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Table 75 > AZBiT2ENEER

Some key dates

1958 = start of reprocessing of gas-graphite
fuel at Marcoule (UP1) ;

b

1966 = start of reprocessing of gas-graphite
fuel at La Hague (UP2) ;

1974 = decision to license MOX fuel in sixteen
900 MW PWR's reactors ;

1976 < first reprocessing of PWR fuel at
La Hague (UP2) with a capacity of
400 t/y ;

1981 = decision to build UP3 at L.a Hague ;

1937 = UP2 is completely dedicated to LWR
fuel ;

1990 < start of reprocessing of LWR fuel in
UP3 (LaHague) with a capacity of
800 tfy ;

1994 > start of extended UP2 with a capacity
of 800 ty.
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CLOSING THE NUCLEAR FUEL CYCLE AND
MOVING TOWARD A SUSTAINABLE ENERGY DEVELOPMENT
Jor-Shan Choi (LLNL)
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#THY. PUREXEDEI & N MR & L BRAFKFOMAEHEIZ K 5Te-99.
-120. Cs-135, Np-237% 0> B R T O M HAIR 1 TIRF O RHIRI 2 SR & Bl 12
W BHYAYZBRBEL. T CORRTEEMEERMET S FRTH S, R, &%
BDSr-90% (FCs-137% PHET A 2 &1 & 0, BTEBOEREZ/6ITINT A L7 HE
ThHhbo
Figure 3 ICEEHEWNT A T a v & FEnREEE L OOREBLEIRA P 2RT,
Kk TV EHA Y K570 15US$, MOX I LkgHM 4 72 1) 1000USS$, BEZEPIL 57 %
Imil/kWh & V- 22 BB IEEOMEAE T, BFENICRE) BLAEI X b 3kgHME72 ) b
FH200USS & % 1 . HEIC HARIEIN O BMEEER ST TDLEHE LD
b, BAPHMMEE TR, BURIX MIb2dbo T BREY A 7 VOEGeBok L
LTHDTV S, iz, TRALF—ERETHMAICES BARTIZ, BFAHEMOT &
VEEEEEISEATE ., BAE X M 250 % o THENMEE~OHHY 4 7
WIINK L BB THD, —F. BT HOMO =RV F RIS 5 MEHF 05 W
KE DB . BAEDMIBKE TIIEHEABRE 2 BLET 22 LIIRFNTER V. I
DEHITELELTY 3 OBRERIEOLIVF-BRORE L THASINERE
f%%o

LAV E—EREISERMOMBN RO R TRESNIEF IV AT A

%wahﬁtéé DM AO R THRETEREEY O EFH, BILBOER., Bf7

Y4 Ein, MBEERH D ON S,

[EH T~ &3]

[F 42 EEEE]
(Q) Np-237DHHMERIC & 2 Pu-238D LRI DWW T DRI,



Session A-1 Strategy

Table 1 7 H ¥~ & AR TR

Characteristics Radionuciides Halfulife, y  Impacts/Concerns
High radioactivity & thermal heat Cs-137 30 repository design
Sr-90 27 short-term (<{000 y)
health effects
Long-lived & low sorption I-129 1.7e+7 intermediate-term
in geologic media Tc-99 2.le+5 {>1000 & <200,000 y)
Cs-135 3.0e+6 health cffects*
Long-tived & high dose impact Np-237 2.1e+6 long-term (200,000 v)
Pa-231 34e+d health effects®
Fissionability Pu-239 2.4e+4 underground super-
Pu-241 14 criticality potential &
U.235 7.2e+8 safeguards and security
U-233 L.6e+5 requirements
* for refease scenerios based on leaching/dissotution and migration of radionuctides from geologic repository E Chei 96
00
# 1 f 1 i I
§ 2008 pu
& Yellaw.Cakie Ursatum Peice, US¥peund
g 109
g 1500 o
i 5
g
s
-1
E 1000 }o -
]
¢
i Costs for other fuel-cycle expendltures:
m 400 b * enrichment: USS100 per kgSWU =
* MOx fucl fabricatfon: US$1000 per kgHM
« HLW reposllory: 0.8 millskWh (US$)
o ! } 1 1 !
1 1 3 4 5 [ I

Spent fuel Fepository costs (US mill/kWh)

Figure3 #HEWIZAEG) (@I AP T P AAL—EFELIZRS) FBOLEI X |
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A-1(4)
SOME SCENARIOS FOR POSSIBLE DEVELOPMENT
AND STRUCTURE OF NUCLEAR POWER IN RUSSIA
A. Chebeskov, M. Troianov, V. Oussanov, B. Gordeev (Central Scientific Research Institute),
M. Zavadsky (All-Russian Scientific - Research and Design Institute of Power Technologies)
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700
600 = | e Decommissioned capacities are replaced by thermal reactors
=& Decommissioned capacities are teplaced by fast reactors (since the year 2030} .
80 GW(e)
500 -
8 400 | _
-g T 50 GW(e)
wr 2 i
g 300 L : '
=
200
100
1 i | L i
2000 2010 2020 2030 2040 2050 2060
Years
Figure | KRV 7V ERRRBVER
Scenario  Open Cyclz .
number e
1 VVER (UOX) 2|  Spent Fael
 ——
Monorecycling
SR—
85% . 5% .
2 VVER (UOX) *| vwER (MOX) Pl Spent¥uel
S—
Mudtiple Recycling in BN, BR=0.8
59% - 10% N 31%
3. VYER (UOX) v V_VER (MOX) BN (MOX) b
——————
53% : . 47% .
4. VVER (UOX) VVER (MOX) *1 WASTES
 —
Multiple Recycling in BN, BR=1
D —
100% ~
5. BN o WASTES
VU

Figure 3 EFHFOMETT +1) 4
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A-1(5)
ROLE OF NUCLEAR POWER IN SUSTAINABLE ENERGY SYSTEMS
G. H. Stevens (OECD/NEA)
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A2(1)
Development of the Demonstiration Fast Breeder Reactor in Japan
T. Inagaki, M. Ueta, M. Hamada (JAPCO, Japan)
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A-2(2)
New Options for Developing of Nuclear Energy Using an
Accelerator-Driven Reactor
H. Takahashi (BNL, USA)
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1 ILRGREKREG R E T H ORI EE R

Initiat
Casc # I:;c;?ng of Avcrags
Fertile/Fuel/ Heavy Specific Ko Ko K Buri-up
Coolant, Melsl (ton) | ton Power | Power G day 300 days 600 days (MWD/ton)
Thermel Power | & mlioof | (MW/ Density BOC) Pu/y™ PufU™ after 600
(GWih) Pu/tiM ton) (MW/m") Pu (ton) {ton) {tar) days
#1. 5,779 173, 457.4 954 832 833 103.80
UPu/Pb 2. 1.046 1.006/ Rl
1.0 475 377
#2. 1135 88.1 2728 928 919 922 52.86
U/Pu/Pb 13.5 1.508 1.553/ 1.536/
1.0 049 .077
#3. 14.08 142, 440.5 949 939 916 85.20
U/Pu/Pb 13.5 1.905 1.996/ 2.035/
2.0 209 390
#4. 14.13 141.5 440.5 926 905 918 84.90
U/Pu/Na 13.5 1.905 1986/ 2,023/
2.0 219 47
#s, 5.655 176.8 4574 944 ,B83 .860 106.08
Th/Pu/Pb 18.5 1.046 899/ vl
1.0 387 671
#6. 5.652 176.9 | 4574 | .945 903 865 106.14
Th/Pu/Na 18.5 | 1.046 959/ 778/
1.0 348 607
#1. 13.81 1447 440.5 %00 548 932 86.82
Th/Pu/Pb 13.8 1.905 1.628/ 1,294/
2.0 122 1.161
#8. 13.811 144.7 440.5 .880 807 851 86.82
Th/Pu/Na 13.8 1,905 1.642/ 1.320/
2.0 709 1.156

#2  RuBWIEFIINT 5 MERBHRERRFFOMIERR L T X Ik
Multi- Production | Production | Initial Initial Cost of Cost of
plication | of fuel per | of electricity | inventory | inventory fuel electricity
factor k year, (ton) | (MW) of fissile | doubling without without
materials | time (Year) { selling selling
{(ton) electricity | fuel
(K$/g) ** | (c/kwh}
Bk
1.0 0.119 600, 2.02 16.97 0.997 3.29
0.9 0.199 466. 1.72 8.62 733 5.23
0.3 0.301 300, 1.39 4.61 .60 101
0.6 0.602 -201, * 81 135 467 — ¥

*We have to buy electricity to run the accelerator.

**By selling the electricity, the cost of fuel can be reduced substantially.

***By selling the fuel), the cost of electricity can be reduced substantially.




Session A-2 Innovative Nuclear Power Systems-Design and Operation

A-2(3)
CAPRA Core Studies High Burn-Up Core - Conceptual Study
H.M. Beaumont, K.G. Allen, S.M. Taylor, M. Cartlidge (NNC Ltd., UK},
J. Tommasi, L. Noirot (CEA, France)

[#E£]

FEFIC L AP u O A B E LAZCAPRAT I Y 27 FDOFEIFTH 72,
CAPRAL 7 7 L v AR LOECEEE 2 WET 572012, Y47 VRE, NvFH, ¢
YHEEENVEE SNz, AFFEIE 3 D DPhasell i) TIT L7, Phase 1 (I EFFEIHTC
HH., EOEEORBEILEZEHEBLT, ¥4 7 VEE, Ny FH, BEY B UIERE
EVBDIRTG A—F —F =L frbhi, 720 BEENOIERE L DEE/N Y —
Y BTz, Phase 2 TldPhase 1 THR#E (L S 72 4B AR IO U CREAABENT 25 e
S M7z, Phase 3 {Z@BEMENT Tdh o7z, USTOP (Unprotected Slow Transient Over-Power).
USLOF (Unprotected Slow Loss of Flow), UFLOF (Unprotected Fast Loss of Flow) {Zx L T,
B & IRE, BF E RITEDOBRORI TR a N, REIL, SEOEREREPLEL T 7
Lo AR D OFEE B AR S LTz,

eI ~&FH]
CAPRAJFAMEIP u TELZITE CBRRT0IZ, BP uBLEERZHEHL. &
BARESGELTEAL TS, BREESEKIIBWTHIABY Y (BBEEF.LTHE
"B.C, L7 7 L ¥ AL TIEMEALD,) HfEbRT W3,

(32 EEILE]

Q. BP ultBoP uEILEIZ45%LNT 7207255, ¥,

A. TEPEL, 5% EOP uBILERE 2z 8 ETLDEBATERTH S,
Q. multiple recycle D P u DREEIIMIFE L T B D,

A, TLTHh5s,
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——Inner/Outer core boundry
K1 #FELLAT77 b

R®1 FHIBERETIISAE R

High bumn-up core CAPRA 04.94 oxide core
Cycle length (efpd)/ No. ofcycles/ Load factor 2204/6/08 285/37038
Fuel residence time  (efpd) 13224 855
Enrichments (inner / outer core) (%) 38.09/41.0¢ 42.97144.72
No. of fuelled pins per S/A / unfuelled pin filling 387/'BC 336 / MgALO,
Peak linear rating (W/cm) 438 300
Max. temp. difference between adjacent $/As (°C) 68 -
Sodium void reactivity (pcm)/ EOC Doppler const. (pem) 1943 /-569 1564 /-455
Total B-eff. (pcm)/ Prompt Neutron lifetime (s) 31777.5x107 324/8.4x107
Peak damage rate {dpa NRT Fe)/ Peak pin bumeup (%h.a)) t78/25 124720
Reactivity loss over cycle {pem) 5943 9158
Pu burn-up rate (in-core) (kg/TWhe) 61.5 74.2
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A-2(4)
Nuclear Fuel and Power Complex, Included the Modul-Type Fast
Reactor with Low Capacity and the Plant for Dry Reprocessing of
Fuel and Vibropacked Fuel Pins Assemblies Production
0.V. Skiba, A.A. Mayorshin, A.V. Bychkov, V.A. Kisly, P.T. Porodnov (RIAR, Russia)

[#E]
NEPC (Nuclear Fuel and Power Complexes) D&~ 572, NFPCIE 1 DD A
Mo elE BT - FHERP L FAER Y Y BT ¥ P EET B HiEk

T b, NEPCORRSTFEIZBWTIE, NFPCIIEBR bRt 2R L2 DDE 2 -7
FIBMN-1708 B2 = v b & EREIRILZEEIC X 3 BEHREOBLE 7 Z > b RUIRE)
FelEs & A REE S AEE TS L P b H A, NFPCOEE, A7 —2 — b,
BMN-170/E FARD =AM & TIrEE R TREHRHEER EFRI NI,

[iEH 3R &HH)

NEPCOJEF-4E, BALE, REEE TSV O—EBERiEOMSIIUSATHZE S
7-IFRE U TH 545, IFREE% S i3, IFRAU-Pu-Zr&BAE 28 U, BREELHE
ITEEREESEE T LA RRAL T ADIZ L, NFPCIXER b ORi-FAE e R L,
BARICSRLFEERALTWR LA TH L,

[F2ERIEE]

FUEEDONRA Ny 7B Ebe ALY PU—VTE LD
FRIZERA 2 I 2

P u @ material loss & 5 W3 extract efficiency 13 E DD

HZ T,

extract system (IMAIZ QBT E 5D,

MAIZHBEHTE %o

>0 >0 >0
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BMN-170

BMN-170

s

Irradiated
fuel and
blanket

assemblies

CORE

i

UPuO,+FP

| and UO, from
axial blanket

N— —

S

.| Radial blanket
U, (Pu)

\._..____n—/

Granulate
UQ,(Pu)

Pyrochemi-
cal process

Granulate Gran'!:l.iate
PuQ,(+U) Uo,

Vibropacked fuel pin

1 NFPC i2BIT B8 70—

#1 BMN-170 EFFOIEARMEE

‘The basic parameters BMN-170reactor

Parameter Value
1. Power, MW
- Thermal- 400
Electrical 170
2. Sodium temperature, °C
- At in-core inlet 395
- At in-core outlet 550
3. SA quantity, un.,of
- Core 162
- Blanket zones 155
4. Fuel composition of
- Core UQy+Pud, '
- Blanket zones uo,’
5. Time between overloads of 1
the Core, years
6. Blanket factors 1,1..1,3
7. Maximal burning up of au- 20..25
clear fuel, % h.a,
8. Maximal damaging doze of 120...150
constructional materials d.p.a
9. Service life of reactor, vears 60

* Uranium of natural isotope composition or

depleted in isotope 28U
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A-2(5)
The Advanced Fuel Recycle for the Coming Century
H. Ojima, K. Tanaka, S. Nomura, T. Kawata (PNC, Japan)
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=y k2 A+ OE. CPF (Chemical Processing Facility) (235 1} % {EBRBelR A O Fli BUER
gEREAST XN 7 F 72 TRUEXIEIZETS(MAY A 7 VR L TWw b Z &R
5% (AP

EEH <& HH]
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B1) 2 DF (decontamination factor) 21 0 *BE 2 #FETAH I L ER TS, LArL. HIK
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FATCITOEAREBRILS R, 14 72 VOMTHY), DRiZ]1 0 BETH L,
AL -0 TR TRET AREWIIREBICHHR S S, HL, BERREEHNTHLOT,
PSS L DOERBIRIETIT ) o
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Q. MA%*Pubbmid s A1) v MiTR,
A. MADERARWOTIENTES, MAVY A 7 VXD S MOXEREO Il AHY
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A. MADDBEFERREELERES A 57259,
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Current Fuel Cycle Plant  Integrated Advanced Plant
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Sessiori B-1 Prameter Evaluation for Fuel Cycle Option

IMPORTANCE VECTORS FOR CHARACTERISTIC VALUES OF
EQUILIBRIUM SYSTEM

Hiroshi Sekimoto and Atsushi Nemoto (Tokyo Institute of Technology)

(%]
AR B BT A B ENEOBE. Tab bR ROREL WE S OB DR

TR LHEET BT TOMBICL > TELLHREH S WIZTERROFPHETHRES 270 b
D% . RIS 5 EEEMES (importance concept) PREAT LI IS EE R HEX
BV T RIERGICEME L2 & DHEFERSHEOXEL AR ICEFNTESLLOTH

5o
IRy 51 5 EEE S (importance theory) & FREDZE 2 FlcETnTwb,

[EE+~&FAE]

[ 7% E 5]



Session B-1 Prameter Evaluation for Fuel Cycle Option

— 57 —



Session B-1 Prameter Evaluation for Fuel Cycle Option

CLOSING THE FUEL CYCLE: CONSEQUENCES FOR THE LONC—T
ERM RISK

Peter Wydler, Enzo Curti {Paul Scherrer Institute)

(3] |
ELAVT S ABILERASG =T 74—V FhLOBREFMEZ VT4 ANV EL LT
ERBORBICE L., PuBX OV A F—7 27 F = NIzt LTHA LB 1 7 W8
BEEITMEIT o o EROBEEYEIEDL L OBFHECEE VYR bERICVITEFM L
TWh, UPud B WVIETh233UBET 4 2 VI BT A8 HETH L0 idEPHETZHY
TRV AT A RETONRE Lz,

Th-233UBREHA B R TIIPuER L 2 WD REREELAF L EbITWwLH, &
(3229-Th*%°231-Pab Eo 7o b OFER L ZOHEIKTH S, (o TIOMET 1 7
R BVWTEATLLEIT 2V,

[EH ¥ < &FH]
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HAZARD ASSESSMENT AND RISK ANALYSIS OF PARTITIONING
AND TRANSMUTATION IN A FUTURE NUCLEAR STRATEGY

L.H.Baetsle (Belgian Nuclear Research Center)

[#E2E]

SEE/ S (PT) A7V a VILEE, HHEEAMELSOH 5 VIZEEDLS O &M
W TR E A I 2 70 OWREM L E A B ELEMIT SR Twb, Py UILIIAFIIMA
OEET A LIEN T AN OREN HERE R EEICERT A, SHENLT 7T
N2 A RA R ICERT 5 LSO AE N RE 1T b % WIR D BB B R
ICEO LS v, FPRISBEESAZVWOTEMNAEREZ 2 Y a— L, Tz,
S OFP R IEHET MBI I CER LTV DRI FFICHETHEL, TOV L THPT
P HEYET B 0E & BRI LA L 7B & OB ORFOELILH Do I O ETER IS
VBEL A ERE AR THNT 5, -

[+ EFH]
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FUEL CYCLE OPTIONS AND ULTIMATE WASTE DISPOSAL COST

H.Boussier, J.L.Girotto, 1.P.Grouiller* ,J.C.Perreard, B.Porzio and C.Senant™ *
CEA (Rhone), * CEA(Cadarache), * % University Marsei

(mz]

BHEMAEZ EIEHL TV L) BBIPROBETHIANVE—DH Y 27z
BRI PRGN A BETH D, KB TRLEL 2 2 HBIFHEE. RRESEDE
BE LT A b EVio HEBEEMCEEZRFOREFREBAN LT D, H57 T
FDh EITEF ML L 2B A 7 Vi onT, TOREEIO RETIWE 7 U —%
SHE L. R R L F RO EEEIC B 2 RBE LM L. BB A 7L
Ny 7 LY NOLKT A MAOFEL, BHEF =T 74— FLFENY T — OFRA
B I E WSS RIET LD 2 HREICE S BOAHEELR LD L 2o T b, ZOR
BEEIFEATISOCLL T TH oL L Lz5 T A MIRELERLTL 4,

MR E BT T ADEEESYRAET A I LI IV REETRET LT L
2YFYADL ETHMSITEEE 25, BN ZPEERIOT L2k 5 BOEH, &
BRRELEE LV ES) REOT CRPEFEBED/7 X — & —I3FRKEFH D |
F P EEMIC D EEL DO TH D, BEEORBILIIYN T ADKSERICORIBIFE
WEELWEETH L,
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MULTI-TECHNOLOGY OPTION STRATEGY FOR LONG TERM R&D
PROGRAMSON PLUTONIUM TECHNOLOGIES
- MINIMIZING PROLIFERATION RISKS AND PREPARING FOR THE FUTURE -

Tatsujiro Suzuki (CRIEPI)

- [BEE]

HRGICTN oy AFEMEELTWA45H, Fii-2BRARE L Tmulti-technolog
y option strategy 2 AR AELIRET 5, CHIIRABNR L THRMZEAET 4D Tk <
W7 A BB ICI D A, Whwh [HiTDER] 2R VEGED L) L)
bDTHbB, 2D BHEMERIL HREEFHHEERKT S Z EFMRBTHY
BTSN Py A AOBHEEEO LI DR S,

BAMICIE . fEROEBH I —oOBMARRICHT EEFTA P EGHE L TIT2T
WS, ABIIEROBAICH LEFNEROEFBEREBIIEBM T AEHICTETH
5o

[iEH ¥+~ &FEH]

(=72 EEE]
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: B-2(1)
Heterogeneous Recyeling of Americium in Thermal and Fast
Reactors
J. Tommasi, M. Delpech, S.L. Huang, A. Puill (CEA, France),
M. Rome, A. Harislur (EDF, France), B. Majournat, L. Daudin (FRAMATOME, France)

[#ZE]
L%wﬁ%rf®MAU%4&w Wa LT, Amiﬂ FAERT L LIEHEEHDOS
WIHF L nEDHRETH -7, Cmilxy LTI 5 OEMABENFEWVWIBERE TIE

FEGhLVwED I 0T,

A ZNOYF) FHFREN, F—TF 470, Pu~vF)FA 70,
WQWvaw%U%47w\&0\@%K%%%ﬁ(5%%ﬁ)0771W~U*4
7 v (ANDIAMOREZ) 1#d3 5~ 235 ¥ A, T R UBEY O BETREEE O BTN
XN, T2, FRICBUFBAAMDT Y AN =) A ZNIIHTENNT AN v T RS
54 DIERITRENT LT 2=y 2 AF 4 FiRL (250MWe) THH ., AmEH
Yy MESKKEET I vy MELRBIZERINL, ¥y MEEBRY I IC
(XAmO,, WEM & L TCaH,, inertmatrix & L TALOSSE Fh Tz, REMEST O Am
7Y AN— YA 7 VI E o TAmORGHEEERIE 2 PRI N,

