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Conceptual Study of the Future Nuclear Fuel Cycle System
for the Extended LWR Age

+ ++ +

Sachio FUJINE, Hideki TAKANO , Osamu SATO , Tatsuzo TONE
* *
Takashi YAMADA and Katsutoshi KUROSAWA

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

Tokai-mura, Naka-gun, Ibaraki-ken

(Received July 15, 1993)

A large scale integrated fuel cycle facility (IFCF) is assumed for
the future nuclear fuel cycle in the extended LWR age. Spent MOX fuels
are reprocessed mixed with UOX in a centralized reprocessing plant. The
reprocessing plant separates long-lived nuclides as well as Pu. Nitric
acid solutions of those products are fed directly to MOX fabrication
process which is incorporated with reprocessing. MOX pellets are made by
sphere-cal process.

Two process concepts are made as advanced reprocessing incorporated
with partitioning (ARP) which has the function of long-lived nuclides
recovery. One is a simplified Purex combined with partitioning. Extract-
able long-lived nuclides, 237Np and %%Tc, are assumed to be recovered in
main flow stream of the improved Purex process. The other process con-—
cept is made aiming at recovering all TRU nuclides in reprocessing to

meet with TRU recycle requirement in the long future.

This report was prepared by Sachio Fujine, Hideki Takano, Osamu Sato and
Tatsuo Tone who had been the members of Advanced LWR Technology Develop-
ment Program Team till 31 March 1993.

+ Department of Reactor Engineering

++ Department of High Temperature Engineering

* Mitsubishi Atomic Power Industries, Inc.
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A concept of the future fuel cycle system 1s made by combining inte-
grated fuel cycle facility and very high burnup LWRs (VHBR). The reactor
concept of VHBRs has been propesed to improve Pu recycle economy in the
future. Highly enriched MOX fuel are loaded in the full core of reactor
in order to increase reactivity for the burnup. Fuel cyecle indices such
as Pu isotopic composition change, spent fuel integration, nuclide trans-—
mutation effect are estimated by simulating the Pu recycling in the
system of VHBR and ARP. It is concluded that Pu enrichment of MOX fuel
can be kept less than 20% through multi-recycle. Reprocessing MOX fuels
with UOX shows a favorable effect for keeping Pu reactivity high enough
for VHBR. Integration of spent MOX fuel can be reduced by Pu recycle.

Transmutation of Np is feasible by containing Np into MOX fuel.

Keywords: Fuel Cycle, Pu Recycle, Reprocessing, Fuel Fabrication, MOX,

Safeguard, Transmutation, TRU
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#z21 73 ARRBOFRETFAl (Uranium Institute)

Country 1587 | 1988 | 1989 | 1990 | 1595 | 2000 | 2005
PRODUCTION: actual production production capacities
Brazil 96 15 30 100 0 0 0
Australia 3781 3568 3710 3464 3464 4144 4144
Belgium 40 40 40 40 40 40 40
Canada 12451 (12420 {11337 |15985 [1377C |[13770 7670
France 3180 3450 3290 3460 2910 1460 1000
FR Germany 53 38 30 4] ¢ 0 0
Gabon BOO 930 B68 702 1500 1500 1500
Namibia 3542 3508 3075 4000 4000 4000 4000
Niger 3000 2965 2965 3500 3500 3500 3500
Portugal 141 144 145 150 150 150 150
South Africa 3949 3855 2948 4470 4470 4470 4470
Spain 223 229 228 216 212 212 212
UsA 4820 5072 5161 7122 7512 7512 £185
Total 36076 136234 |33827 143209 141528 [40758 |32871
PLANNED OPERATIONS
Brazil -- - - - 850 B850 850
Canada - -- - - 8535 8535 8535
Spain - - - - 638 638 638
Usa - —— - 230 1210 1210 1020
Total -= - - 230 |11233 |11233 |11043
POTENTIAL SUPPLY FROM OTHER SOURCES
China & USSR BOO 800 BOO 1300 3000 4000 4000
MOX fuel* 200 235 235 255 1356 1856 2523
REPU* * 508 508 508 1854 3487 4353 3686
Total 1508 1543 1543 3409 7843 110209 110208

* Uranium equivalent contained in fabricated MOX fuel.

