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Abstract

The neutronic feasibility of typical Korean three-loop 900MWe class PWR core loaded with mix-
ed oxide fuels for both annual and 18-month cycle strategies has been investigated as a means for

spent fuel management. For this study, a method of determining equivalent plutonium content was

developed under the equivalence concept which gives the same cycle length as uranium fuel. Opti-

mal plutonium zoning within the MOX assembly was also designed with the aim of minimizing the

peak rod power. Conceptual core designs have been developed for equilibrium cycle with the fol-
lowing variations: annual and 18-month cycle, 1/3 and full MOX loading schemes, and typical and
high moderation lattice. The analysis of key core physics parameters shows that in all cases con-

sidered satisfactory core designs seem to be feasible, though addition of control rod system and

change in Technical Specification for soluble boron concentration are required for full MOX loading

in order to meet the current design requirements.

1. Introduction

Although the recycling of the plutonium from spen-

t fuel has led to the political debate, many countries
such as Germany{1-4], France[5-10}, Belgium[7],
and Japan[11-12] have continuously developed and
matured the technologies to recycle the plutonium in
thermal reactors. Since the introduction in 1960s,
more than seven PWRs have been loaded with mix-
ed-oxide fuel in Germany. As of 1986 in France, a
generic safety analysis report was issued, and use of
MOX up to 30 % in a reload of three batch loading
strategy was demonstrated. At present, a total of six-
teen reactors in France have been already licensed to
use MOX fuel and twelve additional reactors are tec-
hnically designed to receive MOX fuel. Belgium has
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utilized MOX fuel in BR3 reactor since 1963. MOX
demonstration in Japan was started in 1986 at Tsur-
uga-1 for BWR and in 1988 at Mihama-1 for PWR.
The Atomic Energy Commission of Japan decided
that Japan would promote systematic utilization of MOX
fuel in light water reactors. As seen in the above stat-
ements, MOX fuel has been irradiated in many
LWRs in foreign countries and considered as a prac-
tical method for recycling of spent fuel.

Nuclear generated electricity plays vital role in Kor-
ea by accounting for nearly 40% of total electric pow-
er generation in recent years, and this trend is expec-
ted to continue in the years to come. The continu-
ous expansion and development of nuclear power
program increases the cumulative amount of spent
fuels discharged from reactor cores. The quantities of
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heaw metal in spent fuels unloaded from a PWR
{900MWe) and a PHWR(700MWe) are estimated to
be about 20 and 90 tonnes annually, respectively.
Following the nuclear power development plan, the
operating nuclear units will result in an accumulation
of approximately 8,000 tHM of spent nuclear fuels in
Korea by the year 2006. This amount of spent nu-
clear fuel contains about 50 tonnes of plutonium
which represent significant amount of semi-domestic
energy resource, and thus cannot simply be ignored.
Recycling of spent fuels can provide Korea with
many attractive benefits ; it will help to mitigate stor-
age need of spent fuel, and contribute to the recycl-
ing of resources and the protection of natural en-
vironment through the reduction of radioactive was-
tes. Taking into account the very specific situation of
Korea, two types of recycling could be considered in
Korea : recycling of spent fuels into PWRs and
PHWRs. The technology development of the Direct
Use of spent PWR fuel In CANDU (DUPIC) has
been under progress for some years.

Since the commercial use of MOX in LWRs is
already taking place routinely in several European
countries, it can be implemented without significant
R&D effort on our part Accordingly various PWR
core designs loaded with MOX fuels have been eval-
uated in view of neutronic feasibility and recycled
fuel consumption as a means of spent fuel manage-
ment. For this study a 3-loop 900 MWe class PWR
serves as the reference plant for developing equilib-
rium core designs. It was assumed that existing
PWRs and fuel assemblies are used for the design of
1/3- and fully-loaded MOX cores, and system and
design modifications are limited to within practical
engineering constraints so that they can be readily

implemented. Since recent operating strategy for Kor-

ean PWRs adopts 18-month cycle, both annual and
18-month cycle schemes are covered in conjunction
with low-leakage fuel loadings. The increasing plu-
tonium inventories including separated civil plu-
tonium and weapon-originated plutonium call for ef-
fective means of plutonium management, and conse-

quently the focus of recent studies on the plutonium
recycling is shifted to the capability and special de-
sign features of fully-loaded MOX cores.[13,14] Thus
fullyloaded MOX core capability has been also eval-
uated in terms of recycled fuel consumption and
neutronic feasibility. Additionally investigated is the
effect of high moderation fuel latticel15] on the
fully-loaded MOX core design.

