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Abstract

The recycling of thorium fuel was reviewed in the view point of maximizing the utilization of fuel
resources as well as consuming the plutonium. The recycling option of thorium fuel adopted in this
study was refabrication instead of reprocessing. The addition of 2.5w/o plutonium content to recycled
spent thorium fuel can produce the same nuclear energy as the fresh thorium fuel containing 7.5w/o of

. 233
plutonium. Therefore reuse of

U in spent thorium fuel has an advantage in the sense of utilization
fuel resources, and still has the capability of plutonium consumption. The effect of the existence of
various nuclides, including the fission products, on the neutronic characteristics will be studied further.

A new option, which employs uranium as seed material in the recycling of spent thorium fuel, will

also be studied including the cost assessment.
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RRES 2 (Th+Pu)0, A A QIPu)O,
sl 7
= Azxr AxE Az
) 399.40 390.04 396.76
2y 0.00 5.74 5.83
B4y 0.00 0.50 0.51
2y 0.00 0.07 0.07
Boy 0.00 0.02 0.02
»py 0.58 0.59 0.79
9y 19.14 4.52 10.97
#opy 7.49 5.64 8.22
*py 3.99 3.79 5.18
#2py 1.32 2.20 2.67
*Am 0.00 0.29 0.30
*Am 0.00 0.01 0.01
*Am 0.00 0.44 0.44
Cm 0.00 0.23 0.23




ft
ol
e
re
i
N
o
2
i
rir
N
g
Y
‘O,
[
>,
lo
-
ox
rlo
H
=
lo
Ne)
()
(@)
<
b
[p]
N
0
o,
s
il
i
=Y
& R
fru

EAAA JALE-S sl Aty g dEAdu e WAAGS aEEtA] Bdth o] MFEAE =)
o) FF7) AR wt MjF:7|EZ 64 AAFI 2 wAHEE FPon, w4 A
AW BYL FAA AFE Mgl wet 23k

H2& B EFAAE =AM dds B ok et vk A9 EFY
A5 =AGAE Pud9 d#e 75w/0, U A 925w/ox= ThO,% AASATAE wj37] wioh
on, ZHIFANE &3laty] Al 12 F 20709] AAZHFA A= 470
= 89 7tEEUotES AMEsAth Aed EFYAEE dAhE7E oF 40GWD/tHMS AHE
F
o, o]& wF7] v e4¥ M2 ZAAEHG o] Aed EFIHAsde Aesd Uit

1.35w/0 ¥E3tE
3

(@)
N
=L

X
=
o
=
off
o
38

H

o

mlm
ol
o

EFHARNAMY 92 A FANELE 25w/09 AEEF ZFEF IA/tEHE AR

2

c

e}

Ao, TFEF dave A

S
u

M2 7t AS A fissileZ ¢
24S 93t JtEYotES AHE
At 9o EFFAday A+ EFYAsdA AriEe TREF 9259 2AHE Mgt
AFz AHgEgdse A¥AA 2AHA PPy, PPu, *Pu, *'Pu, *PPud] TANIIL 27 1.8

59.0, 23.0, 12.2, 402 7FF3I9tt. £33k 7tEgyolF o= Gd:0s7F 40w/o EgE o lor, 1}

o]
374w/o EFE0] Atk AEd EFAAME PR

!
Lo

~

HAE PUY B} 18w/odl U0, 2 314tk EFGAR g@AddAe Aguz E2ER
o FF2 gt AEe, B AT EFAAR =4 AA7} (ThePu)O, GAzTos 7
9t AL ARG e A5 e

%2 377 dAnve 29
Recycled
Fuel Cycle| (Th+Pu)O,

Core Characteristics Core (Thggr?oz
Number of FA in a Core 157 157
Number of Feed FA

- without Gadolinia 32 32

- with 4 Gadolinia 12 12

- with 8 Gadolinia 20 20
Pu-total Content in Fuel (w/0) 7.5 6.44
Pu-fissile Content in Fuel (w/0) 5.34 3.74
U-233 Content in Fuel (w/0) - 1.35
Equilibrium Cycle Length (EFPD) 401 398
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Recycled
Fuel Cycle Th+Pu)O,
Core Characteristics Y ( Core) (Thggr%)oz
Boron Concentration (ppm)
To control at HZP, ARO, (k=1.0)
To control at HZP, ARI, (k=1.0) 3259 3127
To control at HFP, ARO, (k=1.0) 1405 1315
0 EFPD, No Xenon
6 EFPD, Eq. Xenon %ggg %Sgi
Moderator Temperature Coefficient at HFP (pcm/°C)
BOC/ EOC -36.2/-67.2 -28.4/-62.8
Isothermal Temperature Coefficient at HZP
at BOC (pcm/°C) -13.6 -8.5
Fuel Temperature Coefficient at HFP (pcm/°C)
BOC/ EOC -3.74/-3.87 -3.69/-3.84
Boron Worth at HFP (pcm/ppm)
BOC/ EOC -3.05/-4.18 -3.05/-4.33
Total Control Rod Worth at HFP (pcm) 6618/7491 6424/6655
BOC/EOC
¢ 1/ > Ratio (Fast to Thermal Flux) 19.6/17.1/14.5 18.7/16.1/13.5
BOC/MOC/EOC
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(Th+Pu)O, Core Recycled (Th+Pu)O, Core
Ard AxF ArA  AxrF
238
Pu 36.76 31.97 49.87 54.83
py 1210.06  285.99 688.67  150.61
20py 473.69  356.42 518.87  306.88
Mass 2Ulp, 25232 240.04 32746 22631
(kg) 242py 83.07  139.06 169.08  219.85
total 2055.90  1053.48 1753.95  958.48
PuAtZg 48.8 454
fissile Y20 & (%) 71.2 49.9 57.9 39.3
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At wex] weEd HxE 23 AA Fd d1}<) fuel utilization factor (A A &1}
FAA7E F42 duit HED] s Aol AAEE FAASE), s 0025eVax FUzt
230002 *°Uel 2,077, *Pug] 2109, *'Pue] 2151 Rt} & g zt3 7] wjEo|th

TAE (HAAE ALT fertile P20 T2 F5e s WAG fissiled] FTALF)/(FAR
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%5. 7} HAFH fertile L fissile YA W3} (batch size = 64FA)

Mass(kg) (Th+Pu)O, Core Recycled (Th+Pu)O, Core
Isotope AxA ALS AxA AL
By 0.00 362.55 367.22 511.69
By 5.90 9.12 10.72 24.81
fissile Bpy 1210.06 285.99 688.67 150.61
2#ipy 25232 240.04 327.46 226.31
sum 1468.28 919.10 1394.07 913.42
BTh 25259.06 2466828 | 25095.04 2451547
By 321.55 312.74 321.49 312.91
fertile 20py 473.69 356.42 518.87 306.88
Ppy -Mpu | (+323.42) (+188.32)
sum 26377.72  25337.44 | 26123.72 25135.26
Integral Conversion Ratio 0.65 0.67
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