[EB T~ &HH]

Am®D ¥ =4y MEAKIZIZEEM OCaH, P ANLRTWE, THIEFHBEANT T
VT EBESEORMEBEOBERABAL A LIC (B) BBRELERTEIRZVOI
L. A7 PVEBSD CTENEREIA S 2D, REWERMT (B) =k
ErERTE, BHHEBOMELRRT LN TH S,

[E42EEEE]
Q.7y1w~U%47»&3H%72N5VXFAmMECTEﬁénémﬁO

A. 777y PTERINAL,
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£l BUFAINVERIZBITLTANT VA

Open Pu multirecycling Pu+Np+ Am ANDIAMO
cycle multirecycling (once
: through)
Fraction of electricity produced by
UOX PWRs 100 78 68 80 72 78
MOX PWRs 0 22 0 20 0 22
FRs 0 0 32 0 28 0
Mass balance (kp/T Whe)
Py 293 0.08 0.09 0.14 0.099 0.20
Np 211 1.73 1.24 0.052 0.029 0.021
Am 1.38 570 4.29 0.13 0.096 0.079
Cm 0.29 1.12 0.75 33 1.38 0.33
Pu content in Pu-fed reactors (%) - 18 55 33 52 18
Np content in Pu-fed reactors (%) - 0 0 1.2 14 G

*® 2

Tz P AT AL TIRELICBIFAAMT VAN =YY A 20
T B XN w7 AT 5

Target volumic composition
AmO, (%) 25 [0 5
CaH, (%) 75 90 73
ALO, (%) 0 0 22
10 equivalent full power years irradiation
Am consurnption (%) 83 97 99
Fission rate (%) 39 63 ’7
Damage (dpa) 153 165 139
Radiotoxicity reduction at 10* years +1.9 +4.5
15 equivalent full power years irradiation
Am consumption (%) 96 99 100
Fission rate (%) 64 84 95
Damage (dpa) 236 239 198
Radiotoxicity reduction at 10" years + 4.0 + 12
20 equivalent full power years irradiation
Am consumption (%) 98 100 100
Fission rate (%) 80 92 98
Damage {dpa) 304 307 257
Radiotoxicity reduction at ) years +7.8 + 24
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. B-2(2)
Comparison of Minor Actinide Incineration in Advanced Thermal and
' Fast Reactors
K. Yokoyama, T. Takeda, N. Hirokawa (Osaka Univ., Japan)

(%)

EHGEEANE (HMPWR) . N a B3IMO XEERF, P b @B EF
K%HéMAﬁﬁ%ﬁﬁmﬁéﬂtoﬁﬁ%@m%%ﬁﬁ%@@m\Pti&%
(PuR). MAZERE (MAR), % BRMEARSE EPR) O 4 DORGIAT, FRTHILS
F52°"Np, **'Am, **°Am, " CmOWREL Lild DDRTIIR SN
HMPWR & FR OMAME TR 2545, MABRERIIL A LELVRERIR LN

EET<E%H]

WiER Y L34 SRS & OBFIE. TR=0F+PuR + MAR-EPR T 5,

MA OLRAEEIE FR & ) HMPWR O F2/h& {, 2 Cm®? ' Pud k%
BT 7 FF4 FOEMIZ HMPWR OAFKE R b, LirL, P AmiZBL Tidy
AAE4MELE Y FR & HMPWR TIXIEE A YR LTHADOT, HMPWR IC X 5" AmiH
WO ERL TWa,

[ B g E)

Q. ***Cm, **"CmiEFE L2V
A ZROOBMEOWRBEFAEL TV, 22 Cm,. **° Cmld negligible TH 5,
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R1 HEEL4AODRS (BT %loycle)

Metal | MOX
Nuclides | Parameters { -Pb-FR | -Na-FR | HMPWR
TR 42.1 41.6 414
OF 184 13.9 4.9
PuR 237 . 217 36.5
237Np i
. MAR 0.0 0.0 0.0
EPR 0.2 0.2 0.2
OF+PuR+ .
MAR-EPR 41.9 41.4 413
TR 1 397 372 68.3
OF 16.3 13.1 12.3
PuR 18.6 20.8 501
ZdlAm
MAR 1.5 8.3 10.6
EPR 33 59 6.2
OF+PuR+
MAR-EPR 39.1 36.5 66.8
TR 33.6 30.5 234
OF 10.0 8.0 4.4
_PuR 1.9 21 27
243Am
MAR 26.2 28.5 44.9
EFR 4.5 8.2 28.3
OF+PuR+
MAR-EPR 336 30.5 23.7
™’ -39.0 -50.4 -128.1
OF 20.5 16.2 14.8
PuR "10.0 "10.5 87
2440
MAR 3.8 10.1 8.6
EPR 78.0 86.8 159.6
OF+PuR+ _
MAR-EPR | -386 1 -50.1 | -127.5
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B-2(3)
Trade-Off between Neutron Balance and LLFP Incineration
H. Sekimoto, K. Kanai (TIT, Japan)

[1#]

WOERHREEI B 2 BRSO RERY (LLFP) OHEOFHEE h E~DREIH)
RO S 7}’L7Zo OB, FRESEE T TR E R S N, WHRERoT
LLFPiX7°Se, °°Zr, **Tc, '°7'Pd, '*°Sn, "*°I, "°Cs T,
discharge constant % %£ X f_ r X D& LLFP MEOHEE R hEQEL R I NI,
discharge constant 1/2 year' DN a W RIFE®FIZ®° T c LA DD L@ 5 HEHED LIRS
A7) b, &TOLLFP # M TE 5 2 ARG S N7,

[EET<EFEH]

hiliid FPOES2EAL pHITHLET 2, BFFICBTAMADHRICELT
1. BEFFEORTREEH T VERTEERWA, FFFICX 5 LLFP DKL P
FEEFKE(ENRSEE, 22T, FPOHREEFAL WEERN,

[ BRI E]
Q. TOYAFLIFEHOICEBD LAV, BENICZIR POMELREDFD S LR
Yo i

A, THIREBMETH DL, Bk, BFEEHLZEEOMENH L, BPHRETR
2 TV A, FEIREENSVOR LS ) DITEL V.
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ACTINIDE

NATURAL
URANIUM | N
r] REACTOR
LLFP
{ OPTION)
\ .

*1

-

REPOSITORY

HUCLEAR CENTER

1 FEREIIBIFAME 7O —

LLFP O & h izl

(yr")

Nuclidej

Isotope

Element

de*

dht®

dt/dh

dh**

dt/dh

a—

1129
Sn-126
Se-79
Tc-99
Cs-135
Zr-93
Pd-107

0.1870]
0.1205
0.0177
0.0845
0.0573
0.0214
0.0002

0.0066
0.0014
0.0003
0.0277
0.0364
0.0189
0.0146

28415
86.057
67.885
3.054
1.576
1133
0.014

0.0087
0.0062
0.0029
0.0277
0.0903
0.1588
0.1717

21.560
19.307
6.151
3.054
0.635
0.134
0.001

12

[-129
Sn-126
Se-79
Tc-99
Cs-135
Zr-93
Pd-107

0.1782
0.1203
0.0169
0.0791
0.0579
0.0212
0.0002

0.006t
0.0014
6.0002
0.0252
0.0349
0.0177
0.0135

29.077
85.348
70.333
3.138
1.660
1.200
0.014

0.0081
0.0063
0.0028
0.0252
0.0846
0.1566
0.1847

22,083
19.132
6.114
3139
0.685
0.134
0.001

1/4

1-129
Sn-126
Se-79
Te-99
Cs-135
Zi-93
Pd-107

0.1619
0.1201
0.0156
0.0702
0.05%1
0.0209
0.0002

0.0054
0.0014
0.0002
0.0215
0.0325
0.0157
0.0122

30.153
85.156
81.842
3.262
1.818
1.329
0.015

0.0070
0.0063
(.0026
0.0215
0.0748
0.1486
0.1944

23.064
18.968
6.074
3.262
0.790
0.136
0.001

1/8

I-129
Sa-126
Se-19
Tc-99
Cs-135
Zr-93
Pd-107

0.1308
0.1195
0.0135
0.0584
0.0607
0.0202

0.0002

0.0043
0.0014
0.0001
0.0170
0.0287
0.0128
0.0111

31.957
36.602
90.027
3.433
2.118
1.574
0.0]15

0.0035
0.0063
0.0023
0.0870
0.0609
0.1333
0.1934

24.687
18.910
5.975
3.433
0.998
0.140
3.001

*Decrement of toxicity normalized by incinerated natural
uranium with its daughters in the equilibrium state
**Decrement of h-value
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B-2(4)
Effectiveness of LLFP Transmutation and the Simplified Recycling
Method
N. Takaki (TEPCO, Japan), R. Fujita (Toshiba Corp., Japan),
R. Takagi, H. Sekimoto (TIT, Japan)

[#E]

FFge o H 913 closed fission system 12381} 5 EH GRS RERY (LLFP) OV 4 7
WA —LEBELT2IETHY, MEOFRR YT A 7 V§ <3 LLFP OAEM
w s A DS, L — Wi R o TES LT RE 2 R E FALA £ rough (&
(separation factor 75 100% TZV) SHET AT L 1255 (, rough 1250 S - %
413 closed cycle 7* S HUY @A, LLFP 2 45 ) OMEARTHFICIY A 7 Sh
Bo TH/FZFRETYHA I NEND, TEFBE L —F -GS L 5ZHED

B FRIEDS RSN, WD) A4 7 VAF— LT BERRSRE SN,

[EET<&FH] :

DB A4 70 LTS e 5 LLFP id Se-79, Zr-93, Tc-99, Pd-107, Sn-126, 1-129,
Cs-135 D TR TH LY., FNOLERECTHLTIFA IV THEOTIERL, PiE
TRIOKEVEERMAEL L —F—CHML TR ERE, LLFP 3 —#IC) ¥4 7 0
THIEICEEYH S,

[ ¥ 2B E]
C. ZrOL—F—rBdELwiZ595,
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o FE+1] Element separation
B Laser isotope separation

£8388¢8

107m

ERE

i

-

41 P dRGARD PR

.l.

1l VW OBDIFAIZVAF— LI T R

Values in equilibrium cycle

Reactor Repository

Recycling materizls k-Inf. invenlory inveniory Rermarks
[ton} {ten}
a} Actinides only 1,30 74 ® The best neulron economy
* The Jargest repository inventory
b) Actinides + LLFP Isotopes 121 87 * Pure Isotope separation of LLFP requied
(5e-79, Zr-93, Tc-99, Pd-107, $n-126, 1-129 and Cs-135) * Small reposilory inveniory

) Actinides + LLEF elements
(Se, Zt, Tc, Pd, Sn, [ and Cs)

* Impossible to keep the criticality
{due to parasitic absorplion by stable FP)

d) Actinides + residual LLFP elements
after rough Isotope separation expect for Zr
{Scheme 1: Roughly removed isotopes from the closed eycls
arc listed in Table 1)

* Simplified Izolope separation
* Possible 1o keep the criticality
* Massive reposilory inventory

are Pd-105, Cs-133 Zr-92 and Zr-94.)

¢} Actinides + residual LLFP elements L1l 121 ! * Simplified isolope sepamtion
afier rough sotope sepamation * Possible to keep the criticality
(Scheme 2 Roughly removed isotopes from the closed cycle * Small repository inventory

— 73 —

Screened : undesitable or not feasible
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B-3(1)

BNFL’ S ADVANCED REPROCESSING PROGRAMME
RJ Taylor, P Wylie & Peter Parkes (BNFL, UK.)

[#E]

BNFL 12 813 5 K-S I 72 56 i R FHL BB B 8 13 . LS,
BT L TWA Y a— L7 A0 ADEFHZRUWE (radical Purex)
- Purex IEIACH B L WEABEF RO

D2 OERICELNTWS, B—0F3IE, THORP DM & N — AUIH/2 %

Hite¥a—L 2 A7OEACHAAGLOTHY, b)) —FHORREIE, BEEDL
7e

S0 A R E LW £ 2 VORELICIT b D TH B, B4 DB
BT AR Y LTk, 3 A MERICHT 2EMOBErTERLEX TV h.

[{EH T &)
FREREEL LT, UTOHEREBZEIT TS,
e Va—L 27 ANE (radical Purex) 12X ¥, 20004 F CIITHULE I Z % 30

% Bl 8L
CHUWERLE SO BRI X D, 2005 FEE TICELE D A b 7 50 %HIR
Va7 ANATIE, B4 70— & DF il (Np b HEE)
CHLWEMRIEETIE, TR P RUEEREAEORR T ER (A THLE
SNTHHEMEMEZER ; 7 AU D, BYTOF— ¥ 2 HHFH)
CF T A UaRT (BRICNp #AR) RRED ER

-

f

[ 4 ERIEE]
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[14%)

BNFL IZBIY 2 L BEE 4 b5EH

Driver:

Reduced
Environmental | complexants
Burden
Waste Total fuel Nucicar technology
minimisation dissolution
Process Centrifugal Process engineering
intensification contactors :
Remote On line Measurement
operation analysis
Continuous | Instrumentation Control systems
operation
Reduction in Salt free, Waste management
Efiluents solvent recycle

Cost reduction

Radical design

Integrated design

Simplification

Flowsheet
design

Computer modelling

- 75 —
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B-3(2)

URANIUM / PLUTONIUM SEPARATION ANNULAR PULSED COLUMN
Francois DRAIN, Pierre MIQUEL, Jean - Paul MOULIN (SGN, France)
Denis ALEXANDRE, Berard KNIEBIHLI (COGEMA, France)
Bernard BOULLIS, Pascal BARON (CEA, France)

*ZRB L7 U/PuDTHEREE L

[BE]
BE 1986 EL N ERLTET

EEFOFEHICE S
LCERIR 2SIV A S 5 2 {Annular Pulse

Vh,
CNETHOREDDFERZEIL, WIRIWADTLARFHLZ U/PuDTHEDA
A7u—— FEBEZL, 19954 K0, UP2-800 (FFRLELE ; 800 tHM 77
M) IZBWT, EBOEEEZITToTwh, INFTTOEERT, U/PuDHEEICEE
2525 PTe DBz L 2 BIFZRER T U/Pu DRIF R TEOKENENEN
BohTwd, TNOHDFERIE, REDDERLEFAKETH - 72,

[[EE 42 & 515
CHETHELRTVAELRERIZ. DTO&EY TH 5,

BRI TIETO PTe DERYRE . ~ 30
CPuH TR LY ; ~ 100 xg/L

- U SRR RO Pu DR A
PulBETFEL D [~ 1 ug/L
cPuBEHAND U DRA » < 25mg/L
[ 7% BRI E)
Q  PuDpUEIL EDOREED?

BHRA Y MED PUIBEOSIRERIL, FREFRBIBERRETCH /722 &

A)
e, FIZEERIRENA-bDEEZTHE,
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[5%]

X :UP2-800 (2875 U/PudBE 70— —

Fugd et R V7 purilication
storage lend-und .
! : uP3
\ LU
1| R2 Durificstion &
: UMy separation
: P
:l
1
' e R4
' Vitrification Pu purificmion
: & PPy canversion
1

UP2.800

xEBRETRICBY XS FP Ol%E (DF)

Fission product Decontamination Facfor*
Ruthenium 106 >2x 104
Caestum 137 > 107
Technetium 99 about 30

*DF = Concentration of FP in feed per g of uranium
Concentration of FP in loaded solvent per g of uranium
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B-3(3)
SEPARATION OF MOBILE LONG - LIVED NUCLIDES IN A SIMPLIFIED

REPROCESSING
Sachio Fujine, Gunzo Uchiyama, Takehiro Kihara, Toshihide Asakura, Tsutomu Sakurai

(JAERI, Japan)

[#EE]

B#ina—Ly 2 ATO0RRAIZXBEFGEEDRED %, PARC
(Partitioning Conundrum Key ; VD E) 70 ADMFEE L Tb, PARC T
oA TiE, PNp & PTc # BilEfs, U/Pu DHESHEEIT )0 TOM, Puilow
CiEEENE S BT, F7o. BTAURRREICBW T, “C L PIOEN T ). HIZ,
wHEEOMEIC X B Pu OBV, PAm bEMNT A &R0, FOREILLAT)
FUERAE L TWA, SRFTHRED K NUCEF IXBITAFy MERDHER,
PARC 71t AHEAN I EFGEENOSTHEIERATIRTH S Z L MR L

[EB <& $EH]
NUCEF 2B 2+ y MREECEL N EL&RE, LTOREY TH S,

c 574 F— FHAONp, Tc DIEA Np; ~10%,Te; ~1%
. Np HYLTA : Np; ~ 70 %, Tc ; ~ 90 %L
- Te MY T#2 : Np ; ~ 20 %, Tc ; ~ 10 %[EIX
- Pu DA ~ 90 % T, Np, Te BZIRENR ~ 1 %EA
- Np, Pu DETH & LT, 7FALT7 VT F (CHCHO) OfEHATE (e F
5T DFERPAE)
CRBHMOTFVTATE Rl $BIC X 3 ERRILTORATRE

[E 2 BREE]
Q TFMNTAFEFOGRTELEATEI L, MEAL LS00 T
A BETERCHELTVWADTIERWRD, ZIZTCREFICRELVWEERT
Wao Ll BEHICEIB-TLED ZEhb, SRIFERBRLIIOV
THRE L7V EEL TS,
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(FES

" NUCEF (28T 2+ v FRERER

Sim. SF Solutlen
L ]
Pu 2.6&’:1
H 9N
Irvad, Selvent] NOw {00116 M
Ng Oxidant Te |58 mgt FP Scrub A‘ld‘
30% TBPIDD Np 137 empnt
179 Q.54 NHLVD, i 2.1 mpA IM HNO:
{H8xi0'RY IM HNO, Re 1960 mgn
Zr {1476 mgn
EmlB0 mih Fult mlh Fa8 i Fu2¢ mih
L 1 518 13i14 16 o
[- Np oxldstion step | Co-decontamination step | FP scrub step f
EXTRACTOR.1
RafMiaste
] .
Pu .
Npi 8%
s t%
Np Reductant Mp Serub Acid Te Scrub Ackd
0% A-CILCHO IM HRO, &M HIND;
17% TAPfeDD :
Feld min ' Fx30 U Fx30 mlh
i 1 16 b
I- Np separstion step Te separation step o
A EXTRACTOR.2
Np Product Te Product
U jish v iila
Peflon - Paf 0.6 %
MNp T3 % Np 16 %
Te [0 % Tefs%
Unirred, Solvent Pu Reductont Py Serub Acid
30T ant 10 be-CHLCTIO M HUNO,
2% ThvmDD
Fal0 min -
Y Fald mih Frl0 s
L H Sis
r- U scrub step UfPy partition atep
EXTRACTOR-3
fu Prodoct
u .
Pu 19l %
Nl 1%
Tc! 1%
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B-3(4)
ACTINIDE SEPARATION CHEMISTRY IN NUCLEAR WASTE
STREAMS, AN OECD NUCLEAR ENERGY AGENCY REVIEW
Charles Madic {CEA, France ; Chairman of the OECD / NEA /NSC Task Force) -

[#E2]
OECD/NEA /NSC Tit, BEFRIZX A7 A7 7+ —A%#ERL, 77 F=FO5
HEMICOWTHREL TV S, FELE—MI, U FD4BETHERIN TV S,
- BEEY O
- EEET— 4
- Feaf o 3AR
- BT B s~ DR E
RFAELVE— ML, WROBETHEEANDEMOEIN TS

[iEHT<&FH]
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EES

RN THF—FRDF o 7 &I NbELT2F = FOE

Attribute Double-shell | Single-shell {anks
tanks
Volume, m® 7.8x10° 1.4x10°
Density, kg/m3 approx, 1,500 approx. 1,600
Mass, tonnes 1.2x10° 2.2x10°
Nuclide ' Total actinide radioactivity, PBq'
=y 2.6x10° 7.4x10"
“*y 2.4x10” 1.7x10
"Np 1.1x10° 1.2x10°
“ipy 1.6x10° 1.6x10”
 py 0.34 0.81
[ py 9.6x107 0.20
“lpy 0.19 1.7
“lAm 3.7 1.7
FAm e 7.0x10°
[ Cm 5.6x107 2.6x107
Total radioactivity 4.37 3.69
Element Total actinides, kg
Uranium 3.6x10* 1.4x10°
Neptunium 4.2x10' 4.6x10
Plutonium 1.6x10° 3.8x10°
Americium 2.9x10" 1.4x10
Curium 1.9x107 8.6x10"
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B-3(5)
CHEMISTRY TECHNOLOGY BASE AND FUEL CYCLE OF THE LOS

ALAMOS ACCELERATOR - DRIVEN TRANSMUTATION SYSTEM
Mark A. Williamson (LANL, USA.)

