHEIRCREITHENAKE WMo, Zr. Fe#
DEHLANBTINENSZ. TENEINSGOTRERT72F /A4 Fakd
SRRMENEHBEE L,

OB OEBERE
HBRERLELETT2F /A FTROBBIEBELEBRIITILESSH D,

®EE» @k
GRBOMREBEEL, ABEICOPWTILEIENIIRIT L2 WEIRZL2 W,

ProEdiiBEIIo>WTHEBEESEL, BRI CETSLHRBERESLE
TH3. Cs. STRELDHMTEILILLDTI/F /)4 KRERETIRIIBTS
AYw b 2ETHETILENSHD, 2OLTCs. SrONHEOEEAED
TERBEREEDHBIRETH S D,
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(3) 72F )4 FRBOAR

(2) TRARELIKTZ2F /A FRESELIECHEEREZOERSRELE
HTH2B. Cs. STHFBINTVWRITHEROBRICBIZ 7L XL EY T«
BB B, BEFOLENLEN. HEFES2ERTEIEINITIIHLA
VEBEDPSDT 2F /4 FRROABO LS CHEER ST rBER AT
é@ﬁﬁ%?éé,s.lﬁf$ﬁkmmﬂ®¢m6%m?6tﬁtor(ﬁtﬁ
HYEROBIRLENELHN) EETEANE—DOOEHIL, 77F /4 FRBLRF
TAFPREZLOHEE,. Am, CneFHLIHETRLOABRERZEOIHUMTTS
PTHD. MEONBETEE2L6—2ORBATHICLEBEEL V. Thiil
EEEAIG. B VB ATAREAODEHNPALDIDPATH S,
DEHPA*FWES# 7oL L Tid. ECAATIHRMAICLEZTOELA
ER2D 2w :—FyNCTHZ b2 (22 BBEATWVD, ZODEH
PADEIZAmM, CmamET2E BERBEL20. IMEBEITTF2unEdz
BERVETHEMN, LULMo. ZrMBREShTWRIEZhIRREL RS AV, #
5T Ny 2TV FRBBRICERTIBE, 72F /A FRESBIEORND
Cs. SraiITRZLYOLSRZLOETEPILLI - THARAKORENELT S,
DIDPATI. Am, ConeFLIERLZLDOPHOATIHDEHPAKIR®ED
B, FlEELT, Am. CoOEETERESO. SMEETLNT L OIS,
Np4*BWANETHRTEDZ LW IABSH D, DIDPAERWRETIF/AF
TESB 7oL L THEEINTWRLDARRLICTET. CORTRUKSNT
HREANTWARWLS, OF72F /A FnBLebIlHESINZTETHD. BE
Y VERWRVECETL T Y 29 BICL D RERYETE S, 1HOUDEEICRIT
EABRALESAZF2TOURENERHETVEL 2L, 207 2F /)4 RS
BTETOURTIF /A FTEORTHRARLENSZVWO T, TBPETRIIR
T2 LLFIA TV LOARN,
Pllok>u2aBickn, 72F /4 FxE%iR, QU., Pu. Np. @Am,
Cm. OFTETE. F0MMOTROIVSI 7 avitghbhd, OD73 273
iz, TOtAICEsTIRO-1U. @-2Pu, NpBWidad-1U, Pu, ©-2Np
RV 3TERINIS 7 aviiarnd. BAV972a3aVvDBAETLIRE
EFNFNFTEIER. ChETIHREN-ERMESEOFERICLIVARERTS
D, BETH 3. —FH, AmeCmenPBHIcENTR. BEOBERETEART
BETHD., 207 b IS5 71+ —0FEFRAVDIIEIIRZ. AmOAENEMFIIR
LTCmERHTEILELEALATVSN, SOLIARVERNTRN, 2
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7t # I RIHERK {ER%HE # &
_ HfT

U 842, 044. § 817,054. 0 g

Np 25, 998. § 13,044.5 g

Pu 157, 429. 3 85, 528. 3 g

Am 22,704.6 13,218.8 g

Cm 3, 852. 8 11,651.C g

NM 0.0 180.0 gram atom
RE 0.0 210. 3 gram atom
Sr 0.0 1,211 4 g

Cs 0.0 9,558.5 g

Tc 0.0 2,194. 8 g

x 3HE: QORIGEN-2&H
T b= L% T2/ ARE%, RATGS
ISR 100GWd /t. HHITIOMW, /¢
BEL L

* %k BEERAOBEBEICIZ. lgram atomE® & LT Sr=80, Cs=137, U=238, Np=237.
Pu=239, Am=241, Cm=244, Tc¢=99 %EH L7

* % k NMEURE 3. FHFNRu, Rh, PdD&Etgran atom £ KTV, La, Ce, Pr, Nd, Pm
, Sm, Bu, Gd D>&Etgran atom £
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