2. MOX Fuel Assembly Design

The variation of cross-sections of plutonium isot-
opes with energy is more complex than those of
uranium isotopes. The absorption cross sections of
main fissile plutonium isotopes are about two times
larger than those of U in thermal neutron spec-
trum which result in smaller reactivity worths of con-
trol rod, soluble boron and xenon in MOX fuel. In
the neutron energy range of 0.3eV to 1.5eV, the lar-
ge resonance absorption cross-sections of plutonium
isotopes characterize the nuclear behavior of MOX
The neutron-gamma reactions of plutonium isotopes
by which higher plutonium isotopes are produced
make much flatter variation of reactivity with burnup
for MOX than for uranium fuel. Because of flatter
variation of reactivity and larger absorption, a met-
hod has to be developed to determine the equivalent
plutonium content and optimal zoning for MOX as-
sembly design.

2.1. Determination of the Equivalent Plutonium
Content

Due to slower decrease of reactivity with bumup
for MOX fuel, it is necessary to determine the plu-
tonium content of MOX fuel reactively equivalent to
the UO: fuel. The concept of equivalence adopted in
our study states that both fuels should provide the
same cycle length for equilibrium cores.

According to the linear reactivity model, equilib-
rium cycle length of the core loaded with the con-
stant enriched fuel is given by{16]
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where

X
¢° = initial reactivity of feed fuel,

A = rate of reactivity change per unit of burnup,

equilibrium cycle length,

n = number of regions in the core.

Under the condition of same number of regions for
both the UO2 and MOX fuels, we derive the follow-
ing simple equivalence relation to give the same
equilibrium cycle length for UO2 and MOX cores ;
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where

plo, and pyox = initial reactivities of uranium and

MOX fuel,
Ay, and Awox = rates of reactivity change per unit
burnup of uranium and MOX fuel.
,0302 Pgnx
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zero reactivity. Therefore the MOX fuel equivalent to
UQ2 fuel is simply the one that shows the reactivity
0

Puo,

) in Eq.(2) means the fuel burmup at

curve crossing the point (0, A ) in the reactivity-bur-
2

Table 1. Estimation of Equivalent Plutonium Contents

nup coordinates. The equivalent plutonium content
of MOX fuel was estimated by this graphic method
and cormrected by multicycle scoping results with
FLOSA code[17]). The equivalent plutonium contents
of MOX fuels to uranium oxide fuels are listed in T-
able 1. It was estimated that 3.1 w/o of plutonium fis-
sile contents with natural uranium as carrier and 4.0
w/o of plutonium fissile with depleted uranium as
carrier are equivalent to 3.5 w/o and 4.0 w/o uran-
ium fuel, respectively. The usefulness of graphic met-
hod and multi-cycle scoping analysis is shown in
Table 2 which compares to SIEMENS' equivalent
plutonium content of MOX with the same plutonium
composition and carrier as those in this paper.

The equivalent plutonium contents listed in Table

Table 2. Comparison of the Equivalent Plutonium Con-
tents

Equivalent Plutonium Contents
35 Enrichment of

{Pu-fissile w/o)
Uranium Fuel -~ Rl Predicted  SIEMENS
32 286 283
34 3.02 3,07
35 3.10 307°
40 3.50 3.70

a) SIEMENS uses same plutonium content for both MOX
fuels equivalent to 3.4 and 3.5 w/o of U enriched UO:
fuel.

Equivalent Plutonium Contents{ Pu-issile w/o)

55U w/o Graphic Method Estimated
FLOSA with Nat. Uranium with Depl. Uranium with Nat. Uranium with Depl. Uranium
(with Nat. Uranium) {0.711w/o of ®*U) (0.225w/o of Z°U) (0.711w/o of ®U) {0.225w/0 of *U)
33 2933
34 3032
35 3.130{4 4total} 29942 total} 3.39(4.76 total) 31 35
36 3225
37 3317
39 3493
40 3576(5.022total) 342(48 total) 3.90(5.48 total) 35 40
41 3.658
43 3815
45 3.965(5.57total) 3.92(55 total) 441(6.2 total) 40 45
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Table 3. Equivalent Reactivity Factor of Each Plu-
tonium Isotope