(B Z]
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R & LTk, EREIAL - BT BT id ERERLERIRIO 4 ok
EIIOVTIRE LT b, TRENRDTFHEERAEDEDL I LIZL ) BEHR (1
WAL OLEBRTLEE, 77 RUBSHEERY IS0 BETiEE 25,

[iEH <& FHE]
FRENOFEICLDSBTRE 2L EL2TER, LTOEY Th 5,
- BE¥BR{L/ETC | U, Pu
- EIUHIE 0 7 = FILE, Am (Pu ~DEAHD ppm +— 5 —)
- BIFFEE DU, Pu/ Cs, St D034 R
- ERIRAL . P, Rh %

[E2EERIEE]

Q) FUEEY—F v MITABEOFEIMEH,?
A)  FEHRDH TV,
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B4(1) .
Plutonium and Uranium Recycling Has No Significant Health or
Environmental Impact
M. Laurent (COGEMA)
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Pk BRAKIF T AT NT B —AE TV AN—DFr —RIZDWT, 77 YFED»
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B-4(2)
FRENCH MOX FUEL IRRADIATION EXPERIENCE AND DEVELOPMENT
P. Desmoulins (EDF), JP. Marcon FRAMATOME), JL. Nigon (COGEMA)
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EREE : 75~ A TIE19974E % 21T  TIZ6T2ADMOXIRH 5 & R 2 FRAGEMA
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MOXBRENE A M 4011%3.25% IRk FE OUC2 361k & 16MEOMOX IR R % 373 v F-30H
TR L. BUNTEMRBEEISGWt & L T 7:A%, 199380 b id, 3.7%IRMEED 4 1
2 UBRBEUO2 BB 28 1K & 3.25% I MR HE & A%\ D50l 7 EIPuE (LEES 3% D 3 ¥ 1 7 VIR
HEMOXHEE I6ME "N T v MR L7 & 5 IC2EDOMOXER L TREIERER T
ERBGREEE T BT A 7 VT2 72,
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FERLTWS, BASGWIOBREEE $ T, 3LANLVOELEDKEII DWW TORE
BRABEER L. MOXBEOEFEMHIIUOBHE L RASUETHL I 2R LT,
NF TOPREUSETE QK Tlid. Figure 418§ X 5 ICMOX#RH O F P A ARUH SR,
UOLAELE ) b2 RE { B o T b, T HIIMOXEE ORI T H S IBEER TR =
Y CHATE 2, MOXD AL ¥ 7 idFigure SIZ/RT & ) ICURB LR L TH B

BFTOMOXIREHTHE | MOXIREHE &R DIRITHARAFA 2G MOXid, FKEMABER
A3GWAAD BB EHEARETH v | ITEEOPUE (LS & WIEIIHI D720 D 77 A4k
DS CH Do 1995805 T F TI200K L LG SN TV 5,

S%OBREH  BERPELEESER53%E LTW5D0, SBEERANrLO
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B-4(3)
FULL MOX CORE FOR PWRs
A. Puill, S. Aniel-Buchheit (CEA)

[HEE]

7 VMOXJE (PWR) DEHEIMELBER LT 1 REEAMOREERTHERIIOWTDRE
ﬁ%mm&%ﬂﬁﬂ—ﬁttfﬁW\%ﬁﬁiﬁ%%ﬁttoﬁﬁbtmﬁﬁ%yﬂg
W, :

1 JRFERE OWMFI L 535 A RE IBWTIE, BT AR VAL
TAHDOT, HFIZHEPUELEREOF.LT iE@EVFﬁW@T EMEDSH % o Figure 112
PO R A FRIGE4Pug B0 E LTrRT ., BENOKR A FRDE~NDH
Hid, U-238i3 8. Pu-240i3TF, Pu-230i3 BB TH LD T, PugfbiEsriEmy
B Ltﬁi‘w %72, PutEEATERALT B Lz, R4 FRUBEIZIEBICZELS
%, TableIl 12, HPuillED N A FRISEIE DI A2PuELE (T2bbFRA FRIG
JEOBE 5 ﬁﬁéhérkmzkﬁ)thLM%&#47W%%§T%5
10750MWd/t %152 DICYELZPuELE T =~ T, KEMNZHXMAHK (PUB) 2R&, &
EEERRARICEDHBEANTH %,

2REGHADHOBREMICE ) TREEVEEITENL., 1 RGHMRESET T 5
L UBEDSRNENR S, MOXFL TRIBEMBERROEEIRESVWI L, G
D3 ) BORISEMEI /NS W & RUHIHEMES BT 5 2 LW TH 5,
Table IVIZRHTRE R % 7R, 1200008 ORILEIL 2 DOPullEREEL Lo TH
D, BERICHEYET LA, HEATLHIE)BRICAO%ERED Y HyhE, £ TOPullK
TRIGEREE RS,
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HIEEMBOERERLCEAT LRI Y ORIEICL D, 7 VMOXFLLOBUESH D & D
RIBEFRENT,
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Table] #ETxTER & L 72Pufllik

Origin - BU Code usp,, 2p, uop, ip, 242p,) - Fissile isotope
Management name content
PWR 3.7% (US/U
e pua | 27 | sas | 2o | 7 | 9 12 66.2%
QECD benchmark
PUB 4 36 28 1 12 20 48%
PWR 4.5% (U5/U) *
55 GWdit - 1/6 PUC 4 504 23 123 2.1 1.2 - 62.5%
first generation -
MOX PUD 3.5 474 27.1 il 9.8 11 58.5%
45 GWdlt - 1/4
PWR 3.25% (US/U)
33GWdA - 13 PUE 1.83 57.93 22.5 11.06 5.6 1.08 - 70%
quality close to ‘
weapon's grade PUM 90 10 90%

Table I HPuWEDLEPuEILIE L K4 FRIGE LHFRTE LPuS{LE

Name of the Fissile isotope Content neceded to Content limit
composition - content complete a 10 750 MWdA (global voiding)
cycle

PUB 48% 16.3% 14.7%
PUD 58.5% 11.4% 13.7%
PUC 62.5% 8.7% 13.2%
PUA 66.2% 8.6% 13.0%
PUE 70% 7.9% 12.9%
PUM 90% 4.8% 12.6%

Table IV 2 AR SRR AU D 4RO UG B

Pu Initial Final reactivity (1 200 5)
veclor § reactivity | Natural boron | 40% eariched boron
PUA -4807 +743 -457
PUB -4869 -656 1527 -
PUC -4785 +685 -431
PUD -5097 -571 -1897
PUE -4683 +896 -368
PUM -4134 +1114 -G43

4 5§ & 7 8 9 0 # 12 13 #4 5 1§
pldonium content %

Figure | &4 FRIGESTEHKR
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B-4(4)
STUDY OF ADVANCED LWR CORES FOR EFFECTIVE USE OF
PLUTONIUM
T. Kanagawa (MHI), K. Sakurada (Toshiba}, H. Maruyama (Hitachi),
H. Matsuura, M. Uegji, T. Yamamoto (NUPEC)
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MERFLIEE Lz, BEEELOERLRE S Table II (PWR) K UTable V (BWR) {Z
N I

BEM Itz SO L, REESEENEALTHOT, BBEzRAELTH L, HES
HOWEMXIEY A 7 VESOEHEIMLETHEH, Pu7 1 v A4 VOHESRILFigure 6,
10Z7RT & ) ICPWR, BWRE b2 b, F /o, BRE LIFEF.LOR - #okH
FHIFHEIIRIFTH D, 7UMOXIFLD 7 4 — VYT 1 ITfER S N7z,
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TE B DN
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Table I &FiEE4F L (PWR)
Reference Core  |High Moderation Cor;l

Moderation Ratio (H/HM*) 40 5.0
Fissile Plutonium Enrichmentss 7.2 with 5.8 wtk
Number of Refueling Assembly 88 108
Operation Cycle Length 15.5 EFPMseex 15.5 EFPMictk
Cycle Bumup 16.5 GWd/t 19.0 GWd/t

| Maximum Assembly Burnup 52.7 GWd/t 53.5 Gwd/t

* Atomic rativ of hydrogen to heavy metal.

*%  Enrichment is uniform in the assembly
sk Effective Full Power Manths,

Table V. ERHESFE [ (BWR)

Reference Core [High Moderation Core

Moderation Ratio (H/HMx%) 49 59

Fissile Plutonium Enrichments# 3.6 wtk 3.3 wtk
Number of Refueling Assembly 232 264
Operation Cycle Length 15 EFPMéoks 15 EFPM ok
Cycle Burnup 12.0 GWd/t 13.6 GWd/t
Average Discharge Bumup 45.1 GWd/t 44.9 GWd/t
Maximum Assembly Bumup 49.7 GWd/t 41.3 GWd/t

7 —— _ —— 25
~- Figsile Plutonium Consumption
Rate

= - o+ Fissile Plutonium Consumption
~ 50 %
..2 —~Fissile Plutonium Loading * 20
o
=1
Sap .-
é =~ 1.9
3 T~ == ‘w_b
830
Q
§ 10
Q
..S- 20
&
1} rHmmEa .
Eio ’ e 03
{a

0 - L 0.0

3.0 40 5.0 6.0

Moderation Ratio (H/HM}

Figure 6 Pu/¥J > A (PWR)

% Atomic ratic of hydrogen to heavy metal.

w&  Assambly-averaged initial enrichment.
#ax: Effective Full Pewar Months.

Fissile Plutonium Loading and Consumption

{t/Gwea/Year)

Number of Additional Water Rods

80.0 ——d— :
[—o<Fissile Plytonium

70.0 Consumption Rate
. «o- Fisgile Plutonium

Consumption*
§0.0 ||=~—Fissile Plutonium Loading*

40.0

36.0

20.0

10.0

Fissile Plutonium Consumption Rate{%)

0.0 . .
4.5 5.0 5.5 6.0 6.5
Moderation Ratio (H/HM)
* Capacity factor is assumed to ba 100%

Figure 10 Pu/¥7 ¥ A (BWR)
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B-4(5)
MULTIPLE RECYCLE OF PLUTONIUM IN PWR
- A PHYSICS CODE BENCHMARK STUDY BY THE OECD/NEA -
K. Hesketh (BNFL), M. Delpech (CEA), E. Sartori (OECD/NEA)

[#EE]

OECD®OWPPR (Pul) ¥ A 2 VEWHE T — % 77 v —7) &, BEREEY 7 V%
B E TV — < VB S EIL S AP & ) RIEE ISR L 72Pu® MOX R
L LCPWRTYHA 7 Vv BHEIIRT A BAERRTHCONRTWERT -5 747
51) Lt a— FOBEMERLT 5 720, BRE~Ar Fv—rit e, 2OfFRe
Global95iZ BV THE Lz TONY FI— 7 HOBREIBELZLNTHY . £
I kB MRS ERENEE A KFI2b 2~ FETRERENR b7z, 1995F LLEE,
WPPRIZEH AT 1 7 VI b EF A 30BN 2 ki L THB Y . LEROPWRTDPu
FA4 7 VCHLTH A RERAY Fe— 2 HHEER L2 AR O 2 HHOEEN
I HERROBETH %0

Ry Fv—rEONRE L7zPuld, PWRTHEVF A 7V SNAEL LETO
LN TH Y. Figure WIRT & 512, Fh2NOEARIT B THFEMOXRE 2> 5 [l X
SR7-Puld SIEOMEEY T VBB LB E N Pul BRESNTROMADPuE L
720 ML E LTid, BIE—MRE9%HPWR (B RELEA2) LPul ¥ A 7 VD70
BAL L72PWR (GRUES /BB A93.5) O 2 AR Y L7, BB ST RHTo 4
W—TFFT Y b TR TWAI8H 3N stk L, TSRS IMWdkg TH %o

EBE v F 7 — 7 121 Table ISR $HBESSM L 72o ZORE, BRONY 73—
T ARRER - HEA L L7, Bl LT, Fgure 3124 4 7 VR TORIGE Z 1
B L TR |

[EHI~EFH]
E= L LT, £TOMTERIHRETES DI TRRVY, FEVIFA 7 VPFRED
bOrholb LTh, HEDI—FEIA T VT ERATREELON L,
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Table Il B> 77— 7 FHE~OBAHER

PP
Fu from UCK
Pu 1st Rccycle#-b, Np, Am, Cm First Recycle Generation

1kg MOX | Organisation  Code Mame  Flux Calculation  Library

ANL WIMS-D4M  Monte Carlo ENDF/B.V, 32 gp
CASMO-3 ENDF/B.IV, 23 gp
Belgonucleaire  WIMS6 Py JEF2, 172 gp
BNFL WiMSs Pij JEF2, 172 gp
CEA APQLLO2 Py JEF2 '
Sccond Recycle ECN OCTOPUS Transport and JEF2
Generation : Monte Carlo
EDF APOLLOI Pi JEFI &
» . ENDF/B.1V, 99 gp
Pu fram ; GRS OREST-96 ENDF/MB.V
: 353_9_0_?(\ IfRR SPEKTRA JEF2
NN IKE CGM, Py JEF1
i Punth Rccyclc_i-m«-»f U, Np, Am, Cmi o'th Gen RSYST-3
CotkgMox i T IPPE WIMS POND-2, 66 gp
T {(ABBN)
e JAERI SRAC-95 JENDL 3.2
kg uo.\;\ KAERI CASMO3 Py ENDF/B.VI, 70 gp
- HELIOS Py ENDF/B.VI, 89 gp
Nagaya Univ = SRAC JENDL 3.1, 107 gp
ele £si BOXER P JEF1
: Osaka Univ RESPLA/DC
’ Tehuku Univ SRAC, JENDL 3.2
Pre-irradiatt [radiati Coolk ORIOEN2
-] A
[ Fpeimdiation|_{iwadiniioa _{m . RISO CCMO-U ENDF/BVI, 76 gp

Figure 1 5TERE LIZEE) A 7V
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C-1{1)
ADVANCED FUEL CYCLE TECHNOLOGIES
Dr. S. E. Ion etal. (BNFL, UK)

[BEE]
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BLEZ{EDTVLDEFETH), TeBErBLLLVERFTOHELIEE NS,
FATTFHLE, BRSO WTHFERETH Y . MOXDEEREDOEZ AV RF
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[ BEICE]
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C-1(2)
SENSITIVITY STUDY ON DUPIC FUEL COMPOSITION
Hngbok Choi etal. (KAERI, Korea)

[#Z]

fEF % A DPWREAEL Z CANDUR CEBEFEH T 5 720D TH S, DUPIC ( the
direct use of spent PWR fuel in CANDU) JREHT % A LB S L L v
B, TIZFZFREPESATEY, Ih 50ERPHAENRIIERFARE OB 5
DB & BEI &I KET 2, ZOREICAY FVETELZ L MBS Lo TR
A DUPICHAHEL % CANDUIR TER 5 72, M4 B HEOBRENI X AF~ O
DWTHIE L7z, Pu239L U235ORBELEREXIRE T 572010, PWREHAFERE
(47— R Pu239%%.15 £ 0.45wt%., U235%%0.85&1.15wt% D A1) L RIBE
¥ (SEUDU) 2iRALFEL . t0#FE, FHEPWRER Z TR R OFIA T
HEEBIL, IBEUDE 2 <75 12id., Pu2395%0.47wi%., U2355%0.9wt%HE& b
BLTEY, CHICEY8SDERAFREZFAHTES Z e B¥bhirolz, ThED
DUPICEAF 2 CANDUJE THRAT$ 272912, 43¥ > D3y Pz % L. DUPICH
FOCANDUIE T D FRET 28] 2 UL & EEEM L 720 2 OFFR. Pu239770.47wt%,
U235%%0.9wt% T D DUPICHAHEHICANDUSE O JF.L B8 L EZBII v & & H55EH &
7 (I A
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-FREBEABREE I v 2 ATHILI2X Y, FUEMELIL, FFiCPu23ofl Bt o i
AIZDWTIRET L 720 &2 TldPu2395 HEH0.15wt% £ 0.45wt% D 2 D DHEE K
D3I v 7 AN S P23 DA TR TH B,

- BBDUPICHRE O RIE, FHEAKE 2 ZRABER L, SEURUDUDEHE%
Pl $THILPEETH L, SR FEAEABRBOFMA 285% L L, 72,
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F1 2OOBRRREFESICL D HEAEAPWRRE ORI OWT
2ODBBEEEE I v 7 ALLSEOEREABREORBREE, U235, Pu230% /85 A — 712 LTI L7,
CITR, EREABEOFMEELZSSBLEL L, &5, SEUDUDRIE® L% TA2 L THRIT L,
SEUL Y BDUD K KT HAE I EhS, SEURL R TAERBE Lz, F0O8E, U235(109wi%.

Pu239i30 47wt b B L TWv 3,

Table H1.4 Spent PWR Fuel Utilization
for Two-Assembly Mixing

Pu239 U235 target wi%

™) [ 53] 291 90| o1] 921 .93 | 54
66| 70| 73| 76| 79| 83| 26

43 1198194197188 185 1871|178
89.1| 899|905 915 | 920 5213 | 829
611 64| 68| 711 741 771 81

A4 17517168 | 165 162] 158 | 155
88.7 1 89.0 [ 89.5 | 902 | 91.1 | 91.61 920

56| 591 62] 66| 69| 72| 7.5
45 1521149 14.6 | 142 | 13.9( 136 13.3
87.4 | 88.4 | 89.0 [ 8%.1 | 89.7| 90.5 | 913
52)54 57| 60
46 13.0 1127 | 124 ] 121
85.2 1869 | B7.6| 88.6
48| 519 53] 55
47 10.9 | 10.6] 105 102
82.1] 840|854 | 86.5
4471 46 471 4.9
48 92190 87] 85
75.1177.7 | 803 | 82.1
419 42| 43| 44
49 741 731 12] 7.0 .
667 | 69.7] 72.0] 75.5 78.

SEU | SEU = Amount (%) of SEU used for adjustment
DU | DU = Amount (35} of DU used for adjustrment
FAC | FAC = Spent PWR. fuel utilization factor (%)
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Table IV.1 Comparison of Refueling Schemes for 600 FPD
Refueling Simulation

DUPIC | DUPIC
2-Bundle | 4-Bundle gm
Shift Shift
Max | 6990 7288 7065
g’“"- Chanel | avg | 6843 | 7030 | 6860
ower &W) | Min | 6677 | 6847 | 6634
Max. Bundle ‘T“x g;g g;g ggg
Power (kW) e
Min | 807 855 826
Inner Core Max 400 420 205
Burnup Avg 378 378 185
(MWhr/kg) Min | 36! 332 174
Outer Core | Max | 379 448 192
Burnup Avg 356 355 166
(MWhi/kg) Min | 344 310 115
Zone Max | 0.800 | 0800 | 0.800
Controller Avg 0.509 0.501 0.501
Level Min § 0200 | 0200 | 0215
Mex | 1107 | 1.193 | 1.092
CPPF Avg | 1068 | 1137 | 1083
Min | 1047 | 1105 | 1.043
: Inner | 1.443 | 0.708 | 0.706
Refucling Outer | 2528 | 1282 | 1254
ate Whole| 3972 | 1990 | 1.959
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C-1(3)
USE OF THORIUM BASED FUELS IN THERMAL AND FAST
REACTORS
J. Tommasai etal. (CEA, France)
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Fz1

PWRZFIH L 72Th#kBl o~ A5 AL

Th-Pufi¥HIPe, I EREOPuDIEEIZE LT3, bl MADREEAS, $7-. Th-UBLEE .

MADREEEH ML <P i,

Table I - Mass balances (0 — 33 GWd/t) : PWRs with Th-based fuels

Fuel cycle Th-Pu Th-MEU Th-HEU Th-U
Fissile element content (%) 6.5 (Pu) 19.0 (U} 3on LR
Fissile isotopes/fissile element (%) | 70 (**Pu + ¥'Pu) 20 (*'U) 93 () 92 (**U + 1)
Masse balances (kg/TWhe})
Th -70.9 -824 -103 -116
Bipy +0.426 +0.263 +0.271 +0.314
U+*pa +50.4 -62.2 ~303 - 14.0
"Np +0.0103 +1.54 +1.60 + 0.0661
Pu + PNp + *Np -114 +12.4 +1.13 +0.196
Am +3.80 +0.167 +0.0136 710°
Cm +2.89 +0.0481 3.10° 210°
M.A. (*'Pa + *"Np + Am + Cm) +7.13 +2.02 +1.89 +0.380
Conversion factor 0629 0.680 0.625 0.759

2

SRR L 2ThiE o~ 235 2 25854k

Th-PufFHIPUDIRBEISE L TV %o T/o, ThUBEHE, MADRERZ LR (T BT LHFTHTH 2,
Table V - Mass balances : FRs with Th-based fuels -

Fuel cycle Th-Pu Th-U
Fissile content (inner/outer core) in 19/23 (Pu) 16/20 (U)
weight %
Mass balance (core) in kg/TWhe
Th -61.6 -54.4
U+Pa +492 -40.2
BINp ~0 ~10?
Pu+ *Np -81.2 << 107
Am 0.05 << 107
Cm ~0 << 10*
M.A. (*'Np + Am + Cm) 0.05 ~10*
Mass balance (blankets) in kg/TWhe
U (axial + radial blankets 14.3 +35.1 13.5+31.6
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C-1(4)
EFFICIENT USE OF DRY PYROCHEMICAL PROCESSING FOR
RECYCLING OF FBR FUELS
Y. Enokida etal. (MHI Japan)
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Figure 2. Flow schemes of FBR fuel cycle combined with dry pyrochemical processing for (a) oxide fuels, and (b)
nitride fuels.
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Figure 5. Schematic illustration of the experimental
specimen for dry pyrochemical test,

Figure 6, Example of pulverized fuel.
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-2
Demonstration of a Closed P&T Cycle
L.Koch, J.P.Glatz, G.Nicolaou

(European Commission-Joint Research Center Institute of Transuranium Elements)
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C-2(2)
Fast Reactor Core Concept for MA Transmutation Using Hydride Fuel
Targets
T.Sanda*, K.Fujimura*, K. Kobayashi*, K.Kawashima*, M.Yamawaki**, K.Konaghi***
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Neutron flux
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Fig. 4 Neutron flux ra
near target assembly loaded in core center

dial distribution at typical energy
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C-2(3)
A Feasibility Study of FP Transmulation for Self-Consistent Nuclear
Energy System (SCNES)
R.Fujita*, M.Kawashima*, H.Ueda*, R.Takagi**, H Matsuura**, Y .Fujiie**
(*HZ, **HTK)
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C-2(4)
Strategies for the Transmutation of Americium
J.L.Kloosterman®*, E. Kiefhaber®*, M.Rome***, ] Tommasi****
(*ECN, **FZK, ***EdF, ****CEA)
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C-3(1)
URANIUM EXTRACTION PROCESS USING TBP MODIFIED
SUPERCRITICAL FLUIDS
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1.BNFL, 2.JEARI, 3.Univ. of Leed(UK.), 4.Univ. of Idaho
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C-3(2)
FACILITY OUTLINE AND CONSTRUCTION STATUSOF RECYCLE
EQUIPMET TEST FACILITY (RETF)
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C-3(3)
DEVELOPMENT OF WASTE TREATMENT TECHNOLOGIES FOR
ADVANCED REPROCESSING

L Edmiston, G A Fairhall, M Fields, A P Jeapes and C R Scales (BNFL)
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C34)
STATE OF PROGRESS OF THE DIAMEX PROCESS