** Uranium equivalent contained in reprocessing products after
deduction of that plutenium which has been incorporated

into MOX fuel;

few utilities if any outside France will
recycle reprocessed uranium in the foreseeable future.
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AmZ241
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Tc8s
Tc
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Ru
Eh
Mo
Pd
PTG
La
Ce
Pr
Nd
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Eu
Gd
LAG
Sr
Cs
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SFEERL

4 FiSH

4 HFSEH]

Spent Fuel Composition [Kg/MTHMV]
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U | 706.808615 514, 54517
Np-237 14. 85955 0.0
Np 14. 85855 0.0
Pu-238 16. 32345 0.0
Pu-239 105. 64738 0.0
Pu-240 70. 39841 0.0
Pu-241 31, 05591 0.0
Pu-242 30, 29227 0.0
Pu | 253.72203 0.0
Am-241 11, 58775 0.0
Am-243 7.53126 0.0
Am 19. 29538 0.0
Cm-242 0.0 0.0
Cm-244 4, 51598 0.0
Cm-245 0. 80073 0.0
Cm 5. 31711 0.0
Te-89 0.0 0.0
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#5. 1 EEEBEHAOE SRR O EE
(FEAP u#flel ; 33GWd,/t —PWR)

BER W (iVe) 1,000

REBYE (%) 33.7
HoH o (NFt/ ton) 48.52
R 42 (K¥d/ 1) 100,000
BEF R RERRN () 7
mHER (F) 40
SRfEF AR (%) 85
TR AT R (HOX) a5 U 42 (U02)
EEEE (M) 73.318 42.504
L9350 (ko 65. 248 42.504
5235 (b)) 0.47 0. 3057
£Pu Ch) 8.07
BARHEPL () 5. 483
T R (%) 0.72 0.72
NoMumERE (%) 8.09 0.72
HWFOETT R (HOX) MUY 422 (U02)
£ELRE (M) 10.474 6.072
75 (b)) 8,321 6. 072
5235 (b)) 0. 0671 0.0437
42Pu (Chv) 1.153
Mo Py (R ) 0. 780
v VIRMEE (%) 0.72 0.72
BOoREYMERE (%) 8. 091 0.72
WEFOHEE HR%EOH0Y) MUY 4% (U02)
2FELE (b)) g. 498 6.012
235w (b)) 8.803 5.937
7S5 235 (b 0.0196 0.025
2Pu Chi) 0.818 0.072
BAaRyPa () 0.262 0. 062
T IR (%) 0.223 0.421
BouumERBRE (%) 2.965 1. 447
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25 2 BRI P ut—= P LD & EMEINK

PWR®Z5 »FEDL

PWR « Put—=i 450001

PWR - Pu¥— 700

PEO#E OKF - S5 G/t 48 Cifd/t 55 GWd/L
o3 88 N 36,8 MM/t 38 W/t
F o6 & @ VIKTRASE 5.0 w/0™0 0.71 w/a? PUN. U.) 0.7¢ w/o? T N L)
Pul BILEE-5.1 % Pyl EBILEE ;6.0 %
EEWUR ¢ 1830 DNTU/E) VMO X 7,353 (¥THW/$E] | BERM O X8 ;6. 369 TH/E)
Dot HMEL « 17,26 QMTIM/£R] b HMEA 6095 DIMI/E] | RERHME @ 6,014 [MTIN/E)
T ke UTHA)
ZOFF oy ML AEY| B o (MILBJES] B OF OB O IRL%4ES
[} b4
U-234 0. 390 0. 1993 0, 1148 0.1533
235 S0(5%) 8.216 6.55(0. 718} 3,136 §,47(0. 115} 3.023
M5 236 8. 765 0.6783 0.6838
238 949. 8 915.4 815.8 895.1 . 903,35 8826
uasl 1000 930.6 §22.4 899. 0 910, 0 898.3
Py-238 0. 3574 2,083 7,232 2.560 2,833
239 5,834 41.91 14. 32 30. 492 15.02
240 2.771 18.17 15. 95 20, 463 17.91
Pu 241 k. 408 9. 065 7.443 9.213 8, 250
242 0, 8284 5. 468 6,471 5.846 7.102
Pudit tl. 20 76.7(7.6%) 48,43 88.58(8. 9% 3111
Np-237 0. 8755 0. 1727 0. 1785
No-& it 0. 8755 0. 1727 0.1785
An-241 0. 3565 0. 928 2. 506 1.417 2,909
TRU 243 0.2018 2. 185 2.197
An-E 3 0 .5593 4.720 5, 344
t
Ca-244 ; 0. 07170 ! 0, 8584 0.9316
tm-&1F 0.07740 0.9478 1,053
Tc-99 1.201 1. 104 1.259
Te-&3t 1. 201 1. 104 1. 259
AEHSHETP
[-129 0. 2847 0. 3283 0. 3751
I & 0. 3706 0. 4344 0. 4986
R 3,694 3,521 4,059
Rh 0.6311 1,000 1134
B&E Mo 5. 554 4,421 5. 062
P 2.351 3. 804 4,497
Bfmat 12.23 13. 24 15,19
la 2,022 1.635 1.870
o 3,048 3.071 2,498
Pr 1. 845 1.483 1. 657
Nd 5,732 5. 078 5. 798
Suy i A K]S 1183 1.243 1.423
Ly 0. 2533 0.3040 0.3513
Gd 0. 2379 0.2125 0, 2482
90 ¢ et 16. 23 13.03 14. 89
Sr 1.397 0. 6080 0. 6843
TOfF P s {.222 4.236 4,900
Z D bFP 20. 88 13. 68 17.87
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%53 SRV HB ROVERPLT 7 (Pudd ) FA4 70T 55 —2)

