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Abstract

As a part of tandem fuel cycle feasibility study, the residual U and Pu nuclide contents of
PWR spent fuels are computed using ORIGEN2 code for each Korea Nuclear Unit and batch
to investigate the potential of utilizing them as CANDU fuels. The annual and accumulated
discharged amounts of U and Pu nuclides are computed for the PWRs from KNU 1 through
KNU 10.

The results of computation show that the spent fuels having 0.7-0.8 w/o U-235 are
dominant and considerable amounts of fissite Pu are produced. The enrichment of U-235 is
less than the expected 0.8-0.9 w/o U-235 since the burnups offered by KEPCO are higher
than those of other PWRs.
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Table 1. Nuclear Design Data of Each KNU.

1 2 5&6 7&8 9&10

Rod array 14%14 16%16 17 %17 17%17 17%17
No. of ass./core 121 121 157 157 157
Ass. design STD OFA STD STD OFA OFA STD

parameters
Total weight %1 577.88 514.82 59420 665.42 61598 61598 664.52
Uranium weight 400.27 356.80 41064 46149 423.02 423.02 461.47
Zr-4 weight %2 91.04 9970 9857 11048 11671 116.71 11045

4.98

Inconel 718 3.287 1.763 498 4328 0578 0578 5146
weight *3
5$5-304 weight *4 3276 171 0.615 295 0.19 0.19 423
* 1: weight-Kg
*2: Includes Zircaloy control rod guide thimble.

*3: Includes top and bottom grid.

*4:
bottom nozzles and plenum spring.

1. Introduction

Korea has been very prodigal with its uranium
by employing the once-through uranium fuel cy-
cle. As the nuclear power generation becomes the
major source of energy supply, Korea starts look-
ing into the optional utilization of uranium re-
sources. Korea imports all of its uranium required.
Furthermore, the present capacity of on-site spent
fuel storage will be exhausted by the end of
1980’s for the case of KNU 1 and after the middle
of 1990's for the other units in Korea.! Hence, the
optimization of nuclear fuel cycle should be close-
ly scrutinized for efficient utilization of uranium as
well as energy self-reliance.

PWR spent fuels contain 0.8-0.9 w/o U-235
and 0.6 w/o fissile Pu which may be efficiently
used. The fissile content of PWR spent fuel is
higher than that of the CANDU fresh fuel. Since
Korea has both PWRs and CANDU reactor, the
tandem fuel cycle becomes very attractive, in
which PWR discharge fuels are utilized in tandem
with CANDU charge fuels.?> For the study of the
tandem fuel cycle feasibility, it is necessary to

calculate the amounts of uranium and plutonium

Distributed throughout the PWR core in sleeves and so forth. But not includes top,

nuclides in PWR spent fuels.
2. Caculational Method

In this study, as a part of tandem fuel cycle
feasibility study, the contents of uranium and plu-
tonium nuclides in PWR discharged fuels are com-
puted batch by batch for each Korea Nuclear Unit
using ORIGEN2 computer code®**® to investigate
the potential of utilizing them as CANDU charge
fuels. ORIGEN2 is a versatile point depletion and
decay computer code for use in simulating nuclear
fuel cycle and calculating the nuclide compositions
of materials contained therein. The general func-
tion of ORIGENZ is to determine the buildup and
depletion of nuclides in matefials during irradia-
tion and decay. The nuclides contained in the
ORIGEN2 data bases have been divided into
three segments: 130 actinides, 850 fission pro-
ducts, and 720 activation products (a total of 1700
nuclides). Therefore, ORIGENZ2 code is suitable
for the study to calculate the PWR spent fuel com-
position. Korea will have nine operable nuclear
power plants by 1989. Among them, KNU 3 is a
CANDU reactor and the rests are PWRs. In this
study, we considered only the PWR spent fuels



Estimation of Discharged Amounts of U and Pu Nuclides...C.-J. Lim and C.-S. Kang

Table 2. The Assumptions and Parameters Used for
Computation.

Item Unit Data
Fuel Assembly KNU1  Cycle 1-Cycle 7:SEA
Cycle 8-EOL :OFA
KNU 2 All Cycles: SFA
KNU 5 & 6 Cycle 1:.SFA
Cycle 2-EOL :OFA
KNU 7 & 8  All Cycle:OFA

KNU 9 & 10 All Cycle:SFA

produced by KNU 1 through KNU 10. KNU 11 &
12 which are on order at present are excluded.
The composition of spent fuels discharged from a
reactor depends upon fuel design parameters such
as burnup, burnup day, and enrichment. The fuel
loading patterns in each Unit are provided by
Korea Electric Power Corporation and other nuc-
lear design data are obtained from Nuclear Design
Reports and given in Table 1.5 We assumed that
the life time of nuclear power plants is 30 year
and the capacity factor is 80 percent. All together,
the assumptions and parameters used for this
study are summarized in Table 2. Based upon the
above assumptions, the annual and accumulated
discharged amounts of uranium and plutonium
nuclides are computed for the PWRs from KNU 1
through KNU 10.
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3. Results and discussions

The results of this study are summarized in
Table 3 through 5 as follows:

Table 3 The Annual and the Accumulated dis-
charged Amounts of Uranium and Plu-
tonium Nuclides in PWRs Spent Fuels
in Korea,

Table 4 The Annual and the Accumulated Dis-
charged Amounts of Uranium with Re-
spect to U-235 Content,

Table 5 Discharge Bumups and Uranium Con-
tents in Resh and Spent Fuels for
KNUs in Equilibrium Cyle.