P Baron, L Berthon, M C Charbonnel and C Nicol (CEA)
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#*-1
[HNO,].. D o,
mal/L. 1)) (2 H 2)
0.50 0.021 | 0.0034 10.0012 0.010
2 1.21 1.11 2.3 1.7
3 4,38 42 451 5.5
4 9.77 8.05 N.M. 12

FOHBE : DMDOHEMA(I)E DMDHpOEMA(2)Z & % Nd(IIT), Am(III) nitrates D 43 BLAR £

N SN O e~ e TDIT MMEY
0.501+0.02 miCyLL M 1rn (22 0)

o

F-2
[HNO, ], Dy D,
mol/L. 'OIEY) O
0.50 0.033 0.048 [0.024| 0.023
2 1.99 1.92 2.4 2.89
3 5.43 7.38 6.96 2.1
4 N.M. i2.4 N.M. | 152

N.M. : Not Measured

RNDOFHH | DMDOHEMA(1) & DMDHpOEMA(2) 12 & % Nd(II), Am(IIL) nitrates® 5Bl 1% %
0.6520.03 mol/L in TPH (257C)

3%-3
DMDBTDMA DMDOHEMA {DMDHpEOMA
Do 2.02 3.40 4.54
D pm 4.58 6.96 9.1

% D35 : DMDBTDMA & DMDOHEMA & DMDHpOEMA {2 & % Eu(IIT), Am(III) nitrates®
THREL
0.65mol/L in TPH, [HNOs3lag=2.96mol/L, (25C)
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C-4()
Uranium Free Plutonium Fuel in PWR Concepts: Neutronic Aspects
M.Delpech, A.Puill (CEA, France)

(2]

PWRIZ B U7% L 70 b = % ABEHFELOEFHERZEIC oV TS S 7, BAREY
HARE LT, BEMERERBZRIZKELS TS0 _%ﬂ%ﬁ‘ﬁ‘:PKZerD v F%&
#44 L 7:PLUTON concepts, 45DERE D v F2 REDOPZEPuH TE Z# . AN
Wy % F6707 L 72 APA assembly concepis, #A# DT v ¥, T AIIBBHESMEKITIT L TURE
& Pulk L D2 EE & & #¥7- % %5 DUPLEX concepts V3554 L 7zo T S 3 L\ concepts &
BT L EIICEY), UOREHMERE.LICH LRIBEREZH F 0 B{b 312, €k
OMOXBAK Z i L7za LB L, PuBBEOE L, MAEBROERZMA Z LA°T &
bEHEEINTNS

[i:H ¥ ~&FH)
il L,

[E2EEEE]

Ql: Fy 79 —RROMHMEDOKENI LA, BWIRILE RT3 X5 7555 FlH
iR AR S L W o BSOS, S % MBI 2vor (ZFEET, HEK

Al D AEBERT 2TV, BETLTWwE v,
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4td U0Z pina

-inatrwsentation

2 APA assembly concepts | i3 &3] (R FE
e RELCTHD, REOPZEHAIERA
SNTwa, BIZ, HAGH & FlH{LT 5

Tvb, 72 [RRE R ST B IR & L TCeOn,
ErO2DSE EF N T4, '
#1 #¥FLconceptsid D FUL B R taam_n MTC  [FueiTemp fTotat voidBur(10)
DI Ul LPuBREHRG ICB VT b 05y |07y [177°C) et
PLUTON concepts, & UFAPA Assembly UOX std 9 | -yoc| -26 275 520
concepts? i JH 12 X D UO BREHEH .0 1T APA S5 Twoc | 2 14 | 330
WA RICERBOELTH 2 & A¥ PLUTON -5 {-20pmoc| -1.3 -1 -
X3, PLUTON-Th| 3.5 | -22woc| 33 | -70 | 280
PLUTON-U | 4 | -43¢oc | -28 | -10 .
DUPLEX ass| -3.6 -62 -3.8 <56
MOC : Nominat conditions, LOC : End of cycle
f; o/ TWhe) g’(é}r Whe) fa‘:io(g?[‘r:’“ #2 ZIFlconceptsBED T AINT A
%) DI E . PLUTON Concepts, K UFAPA
UOX std +29 +3.8 - Assembly ConcepisDHEIZ L Y | $ERD
MOX std -65 *17 MOXJR# #HH L7 /&L L, Pu
APA -92(-76) +10(+9) 48 % PREEDM £, MAE RO X5 2 &
PLUTON -130 +14 65% BTXD o
PLUTON-Th -114 +7 44 %
PLUTON-U -90 +10 15%
global*
DUPLEX ass -32 +3 50%
* U+Pu
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C-4(2)
Transmutation of Plutoniums in Pebble Bed Type
High Temperature Reactors
E.E.Bende (ENC, Netherlands)

[BEE]
Pebble Bed ¥ 4 7OEERN APIZB VT, Uk L7V =7 LBEHIET B35 A —

FH— R A DWTHEDN D 72, Pebblel fll 720 OPufia, FFRMOAEE /ST A —
7 e LTy BRI X 2 EEEREL, ¥y 75— RUBEEN RIGEREEISOL

BATFhRLTWwaE, BREFVAFELZHWVA I LIZL D, 100MOXEHMPWR & ILBI L, %
AL ANEF-Y 1) TRREOBY 7V LEOHEBRERS I LR TEHEHESINTY

%o

[FEH T~ xHHE]
YEiZ 7 Lo

[E4EREE]
B A AR & B L TCAPRAJFOPUREEN R IIE VAT, ZNIZCAPRAFICUNE &
NTW5b72DTH5B (MDelpech, CEA, France) o
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C-4(3)
The CIRANO Experimental Program for Plutonium Burning Fast
Reactor Physics
P.Smithl, $.0hki2, G.Rimpault3, R.Soule3, R.Jacqmin3, J.C.Bosg3, J .C.Cabrillat3,
| M.Martini3, E.Fort3, P.J.Finck3, K.Sugino2
(AEA Technology, UK1, PNC, Japan2, CEA, France3)

[#E2)

PulkEEE L2 0 T A ST EREOFM % B L LT 7 F ¥ AMASURCARG R EBREE
2HWTITORTWACIRANOT O 7T LDH, 7I 7y P RAHRICESRZALC
Yok B REEE. RUPWEMAERIRICET 2 ERFNICOVWTOHRETH L, 7
5 v ZBOEHERICOWTIR, FAETHOMEE T 4 77 JIEF22133F L#REZE I h 2
5475 1)ERALIBI® V3 itk ), BITRREOUBFEFER OIS, /. EHRE
WA A EAEOEENKE XIE, OEME 75 » ABIOBRALIBI & HlW 2@ & T
ZIZFEEETH S,

[EH <& FH]
o Lo

[ EEEEE]

Q1 [ FABIRTVWAREWVWT {735 (JEF2.2) L& sh7/z74 77 (ERALIB1)
BFHOEERICHE D EFRLNR WAL YORICE XS0 (BHETH)

Al JJER225HWT O TTAERBED—FBRP7DT, WEINLTLTTY
FERICLARBREH T VEN Lo/ EZ D,

Q2 I NaKA FRIBEDBIT T, FHFA M) — 3V 7OFEFFERIERLTVED

A (PR, rEEds) -
A2 ZELTwA,
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*1 CIRANOMRRIZ 31T 5 R REMBIATE RO | 75 ¥ A B OWHATREE | 13us
T\%%ﬁ@?%T?UEﬂQKHL%%é%t?%T?UHmum%%w%
:tmib\%ﬁﬁ%wﬁﬁﬁEBﬂ\EM%%@M%T%%E@%%&@%
(E%Wﬁ%)®ﬁ¢ﬁEBn%oit\%ﬁﬁmﬁT%%ﬁﬁmﬁﬁwk%
ém\H$M&75yxﬂ@mmum%%wt%ﬁ&ﬁﬁ&ﬁﬁﬁ?%éo.

Calculated Valye { PIT -» POA BIT -»> P2K
JEF2.2 +453 -§10
ECCO/ERANOS
ERALIB| +442 ~793
ECCO/ERANOS
JENDL3.2 +462 -7197
TRITAC
Measured value +434 210 (Je) | -781 £30 (1o)
E-C
JEF2.2 +} +29
ECCO/ERANQS
ERALIB! +12 +12
ECCO/ERANOS
JENDL3.2 -8 +16
TRITAC '

<2 awmommmaﬁ%mﬁwéf—?%%ﬁmﬁ%ﬁﬁ%mﬁﬁ:wfﬂwi
BEETRVWTH, EREEBV—FBR LN,

Corrected Calculationf  pPOA PIT P2K
8% Pu240 |18% Pu240| 35% Pu240
JEF2.2 0,59833 | 0,99817 0,99757
ECCO/ERANOS
ERALIBI 0,99845 | 0,99848 6,99816
ECCO/ERANOS
Measured Value 0,99882 0,99883 (,99894
(E-C)C
JEF22 +0,00049 | +0,00066 | +0,00137
ECCOMERANOS
ERALIB! +O0,00037 | +0,00035 | +0.00078
ECCOERANOS
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C-4(4)
A Practical Strategy for Reducing the Future Security Risk of United
States Spent Nuclear Fuel
P.Chodak II1, J.J.Buksa (LANL, USA)

]

KEIC BT B EFIFRPULEICE T A Y T U AHAROBRETH D, MEDH o727
F Hid. BEORESANE V. RREEDE 2 & $ 2 WHEBCSE (A0X)
PERIICEATS I L 0L, BEPURZINE BIIRDOEVIDOTH S, T7o,
AOXDE I & V20504 F TICKEOBHFPuERICT A ENFTEL LRESATY
%o

EEH- TR &$HH]
B Lo

[E&EnE]
Q1 : PulAlfrfklbicl 5 (BREEEEOHRS,D D) HIRIZ B Voh (A.Chebeskov,
IPPE, Russia) o
Al TEHL TV,

Q2 AOXEAICHT %I X FEHEIIEFT-> TV 22 (ZEEL, HRK) -
A2 i T,
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L1 BEGEOAOXDEA @ &—Erp S
. WO RED
(Phasel) TT#MRME & o]
MOX 4% | 45 " Erf% (Phase2) |
sl < Fhase {; PuO,-UU,-H)NA M)
THBAEDE & vMox L — nventory US Spent Fue
A, LT, E=FK U"“P;:med
(Phase3) THMBBWHEEEE RG-Pu
o . Phase 3: U0,-NF ADX Maintian a Desired Lovel
ZVWUBE ZEAL, BEFPuE Y -
FThaEIZED,
—a— MO ;
90.0% = «- 30% NF AQX |
5 80.0% £% —+-50% NF AOX |
5 70.0% £ |- 70% NF AOX :
"y 60.0% F |- 100% NF AOX!
>  50.0% %e Notes:
E 40 00; bt p 1. % NF = the w% of
] L non-fertila material in
% 30.0% & frash advanced oxide
‘@ o (ACX).
g 20.0% 2. 7Py = alt isolopes
T 10.0% ; of Py
0.0% L i PO LR N 3. Depletions were
9 Cycles |
30% 50% 7.0% 9.0% 11.0% 13.0% 15.0% ore0s @ 7.0 vt
W% "™ TPu in Fresh AOX
2 FHHABEABEHIETNAPURTEREOEIL i R1DIF U FIZL D
RELONEPURTEEICOVWTRENA LD,
K1 AOXDEALBIRIFICBT M | UPulkERIEIC L h B h o F Y A o—
1]
Fuel kN;;/!:;::: ; Deplayment
W-Pu MOX AR *1/3 core
‘ *Full Core
10w% R-Pu MOX | - 5.41E+02 * 3010-2020
*60 Reactors
* Half Core
50%NF, Tw%
adv. oxide ’ -1.60E+62 * 2020 - 2025
*60 reactors
*Half Core
100%NE,7w% | _
adv. oxide 3-10E+02 *>2025
*60 reactors
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C-4(5)
Core Physics Experiment of 100% MOX Core: MISTRAL
T.Yamamoto, H.Matsu-ura, M.Ueji (NUPEC, Japan), S.Cathalau, J.C.Cabrillat, J.P.Chauvin,
P.J.Finck, P.Fougeras, G.Flamenbaum (CEA, France)

[BEE]
1009%MOXZEFFPWR DAY TR T X — & OFH % HAY & LT 7 7 ~ AEOLERR S EER
BB 2 BV T b TWAMISTRAL 7 0275 ADOM AT %, MISTRALZ T 77 Ll
Ul (Corel) 2L 7 7L AL LT, B B20DFEEMSHEL 2 2100%MOX
BFTPWR (Core2. Core3) . M UF100%MOXEERTAPWR (Cored) D40 DERIZBITS
IR PR ERR D DR S D, MEBE TIICoaIl BT AERRRFLOZ LT, 4%
100%MOXZETTPWR DAY/ N T A — ¥ ORESHIFE S NS,

[ 4~ & HEH]
Bk Lo

[ 7% A ] bt

Q1 : BPuBELENERET) FRA RV O, (B, BFK) .

A1l :MISTRALZ O Z J AHMEM O LEEEH L BREL TITAR TV B ERLZ DT,
BROEBITAEINTWELEEZ D,
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[] UO, Fuel rods (3.7%)

16 Guide tubes (Safety rods)

[o] 1 Guide tube (Pilot rod)

% 1

F 1

MISTRAL 7' O 75 i D EERAEZHERL (Corel)

MISTRAL 7' B 77 L DEBRERER EWME /T A —F

Core-1 Core-2

Core-3

Corve<t

Volumetrie

Moderation Ratio ~18

~1.8

~Z.1

£g be defined

Afomic

Moderation Ratio 5

516

621

to be defined

Fugl U0=37% | MOX-70%

MOX-7.0%

MOX-70%

Chitical Mass

0

Boron Concentration

Spectrium Indices

Radial Power Distribution

Axdal Fower
LDistrbution

)
)
0

Iso. Temp. Coef

Boron Worth

o

Absorber Worth

OI0IQIQ1 COJ0|0|Ci0
QIOIOI0]| OO|C|Q|O

Fuel Substitution

Cluster Worth

2D Vord

O] [OICICIO! OI0|QICIC

<
o

ﬁl’fn‘fw
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Session D-3 Dry Processing and Innovative Separation Systems-Partitioning
D3(1)
Preliminary Assessinenton Four Group Partitioning Process
Developed in JAERI
M.Kubota and Y.Morita
JAERI, Japan

[#£]

0 AET /IR JAERD) T L <VEREE ., TRUEE, 77 & F 7 A-HERE

(PGM) . A POV F I Aty I LERUEFOM, DLBITHTH IO AEHE
LCWwh, LTI, 7R 70— — b, BRETERRRPZOMITLEDEE),
N, BLRMERE % R, B EE T Ok R b5 O T RBESEY O & MK UTE A RESE

WHEERY

[EH$<&FHH] _
B LT — & ORI R o oA, EEREREE LT T— Y — MIED RN
RUBEEWMEORTAH Y, 70— — FOEADPRALD & & b ISROFMICELD

bDEEZLNS,
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Selvenl Ly Scrub Siripl])¥%ash

0. 64 DIDPA Feed {0 50 HWida 634 |10.5M Strip &
0. I8 T8 ¥, 56 TN | | 14 HaBe 0, | {He0, 0. 84 HaCele

{[10M Ha0:, G. 5W IO+
3000} 150 750 750 4s0| 300 3000

A3 )

SLCEITCT AN TN PEPPRES A
12 5 5 z 16
lssso y° p— E
- To separalicn Aw, O, Ln Mo, Pu, (Fe, 70) H
of 8. Cs, T e s ;
and PGH l!’e";‘;;‘]’;g i [Fre-sauil, Sirip 3|
LR ! $10. 54 1405 - |1,k KasCos
1{Ethanol Ethane]
: 1000

Soivent Sirip 4 1000 000-« b
0. 5% DioeA 0. 054 DTFA, o 20 3
0, 14 18P 1 Lactie acid 4 1N, Hs, Elhanet

74000 1000 4000 ' 4

|- Recycle
? 1 "
I

Recycle

[ DIDPAIHH 710 & R D#a Sttt

Lanthanide

4000

v
E
1
]
1
v

Recyle

R HSWES DA OR8AT BEML (33GWBE LI |2 H2Y)

Main "
A Solid
Group nuclides Volume (L}
form
or elements
Np-237 oxide
TRU - 0.09
Am-241 0
Tc-99
Tc-PGM R
c Ru, Al Pd metal 0.39
Sr-90 calcined
Sr-Cs 14
Cs-137 product
Others Zr, Mo, Fe vilriﬁt?d 31
rara earths malerial
Secondary NaNQO, cemeanted 330
wastles CaHPO, material
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D-3(2)
Actinide Partitioning from Actual IDAHO Chemical Processing Plant
Acidic Tank Waste Using Centrifugal Contactors
Jack D.Law, Ken N.Brewer, Terry A.Todd
Lockheed Martin Idaho Technologies Company, USA

(%]

ICPP(7 4 & R{bZEMETH) TIXTRUEXE % AW /BB, 5 D7 7 F=
FAMEE BRI LTS, Bk o CERMEERE BV TRUEX 7 U & X % %3 L 72,
HKERIZICPPO R HT 1 V12 2em D O — & B OE LI £ 24B 2 BLL TiT b7z,
77 F = FISx LT99.97% DBREENE LN, ZOHKE, b oT s F = Fid
457nCi/gh HHFRIEH0.120Cl/g T TR T SR 5 Z EHTTE 2, T OMEIILLW % JFTRUEE
2 L 55 725 OHIRAE10nCi/g(U.S. NRC Class A)% T 5, kD —EIETRUEXETEIZ
L S, FHEE P I223% AR i, KERD F/oHh s zdY (76%) . 0.25M
Na,CO, THifil S 172,

[EE~<&#FH]

BRI AR T & A TRUEXEEDOERAR, BIFET 7 F= FolE% EiL. 99TcOMHM

(89%) RU7 7= Fi#fii#] & L T DHEDPA(1-hydroxyethane 1,1-diphosphonic acid )
DR

[3 % BRI E]
Q. AT —VEOBHEOGELEFALIIEZLL TnE X)) IZAR 2B T-HHEK S
NTWVBEEZTWDDP, FHFRERIZED L bW, BT 7 F = RN
v 7,
AL AT VEBOBROSHEIC W TIOR3y 7 IXH DEEEIIRIT S, WY
R 1 9 20F5
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SBW G M 0.04p 025 oM
{WM-183) HNOy HEDFPA NmCOs HNO»
Feed Serub Feed Strip Feed Wash Fe Rinse Feed;
. . 14 ml/mis F4 eal/min & mi/min 9 ml/min | 1 ml/min
¢ A {
l'""‘{l LZ l3 I 4 {5 lﬁ |7 IB l 9 | Iﬁ] Il| 12[ lSl I4I 15[ 16] !7' ESI I9I ZEI ZIIZZI ZJI 4 _i
!
I 18 mi/mln v & mlimin ¢ mi/min 2 mllml*
! Na#:CO» HNO» I
E | Aqueous Serdp Wash Rinse i
: Raffinate Product Effluent Efflsent :
| i i
TRUEX TRUEX
‘..-————-....ff'lf_mi_n__ Solvent _ Solvent - G_mﬁm_lu__!
Feed . Efftuent

F BRI (Table 1)

Component Removal Efficiency
Alpha 99.97%
*'Aam 599.9%
Py 99.96%
py 99.98%

= My L >989%
e S 89%

Fe S 230%
Hg 76%
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D-3(3)
Hot Startup Experience with Electrometallurgical Treatment
of Spent Nuclear Fuel.
R.W.Benedict, M.J.Lineberry, H.F.McFarlane, and R.H.Rigg
Argonne National Laboratory-West, USA

(#EE]

1996466 F . T A4 ¥Rk 7 VT X THIFEET OWREAE R 12 B> T, EBR-IERFH
FERE OMBE ARG I NI, Fy FEEORTWOE, 20680BEESEFLIE S N,
6 DIEIRSEY 7 o OREA Ty FAB O, BAOTOEXARAT Y TIZBITAHER
PR BCCRER I 7 3.

[EH T RE5FHEH]

W ARIEERIEIC L 2 OEFHBEBRHFLEOKR, BREHE 7D & X OFREEME,
IR R OB DA CRMY) DEIREN, FREOI 7 YEIRLZL50D
(TRU (Puz &) EHSHEAESELICET I v 7REEYE LTHBLR~, 75~
DHREEE UTEH) . ERETORRBRMIC L 2EAFLE L EE L LERIRE
Vo LL7%AS, BREFEICHS, 0y MEOBREREX Y T Y EMOMBENKE (R
RADHRBEENR B,

Sp ent Fu ea Electrorefiner
“e atment Calhde'russor

Metal Fuol

Cladding ;
.’

Noble
Metal

3+ .
FPa: .