Plutonium Isotope Equivalent Reactivity Factor

Py 100%
#0py -7%
#ipy 115%
#2py 105%

1 were determined for the composition of plutonium
isotopes : *Pu, **Pu, 2Py, *'Pu and **Pu are 1.8,
590, 23.0, 12.2 and 4.0 w/o, respectively. Since the
real plutonium composition used in MOX fabrication
stage can be different from the assumed value, the fi-
nal plutonium content will have to be adjusted ac-
cording to the following formula;
Za; - Pu;

T=>a P T @

where T and T’ are the reference and the adjusted
contents of plutonium in MOX fuel, o is the equiv-

alent reactivity factor of each plutonium isotope whic-

h are listed in Table 3, and Pu; and Pu;” are the plu-
tonium isotope vectors of reference MOX and to be
designed.

2.2. Optimal Zoning in MOX Fuel Assembly

When MOX fuel assemblies are intermixed with
uranium fuels in the core, the peripheral rods in

MOX fuel assembly experience steep gradient of ther-

mal neutron flux leading to higher production of
power than the interior rods because they are strong-
ly affected by the incoming thermal neutron stream
from the adjacent UO: fuel assembly. Therefore
MOX fuel assembly design requires enrichment zon-
ing over the fuel assembly in order to minimize the
peak rod power in the outer region. Fig.1 and Fig.2
show the optimal zoning in the MOX fuel assemblies
with three different plutonium concentrations.

In the case of fullyloaded MOX core, however,
enrichment zoning is not needed any more, thereby
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Fig. 1. Zoning and Power Distribution of MOX As-
sembly Equivalent to 3.5 w/o UO:

eliminating manufacturing complexity. The rodwise
power distribution within the assembly in a fully-load-
ed MOX core is rather flat as shown in Fig.3. But the
powers of neighboring rods to guide thimbles tend to
be high, which still suggests the benefit of zoning
around guide thimbles in certain core configurations
to control peak rod power.

Low-eakage loading requires to employ burnable
poisons in some fresh MOX fuels so that excess core
reactivity and peak pin power can be controlled. Gad-
olinia rod with 9 w/o Gd content was used as burn-
able poison in this study. As shown in Fig4, it was
found that the reactivity holddown was reduced by
half, but burnout time is extended twofold, compared
to uranium fuel assembly containing the same gad-
olinia rods, due to hardened spectrum. Lower reac-
tivity worth together with extended burnout time of
gadolinia rod in MOX fuel suggests more investi-
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Fig. 2. Zoning and Power Distribution of MOX As-
sembly Equivalent to 4.0 w/o UO:
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Fig. 3. Rodwise Power Distribution in a MOX Fuel As-
sembly for Full MOX Core
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Fig. 4. Gadolinia Worth in MOX and UQ: Fuel

gation to optimize burnable poison design.
3. Nuclear Analysis of MOX Cores
3.1. Fuel Management

Three types of conceptual core designs have been
developed from transition to equilibrium cycles for a
3-loop PWR with 900 MWe capacity :

1) 1/3-loaded MOX cores for annual and 18-month

cycles

2) fullyloaded MOX cores for annual and 18month

cycles

3) fullyloaded MOX core with high moderation

lattice for 18-month cycle.

The fuel cycle characteristics for MOX and UO:
cores are summarized in Table 4. The fuel loading
strategy for annual fuel cycle assumed that each
48-fuel assembly feed batch consists of 16 MOX as-
semblies with 3.1w/o fissile plutonium content and
32 UO: fuel assemblies with 3.5w/o enriched #*U.
For 18-month fuel cycle it was assumed that each
64-fuel assembly feed batch consists of 20 MOX as-
semblies with 4.0w/o fissile plutonium content and
44 UO: fuel assemblies with 4.0w/o enriched %°U.

Loading patterns of equilibrium 1/3-loaded MOX
cores for annual and 18-month cycles are shown in
Fig.5. Low-leakage loading scheme made some fresh
MOX and UQO: fuel assemblies take inboard loca-
tions. The cycle lengths of annual and 18-month
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Fig. 5. Loading Patterns for 1/3-Loaded MOX Equilib-
rium Cores

1/3-loaded MOX cores are 120 and 1653
MWD/MtM which are very close to those of UOz cor-
es, 1222 and 16.60 MWD/MtM. This demonstrates
our method to determine the equivalent plutonium
content of MOX fuel.