Based upon the above results of study, the follow-
ing summary can be drawnup:

1. As shown in Table 3, radioactive decays of
uranium nuclides are neglected due to their long
half-lives. However, the radioactive decay of
Pu-241, whose half-life is 13.2 years, is taken into
account. The amount of Pu-238 slightly increases
for a few years after discharge due to decay of
163-day Cm-242 and (n, 7 ) production of
Np-237 which is decayed from U-237, but even-
tually decreases with a half-life of 86 years.
Pu-239 can be also produced by decay of

Table 3. The Annual and the Accumulated Discharged Amounts of U and PU and PWRs Spent Fuels in

KOREA
Annual Production Accumulated Amount

Uranum  Pu230  Puzar  Lesle Tolal i Pu239  puzqy  [islle Total
Year Pu Pu Pu Pu

(MTU) (Ka) (Kg) (Kg) (Kg)  (MTU) (Kg) (Kg) {Ka) {Kg)
1980 19.74 97.33 2199 11932 167.95 2756 132.29 2751 15980 221.05
1985 2928 147.70 3448 182.18 25849 13384 66471 134.61 79932 1154.84
1990 15550 79290 19549 98840 1433.61 69635 347829 71344 4191.73 6088.51
1995 155.62 822.01 21892 1040.92 1553.31 1471.01 7562.05 1523.78 9085.83 13776.43
2000 155.64 821.63 217.62 1039.22 1548.80 224596 11652.67 2153.83 13806.50 21501.32
2005 155.64 821.63 217.62 1039.22 1548.80 3024.16 15760.82 2638.80 18399.62 29245.32
2010 14274 75247 19893 951.38 1417.63 3805.04 19874.12 3003.32 22877.44 36971.27
2015 171.74 873.73 213.12 1086.81 1588.27 4565.95 23826.09 3224.41 27050.51 44311.38

70.27 5495 365.09 494.61

5037.34 26079.32
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Table 4. The Annual and the Accumulated Discharged Amounts of
Uranium with Respect to U-235 Content

Year Annual Production
*x1 *2 *3 *4 *5 *6 x7 *8
1980 35 00 0.0 0.0 00 155 0.0 0.8
1985 16 00 0.0 0.0 00 277 0.0 0.0
1990 471 0.0 429 299 00 235 122 0.0
1995 690 00 0.0 10.6 639 0.0 122 0.0
2000 50.1 0.0 0.0 484 45.0 0.0 122 0.0
2005 501 0.0 0.0 48 4 450 00 122 0.0
2010 478 0.0 0.0 37.8 450 0.0 122 0.0
2015 479 00 0.0 378 45.0 0.0 00 411
2019 04 00 0.0 0.0 225 0.0 04 469
Year Accumulated Amount
*1 * 2 *3 *4 *5 *6 *7 *8

1980 35 00 0.0 0.0 00 155 6.6 2.0
1985 74 00 0.0 0.0 163 1026 6.6 2.0
1990 1836 454 631 299 1083 1945 67.0 4.6
1995 5100 454 1221 1473 2396 2741 1278 4.6
2000 833.0 454 1221 2947 4833 2741 1887 4.6
2005 10835 454 12211 5366 7082 2741 2495 4.6
2010 13336 454 1221 7575 9330 2741 3104 30.7
2015 15725 454 1221 9467 1157.8 2741 3469 1022
2019 1606.4 454 1221 10075 13151 2741 347.7 3225

*1 -0.711 w/os

*2 0.711-0.73 w/os
*3 0.73-0.75 w/os
x4 0.75-0.78 w/os
*5 0.78-0.80 w/os
*6 0.80-0.90 w/os
*7 0.90-1.00 w/os
*8 1.00 w/o -s

Table 5. Discharge Burnups and U Content in Fresh
and Spent Fuels for KNUs (Equilibrium

Cycle)

Unit Burnup Charge Discharge
Number (MWD/MTU) (w/o) (w/0)

1 35121 3.30 0.7588

2 33343 3.45 0.9052
5&6 36809 3.32 0.7039
7 &8 36922 3.45 0.7566
9 & 10 33820 3.25 0.7870

Cm-243. However, the amounts of Pu-238 and
Cm-243 are too small to be neglected. Hence, it

is observed that there are no change in the total

amount of the plutonium except Pu-241 decay.
The loss of Pu-241 due to radioactive decay
could be reduced if it is early utilization in a reac-
tor as a form of MOX fuel is implemented. Also,
the content of fissile Pu is approximately 0.6 w/o,
which is very significant. Furthermore, the annual
discharged amounts of fissile Pu will reach 1.0
tons in 1990 and will increase thereafter.

2. Table 3 shows that the major portion of dis-
charged fuels has the enrichment of 0.7-0.8 w/o
U-235, which is slightly lower than the expected
value of 0.8-0.9 w/o. It is because the discharge
burnups are higher than the generally referred
burnup of 33,000 MWD/MTU. The discharged
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fuels which have lower than the enrichment of
0.711 w/o U-235 are produced in abundance,
because the enrichment of the discharged fuel
from equilibrium cycle of KNU 5 & 6 is 0.704 w/o
U-235 and that of the discharged from initial core
of KNU 7 & 8 is less than 0.711 w/o.

4. Conclusions

The annual discharged amounts of uranium and
plutonium will reach 150 and 1.5 tons after 1990,
respectively. therefore, the optimization of nuclear
fuel cycle should be required. When the tandem
fuel cycle is utilized, only the fissile uranium and
plutonium in spent fuel produced from domestic
PWRs will be enough for a MOX fuel. Especially
since plutonium is high value, its better utilization
should be also researched. In this study, KNU 11
and 12 are excluded. Since KNU 11 and 12 will
start its commercial operation in 1995 and 1996,
respectively, the amounts of fissile materials

through spent fuels will increase after 1998.
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