Lepend

Qerermermr————-
Product Line

L
Cleanup & Wasle
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£ AV—FL4Ty FOBEREK

CP Ingot 1 2 3 4 5 6
Cathode(s) 32&34 36 35,37,&38 39 40 41
Transport DT/DP & DP pP DP/DT/DP DT DT/DP DpDT

&DP
Mn54 3000 500 800 300 400 500
Cot0 NA NA 18,300 7,000 7,500 3,700
Nb95 100 10 2 1 ! 1
Zr95 100 20 20 0 10 50
Rulog 1.400 126,200 100 20 20 30
§bl25 1,800 127,300 100 30 20 40
Cs134 31,300 NA NA NA NA NA
Cs137 44,600 1,274,100 319,200 430,200 352,500 71,500
Cdld4 31,000 481,600 181,000 862,300 NA 25,200
Eul3s 54,300 332,200 NA NA NA 10,600
Pu239 4,000 2,600 NA 600 300 500
DT = Direct Transport from anode to cathode ,
DP = Transport from anode to Cd pool followed by transport to cathode
® KBTI BEEOMRK
U Zr O C Si Fe Cr Ni Mo Ru Ba Pu
Ingot# } wt.% | wt% | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm
] 99.7 | 0.21 50 63 210 156 13 ND ND ND ND 1
2 983 | 1.54 30 209 | 286 123 40 8 ND ND 17 1
3 994 | 0.53 6 24 187 158 40 55 118 60 ND ND
4 99.1 | 0.73 19 25 245 180 40 8t 248 134 ND 4
5 991 | 0.75 25 H 260 156 | ND ND 233 ND ND 7
6 99.6 | 0.1 12 | 2437 | 142 15¢ | ND ND 133 ND ND 4

ND = Not Detected
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D-3(4)
Treatment of High Saline HLLW by Total Partitioning Process
Song Chongli, Wang Jianchen, Lian Junfu
INET, Tsinghua University, China

[hrE]

BEIEEEEOHLLWA 5 TRUTGE, 99Tc, 90Sr& F137Cs% il ¥ 5 &858 (TP) 7'
A EEEL TS, TP7 UL AIETRUTTE R FOTcTHED 72O DTRPOT T L A
90SITBED 7- > DDCHI8C6 7 T X A, FHAZI3ICSHBED /20D T =1 v T UL F 7 > -
#1744 () (KTIFOIW X B A F SR BRI DE, TPF AN Ky FERIZ
FHLLW R HW b, S8E%. HLLWIS & 2 ~ PEML R U L5128 L 72K
RO L RO REEBER & 7 - 720 HLLWH DO #92% H7IE « ODMAWIZHAT L 72,
WEILERIE o« BEEYT39.4, o BEEW L SR EREED D EFITI134TH 5,

[iFH 4 & HEH]
O— 7% 1 eom®E CHIEE 5 0 BRI L ATRPOM UDCHISC6 /O AD R v FEFETH
5o, TRPOIZEERM BB HEOAR) VM FTH5-DICMRH T OMERRE © 1.7/
TR TLOSMICRRHEE L et i e 6 v, EH ISR F R, FEIEFE R Dn-octanol &
KEBIREALFODCHISC6DFERA & LTHW 22 & (BF0IM) , 0k &8k
Nat, Cs* L DPBENIP L NEVI EThD, B HHEY 1 7 12 & DS
H(99.96%) . Y (99.84%) BRI L7-Z LIFEHICET 5,

[F 2B E]

Q.HLLWEPO)?’?'?- FOREFAMIHEL TWADOD GHSCTHLLWH DO Np D JE i
B4+, PudB+& B0, BERVOTHWE) .

AFAELTVAEV, BTHLMEATWAY (2F5 ThiEPu™iZ I R 71 EHKS
n5) ,
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HLLW
Adjustment
1AS 18X 1BS ITX 1C8 DX
1AX ¥
} | L H
TRU Exlraction  Scrub["] Stripping of Am Scrub || Stripping of Np+Pu{"|Stripping of U{ ™
2AL }
[ H ../l‘.S + X v Wnihit-g v n
2AX 17 amre ] Np+lu I
L_.' - N ) - Lv, ........................................ Recyc]i"g Of
Sr Extraclion  Scrub Stripping of Sr To cleaning of DCHI 8C6 DCHI8C6
S i TN )
i Sr(HAW) i ToMAW WN'I'S
Cs lon exchange fon exchanger ................................
¢ T ee waste i Recycling TRPG~- Cleamng of TRPQ | AN

cementation

Cement for shallow land disposal

q S TobrA 70— —k

R RSO RNy FVRBRICB T BTRUTTE. 99Tc, 908t UF137Cs D [ i 3%

Nuclides Total | *'Am [ #Pu | #'Np U STc | 7Sr Cs
Material balance, % 93 93 94 124 131 104 119 -
D.F. 588 666 695 152 | 16000 § 125 | >2500 >200
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Session D4 Progress in MOX Fuels Fabrication
D-4(1)
FUEL RABRICATION CONSTRAINTS WHEN RECYCLING AMERICIUM

A. Renard, T. Maldague, S. Pilate (BELGONUCLEAIRE)
A. Harislur, H. Mouney, M. Rome (ELECTRICITE DE FRANCE)

[E]

BEAIFEOFGTAME VA 7 V§ 5 2 LB L2 ia i LOKIR EIRRT 572
BT, BIRD (U-Pu) MOXMREI DB E L HIT B LItd o T, WHEHEB Y YDk
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Fig.1

Equivalent dose at distance from the target rod
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Steel (or leadglass) thickness to fulfil dose criterion
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D-4(2)
MOX FUEL PABRICATION AND IN-REACTOR PERFORMANCE

Didier Haas, Marc Lippens (BELGONUCLEAIRE)
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Fig.1
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D-4(3)
THE UNRIVALLED EXPERITISE FOR PU RECYCLING

Willy Fournier, Michel Pouilloux (Cogema, France)
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D-4(4)
Development of Fabrication Technology of Low Density Pellets for
FBR

Y. Aoki, M. Kasimura, T. Yamaguchi (PNC)
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Fig.1
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D-4(5)
POST IRRADIATION EXAMINATIONSOF MOX SPENT FUEL
FOR INTERIM DRY STORAGE

A. Sasahara, T. Matsumura, (CRIEPI)
G. Ncolaou, D. Bottomely, V. Rondinella, C. T. Walkeri (CEA)
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Fig.1
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D-4(6)
CALCULATED- EXPERIMENTAL JUSTIFICATION OF USING
VIBROPACK UQ, AND PuQ, FUEL IN PWR

A.A. Mayorshin, O. V. Skiba, V. A. Tsykanov, V. A. Kisly,
Yu. S. sokolovsky, V. A. Kiriliov (SSC RF FIAR)
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E-1(1)
Future Nuclear Fuels for Plutonium and Minor Actinides Recyclimg
H. Barnard, C.Prunier (CEA) [E. Picard 233 F ]
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E-1(2)
Performance of Uranium-Plutonium Mixed Carbide Fuel under
Irradiation
Y. Suzuki, Y. Arai, T. Iwai, K. Nakajima (JAERI)
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Table 1 JRAFF O & R AL R O B 5 5UER

Test | Reactor | No. of | Dia. | Heating | Burnup
no. pins | {mm) rate - (%)
(kW/m}

! JRR-2 2] 65 42 1.2
2 JRR-2 21 94 64 1.5
3 IMTR 2 9.4 59 3.0
4 JMTR 2 9.4 60 4.5
5 IMTR i 9.4 64 4.7
6 10Y0O* 1 8.5 BO** 4.5

* joint Research with PNC  **Target values
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E-1(3)
High Plutonium Content Oxide Fuel for Pu Burning in Fast Reactors.
CAPRA Irradiation Programme and First in Pile Experimental Results
E. Picard, J. Noirot, H. Plitz, R. Moss, G. Dassel, J. Rouault, A. Languille (CEA),
FZK, Inst. for Advanced Material Unit HFR, ECN)
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E-1(4)
Characteristics of DUPIC Fuel Fabrication Technology
M. S. Yang, B. G. Kim, K. W. Song, K. K. Bae, S. S. Kim,
W. K. Kim, I. H. Jung, H. S. Park (KAERI)

[#E%]

DUPICHELIZ, PWRERBAREZEAFULETRELZES Z L2 (HMNAT
BREATH D, HILEGEHE, EHEABRHREEORBOBN L LFFTH %,
DUP I CHUEHEE 7 12t )b % Figure 11237, PWRMERAEABEHITIN - B3 —
FEHNOREOX 7oAz X EEBIEENS, OREOX (Oxidation and Reduction
of oxide fuel) 7T+ R &1, UO,LU0,L DHDEEILETEMI BT LIZLYHAD
AU Ty I RFESY, REARZ SO UREHEZALEEEL0TH S,
Figure 21C B LR TCOM VR LI & B HEREOBERZ TR T,

BAEEEL LT, L-F—BErRA L, BESFORELOBERRE; IO
TWwh,

DUPICHEEOEE ORI RY PELVTITILENHLI LD E, BFENKA
ER M4 M& L TEBILITFETHY, TR OVTIIEEIZA-TVE,

[EE¥~&5EH]
oty ayTDUP I CHRRHCEET 2 RENIEEBD Y. DEANTVLRST
Hoo

[£%ERE]

(Q) BMLERT 70t 2 DR EWAESA DRIRI ?

(A) (BEORLZNFOFEHRETE LAV THAGD o7z HEXOWTEERR
Lo )

(Q) CsxlrETHROBEEL
(A) CsidHESEMHETHE) LEELRZ D TREZRE .
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E-1(5)
Present Status of Nuclear Heat Utilization Systems Development for a
High-Temperature Gas-Cooled Reactor in JAERI
Y. Miyamoto, Y. Sudo, S. Shiozawa, N. Akino, M. Ogawa, Y. Shiina, R. Hino, K. Harada,
Y. Inagaki, K. Onuki, M. Fumizawa, T. Takeda, T. Nishihara (JAERI)

[#EE]

HBASEIR A OSSR Y AT BHTTRIZ 19974 K O B FAZ VTR RSN 2 E ikt
Th Y, HA0MW, HEE (N T AN R) REISOCTH S,

HTTROEVOBFIHEY AT AL LTIE, KRV ADKERKKEL A7 4 (Steam
Reforming System) 12 & BKFHEY AT L% FA L. 1990F 0 H95F 1250 Tir» 72
FHDRFHIBWT, VAT LADOBETEDL, Figure LIWRY AT LD 70— %/RT,
HT TR 5950C, IOMWOANY 7 AF AN THX I ER, 2KREAN) T AT A
3 I HXMT05C., HRWERMTIOCTTHb, HTTRANDEHRIZE LD, 17304
VOV AT AEBGIIENREREERL . BRWERE. RARER. BEAENT
EREEE NP RE o K BB ERE T O Y A 7 L OBEFHEOFERUTARLEROEE %
B FARE N R SR Wiz OB EEEM OB 2 AN TH S,

BERTit, KERRE VAT LAOROAFE L A7 4 & LT, KDsplitting 1 & % 7K
FERELAFLTHLBLE] S T L ADEBHEZIToTnd, B{LEI STk
A3, Figure 6128 T & 9 IO LERIEEMAEDEL LD TH L, EREHET
DKE - BBFOEFERICIIRI L TBY ., SHBERGER Lo ODHMHEZITH
iz, MEMBHESORERIIZIY AT,

Fro, BTIHETRELHBREZECENHERE THRNIRXT LV ATLALLT
HMEHEOEBERAFIRT 2 HEZHELTw5,

[ H 3 & 308
SHOMETRE (Figure 9) AVRENT,

[ 2 EEGE]
(Q) RN ADGFHTIHCOMBEDMBRF L 2 b RO TRV,
(A) 1F3EH91ZITH,0D Splitting FUR I & 2K FERIEL HIE T,

(Q) RBIZIZAVGZ VDD,
(A) HmEIZREDLITI P, FapidkREFH,

(Q) FEDF RIFERAFIRIT ?
(A) ., \7E0HE, BIREHY.
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HTTR

35 ¢

Pressurized
water cooler

(20M¥)

Figure

1000 ey

800

> Hydrogen production

Isolation
valve

%05 ¢

Product gas (Hz, CO)

880 c| Steam

Natural gas

Ea Superhaater
L. ]

Radiator

£
h=~4

reformer (SR)
(3.6MW) ~ Stes

WA

zenarator {SG) ea

Secondary

I HTTRODOKERKE > A

helium Feed water

T b D FREE

-~ Decomposition of hydrogen
,,3 todide (isothermal)
5
@
3 ik |
b (50,) Distillation
200— xL+50,+2H,0 Hix
H IS0, e (i, ) HO e
ob— Bunsen reaction (exothermic)
Figure 6 Z{bF 1 S Y 25 40 RIGERE
ltem / Year <+ - {9697 98|99 oo | 01 ] 02] 03] 0a]- -] o8] 09

1. Hydrogen production
by steam reforming

1JHTTR system

L

Design, safety analysis ’

Construction - Test
2)0ut-of-pile
tast / Design / Construction/ Test
2. Hydrogen production
by water splitting
. Laboratory—scale test Large—scale Qut-of-
Thermochemical Development of process and materials tast pile test

IS process

!

J. Heat transport
technology

i Study .+

Figure 9 EM#fiZBir55

=]
i A

AR O B H

- 157 —

AT LB



Session E-2 Accelerator-Based Technologies

E-2(1)
Comparison of the Energy Amplifier and an Accelerator-Driven
Thermal Transmutation System for Commercial Waste Burning
C.D. Bowman (ADNA Corp., USA)

[ %]

BB OWIRISH LT, BEARY P VRRONLEEER T 3OV F - B g
EA) & NES BT DT IRLE Y A 7 L (ADTTS) DB FRm SNz, Y AT 4
DR, BEARY PUHETOREE, BERET R BT RICL S FHEROM
PLARG AT RSP u B AR, %$@?X“7FWWﬁ®ﬁrﬁ BERBFRWEO%
BEAREN, RICHEHEEEYOHEBIZIZEERANRS P VERPEFTHL L ED
NTVABD, BEETARY FVERICZIT (EETREFH) ICRTHRFH L0
Ty BAPT AT FAERE L - EMRTRETH 5 LHHEHFE NI

[EE3~&%FmH]

EA EJEE: L 7= E 0 ADTTS OFEE, 77 FFA4 FOA XV M) =B 1 F—5F—
UEphSInZ L, AT AOHPOELZE (FETE) YWETI00ENE VT & 242mp

m (FoREWEEIKE <, E@}iﬁf}’f74’—}~}x;7?§;ﬁo) EREMNR 2+ — 5 —/h
é‘/‘t—-cli T ITET DA 2 OV b BERENBILRED /T —HS 4GNS
Wk, AR P VERIEBEMESSERENL DL, AT ARY b
BRIEIFA 70 Ay TEETELHIETHD,

[E%EEE]

C. B#ARY P VEREAPET AT FVEREZRENEELL T b B
TRETH D,

Q. ADTTS I3 ¥ A LFEHDBRE %o T B DD,

A. AF)—BETH S,
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F1 BRUEGHEARY P VERIZBIT 5 FEHRED 4 R b 1) —

Isotope Thermal flux Fast flux
2x 10"y (7 x 10"
6.66 x 10" 3.5x 10"
Mnp 15kg 155 kg
™y 0 477
py 12 320
py 42 1166
Hopy 42 1824
#py 30 338
H2p,, 105 539
*'Am 5 309
Hoam 1 40*
*Am 60 162
Cm 200 o131
*Cm 6 26
M0om 170 3
Hem 8 0.7
zqacm 2 _

* Estimated clsewhere in this report
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E-2(2)
The Physical Properties of the Target Materials Used for
Accelerator-Driven Transmutation Systemn
T.Y. Song, J.G. Yoo, H.S. Shin, W.S. Park (KAERI, Korea)

[ME]
KAERI (Korea Atomic Energy Research Institute) THFFE & 1L TV B IR 25 BEE) I AL

B AFLAOBEREDS b, ¥ -4 v P ROBEMTRRIHE SNz FEIEEL
y—5y NIRRT A0 0 Th Y . PUTOER EREOBA, LB I NI,
KOMAC (Korea Multipurpose Accelerator Complex) & HYPER (Hybrid Power Extraction
Reactor) DA D%, REICBITLAR—L—La v HRETES—F v b DAFFEHILLEL
N7, 6HEEDOY —4 v FE (Ta, W, Hg, Pb, Pb-Bi, U} DN REN, F—7 v
MY BEREAT L EOASBT 1LY OFRTOERE L RERN S -7 v POE
BEUBTFIALF—OBHE LRSS,

[FH+REFH]

ZOWEAIEE S AT A2 1GeV,20mA DB FE— L EFHHEARY P VEFIFZ K
HLTW, AHORFELY, ¥—4 v PYHEDE 1A 7 a L L TP L Pb-Bi %
BREDIEE o, B20F T ayidWETaThd I VRGN,

[F2EEmE]

. F =y MIEED,

. FITHb,

FEMEIL R o A

EEMEILfH > Tk, & THERE,

1T, BT AL -S4 ) 0hEFERELLBFE -2V F—id 1.0 ~
20GeV BB ES o TVAEY, COEE1GVHEAYVDOIRAMIEFEELTEW
72359,

A, ZELTWEW,

oF oo

— 160 —



Session E-2 Accelerator-Based Technologies

#1

F—y ME

AT 5 ST-ARE L REE (M

(beam energy = 1 GeV, height = 50 cm, ( ) i leakage)

n/ p}

10: A0 em PB0em b 0 eme s 100 em
019 ( 0.28) 0.35 ( 0.74) 040 ( 127) 0.43 ( 183) 0.44 { 2.39)
3.02 ( 448} 496 (11.19) 558 (14.94) 5.89 (16.90) 6.06 (17.79

12.16 (11.56) 17.42 (13.36) 18.88 (11.70) 19.57 (10.39) 18.95 ( 9.53)
291 (201) 3.96 ( 1.36) 4.25 { 0.96) 438 ( 0.77) 4.45 ( 0.67)

4 ARZE (1833)

26,68 (26,655

29,10 (28.88)

027 (398

(diameter = 30 cm, height = 50 cm)
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“r10.ems S Ee0em sat S ek SET R R 90 el
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401 ¢ 9.200 6.74 (13.06) 748 ( 9.37) 773 (760 7.82 { 7.07)
Vo 13.08 ( 8.00) 1843 ( 368) 1975 (261) | 2017 ( 2.34) | 20.31 ( 23D
1 331 (18D 4.45 ( 0.86) 472 ( 053 480 ( 043) 4.84 ( 0.39
120,71 (20.16). .1-30.16.(21.65). 1 3255 {16.33) | 33.33.(13.53) | 3361 (12.47) .
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E-2(3)
Role of Accelerator-Driven Systems in Waste Incineration Scenarios
M. Salvatores, M. Spiro, I. Slessarev, A. Tchistiakov, Y. Terrien (CEA, France}, H. Mouney,
J. Vergnes (EDF, France)

[#3]

LS B O HI I LT, g E#R 2 A 7 A ADS (accelerator-driven systems)
OFHZ#E 2 123 2DE (multi-component concept, two-component concept,
one-component concept) A5E4 & 172, multi-component concept Tid, UOX Mt % F 7z
RO LWR & MOX ##1% 1 L7z LWR R UPFR, MA B 284> ADS 2R3 %,
two-component concept Cid, UOX ¥l % 272 LWR & ADS ¥ A 7D TRU {HigALE ~
A5 4 (Pu & MA 2SR %4 %, one-component concept i3, REDEFIFEITL
ACETETNE Y AT o B2, SHFHEERER P T ABRBREBRV AT L% L)
WEERZLMETH S,

multi-component concept ¢ HAED B VILERRO R TR CHAEOBRIIET &,
ADS DEIEWE AR o TnEDT, #HxICEMTIANF —2HE T HMNELED
HHIEFE SIS,

two-component concept Tld ADS ¥ 4 7' TRU {H ML & A 7 A D HEH
multi-component concept & 1) b8 { . FFHIIAR & % 525, Pu & LLFP O#REEAT high
priority &£ 2 615 & 9 12 AITE & FDo

[#B <& 3iH]
LLFP D BIZFHT 2 5B EFORE L LT, GEXEHL, REFE. AN
N, 752 AEGHEOBEEZR LY.

[E L EREIRE]

. BB AR MOX PREHC L TIERMEREZ L 2 VBB 2 DD

. TARMEBAEHE F 77 physics DERRE7EH 575,

. concept D THEE D LWR 1213 UOX BEPFEH S NE Lo TWwHA, %E Pu
fgEb VD,

A. FHLEDR120F T a Y EHN, PuldREl R MA R EL 257

o 2 O
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PWR-UOX (71.3 %

Np+Am+Cm VIr

Reactor Type and
Fraction (%) in
the Reactor Park

PWR-MOX (5.7 %)

Np+Am+Cm \L

Pu—>§

PWR-MOX (5.1 %)

Np+Am+Cm Jr

“ FR(179%

Np+Am+Cm J«

Np+Am+Cm wlr

L

?