LOAD PU ABUNDANCE : QUPUTTED FROK PULYR 48,55 GYD/T
PU ENRICHUENT : 14,01 YEIGHT X

PU FISSILE ENRICHHENT : 8,52 TEIGHT X

LOAD PU YEIGHT : 19.2880 TON

LOAD PU FISSILE YEIGHT : B£.2572 TON
UNIT : KG/HTHK

HUCLIDE UOX-FUEL U02 FERTILE ROD
NAHE LOAD UNLOAD LOAD UNLOAD

161 6. 19107 2. 20022 4. 16756 2. 49151

[1[8]3] 0.0 0. 86596 0.0 0. 39525

Uo8 [%53.69873 810, 75464 574. 68994 563.48120
.U lss.3ases | 513.82080 | 578.85742. | 566.38880

NPT 0.0 0.30878 0.0 g.10¢12
_______ NP .00 | 001 | oo | oz

PUS 4, 05956 4, 35558 0.0 0.028186

PUg 64§. 53938 20.91113 0.0 5.62135

PUQ 37. 59089 27.33380 0.0 0. 80161

PUl 18. 67644 11.72383 0.0 0. 31597

PU2 12. 34371 17. 08037 0.0 0. 04509
IO REC I S 8140475 | . I 681419

AH 1 0.0 3.96320 0.9 0.11510

AMY 0.0 0. 05140 0.0 0.00041

M3 3.3 366641 0.0 0.00553
I L NSO N 788100 | 0.0l 0,12105

Ch2 0.0 0. 00087 0.0 0. 00000

CE4 g0 2. 05806 0.0 0. 00071

CHs 0.0 0.31104 0.0 0. 00005
G0 lpmen 4 0.0 L 000076
..... Lo O DO DO 2111 MY OO SO RN T 0

107 0.0 0.16942 0.0 0.00818

109 0.0 0. 56446 0.0 0. 03255

1 0.0 0.73388 0.0 0. 04073

=04 ﬂ%ﬁﬁ@VHBR®%1@Uﬁ47»ﬁb?—ﬁ(Pu®&Uﬁ47w¢57mx)

(C12%M0X(16.5%). UD2, 12T-REGIONS. CLEAN: T2 HI-BURNUP PU [SOT.

NUCLIDE HOX-FUEL 02 FERTILE RCD |
NAKE LDAD UNLOAD LOAD GNLOAD 1
uos B. 01093 2.35232 4. 16230 2.55270
U0 0.0 0.82069 0.0 0. 38666
uog §28. 85499 787. 80493 573.95142 562.92505
__________ U | 834.875%8 | 790.97803 [  $78.1i398 | 36588428
NPT 0.0 0
_________ Ne 0.0 ol f.s01se
Pl 6. 42265 3
PUg 71. 78706 25,
PYY 45.52783 33.
201 21.58080 13.
pU2 19.80814 23.
_________ PU__ | 165.]2448 | 101.89467
ANL 0.0 4.
AMY ¢.0 0
A3 .9 4
_________ ML 00 s ssed
Cuz 6.0 0.
CHd 0.0 2
Cus 0.0 0.
_________ o oo T
...... T 100d, :
107 0.0 0. 17021 0.0 0.00773
109 0.¢ 0. 56557 0.0 0.03110
1 0.0 | 0.73568 0.0 0.03383
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