Three batches of MOX fuels with 1.6, 2.4 and 4.0
w/o fissile plutonium with depleted uranium as mat-
rix material were assumed to be loaded in the initial
fully-loaded MOX core. For subsequent reload
cycles low-leakage fuel management scheme was ap-
plied with the feed of 4.0 w/o fissile plutonium fuel.

Fifty two and sixty four MOX fuel assemblies were rel

oaded for annual cycle and 18-month cycle respect-
ively. Loading patterns of equilibrium cores are show-
n in Fig6. The low-leakage loading strategy made
most of fresh fuel assemblies occupy inboard loca-
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Fig. 6. Loading Patterns for Fully-Loaded MOX Equilib-
rium Cores

tions in which some fresh MOX assemblies bear four
or eight gadolinia rods mainly to control excess core
reactivity. High moderation lattice case is intended to
see the effect of lattice change on fully-loaded MOX
core. The high moderation fuel lattice was construc-
ted in such a way to increase the moderation ratio
from 1.7 of reference MOX fuel assembly to 1.9 by
reducing rod diameter to the extent that it does not
bring about any engineering impact practically.

The fuel cycle characteristics for fully-loaded MOX
cores are also summarized in Table 4. The cycle len-
gths of annual and 18-month standard MOX cores
are 12.64 and 15.10 GWD/MtM, while high moder-
ation case shows better perfo;mance with the longer
cycle length of 17.0 GWD/MtM. In all cases the max-
imum assembly discharge burmup exceeds the cur-
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Table 4. MOX and UQ: Core Characteristics

High Mode-
. 1/3-Loaded FullyLoaded
Fuel Cycle Type UQ: Core rated Ful
MOX Core MOX Core MOX Core
Core Characteristics Annual 18 Month  Annual 18 Month  Annual 18 Month 18 Month
Number of Fuel Assemblies in a Core
MOX Fuel Assembly - - 52 56 157 157 157
UO: Fuel Assembly 157 157 105 101
Number of Fresh Fuel Assemblies
MOX Fuel without gadolinia 16 20 32 32 32
MOX Fuel vith 4 gadolinia 8 12 12
MOX Fuel with 8 gadolinia - - - - 12 20 20
UO: Fuel 48 64 32 4 52 &4 4
Fuel Assembly Specification
Fissile Plutonium Content in MOX (w/o) 31 40 40 40 40
U Enrichment in MOX (w/o) - - 0n 0.225 0225 0225 0225
U™ Enrichment in UQ: (w/o) 35 40 35 40
Cycle Length (MWD/MtM) 1222 1660 1200 1653 1264 1510 17.00
Fuel Burnup (MWD/MtM)
MOX Fuel Batch Bumup 3974 4553 33824 3697 4160
MOX Fuel Assembly Maximum Burnup - - 4165 4723 46,65 4642 51.00
UO: Fuel Batch Bumup 3759 4079 3545 3835
UO: Fuel Assembly Maximum Bumup 4365 5003 4125 4755

rent practice of MOX utilization. However, we expect
that further development of high bumup MOX fuel
will extend the allowable burnup limit well beyond
the present one in the next ten vears.

3.2 Nuclear Characteristics of MOX Cores

Some key core physics parameters of designed cor-
es are compared each other in Table 5. A major dif-
ference of MOX loaded core is the hardening of ther-
mal neutron spectrum in the core which alters vari-
ous core physics parameters, mainly reactivity-related
ones. Because of hardened spectrum the neutron
absorption capability of soluble boron, control rod
and xenon which are thermal neutron absorbers bec-
omes lower proportionally to the fraction of MOX

fuel. Thus the reactivity worths of soluble boron, con-
trol rod and xenon are accordingly reduced in MOX
loaded core. The consequence of smaller soluble bo-
ron worth in MOX cores is reflected in the high criti-
cal boron concentrations, which require modifications
in the boron handling systems for some MOX cores.
Moderator and isothermal temperature coefficients
are highly more negative in MOX cores than UQ:
core due to hardened spectrum with MOX fuel whic-
h increases the neutron leakage. Since the content of
%0py, isotope having large resonance absorption cross
section at around 1 eV is higher in MOX core than
in UO: core, MOX cores have more negative Dop-
pler coefficients.