MA Burner

v

<~ Heavy lsotopes <

STRATUM 1 ;P =60GWe ==> 3.3 10ns MA (Np + Am + Cm)

A1 Np, Am, CmOEHBEL22B=L +1) 4
# 1 LWR (opencycle) 75 OMA O G
Criticality | LWR-Specteom | LWR-Spectrum ] FR.spectrum
$= 10" nfem®s | 0 = 10" nfom’s | & = 10™ nfem®s
Keff=1 -1.09 -0.80 +0.52
Keff =095 -0.97 - {L67 + 0.67

*(G < 0 means that ncutron balance is insufficient to achieve a given
criticality tevel, but if G > 0 then one has a ncutron surplus available
for LLFP teansmutation)
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E-2(4)
What Subcriticality Margin is Reasonable for an Accelerator-Driven
System 7
P.A. Landeyro', P. Ravetto’, V. Silvani' (ENEA, Italy', Politecnico di Torino, Italy®)

[E] :

Accelerator-Driven Systems (ADS) DG5S % dynamic approach TH#~<72c MA D
PRl 4 SERRT B 72010, ADS OB BBIRERE L 2 T hE R S vt B O%E
LR - IMTORYE L 2ET S -0 EBRENERNTH 5, HAKEHIFLE
MEHOLEIVSRVL, FRELEETNIITAL L WINAIFH L, LL, i
BBREHIBRE DRGSR, PO BEIEREND 20, EHERTEFEE S .«
AINEL R, EORICEFFASNLIBERTRIIGL T, IVREILHDBLALE
UAWEEMD S 5 Z LR a N, B E AR OMER CHEEREH & ORELR
PIRENT,

[EE T~ &FH]

ADS O B¥E RN I X FEFE.L 239 4 point kinetics ZEIE L TG 6wl &
PA SN, FRANCFUEFEREOHEEATILEFHH L, | EllET N
OFHIZFICRBERENKE {, BB RS TESHFET S Y AT LA RO
RAHEETH VAT LA TIEEBPH L LR bh/z,
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¢ 16 20 30 10 50
fluid velocity u fom/s}

1 B b EREEREICNT S REERED 5, ~OHE

K1 KEREOHRFIL Y P ~ORE

ke | oi-kg | 4,
(31 [mA]

0.995 1.85 in
0.990 3.70 747
0.985 3.56 1127
0.980 7.41 15.10
0975 926 18.97
0.970 111 22.87
AL 1852 08
0.930 2593 55.70
0.900 37.04 8222
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E-2(5)
Ability to burn Plutonium and Minor Actinides: Interest of Accelerator
Driven System (ADS) Compared to Critical Reactor
J. Vergnes, H. Mouney (EDF, France)

[ %]
32 H #4913 Accelerator-Driven System (ADS) & Critical System (CS) @ Pu KL UFMA @

HEEE 2B TAZE RV ADS BEANFHE2R/LE L THo72, ADS & CS D Pu,
MA DFRBERETI E 18T ¥ ADTRENT, ADS DEELZFSIIZEMTHH A5, HiT
FIEEE BETADIIIANT PR ETHLLENITETHD, k~1DADS I
CS L 1FIZF U Pu, MA BREERE T ZHr0 4, k = 0.9 @ ADS {2 inert matrix O F A5H] 5E
THY, BREGRIICSD2H/EULEEDT L 572,

[1EB 5 & HiH]
Ay 5 B8 PWR. MOX #5F PWR. MOX #%#l FBR, inert matrix f#/H PWR @
U, Pu, MA @ total DEAT T, HAUEFR Y72 ) OBBEEIXIFRNICIZ L A LIRS 745
kg/TWh Tdh - 7=,

[E%HEEE]

C. Pu & MA DEFED time evolution DT, EFIF %9 & reduction |2 HE D
AT, e @R LT v,
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8 Transient || Equilibrium | | Cycle inventory reduction
2 1500 - .. iy

g

&b I |

g 1000 4--------- beee i L. Delay for----- -

S = ! :q inventory_____p
2: - 500 4-----. ]l ........ Y CEEEETE I ... -reduction. . .. __]
S Cycle in s

- ] Cycle mYentory | e

§ 0 L L S e} i Lo om——
~ 0 100 200 300 400 500 600

Date in years

1
F D

TI7T v MR LOEFRRBETIF#H W2 Pu s MADOTALF VH A 7 LS9

1 HFEIZBITS U, Pu, MA O#REER
(BIIHE, FidERrERT)
Reactor type | PWR PWR FBR | PWR
fuel type enrichedf MOX | MOX | target
: uranium
Support Depleted | Depleted | Inert
Uranium | Uranium | Matrix
Burn up 50 50 135 25
GWdit | GWdnt | Gwdn | Gwdhi
Mass variation
inkg/TWh
(thermal)
U235 -31.4 -0:8 -0.4 0.9
U238 -29.5 «25.8 -18.6 0.0
U Total -55.8 ~26.4 -35.9 0.0
Pu Total 105 | 233 76 | 421
M.A. Total 1.0 5.0 1.5 0.6
Total 11.5 -18.3 -6.1 -41.5
Pu+MLA.
TOTAL -44.3 -44.8 -45.0 -41.5
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E-3(1)
Recovery of Transuranium Elements from Reprocessing Solution Using
Valence Control

WA, WRBHLE, WHICE (X B LR

(82
P S SRR S L IZEBHA S5, TBPHEIZ L > T Am R Np Z[ILY %

ZTERBME LT, SBEEETTOBREEMIIOWVTRE L, B4 DEMFETO
Am(VD) OEE{RILER, TBP 2 & 38 % 377 BEbA L LTt &V ZmEk”
vEZW A (NHYS,0,) . ity U CAsER (AgNO,) 2 HV%,

AL RBEE BN 5 2 LIl X » TEELEG T Am(VD) DERLIEIE EA T 50 1
M BSERA R IZ B VT 1.5 M(NH),S,0, 12 X 0 90 % v EEL T & 5, BRILERIZEE L
Y RS A, 85 CTTIR HO W X 2 BITAMRE S N E720, Am(VD) DEE I HTR
THUEE L B, AgNO, 12l E LT 505, BRETENEZET 225K
2T Bl REbfEE 1.5 M(NHY),S,0, . 10°~10°MAgNO, . 70 CTH 5, EHE
BRI BT Am OERLEENIC K E ZELEIRD N o7z,

Am(VD iZ UVI) & EEOBE THi 3525, FELiEr% DR, Zhid, BRI
HOSRIZE VERT S SO, A4 v EDFEERICL VHUAEESIN L0 TH 5,

[EH T REFHE]

PUREX # X— R & L7 THRIZBWT Am 28{LTA 2 L2 i 2 A T3,
TBP OFA DK, AmbFORABROFEE L6 > TH Y, BIREIIKVISEFET <
X TdHbo

Am FHIETTEEE LTW A D, SEmMELE CIIEBLIEI 0% BEICHEL T L.
SERIEYD 7 DENT EASBORRETH A I,

Cn QLI LT LTHB Y, SE0T7 7 F= FRERT 2BE»5 3R +5THh 5,

[+ 2 BEE]

79 » A CEA @ Dr. Madic & 1) &4 4> (KRtv ¥ a v Adnet 5 D & i)
DRI EL TV RVOY, L OGMDH - 725, BICERRH ¢ EDTwa LOME
/C:\%Of\:&)

— 168 —



Session E-3 Dry Processing and Innovative Separation System-Am/La

O SHEOHE AR 7O —

Spent Fuel

Spent Fuel

IBP Y Q‘Bz) Dissolution
Ry %
Reprocessing A
W
Valence Control
TRU é
Valence Control
b it Co- FP
% decontamination
| ™ | N e D
B o Extraction_| Partitioning

Z
o J B
¥

{a) TRU recovery from PUREX raffinate or HLLW

(b) TRU recovery in reprocessing process

Fig.1 Concept of TRU separation process

O Am OERILEE)

1.09@ T T 1. Y T T T
(NH,),5.04
6 e 0.IM ok
3 A | LoM :
N o
06 LM F 0.6
g 5 HNO: | oM
° k] (NH;)15:08] 1.5M
o 04 1 304 AgNOy { 001M | 7]
- e © |simulated HLLW] |
0.2 | 0.2 O | pucHNOy T
0.0 Il 1 i Y] é; n ] A 1 " I 1 t
0 0.5 1 .5 2 25 0 10 15 20 25
fHNO4] (M) Oxidation Time (min)
Fig.2 Yield of Am{VT) at various concentrations Fig.5 Oxidation behavior of americium
of HNQ5 and (NH4)75,0g in simulated HLLW solution

O Am(VD) D ELH

Table I Distribution coefficients of Am(V1), Np(VI) and Nd(I{1)

conditions results
valence controf extraction distribution coefficient 5‘:&"3‘:‘3“
0
HNO; |(NH.),S,04 HNO, TBP Am(Vl) | Npvn Nd(I) | (Nd-Am)
0.1M 0.1M 39404 | aszos [0 1 soxs
1.0M 3™ 001;

1340, 15+02 | 87+2

1.OM 1.0M 301 0 0001

— 169 —



Session E-3 Dry Processing and Innovative Separation System-Am/La

E-3(2)
Hot Test and Process Parameter Calculation of Purified Cyanex 301
Extraction for Separating Am and Fission Product Lanthanides

Yongjun Zhu, Jing Chen, Rongzhou Jiao (FIE {F#EKE)

[#ZE] .
ST 2FNE T Yy o FOREMBSECET AM7EE LT, MERMBAZR

=t 7, = OHIHENE An(D) % EIRWICHIIH T S, TRPO I X b [RIXL 72
An(ID)-Ln BREBHEZHHR LT S, '

HiE# T 5 HBTMPDTP (X H B Cyanex 301 238 L T35, AP THEICRS
B 7 i WEURIRIO CEETH Do Am/Ln O 5HETIZE 1000 D 75 HEFR I
DB 5ND, pH4 BE THEERTT) A5, saponification - & ) pH DEEL T 5o

SR EIET 5760, TRPO 70k A0 Ry FPRERCTES - HRAEREHWTER
EOMEEA (AFHME TRV 24707, MRHIE— BB L-REsL TREL
Twb, BESTEICE LT 4 EoMBEREL TV, >99.999 % @ Am Tl L 72, Lnid
~3% PPATHIE T o 7o FHOSBEREL 3500 TH o7z,

SELOEBRAEZ KO, 5 BOMIMBRIEOFERIT o7 (FERIIERFATIE
CRFEERD) o BHEICEVEREL BSERTE S, ThIZEI&FHETO-2— |
»REL,

[FH TR &HE]

An(D & Lo 124 L TIEEICE VRN 2 A T 2 ML O#B 2 RE L 28iionT
FEATRETH D, An(D) 2RI 5720, Ln THIH T2 70220~
BEOMHEL R TE ST REEID 5,

BV pH (~4) TOREILETH L0, HEROHELWEILEL 25,
TRPO Hith L AL D7 T H & 2 FREL Tz, TRPO i TSRO HE B AT
15 L 7 ), HBTMPDTP Hith & OB HHE

[ExEREE]

TR OZEBRIIDOWTERBAH ), <SMHC, <6MH,SO,, <2MHNO, D&HT
BRETHH ERE SN,
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O HEREMF LR

F(1.0) X
E, &, U C,

Whiere the number in () refers to the relative

volume

S 0.5M HBTMPDTP-kerosene, degree of
saponification(mol%): §, and S, 0.4: S, 0.3

and §, 0.2

F.: hot feed, 1.89x10’'Bg/mL *' Am and
0.02IM FPLus, pH=3.5

Ej: loaded organic pliase

Table | Results of hot test

Stage No. i 2_ 3 4
equilibrium pH 3.64 3.98 4.00 4,03
[Am], Bg/mL organic phase 1.69x10° 1.90x10* 466 122
aqueous phase 2.06x10° 486 14.1 <]
[RE}, mol/L. organic phase 1.17x10* 1.62x10™ 1.62x10™ 1.62x107
’ aqueous phase 0.021 0.0207 0.0208 0.0204
distribution Dam 3.20 39.1 333 -
ratios Deptas 0.00557 0.00783 0.00779 0.00794
separation SF armverLos 1.47x10° 4.99x10° 4.28x10° -
factors

O RELLTOLRALMGLIERER

SRR

o feed: 0.2M Ln{NOs);
Am{Cm)(NO,),, nitrate soluti

» extractant: 0.5M HBTMPDT
saponified to 1.5mol%;

o number of extraction stage: 5
flow ratio feed:extractant:

{ oowclin! enluemit

&
0.1F {nsinaq, phase

0.01 0.01

E 1£:3F Lns in org. phase '15—3'723
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Figure 3 The concentration profiles of Am and FPLns in the suggested process
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E-3(3)
Separation of Am(III) and Eu(II) by Selective Solvent Extraction with
N-Donor Extractants

Zdenek Kolarik, Udo Mullich ( KA )

[#Z]
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25, 2D AmEu OFBEER D BRiFE 55, 70, BRBROTMTIL SCN 2F
NO, IZHARTEIRENEHL B Do

EEfEf Al & L Tid, PAN (2-(2-pyridylazo)-1-naphthol) & TpPT (3-(2-pyridyl)-5-(4-tert-
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32 ENTES, TpPT Tid Am/Eu DD BERET 60 DEFRF LR,
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Fig. I. 3,5-Dihctarenyl-1,2,4-triazoles studied in this work.
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Fig. 2. Extraction of Am(IIT} and Eu(TiD) 2-bromohexancates by 3,5-di(2-pyridyl)-1,2,4-triazole (A), 3-(2-pyrazinyl)-5-(2-pyri-
dyl)-1,2 4-triazole (B}, 3-(4-methyl-2-pyridyl)-5-(2-pyridyl)-1,2,4-triazole (C) and -methyl-3,5-di(2-pyridyl)-1,2,4-triazole
(D). Organic phase: Initially 1.0 M 2-bromohexanoic acid + 0.0217 M A, 0.0270 M B, 0.0216 M C or 0.0218 M D in xylene/1-
butanol (7/3). Aqueous phase: Initially 0.001 - 0.005 M HCl or HNO;.
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0.3

Fig. 5. Extraction of Am(lit} and Eu(IN) by 2-(2-pyridylaze)-1-naphthot (PAN) in chiorobenzene/|-butanol (H/1) and by 3-(2-
pyridyl}-5-{4-tert-butyl-2-pyridyl}-1,2 4-trinzote (TpPT) in xylenc/1-butanok (713). Aqueous phase: PAN - 1.0 M NHNO;
{dashed lines) or .0 M NH,CI (solid lines) + 0.2 M hydroxylammonium buffer, cquilibrivm pH 5.7, TpPT - 0.1 M hydroxyi-
ammonium buffer, equilibrium pH 5.04,
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E-3(4)
The Development of the SESAME Process

J. M. Adnet, L. Donnet, D. Chartier, P. Bros, N. Faure, Ph. Brossard (7% » A CEA)
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%4 5o |

VY YT AT VEE PWTEETICBWT, B4 5 [PWI[Am] 1 TORRILEE Z -
Fro 0.2~05 CEMLIEE bE . ZHUETHE AmAV) LSS N B 72018 B B,
¥ 7o, MHERIEE OBEME & BIZBRILITES %,
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Figure 4. Electrochemical oxidation of
Am(III) to Am(VI) in the presence of
dilferent LHPA.

Experimental conditions : {Am] =3x102 M N

[HNO,] =3 M ; [Ag] =107 M ;

[LHPA}/[Am] =0.25 ; d = 45 mA/cm? room
temperature

O HWEEETOSH

00 |
&
{1}
= {Cm]:
[ 1.0
g 2: 6xt0'M
%’ 40 3 L5103M
& !
20 |
[+ . - -
=] 180

120
tne (min)

Figure 6. [Cm] influence on the Am oxidation

kinctics
experimental conditions : {Am] = 3x10° M
[HNO,] = | M ; [Nd] =0
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Figure 4. Electrochemical oxidation of
Am(1ll) to Am(VI) in the presence of
different LHPA.

Experimental conditions : [Am] =3x10 M ;
[HNO,] =3 M ; [Ag] =102 M
[LHPA)/[Am] =0.25 ; d = 45 mA/em? room

temperature
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Figure 7. Influence of Nd on the Am
oxidation kinetics
experimental conditions : [Am] = 3x10° M
[HNO,}=3M; [Cm] = 3x10*
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E-3(5)
The Concept of Separation Process for Recovery of Americium and
Curium

By e, /SIARE, HBRIE (B0 i)
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Figure 3 Profiles of concentration of major nuclides in An{111) stripping section
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F-1(1)
Requirements for the Satisfactorily Closed Actinide Recyclimg System
H. Yamana, H. Moriyama (Kyoto Univ., Japan)
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F-1(2)
Validation of Neutronic Methods Applied to the Analysis of Fast
Subcritical Systems: The MUSE-2 Experiments

R. Soule, M. Salvatores, R. Jacqmin, M. Martini, J.F. Lebrat, P. Bertrand (CEA, France),
U. Broccoli, V. Peluso (ENEA, Italy)
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X1 MUSE-2 SS Configuration TDE /0] U-235 B EDOEERE & 5TEEO g

#F 1 MUSE-2 SS Configuration T UG D FTEE & EERE O Hig
Experiment Calculation
IXYZ) ID(XYZ) ID(XYZ)
Diffusion Finite Diffusion Transpoet Nodat
Differences Nodat
Keff 0.96424 + 0.00150 0.95058 0.95220 0.96256
E-C + 001366 +0.01204 +0.00168
Keff/(1 - Kefl) 26.96 £35.0% 25.71
(E - C)/C{%) +4.9250
Ap - 003631 £ 0.00031 - - 0.03890
£E-C +0.00259 £ 0.00031
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F-1(3)
Recycling of Actinides Produced in LWR and FBR Fuel Cycles by
Applying Pyrometallurgical Process
T. Inoue, H. Tanaka (CRIEPI, Japan)
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LWR  emeas .

VI

Motal Fusl FBA (LWR cyoh) i
_d]:g Oxide Fual ‘

Rapeocaating . evanoean ] TAY tepmitnion
(Fen gy H
H H 4 Wanie soffication ,

P | sonsincaton | |
] Gass mdix | -
tyrharock) | ¢

Matal Funt :

A1 BWAETICRZEALETZ2FF4 FUH A2 VS 254

#=1 LiCI-KCI/Cd, Bi & (773K) 12 BT A7
7FFTAN, CeEFTOFITETEETLS
DETHEHTEDH 7 7 7 ¥ ~

LiCi-KCvai LICI-KCKCd

U 1.1E-3 2.0E-2
Np 5.6E-3 3.BE-2
Pu 8.4E-3 4.0E-2
Am 1.6E-2 2.3E-2
Cm - -
Pr 0.88 0.86
Nd 1.1 0.91
Cae 1 1
ta 3.0 2.7
Gd 1.2€1 36

Y 7.4E2 1.1E2
Sm* 2.3E2 1.2E4
Eu* 1.5E3 5.0E4
Sre 5.3E4 2.0E6
Ba* 3.9E3 1.3E6

at D{Ce)=1
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F-1(4)
Analytical Studies on Optimization of Fast Reactors for U-233
Production and Plutonium and Minor Actinides Burning

A.P. Ivanov', V.K. Orlovz, E.M. Efimenko', A.G. Tsykunovl, G. Byburinz, V.V. Borisov’
(IPPE, Russia', VNIINM, Russiaz, Ministry of Russian Federation for Atomic Energy, Russiag)
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£ 1 AFOEERAL A RO TR

Compositio ZrC, ThO;, PuQ;
nof RB SA
Loading (kg)

Time, 0 120 360
days
Pu- 1745.5 1470.6 10499
239
Pu- 244 6 290.5 343.4
240
Pu- 22.1 219 39.7
241
Pu- 1.8 2.6 4.5
242
Th- 2354.5 2283.7 2163.0
232 :

U-233 70.5 108.8 165.3

U-234 1.3 2.9 1.6
Pa- 16.2 19.9 18.8
233

&2 IRUHBROBREEE

Core isotope burn-up (kg)

Time
interval, 120 360
days
Pu-239 -275.0 -695.6
Py-240 +45.9 +98 8
Pu-241 +5.8 +17.6
Pu-242 +0.7 +2.7
Th-232 -65.8 -191.4
1J-213 +38. 3 +94.8
U-234 +1.6 +6.3
Pa-233 +3.7 +2.6
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F-1(5)
Fuel Cycle of Actinide Burner-Reactor. Review of Investigations by
{{DOVITA>> Program
A.V. Bychkov, O.V. Skiba, A.A. Mayershin, V.A. Kisly, S.K. Vavilov, M.V. Kormilitzyn,
L.S. Demidova, L.G. Babikov, R.A. Kuznetsov (RIAR, Russia)
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F —"y ME OFLIE T pyroelectrochemical reprocessing DI partial vacuum-thermal
reprocessing bE X TWA DT L7072,

[FETRExHHE]

DOVITA 71 7 J AZHAEREITHC, 707 7 ADOFRORE S S BREIZET 50
B2 ~3FED) BIIETTAEDI ol T, E5124 ~ S5 EQOEITITEIF
EERPRT TAHEETH B Z L6/,

[ELEECE]
Q. FvFEIIEI LTWED,
A, SVFRIIGEHELTNEL TS,
Q. EHFTHEZIIBWT, MADAITEEZ EIBEIHR > TWwAhE .
A, (EMoOBERFRERFIERBICEDLS T, HEZBEEIGO o7, )
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F-2(1)
Recent Progress of Nitride Fuel Development in JAERI Fuel Property,
Irradation Behavior and Application to Dry Reprocessing

- Y.Arai, T.Iwai, K.Nakajima, Y.Suzuki (JAERI, Japan)
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F-2(2)
On the Use of Spinel-Based Nuclear Fuels for the Transmutation of
Actinides

R.J.M. Konings, K. Bakker, J.G.Boshoven, H.Hein, M.E.Huntelaar, J .D.Meeldijk,
C.F.Wpemsdregt, H.Zhang (ECN, Utrecht Univ., Netherlands)
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0K
2100 .

{Sphatt

4 FHEIZ X Dk 7-. PuO-MgALO,DHIK

F2 AERNVRBEOHFRICEIT 2 BESER

experiment tomposition characteristics
fabrication method U eor Am concent cladding
EFTTRA-T2 MgAl, O, powder mixing zircaloy
EFTTRA-T2bis | MgALO, powder mixing wircaloy
EFTTRA-T3 MgAlLO, powder mixing/sol-gel 15-15 Ti steel
MgAl; 0,400, powder mixing/sol-gel 25°% 15-15 Ti steel
MgAl,0,+{Y,U)O; | powder mixing/sol-gel 2.5 % 15-15 Tj steel
EFTTRA-T4 MgALO+AmO; | infiltcation 10 *% 15-15 Ti steel
EFTTRA-T4bis | MgALO+AmQ, | infiltration 10 ¥% 15-15 Ti steel
EFTTRA-T4ter | MgAl,0,+U0, sol-gel 10 % 15-15 Ti steel
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B-2(3)
Development of Fuels for the Transmutation in the Frame of the
EFTTRA European Collaboration
J-F. Babelot, R. Conrad(EC), H.Gruppelaar(ECN, Netherlands), G.Muhling(MGRD, Germany),
M.Salvatores(CEA, France), G.Vambenepe(EDF, France)
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#1

EFTTRAZ BT 5 HBETHER

spinel containing 10% (weight}
amenicium
duration 625 FPD

experiment short description state of the art
EFTTRA-T 1 irradiation in HFR of Tc and iodine |Publication to be submitted
' compounds (completed) in the Journal of Nuclear
. Materials

EFTTRA-T 2 extended irradiation in HFR of Tc, |irradiation on-going (untif
irradiation of the inert matrices June 1997)
spinel, YAG, and ALD;

EFTTRA-T 2bis irradiation in HFR of matrices : PIE completed
CeQy, spinel, YAG, and ALO;
(completed)

EFTTRA-T3 irradiation in HFR of start planned in August
candidate matrices 1997
containing 0.05 g/cm3 U.235
duration 200 FPD

EFTTRA-T 4 irradiation in HFR of a sample of | irradiation on-going (until
spinel containing 10% americiam | December 1997)
duration 375 FPD

EFTTRA-T 4bis irradiation in HFR of a sample of  |start planned in  August

1997

EFTTRA-T 4ter

irradiation in HFR of a spinel
matrix containing 0.2 g/em3 U-235

start planned in  August
1997

material)

EFTTRA-T 5 irradiation in HFR of matrices t0 be defined
containing Pu;, comparison of
vartous fabrication methods
EFTTRA-F | irradiation of candidate matrices in  {interrupted in October 95
Matina | Phenix PIE of 2 pins {MgO +
UQ,, spinet + UOy4)
EFTTRA-F 1A irradiation in Phénix of candidate | start pending
Matina 1A matrices (continyed for 2 cycles}
EFTTRA-F lbis irradiation in Phénix of candidate [ start pending
Matina 1bis matrices (continued for 2 cycles)
EFTTRA-F 2 irradiation in Phenix of Te start pending
Anticorp
SATINA/ irradiation m Superphenix of EFTTRA participation to
MODERATO candidate matrices {and moderator {be defined
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F-2(4)
R&D on Fuel and Targets Carried Out by CEA in the Frame of the Spin
Programme
p. Millet, Y. Philipponneau, N.Cocuaud, T.Alibiol, N.Chauvin, J.L.Faugere{(CEA, France)
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THE MATINA EXPERIMENT

1 MATINAGER
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E-2(5)
Processing Targets Containing Americium for a Transmutation
Experiment at Superphenix

T.Duverniex, J.C.Thieblemont, Y.Croixmarie, M.Sors, X.Genin, P.Bros(CEA, France)
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M:xmg thh lubricant

Pressing

- Granulation E

!

X1 CERCER7 Bt ATHTT—F % k

#£1 BWAOERICBITS, #RYLRL v FNEE

Ceramic MgQ origin  Atmosphere  Density (%6 dy)

MgO Cerac Argon 942

MgQ Cerac Air 95.1

MgO J. Matthey Argon 927

MgO 1. Matthey Air 94,2

MgO+UO, |Cerac Argon 94.2
MgO+UQ; {1 Matthey Argon 92.7

Table I : Typical peliet densities (d in % of the theoretical
density) in various experimental conditions (mixture or pure
product granufation, lubricant adding, Tuimeing = 1550°C)
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F-2(6)
Neutoronic and Fuel Studies for Americium Target Design
N.Chauvin, J.Tommasi, V.Georgenthum, G.Ritter(CEA, France)
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#1 MBRICBTATIEERE (E7L— FROFBERNRZ B V)

Table | : Example of cross-sections : Am contemt=20 wt'%, targels
placed in radial blanket locations.

Muoderate spectrum Fast gpectrum
ac¢ (barn} af {barn} ac tharn) af (barn}

Am2di 3037 2.80%1 6.24 1671
Am2d2m 30.34 1299 211 9.41
Am2d] 19.79 8.21"-2 7.03 1061
Pu23s 11.98 1.81 235 1,315
Pu239 13.52 24.63 2.60 4.446
Cm244 16,76 5.28"-1 J21 1584
Cm24s 7.62 46,94 7.69°1 4.64°-1

Figure 1 : Examples of Am, Cm and Pu evolations {per cm3 of target),
initial Am contents=20 wt%, targets placed in radial blanket position.
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F-4(1)
RECYCLNG : THE LONG RUN EVIDENCE
Jean-Louis Ricaud and Philippe Pradel (COGEMA)

[BE%]
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: F-4(2)
SCENARIOS OF PLUTONIUM AND MINOR ACTINIDE RECYCLING

M. Delpech, J. P. Grouiller, A. Puill, M. Salvatores, J. Tdmmasi, A. Zaetta, A. Harislur,
H. Mouney, and M. Rome (CEA)}

(¥ ]
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ADHEBEHESTHLILICH D, KBEO TR MIMOXBRE RO TV b=y LEE, ¥
T VMR, RUTTV b o ABRBEREMESRIICRET 5, TV P2 AREEREY
EINIAPTIRARTHEY, 74TV T 1 LIFRFITH S,

[7EH ¥~ &HiH]
BEELOPWRICEWT, MOXBREIR O 7L =7 LEEIE, I E—F Y 7D
W BFROREEOHERE. BORA FEEERL VoG b, 12%EATERE
LTwWah,

HasEy I 2% AW MOXHHELTld, TABLEAIZRT L 512, 3.8%DIRAET 7 > &
HWwWid2% P uTHOZE)FA 2 VAL & 5,

BL, JH 47 udh (MOXEREELE, BOE) OvA70—-2"K&<{%H, Cm®D
ERIEBORELRDIRAVD S,

T/, FOYOYBRIZSPET L, TV o9 LBEEI4% % B2 A5, i
WEHOME*ERTLILENFEL S,
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TABLE.4 Characteristics vs. recycling steps :
IRAE T T 2 & FV 2 MOXAFL Tt . TABLEAISRY &£ 512, 3.8% Dy 5 v %
HAVIUZ2% P u TOEEI YA 2 LATEEE 12 5,

Table 4 : Characteristics vs. recycling steps

UoX - MOXe - PWR MOXe - PWR
PWR Plutonium recycling Pu+ ML.A. recycling
cycle | cycle 3 jequilibrium| eycle 1 |equilibriam
Pu initial fraction (%) . 13 | 18 2 13 26
Np initial fraction (%) - - - - 0.1 0.1
Am initial fraction (%) - - - - 0.1 0.3
Cm initial fraction (%) - - . . 0 04
23U enrichment (%) 3.6 38 3.8 38 4.1
Pu isotopic vector ASU23/137 | 814324012 | Sta2i23n2t {usuany unemng
Bap, 239p, 20p, Mip, 2 9 16 13 9 f16
2Pu for BOC/EOC 4!451‘:!:/!3! 5!42!?;”2] 5[42l|2§lilf 7/45!?33!!2/ I!Bfﬁ.}llz
Table 4 (continued)
Mass Balance (Kg/eTWh)
Pu +29 +6 +2 0 +29
M.A. (Np+Am+Cm) +3.8 +6 +7.6 +8.2 +3.8
Reactivity coefficients
Boron eff, {1E- -8 -6.5 -6.5 -6 -6, 4.7
S/pprn)
MTC (1E-5/°C) 53 -57 -59 -59 -58 -61
FTC {1E-5/°C) -3 <3 -3.1 -3.2 -3.1 -3.3
Void effect (%) - -43 -41 -40 -45 -30

MTC : Moderator Temperature Coefficient
FTC : Fuel Temperature Coefficient
Void Effect : 99.9% of void
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. F-4(3})
CONCEPTUAL DESIGN OF A MIXED MODERATOR SPECTRAL SHIFT
REACTOR FOR FLEXIBLE PLUTONIUM UTILIZATION

M. ISHIDA, H. TOCHIHARA, Y. KOMANO, K. NARUKAWA (MHI) ,
N. FUKUMURA {PNC)

[#E] _
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A EARMIZEEFEOPWR E DG AT L EACVALAZ b, HHIY AT 4
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BE% 3T T (Tabled) . T2, ZV P T 2OWPBERIZOVWTIH 2H{FETERISL I L
A TH Do

fe->T. MPWRIL, ROV =7 LAHEE (BRE) 2RETEHI LMD,
FOBHADT V= AOTEEHBEFERINT VASELIENTRTH S,

¥ 72, MPWRIZEERIE A B W &6, FBReVEASINL I TORH, 7V =7 4
O Active Storage & L THHATH 5 (FIG.7) »

[+ 7% BREEE]

Q MPWRTIZRO DL LTIy i BECDRP?

A FHETEHBKEALEZEZITWAIERS, FIHNVILEILEE LW, B
KERLDP—EDBEEETr 3N LDPVETH D,

C ZEI)FA 7V EFIGEIREOBREDOIRIBILE SN L PRET LTI PRV,
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TABLE.4 Required Fissile Plutonium Inventory

=2 MRYDANRT LRSS ELI LI, RERESER IV 2y LB
SEET, 2. TN P ADHBEICOVTII2BETERLZ EFTETH S,

Table-IV Required Fissile Plutonium Inventory

(K/year)
H/Hm 3 4 ]
Moderator condition
Constant light water L5 1.2 0.8
Constant 50% heavy water 22 22 1.8
Constant 100% heavy water { 2.3 ] 2.7
Variable heavy water 1.5 1.1 0.7

Accumulated Plutonium(t)
(=3
3

1995

MPWRIFELIRHE AR W L 025, FBRsASEA X NSE T TORE. 70V b =™ 4D Active

StorageE LTHHATH 5,

= No Plutonium Recycling
Pu-Thermal{ {£3MOX)
------ FBR

= MPWR(Casc-1)

- -+~ MPWR(Case-2)

TDornslration
Fin-2

Y PPl LY 4

2010
Year

Figure-7 Plutonium Stockpile

2003

1000

2018 400 02s 2030

FIG.7 Plutonium Stockpile
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F-4(4)
MULTIRECYCLING IN PWRS WITH ADAPTED MOX FUEL

J. VERGNES, Ph TETART, H. MOUNEY (EDF)
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O, WEY I OBV IZENY T v ¥ %adapted MOXIZ DWW THRET L 720
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Table4 MOXZTHWIIE, EHMIZ TV om0 A

IR P ES~5ICEF TR 5,

Scemario | 0 [1bis| 1 2 | 2bis
Pu-238 | 31 12 7 3 9
Pu-239 1602 | 107 | 29| 6 30
Pu-240 [ 259 | 54 |21 T 9 45
Pu-241 2 29 110 3 15
Pu-242 | 80 43 | 31 [ 44 | 50

Total Pu | 975 | 244 | 99 | 66 | 149
NP-237 | 69 64 | 70 | 66 | 65
AmAM1 | 177 | 76 [107]90 | 83
Am243 | 19 86 l115] 111 94
Cm244 10,18 22 9 3 17
Cm 245 1 7 8 7 7
Total 2065 1 255 1309 ] 284 | 265
AM.

1,00E+21
100420 l:&\\ ..... —
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g 1OOE+19 %\ 00,
£ 1,00E+18 ‘\‘w\
é 1.00E417 Others scenarios \ -
g e
LOOE+16
1,00E+1$
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Fig.7 7 =7 ASMAsDRadiotoxicity |2 L Tld. MAsAs
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G-1(1)
Reactivity Studies on Lead-Cooled Energy Amplifiers
A. Oda(Kyusyu Univ., Japan), J. M. Martinez-val, M. Perlado(Madrid Polytechnic Univ., Spain)

(35 2]

TARSS e HI 5 B F4B.L (Molten Lead-Cooled Energy Amplifiers; MLEA) O SUG B4
RO, AT ORBBEEEIIOVWTOFRTH S, Pu-239FRADOMITREWE L LTH
W, R AU-233 A 2 M EERT A FEICOWTHRE %175 7o MLEAIL, K
BRI L AR EFA L2 RBERFLTH VEFRER 2 H-oTwb D, 5k
ERTNEREGEFNYAFATH B, HE 1 70 LTE, BRI HLO
PuZ HWVWTU23%ERT 2 L2l T3, ORI TE 2 /oEHEREIITh-232,
U-233. Pu-2390 L Tah Y. BEOBMEILI05%ICEE L T b OJ%LM\%
V7 H 02— FMCNP4AR vy, 57— & & L TIIJENDL-3.2X— A0 b D2 V72,
SHEIERTEATITV, BEFIEDOARY PV, RIS PVEEBANRS PV
PIREL TS, RAROSMIEIREL, R, WEELICLZRICERMMZEX, /37
A= F =R Bffotz, XFA—FLLTIE, BREEyF, 7L v LE{LE. )
WL E 3 120 8T A— 5 — 4 ORER, BREOBITERRLHORA FEISBEER
DD, BBy Fr bR ELTEOPRRNI LG9 272,

[FEHT<EFEH]
Th/U-233% 4 7 V& FIR L 7RSS EI O REEFIAL & RET T 2 200, FRAVZZ/S
G A= FH =R BT o I2HRFRENT WS,

[ 72 A%EE]

Q. FEIMEEOFHBERIED LI ICLTIT oD T P BAMERE TIT- 0TT 2,
Fhred, BEPEFRFE T >0 TY 2,

A EFEERE, BEPEFRAEOMA £47-o TV ET,

Q. BREGEOHGEIKE I HRVTT I,
A BRRESHTRIEHICTLE, BEIFKELCEDLZ t%ﬁ LT, BEZELH
k Li L?t.’.o

Q. BEOHEEFFML TCET, FIZIE. Ny 77 -%R2 L,

A, EVFALUID—=FDLD \mwfm%am WS LI L <, HERET
WEEli L T EH A,
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G-1(2)
Indian Strategy for Future Power Reactors
V. Venkat Raj, K. Balakrishman, A.K. Anand, A. Kakodkar(BARC, India)

[#r2]

B, 47 FTEDONTWBEFIREREEOH T, P AQFBRERLAME
¥HOTWVS, BRFEAROEENZMATILENH L -H T, MFWIII VL%
FPFTELBPHTFERARTLLOERTH L, THIZEEL T, Advanced Heavy
Water Reactor AHWR) D R a7 SN TB Y, T OPLOFHIZ OV THRE T %,
ZOAHWRIE, MUY LOFHESENEER DS LCREIShTB Y, ERKEHE
Bl TorBYThb,

(QAHWRDH T D F75%1% b V) 7 LR HELD BT,

)Y AT LITEOFA FRIBERHEE .

(C)BRELEL Y A BERE 13 4920,00MWd/T & § 5,

TNV =T LOEEERAIMET B,

@BEMD TN L =7 LAEMEETELLZTAHAS T 5,

OY AT HIU-233% {IH/TE 5,

(@B TTILTIS0MW E T 5,

F L OBBEED Y AF 4 LT, Primary Heat Transpot (PHT) System & I#id 5 &
AFLEEZD, COPHTIZHARBRICL DIFLOMEREHFTE S X 9 &Y 5,

AHPWRIEZ A ~ FORBRBBEAIFE 2L ERFELTWS, ZOLHIZE, BIZHEE
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[ EREICE]
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A, ¥, ATREEZR 2 HIIBETY, BFEEIC VTR, BRBRSZHAVIIREE
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Q. MBIV DHWIIE D I h,
A TBRILOFMmII T TWnEE A,
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G-1(3)
Review of Systems for Plutonium Utilisation
M. Delpech, M. Salvatores, J. Tommasi, A. Zaetta(CEA, France)

[BE] _
75 v ADCEATIE, 4E, SPINENE K UPRIAGTHI OB ADH T, T b= 4
FHAOHED L R ENTE 2, BETERCNA 7Y v ME, 4 TR PR
PREEETOME:2fT-oTE&7/, S2TiE, ZONTHIPWREBHRFTO TNV F =
AFRFEICOWTOBMBEN 2 HIEE1T ) o BRIFICOWTIE, BEM TR
(V. V)% K& < L7-HM(Highly-Moderated)-PWRIZ & Y, 7N b =7 A Z 8 LB EIC
ML 2B R4 FRESCAYEOEMBEREBET A I LATTE, 612, w4 F—
TIZFFOERENEZ T, TV P LOHEEERERE(TEIENTEL, %01,
VS EEFLRVT Loy ABE (PLUTONYOME #RET L, 79 vagFhn
W, BA FEEP Ny 77 - BBICEBEY RIZTH ZHEHE) JLIiEoTI0
WEEBMTAIELNTEL, GEFETOTIV =7 AR L T, PhenixF %
SuperphenixfF CEIALFATHAHDT, TN =T AFRIZEHLE TLREKITHE - HED
T256 89 PLMEOHEEED T D, TN =y ARMAERRKE LTk, 9%
W7 b= LH5% LA RWERTEOL D, HEFBROLDETEREL Tnwid, F/-,
MUY LBEEFIH LTV = AOBEHIOWTHRE b o T 5,

[(FH 3+~ & FmH)

TEEL PRELEE, T AT PV, TP AQENEREL E, £ 08T A—
FIZoWT, LRI TR TwE, T2, ZelIClH B FA FRER Fy 75—
BEIZOVWTORE BITPNTVE, TP AR TIEbELTIELELT
B, Wb a0MAREIIBLTEZLORHE52Tw5,
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A, Z I THE%*1T- 72CANDUSLWRIZ Z DIFLINT A—F B3R ->TwES, $72,
ZZTWIHILWRIL, BEGEDIREIZLTH Y, BEDPLWRERERY ¥,
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#1 HM-PWR & EHERIPWRIZ & 2 W b = Lk A 7V O I

Standard PWR{HM-PWR
{(Vm/VIi=2) (Vm/Vi=4)
cycle 1 equilib feycle 1 fequilib
rium rium
Pu initial content] 10 21 6.6 18
(")
Mass balance
Pu  consumplionli-66 -96 .72 ~104
(Kg/eTWh)
M.A. productionj+17  {+33 +9 +27
(Kg/eTWh)
Reactivity coefficients
Boron efficiency -3 -2 -10 -7
(10 /ppm)
Void effect (%6) [-10 +20 -50 -10
HM-PWRTIE 7 b =7 LA S D, 72, TR LADFEFEEZRE L, 22, 74
F—T I FVFOERBE/NSLTES, BiZ, RICERBITTINFDRLEONS,

<2 PLUTONZREL R (ZeH) DI O

Void Doppler |MTC Boron

Effect Ap |effect efficiency
Without +8.0 % -1.1 274 | 44
moderator (10°%1°C) | (10°7°C) (IO'SIppm)
With -1.3% 1.3 ~19.4 -5
moderator (!O'sl”C) (16°rC) (IO'SIppm)
#*

® for a second plnionium generaition (611.3% in fissile Pu).
HG Y RLOTN b2y AT, KA FRGERRE Fv 7T —HRICESE L RIET A, REH
EENTAILICLY, TROEUETHIEHNTE B,
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O 3 ~ Inatremantation

20 gulden Lube
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G-1(4)
Reduction of Worldwide Plutonium Inventories Using Conventional
Reactors and Advanced Fuels: A Systems Study
R.A. Krakowski, C.G. Bathke, P. Chodak III(LANL, USA)
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. G-3(D
DEVELOPMENT OF PYROMETLLURGICAL PATITIONING
TECHNOLOGY FOR TRU IN HIGH LEVEL RADIOACTIVE WASTES
- RECOVERY OF RARE-EARTH ELEMENTS FROM MOLTEN SALT BY
REDUCTIVE EXTRACTION AND ELECTROREFINING -

T. KATO, Y. SAKAMURA, T. INOUE (CRIEPI)
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G-3(2)
NITRIDE FUEL CYCLE ON PYROCHEMISTRY

T. OGAWA, M. AKABOR], Y. SUZUKI, F. KOBAYASHI (JAERD)

[ %)

BIRSESEIC L 2t BRET 1 7 L oEE2M (Fig2) F#aHL 7,
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SRR FRERETOIBRILAENTHLEERON L,

EB T &FHE]
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g Burner/Breeder
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G-3(3)
DRY SEPARATION PROCESS FOR ACTINIDE REMOVAL FROM PUREX
WASTE

S. P. FUSSELMAN (Boeing North American) et. al.
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HETEO—ReE L THEFED SN TWwS,
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A0 BN, PUREXEDREHDICEINE T 7 F = FTEDOB L EFHREL,
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PUREX HIW
Denitration | HLWOxldes Chlotination
' Clp, cabon
e
Chiorinated reskdues Cd, Cd-L}
J l Non-TRAU salt with
e akaline garhy

Non-TRU LICI-KC! i
h HICI-KCH with
with rare earth: TRU, rare erths

Bi with redudanl

Countercurrent Extraction J Elctrotefiner

Blwith TRU,
gome rere saths

Fig.] CRIEPIDE BT O AD 7 10—

Table2 ETCHMHGBRTOT 7 5= FREOBRIEHD b ORI

T7L5 T721 (zoal
U 95.88% 99.96% >955% |
Np . 99.95% 99.99% >99.9%
Pu 99.94% 99.98% >99,9%
Am 99.91% 99.98% >99.9%

Table 3 BHFBEEBABRTO7 7 5= FEZE0BRECd (BE) »50kEk=

T707 [ 1708 ] 1709 ] T7127[T7I1
U 90.6% |98.3% | 98.3% | 94.4% | 92.6% |

Np [>999% 99.7%
Pu 99.6% |99.3% | 99.3% { 99.3% | 99.8%
Am 99.9%
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G-3(4)
SEPARATION OF TRUs FROM RARE EARTH ELEMENTS BY
MULTISTAGE EXTRACTION IN LiCI-KC1/Bi SYSTEM

K. KINOSHITA, (CRIEP]) et. al.

[ )

AT, B L NVHSTEEREY AL DT 2 F S FREOERNREENE LCH
EVFEDOLN TV S, AL, BREITHA, 2 REZYOREN D72 {, NBEHER
LEVIUNY M LB EHFRINRTHDS,

ARERTiE, BREO—REL LT, HTFILELTRUO TR L KD 5728, TI3KD
LiClI-KCI/Biff1i2 B 5 TRUsD S EMHRE % Al%E L 720

EBIZBEAOMBEBIHCONRLD, FOERIBEEOHMB>rLSOHEE R {—
Lo TNEDFERY SHEGFME TOTRUsO B B EEHEE L2825,
TRUs D [E YR TRUs/REs D 7 BEEF I MG IC L - TRFHIER TS 5 Z &R S
n7ze

(EHIT NS EH]
SEHI 2T o R, ENEROT 7 F = FITH L, BNEIZO% A ETH o7
( Fig.6) o :
SN L, TRUs & REsO KD b % KRB RHEME L THBILA L 5,
- WEO—HIIERTBY (Tables) . FRERYRISTEERET — & & AV CHECTHE
Th B LHRENT,

[ 7% EBEIE]
Q FEBRICEM L/ZTRUsIE EDRE R ?
A TRUs?%60mg. 7 13A1300mgTh %,
Q LiDEFEIIEDORED?
A LiOREIIERPIZEEST L0, —HRICEFT ARV,
Q CmDIEEREIT?
A SEOEBRTOmIIFHL TVZWD, AmEEULBH2RTLEX TV,
Q Bi-Lifk &L CAd-LiADHEIL ?
A BiLiRIIADEEICENTWS, —F, CdLiATidEvaporation THE T Z 52, Bi-

LiRIZTE LV,
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and TRUs

= @ U . (b) REs Pr
& & 201 Ce
& e Nd
- 5 :
= 99 [
> 2 10t
g g ad
8 g0 o« g
Cac: 1 e La