Because of smaller control rod worths, the shut-
down margins of MOX cores at BOC and EOC for
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Table 5. Core Nuclear Characteristics of MOX and UO: Cores

Fuel Cycle 1/3-Loaded MOX Core FullyLoaded MOX Core
UOx Core Annual 18 Month  Annual 18 Month RCCA  High Moder-
Nuclear Parameter Cycle Cycle Cycle Cycle Addition  ated Lattice
Boron Concentration
Refueling CB, ARI(k<095) >2066 >2187 >2674 >3969 >4144 >3712 >3762
Shutdown(k =0.98) with ARIHZP 1313 971 1372 1506 1843 999 . 1808
Shutdown(k =098) with AROHZP 2374 2131 2564 3079 3392 - 3221
To control at HZP, ARO, (k=1.0) 2100 1819 2213 2531 2830 - 2720
To control at HZP, AR], (k =1.0) 1056 680 1010 992 1313 - 1336
To controf at HFP, ARO, (k=1.0)
0 GWD/MM, No Xenon 1907 1519 1908 1920 2234 - 2241
240 GWD/MM, Equilibrium Xenon 1541 1155 1520 1453 1754 . 1788
Moderator Temperature Coefficient
at HFP {pem/C)
BOC/EOC -10/-56 -—28/-58 —23/-60 —43/-67 -37/-67 -32/-64
Isothermal Temperature
Coefficient at HZP at BOC (pem/ ) 154 -1565 -1145 -2946 —2444 —2036
Doppler Temperature Coefficient
at near EOC (pem/C) -396 -404 -4.06 -414 ~417 -411
Boron Worth at HFP {pem/ppm)
BOC/EOC -72/~88 —65/-78 —57/-71 -36/-45 —35/-45 -39/-53
Xenon Worth {pem}
BOC/EOC 2721/2848 2519/2674 2338/2545 1816/2133 1813/2196 1879/2309

Total Control Rod Worth {pem)
BOC/EOC

Shutdown Margin {%Ap)
BOC/EQC

426285 344/265 347/263

8004/8350 7240/8170 7260/7690 5840/6250 5560/6100 8671/9783 5726/6374

181131 177114 402/342 209/153

annual and 18 months cycles are generally decreas-
ed. The required minimum shutdown margin is
1.77% Ap for UQO: core. This limit is still maintained
for 1/3-loaded MOX cases. However, the standard
fully-loaded MOX cores do not maintain the mini-
mum shutdown margin at EOC. The shutdown mar-

gins of high moderation lattice core are larger but stil-

1 do not meet the minimum shutdown margin of 1.
77 %Ap. The minimum shutdown margin require-

ment can be satisfied for standard fully-loaded MOX
cores by increasing the number of control rod cluster-
s from 48 to 68. This modification can be accom-
modated without any difficulty for present 900 MWe
PWRs in Korea,

The power distributions of MOX cores were not
significantly different from those of uranium cores.
The axial power distributions of MOX cores at HFP
at several burnup stages, however, are bottom skew-
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Table 6. Variation of Plutonium Inventory for Equilibrium Cycle (Kg)
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Full MOX Core Full MOX Core Full MOX Core
1/3 MOX Core for Annual Cycle for 18 Month Cycle with High Moderation
Pu Isotope Lattice
BOC EOC BOC EOC BOC EOC BOC EOC
Py 5886 560.6 17712 13624 18586 13872 1696.6 11749
opy 2765 3029 8880 8616 8907 864.6 8509 8142
Hpy 160.1 1831 5132 5300 5054 5255 4789 4849
#py 60.0 811 1872 2252 1808 2241 1799 2322
Fissile Pu 7487 7437 22844 18924 23640 19127 21755 1659.8
Total Pu 10852 11277 33596 2979.2 34355 30014 32063 27062
ed which resulted from more negative moderator
temperature coefficient. le
?ggg o8Ol
3.3. Evolution of Plutonium Inventory E 2’33 ne
200
[V}

Table 6 compares the change of plutonium inven- P P20 e hEe Rl T
tory at equilibrium cycle in 1/3- and fully-loaded a) Annual Cycle, Batch Size=52
MOX cores. The plutonium inventory of 1/3-loaded
MOX core increased slightly from 1085kg to 1128kg 1600
because plutonium production in uranium fuel offset ;:i% _—
in-situ burning, but those of fully-loaded MOX cores g 8o T
decreased significantly. The fact implies that the cur- =
rent strategy of plutonium recycling (1/3 MOX load- T J
ing) in PWRs has less merit in view of plutonium con
sumption. As shown in Table 6, the fully-loaded b) 18-Month Cycle, Batch Size=64
MOX core with high moderation lattice can be con- "o
sidered as the best plutonium consumer. _ 1%

Fig.7 shows plutonium inventory of reload batch %’g Eégl
before and after irradiation. Fissile and total plu- § pres
tonium quantities at discharge are significantly red- T
uced to 60 % and 70 % respectively of initial value P e M e M ™

for standard fully-loaded MOX cores. The reductions
are more pronounced to 52 % and 66 % in the
fully-loaded MOX core of high moderation lattice.
The plutonium quality was degraded to some extent
and remained nearly the same to about 60 % of fis-
sile for all cases. High moderation lattice case indic-
ates better performance, if not distinctive, in terms of
plutonium consumption. It is estimated that one ful-
ly-loaded MOX core with 900 MWe capacity dem-

c) High Moderation Lattice, Batch Size=64

Fig. 7. Plutonium Inventory Before and After Ir-
radiation

ands about 1 tonne of plutonium per year to be rel-
oaded. This amount of plutonium requests reproces-
sing of spent nuclear fuels discharged from five 900
MWe nuclear power plants operating with uranium
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fuels.
4. Safety Analysis for 1/3-Loaded MOX Core

Effective delayed neutron fraction and prompt
neutron life time for MOX core are generally shorter
than those of UO: core. These parameters strongly
affect core power ftransients occurred during very
short period like prompt critical. Safety analysis has
been performed for 1/3-loaded MOX core by using
TASS code[18] on the most serious reactivity induc-
ed transients such as control rod ejection, steamline
break accident and control rod withdrawal accident.

Control rod ejection analysis at zero power initial
conditions has shown acceptable consequences. The
lowered reactivity of ejected rod compensated the
adverse effect of the effective delayed neutron frac-

tion and prompt neutron lifetime. Fig8 shows the

average heat flux variation after steamline break acci-
dent. The reactivity insertion resulted from cool-down
in primary loop becomes greater in MOX core due
to more negative moderator temperature coefficient,
leading to the larger peak heat flux by 4% than UQ:
core. However, the power peaking factor of MOX
core at stuck rod configuration is reduced to 7.00
from 8.66 of UO: core due to the decreased control
rod worth. As a result, steamline break accident for
MOX core results in acceptable consequences.
RCCA withdrawal accident analysis has also dem-
onstrated no adverse consequences due to the red-
uced reactivity insertion by control rod withdrawal.
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Fig.8. Average Heat Flux Variation during Steamline
Break Accident
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5. Conclusions

The neutronic feasibility of typical Korean
three-loop 900MWe class PWR core loaded with mix-
ed oxide fuels for both annual and 18-month cycle
strategies has been investigated as a means for spent
fuel management. For this study, a. method of det-
emnining equivalent plutonium content was devel-
oped under the equivalence concept which gives the
same cycle length as uranium fuel. Optimal plu-
tonium zoning within the MOX assembly was also
designed with the aim of minimizing the peak rod
power.

Conceptual core designs have been developed for
equilibrium cycle with the following variations: annual
and 18-month cycle, 1/3 and full MOX loading
schemes, and typical and high moderation lattice.
The analysis of key core physics parameters shows
that in all cases considered satisfactory core designs
seem to be feasible, though addition of conirol rod
system and change in Technical Specification for sol-
uble boron concentration are required for full MOX
loading in order to meet the current design require-
ments. Safety analysis on the most serious reactivity
induced transients such as control rod éjection,
steamline break accident and control rod withdrawal
accident demonstrated acceptable consequences for
1/3-loaded MOX core. Therefore the 1/3 loading of
MOX scheme in comparison to full loading of MOX
is the most feasible and practical means in the near
future to reuse the spent fuel from PWR in Korea.

With full MOX loading strategy, fissile and total
plutonium quantities at discharge are significantly red-
uced to 60 % and 70 % respectively of initial value.
It is estimated that one fully-loaded MOX core dem-
ands about 1 tonne of plutonium per year to be rel-
oaded, equivalent to reprocessing of spent nuclear
fuels discharged from five nuclear reactors operating
with uranium fuels. Overall high moderation lattice
core shows advantage in plutonium consumption
and core nuclear characteristics, but further study on
optimizing lattice design shall be required in order to



Feasibility Study on the Utilization of Mixed Oxide Fuel in--« HK. Joo, et al 309

take full benefit of over-moderation. 9. Lewiner, “EdF gets set for Commercial Plu-

tonium Recycle in LWRs,” Muclear Engineering
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