G ] L i ] i 1 0 [l 1. i 1 1

#1 #2 #3 #4 #5 #1 #2 #3 #4 #5

Stage number Stage number

Fig.6 SEFHBOHR, thEho7 s 5= Fioxt L, @IEIZ9% UL E,

Table 5 TRUs&REsOBUIEDICE T A FEBRE L FFEE L DL, WHEO—I

TEL TV 5,
Number of Experimental Calcutated
stages valug value
1 1.48 145
2 0.81 0.79
3 0.57 053
4 043 0.39
5 0.32 0.30
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H-1()
A 100% MOX Core Design Using a Highly Moderated Concept
~ R. Girieud, B. Guigon, R. Lenain, N. Barbet, E.Royer(CEA, France)

[BZ)

PWROIFEL & LT, iR 7 Y BE 2T 100MOXBE 2 HMm L, TV =7 A
DHBELRKILTEHELODVWTORFTHROBETH D, DD, BOEM AT
BHEREI(V V) R4k LIZIREE T 28 2 5, 1TXITHBEARER VS, BRES
REOBEPOVNEIIL EICTE R VI A horctzd, HA FFa— 7% %iT
TZIOX19RBEESEREERZ 2. A FPFa—TxEBZzRELTLIZEICEY, BTl
NE—F 2 7R 1.04ICMR B EFTET, TD LX) 219X 19DBRRIR G = axF
THIEILED, BREESEOKEZEEETLI RS, TOVNZAETHI LD
TEb, BEORYFENEFEE LTIE, 4X127 8, 3X185 A, 2X245 HeHE 272,

EORETHRESE TS, REM AR T2 8L TADELI S, /2, kY
FERICEMEIX. VNVERELSTLILIE D, BEEDOV NV OMOXRBHFLIZ T
KiFICHE S Nz, #RE LT, BEEEROSEAFD T TIE, 100%MOXEHIER D

V V& 4L L7z 8iE B (highly moderated)PWRAS, HHAEFTFHIIC S . BAKTTFMIZD
WAL S5 2 DR INIz, T, EEEPWRIZHANT, PV b2y AHBEEIKE

{2, RAFT—T 7 FZFERBIWNELL 2B EVHIFEFLVWHREON, £
LT, CORFIFEHVAEZ LD, EFH16b DTN Mo LEHETHI LW
TE& 5, BIE. FHEHOLEMBEITIIOVWTLEDTWELEIATHE,

[EH§~ & HH]
BEfF OPWRE FIV T, MBREROFEIEEOA (19X1MREW) T, V/VEHIT
LBENTED, ZOFLEAVAILIZEY, FHI6N DTV MY AZTHET S
CENTRERTH D,

[E5HRLE] |

Q. BEENFLOEE, BREEMENFBAZLIZANET, COBE, BT o0
TAMPRELGLBERWESTN, BETA 27NV IA MIOWTEEIZEZ TWE T,
Al BEEGEIZLTWD DI, GIEHEMESLEEN CERRTUETH2OTY, T4
Foss RE, BES A 2 VOEBBIARVWANRRWESZATLE I,
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H-1(2)
A Fusion Breeder Fueled with Natural Uranium and Enhanced
Safeguarding Capabilities
S. Sahin, T. Alunok, H. Yapici, E. Baltacioglu, B. Sarer, A. Sozen, S. Yilmaz(Gazi Univ.,
Turky, Kara Kuvvetleri Komutanligi, Turkey, Erciyes Univ., Turkey, Gazi Univ., Turkey)
(REEAREDTD, BRIIMTODNIHATLL, )
[#rE]
[FH+REHHE]

[E & EREnE]
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H-1(3)
Unlimited Recycling of Plutonium in Light Water Reactors:
A {{ New Proposal)>
LF. Durret, JL. Nigon, P.Pradel(COGEMA, France)

3]

BKETOTNV T 2FIH2E2 5568, LTOL D 2udfMEE RS,

(DTN b2y LOEREIEL ERER 51T E, HMERLEERTZEOMMEINEL

%5
QEMFTO T b =7 AFIHIZPu-2405Pu-2420 EFE 5| 2RI T2, TV by

LEMENSG  hoTWw{,

GLOCAT: EOHEHFIZBWTERER R0, TV =y 2 B8bEE2H2BE

B THLENFD S,

PDEDXHIE, BARFETOZV M=y AFAHICEL TR IV =7 2B LEICHIRE
Whbld, BEYIVETNVFZ T LORABRIEHMIXEHERET 5, TOMIX
BEHZIOWT, IRERE. 7V =7 A 0FMGRHEREN, BEECOWVWTORE 2
1oz TP 2EBMEZESLTERY I VBEEETH I LIZX D, EaEH
BB e Ry ERDEMENEESINE, 7NV oy AORMERRIZOWTIE, TV
= ZEE R 2% TICT T, O MAAMEEIE3 SSE DY 14 7 L Tric
ET D, FFEHICE, MIXBHEBEOUOMBOIANIRIBE L 25,

[EE ¥~ &FEH]
BRI Lo |

[E4aEECE]

Q. MOX#HEOHEEI X FH, MIXBEOBEIA L VRS LIEG2HLTT
Sy,

A, EEMIZ, PuEO S PUBREBIL DBES A FPRES RN TTA, =T 4
ORI ARER 7 Sk > TRRY 9,
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R EM R

Pu content Begianing of cycle End ol cycle
0% - 13 pem/°C - 40 pem/°C
2% - 30 pem/°C - 45 pem/°C
4% « 35 pem/°C - 53 pen/°C
6% - 35 pem/°C - 53 pem/°C

TR TLAOBNE I AHID0oNT, HoEM RO ER
ELAREL RS,

F#2 RV ERICEME

Pu content Efficiency in pem/ppm
0% -9
2% : -35.5
4% -4
6% -3.5

TV ADBSELBIZONT, FYERCGEME
DEIHEL /NS b, MIXBRE ZREZ I TV Py 08
TEOEHOT, WEMBEROMETEILNES (. Ry ER
IEMEOEAHEII KX {TE 5,

F3 TN = AR R R OEAL

Py vextor fine. '] Pulst Puli9 | M0 | PoMI | Pud} | Amld
U3 | eontem
fwgenerstion | 344% | 3 2% £1 4137 3t 175 L6 i
Ind gencestion | J29% | 3% 9 402 31 ns 174 40
Ird geacestnns | A H0% | 3 2% T3 M9 e 1 1. 43
Ath generation ] 413% ] 3 1% (3] Mt 193 its W 4
Sthgenerstion | 4 14% | 1 3% ¢ a4 157 174 1134 134 1t

TN b= AXGEL T EmIZH D, U250 FEE
MHZ 5, MIXBEFHO SN oy A %20 $0uE, 3~50
BE 8RN ERIE, 7L oy A 0B TFHIET 5,

(EwvoTwad, ZOFRIZIIIGOEOER L/
B, BEATEN, )
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H-1(4)
Preliminary Assessmenton Compatibility of DUPIC Fuel with CANDU-6
H. Choi, G.H. Roh, CJ. Jeong, B.W. Rhee, J.W. Choi(KAERI, KOrea),
C.R. Boss(AECL, Canada)

(M %]

CANDUF T DO Hr L VW EE D& T & % DUPIC(Direct Use of Spent PWR Fuel in
CANDUYBREHZ D W THT o - FBT R OBME TH 5, DUPICE 1, MEABEFIF
(PWR)DE FFEABEN A L€, AP LEEEC & B 80, (L PRRED A E A T,
E#. CANDUFOBE & LTHHET2MATHSE, DUPICOY 77 L v AR L LT,
s E %1 46wt%, BESRERWP0STWMBE TN TWELDEEZ TWw5, H
ERMECiZ, DUPICAEHCE L TEBHIE L 27— % 3B vz, EiZ, £ErFH VOt
B — FMCNP-4BE ., SNhFTORKY S v 28 &+ ACANDUFMITHEIE I — F
% M\ T, DUPICREI O EIZ oW TR 21T 72,

BEOUFFHE, FLORENE, RO vk, RERL2 EOBA» bRz
7o 7% %, CANDUFED/N— N = 7% 4H L% { T, DUPICHH o> Fl T Bk
VB EHGIrol, 7270 TORMMRERT 50103, BISEAZZRETHL
BETH5b,

[EFEITR&FHEF
CANDUYF TPWRD G H B A8k = B3FIH 4 2 DUPICO#E A, TR OFER.
EHTRETHH ERINT,

[FREREE]

Q. CANDUJETIE, KA Hir“FHiﬂiIEt&Ewiﬁ“# DUPICERELDB4A . RIK
T ERRBREBDT, R FRICERBPEDALEVWE T, ZOEBEIZONWT
HAZTTF &,

A. DUPICHREHZIDWTdH, KA FRICEREIZIETY A%, FFEEHMN &% o T E 7,
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(B - FIZDWTIE, ProceedingsiZd o TW iz, BIET 5, )
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H-3(1)
A MODULAR RECYCLING PLANT CONCEPT

FLEXBLE TO FUTURE FUEL CYCLE DEMANDS

M. ASOU (TEPCO), et. al.

[E]

O ¥ 7RIARVERE T A BR bW S iG &tk (Figl) KWEICEV2 7B A 70
HiFx DD THRET L 72,

CDEIBREV 2G5 —RRFOET - NORERLTLIEIZID, LWRES
FBRIZBB L TV R=AIIH A 7 VAL BEHILEDE R I DN TELREND 5,
ARl OWETTid, 200HMy DERRIERREL, B UP75tHM/y OFBRESEL DAL 2 e L T
B, FOTANT Y AZRIARTEBRICEE 2727 — 06, FFHili L 72,

[EE+~&FH]
o R FALEE T351320104E Z A & ORI Thb b, Lo TEFDOERET
L BEEME. SAULEE. Radiotoxicity, BANDFIKE | Lo A THIRRRET
WLBETH b,
REFFRIED LN THYRENTE (4 /3, HRbE) LBl £
DR, B ESRESEDEVERIIGRERNED1.5~1/2 LRI
(Fig.10) o
B tmEiReEETEIERE OB EEZ0ERr o EER LD 2D, (B
RETULTUEE 2 AIMOXDOEEBEVFASETH S,

[ 7% EHEE]
Q FELERBBEYAINEDOREIIED D ?

A EVOKESIZEBEIASETHS ). REZFOEMVBIEITHL IO, &
BRI IER, BITOBERDBET A 2 VI AT LITEEFEVWEEL TV S,
Q B EEVo THNA8y 7 ETH D, 0L BBHEFERICBVTHSR

HxEBTELRALIE?
A FETMHEOHAE ST, Accountability R Criticality b &%, A#HKE LT <,
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FilLaENRBELFINS~20KEEEEESN,

— 233 —



Session H-3 Pyroprocess-Oxide

H-3(2)
SAFETY ANALYSIS OF FUEL CYCLE PROCESSES BASED ON “DRY”
PYROCHEMICAL FUEL REPROCESSING AND VIBROPAC TECHNOLOGY

A. P. KIRILLOVICH (RIAR), et. al.

[E] .
EFFRROTEMITE2E 10, BAYSRESE L SBBBBROETDEE
Pz DV THGET 2172 72,
$&@%&tthT@ﬁ#énenéo
KLERYE—MER L v,
ETOZNBIT—2oDFEE SN REBTITbILS,
LG ITEEAEEE IR TH 5,
- BLANNVEEDIIERTSH Y, BB T oL AL ERERINTIHIE NS,
INLDOEIZDNT, HAREeN, —RILEXENE., PETERROEE, BE
MORR, BOYREBEOB R, RE T o720 ZORR, REALORTEN
FLRESI LD BT,

[EH T~ &FH]
UO,7% H90% MG Y 7 Y 1Zxt L., 3%kgE T—2 DB TR T & ¥ L,
FARICPuO,DFA T, 30kg T TORBEHMLEOPUO,Z — D DEMHE T S
Z & A5 s

[E 4B %]

Q ﬁﬁ\twﬁﬁwmﬂﬁﬁﬁfé5®#?

A 2AMOXIEE, '

Q ﬁfﬁ&LﬂUvﬁﬂ77774F#ﬁméﬂiW%M‘ﬁMU&W#ﬁﬁﬁﬁ&w
DPTLITIvIyAL? ik

A 77774%@%Lﬁtﬁfﬁ< m%ﬁfhﬁ Ry 2R+ 5 %E - T
w%o%§:/7ximbﬁ%&k%ﬁf%ﬂéi THEENH D, [BEEICHE
TRE,

— 234 —



Session H-3 Pyroprocess-Oxide

Table | BRILMDSIRIEEEIL L 2 0HY 1 2 Vs O BAE 0L LM

Inherent safety evalustion criteria for the fuel cycle processes

No. Criterion Dimensional Value
representation
1 Direct plutonium yield into the final % 99.3-99.7
product
2 Plutonium share in products fed back into | % 0.2-0.6(in
the process cycle : some cases up
103)
Possible irretrievable losses % less than 0.015
4 HLW release kg/kg fuel 10
Radiation resistance of HL W Wiem® 3.5
gr 35107
6 Thermatl resistance of HLW {prior to oC 500-900
vitrification)
7 Chemical resistance of HLW (prior to
vitrification): n sras 1eiad
o leaching on ¥'Cs g/(cmzﬁday) !,, -1 ,IO "
» 17705 release into gas phase gflcm**day) 171077 -4710
8 | Activity release into aerosols (alpha- % of fuel <1*10?
emitlers) activity
9 Volumetric activity of alpha-nuclides in the
atmosphere of shielded cells and boxes Byl <370
when using power grade plutonium

Table2 REMDME, ELALOFMTHRAWESRESEFELTVL L LTV,

Camparison of «inherent» safety of differeat reprocessing methods

PUREX Fluoride- Pyrochemical
volatility
1. Nuclear safety fow high high
2. All kinds of chemical safety | low (presence of | average average
(explosion, fire, corrosion, ete.} | water, acids, org. | (presence (presence of
phase, etc.) of fluorine) chlorine)
3.Possible impact on the '
environment under severe
accident conditions; (forms of
contamination)
2 onair slight
¢ on water strong strong slight
¢ on soil marked slight slight
marked slight
4. State of HL'W upon liquid
reprocessing solid (and gas) | solid
5.Resistance to unauthorized weak
use of nuclear materials (non- average high

prolifiration}
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H-3(3)
EXPERIMENTAL, ECONOMICAL AND ECOLOGICAL SUBSTANTIATION
OF FUEL CYCLE BASED ON PYROELECTROCHEMICAL
REPROCESSING AND VIBROPAC TECHNOLOGY

V. B. IVANOV (RIAR), et. al.

[#E]

WH L AATOAOEN, = AL F—FEEMIIHET 5720123, EETHOE
HBOLAINF -V AT LEEATILENDL, COVATLEIOIO—-A R X
TLATHY), QUELHERRIIH L TRELER, A2Q08VEAFOREREA L TY
BULENDH D,

IHHDEIZE L, RIARD AT 5R{IEDERESEIC L 5 LB, N3y 2
PR, BEEREZAAEDbE Y AT LIV T, RIARD Z L F THEHRE, BHAE
BUSHOFEEZ#HIZ, BEFE2BI ko7,

[ EH+~<&3FH]
BIRESHEIZLY, BIXF 200VWMOXBEHOME LT EREEZALTW5S,
IS4 28y ZBRENI OV T, 40020 EOMOXEREME A, 150007 LL_E OMOXEE
Yo nihEEREFL T b,
SBOH B NTHETROREDIZOWT d ., BT HETFIRETO/NA 23y 7 BRREEET
DOVITAGTEISF, BBLEWEIEZ AL Tw5,

[F 2 E 2]

Q EBRFIENIIEILEMWENE B bR sd, —F., REBEORHEXZIT
BAZIIFERD ) A7 BBV DTIE v ?

A BUERESETIIRERIREI V37 N ThE D, B FhEik s OdFEr
HWATEETH Y, #XIEMEIC R SR, CREODIFRERHOE X F, )

Q ERBEYA 7 MIionwTIREIELDZL?

A SEBHEEESEIIOVTHEBRLALTRERT2ITo7, LrL, HHRET
FHINTWAEBRIEHBEOIEI ST EEFLETHENISZNEEZ TN,
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Table 1 RIARIZBI} & FHHM o6 i

Oxide Fuel Production and Reprocessing by

Pyrochemical methods in RIAR

rm?y}:)e of }Amount| Production pe- Reactor
fuel kg riod, year

PYROCHEMICAL PRODUCTION

uo, 1650 1976 - 1997 BOR-GO

739 1983, 1993 BN-350
120 1988 BN-600
333 1988 - 1989 RBT-10
PuG, 100 1980 - 1982 BOR-60
UPu0, 875 1983 - 1992 BOR-60
75 1984 BN-350
370 1987, 1990 BN-600
277 198¢ - 1992 BFS
FYROELECTROCHEMICAL REPROCESSING
Typeof | Burn- [ Weight,| Year Reactor
fuel up kg
uo, 1% i 1968 VK-50
U0, 7.7% 2.5 [1972-73| BOR-60
UPuQ, 4.7% 4.1 -1 1991 BN-350

MANUFACTURE OF FUEL PINS
~_WITH VIBROPACKED OXIDE FUEL

Kind of fuel Reactor | Amount | Amount of
of FAs, fuel pins,

numbers | numbers
“ UPuO, (p.g.) BOR-60 426 15762

UPuO, (w.g) | BN-350 | . 2 254

| UO,(reg) BN-350 7 889
U0, (reg) | BN-600 | 6 762
I UPuO,(wg) | BN-600 6 762
I UPwO,(p.g) BN-660 4 508
FUPuO we.pg) | BFS 3 1016

U0, (reg) | BOR-60 | 235 8695

p-g. - power grade Pu; w.g. - Weapon grade Pu;
€g. - enriched U after reprocessing

Demonstration of MOX fuel pyrochemical
reprocessing on seme FAs of the FBR

Development, modeling, test and design of new devices for Industrial reprocessing of spent LWR (and FBR) fuel

Develapment and tests of methods for pyrachemical HLW
preparation for final disposal

Coneeptual studies for industrialization of pyrochemical
reprocessing and vibropacking refabrication of fuel

PEn mm m o B W R W omm e
Demonstartion works on minor-actinides burning fuel cycle and in-pile studics

W BB Dl B o D En mR G O
Reprocessed fuel recycle to the BOR-60 and other reactors

Demonstration of the military origin Pu conversion and MOX fuet irradintion in NPPs

Development, reactor tests, industrial and safety analysis for vibropacked fuel application for LWR-MOX

Vibropack fuel pins in emergence conditions demonstration (for LWR and FBR)

Fig.3 RIARIZBIT 25 ROMEY 1 7 L EER&EDD KM
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H-3(4)
PYROELECTROCHEMICAL REPROCESSING OF IRRADIATED FBR MOX

FUEL.IIL EXPERIMENT ON HIGH BURNUP FUEL OF THE BOR-60
REACTOR

A. V. BYCHKOV (RIAR), et. al.

[#E22]

20at% % HB X 5 X b TEWIRIEE F Tosip clRE L MOXRHE 2 FvwT, Bk
WEREEEIC L A FHUEREREE T 7

SERIC At L7-#KEHE ., BOR-60T21at%, K& U24at% F TG L 7231 23y 7 BETH
2o ERIIIRIICOT SN, BIBRFE TIRRABREGORE L FOIZITV, BT
F& L THRBOFRLEEE, 550 RZFOBROMEHIKKOF = v 7 217 o 72, H3K
I E S B SR EEY OGS Tbh, T2, ETOFEIL, BEMER
A Z STz,

Ll BENEABRELOBEER L1 E LAT ) R, MASTIIAE O LB ER
(DOVITA) F0RBE* EDLETH TH 5,

[FH§+~&FHH]
95.55%DPudSFERCRO B & L TRIILE A, 0.36%DPudBEMRIZHTH L Tz,
(Fig.3 /% UFTable 1)
KEBFONpIEEBICAE L vo2PFicgTh T,
KESDAMIT Y ABE L UTHE LTE Y . —#BIZU0,Pu0, & 4T L T/,

(2 EEIEE]

Q HEtWd SERL~OERILIZ & DRRED ?

A BHETHD,

Q EBREEEREOBBEEIZ? /2. S~y MNEBOBEE LI »?

A NARY IBETHLROESTHY ., HEEOWMEIZRAY v bE2ANRSIZTT
HHICRETES, <Ly MEOBAETH, UONEIL (—U0) PHEEDK
Fpick oL T b,

Q KEOUOMHZMETAHEIEDL ) L THA X107

A KEXIFER2mM. £T 3 v 2 ALHRY IR, PuO, 3 EMEILEWEIES,
R4 YI 774 MIREREOFH, FIEHIES.
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Element Fraction of total, %

100
80
60

Table | #LFR L 7800003 2 458

Characteristic Enitial
Fuel

Mass, g 3258 489

504

iContents:

{ U, mass % 54.6 84,7 1.7 86.6 | <0.001 | <0.001
| Pu,mass % 12.6 0.3 77.4 0.3 | <0.001 | <0.001 }
Np, mass % 0.54** | 20 [7.7¢°10%] 033 [s5.7*107 0
Am, mass % 047 126*10~°| 0.54 [3.5+107] 25 |1.5%10°
Cm,mass % | 1.8*10%{1.3*10°| o 1.5%107 [ 114107 1 5.7¢10"

Activity of FPs:

Ru(Rh)-106, Ci/g | 0.14 1.1 0.13 [2.2°10%]9.5*107 ] 5.5*107
Sb-125,Cifg [ 1.3*107 | 9.8%10” [ 2.1*167 | 9.5*10° [ 6.2¢107 | 3.0°10°7
Cs-137,Cilg | 1.0*107 [ 112107} 2.0°107 [ 8.0*107 [ 4.6*107 | 5.6* 107

Ce(Pr)-144,Cifg | 021 15.3*10°15.3*10°71.9*10°] 26 |6.6°107

Eu-154,Ci/g _ 13.0*107 } 7.9%107 | 5.8*10° | 1.4*10° [ 2.4*107 [ 1.7*10%}

** Np was specially added to initial spent fuel
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