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Abstract

In 1977, spent fuel storage capacity of Ko-Ri Unit 1 was raised to contain 4-2/3 core, by
reducing the center-to-center spacing between fuel assemblies from 53. 34cm to 36em. In this paper
the adequacy is discussed in detail by examining the previous design analysis report. According to
the analytic method presented by Core Performance Branch, study on credible abnormal moderator
density condition is performed by using KENO-IV for the redesigned spent fuel storage facility.

Result shows that 36cm for the center-to-center spacing between fuel assemblies is not enough
to keep the storage safe at water density of 0.1143g/cm3 which gives the maximum K¢ 0. 9958+
0.0048, which exceeds the CPB regulation limit 0.98.

From sensitivity study regarding to the center-to-center spacing, it should be maintained to space

greater than 43cm in order to meet the CPB requirements.
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1. Introduction

The capacity of spent fuel storage of Ko-Ri
Unit 1 was originally limited as 1-1/3 of core,
which was equivalent to the maximum number
of spent fuel assemblies unloaded from the first
core during the refueling cycle plus the fuel
assemblies contained in a full core load,? with
center-to-center spacing between fuel assemblies
of 53, 34cm.?

However American nuclear policy had been
changed not to allow reprocessing in other co-
untries, which resulted in necessities of long
term spent fuel storage. Thus expansion of ori-
ginal spent fuel storage facility was inevitable
for at least 10 years. So in Ko-Ri plant, new
facility was redesigned to store 4-2/3 of core,
that was equivalent to 562 fuel assemblies, by
reducing the center-to-center spacing between
fuel assemblies from 53.34cm to 36cm to utilize
the same space effecitively.

By the way, there are many points to be
reviewed for the spent fuel storage design. The
-design criteria are quoted from USNRC Standard
Review Plan® and Core Performance Branch.¥
“They suggest that center-to-center spacing bet-
ween fuel assemblies be sufficient to maintain
the array in a subcritical condition,® and the
maximum K value shall not exceed 0.95 in-
cluding total uncertainties such as transport co-
rrection calculational bias, and 95% confidence
level. The design criteria also say that for
postulated abnormal fuel or moderator distribu-
‘tion, the K. value shall not be greater than
.98 even when all uncertainties are taken into
-account.

In this paper the adequacy of the spent fuel
pool design is carefully examined for the vari-
.ation of the abnormal moderator distribution.
«Core Performance Branch suggests this as the
fifth assumption, which credible abnormal mod-
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erator density condition (e.g., due to loss of pool
cooling) should be considered.

Here the KENO-IV® is adopted to calculate
the effective multiplication factor for the facility.
KENO-IV employs Monte Carlo method”® to
solve the neutron transport equation and has a
tool of weighting to get the statististical accu-
racy. Also the diffusion code KIDD? is employed

for sensitivity study of assembly spacing.
II. Model and Codes Description

I1.1. Model Description

Rack array of expanded spent fuel storage
pool is shown in Fig. 1. For conservatism, boron
is excluded in pool cooling water and concrete
and stainless steel liner form the boundaries.
562 fuel assemblies are submerged in the pool.
Full geometry is modeled to calculate the effe-
ctive multiplication factor for KENO-IV, which

is drawn in Fig. 2.
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Fig. 1. Storage Rack Array of Ko-Ri Unit 1
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Fig. 2. Ko-Ri Spent Fuel Storage Pool Model
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Fig. 3. Cell Description of Storage Pool
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Fig. 5. 1/4 Cell Model for KIDD

Simplified cell description and modified cell
model for KENO-IV are illustrated in Fig. 3.
and Fig. 4, respectively. The fuel assembly is.
confined by stainless steel corner angle and the
assembly pitch is assumed to be 36cm nominally.
The rack is assumed to contain assemblies loaded
with 3.29% enriched fuel without control rods.
which are filled with water instead. 1/4 cell
model for sensitivity study with KIDD is shown
in Fig. 5. Zero boundary condition is used to-
get the infinite multiplication factor, but this
assumption meets the method which CPB.
suggested.

I1.2 Error Range and Comparison

KENO-1IV is a three dimensional Monte Carlo
criticality program. The starting point in deve-
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loping any Monte Carlo simulation is the cons-
truction of mathematical models which describe
the stochastic behavior of the variables in the
process under study. So many neutron histories
are needed to satisfy the probability theory and
variance reduction techniques'®!V such as spli-
tting and Russian Roulette to obtain the statis-
tical accuracy.

First, consider the uncertainties of KENO-IV.
As described earlier, total uncertainties consist
of transport correction, calculational bias, and
95% confidence level. Benchmarking test!® with
KENO-1V in case of critical homogeneous U
(1.4)F, and parafin with 16-group Hansen-
Roach cross section!® and history of 30, 000
Ke value of 0.99156-+0.00417.
So calculational bias is 0.008444K and 95%
confidence level has the value of 0.008344K

reduces the

from standard deviation of 0.004174K. Th-
erefore the total uncertainties that KENO-IV
could imply are up to 0.016784K.

Next, it is necessary to compare the differe-

nces between the two codes, KENO-IV and KI-

DD for analyzing the same test cases. So infinite
multiplication factor is calculated to find the
differences for a 14x 14 Ko-Ri Unit 1 assembly
with 3.29% enriched fuel.

At full water density the value of 1,312+
0.0053 and 1,3995 are obtained from KENO-IV
and KIDD, respectively. The result of KIDD is
5.5% higher than that of KENO-IV with 95%
confidence level. These differences might come
from cross section library, fission spectrum, and
the solving method. However, equal discrepancies
are found in other situations, which would give

the similar trends to both calculations.
III. Discussion and Conaclusion
It is generally known that the KENO-IV with

16-group Hansen-Roach cross section is adequ-
ate, when calculating homogenizing K. of PWR
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Fig. 6. Kesr vs Water Density in Spent fuel Storage
Array

fuel assemblies containing uranium oxide fuels
(consistently overpredicted by an average of
2.6%)".

Now look into the result derived from various
conditions regarding to water densities with
15, 000 neutron histories. Fig. 6 shows that the
Kei value varies from (. 756-+0. 0041 at normal
density, minimum at sbout 0, 65g/cm®, and gets
to the maximum at density 0. 11g/cm?, and then
falls sharply again. This trend shows how the
moderator density reduction affects the multip-
lication factor.

Now examine the relations between modera-
tion effects and absorption reduction. KENO-IV
uses resonance corrected cross sections that are
to compensate for the self-shielding of incident
neutrons due to the nature of materials. For
homogeneous system, cross section sets included
in KENO-IV library are selected according to
this resonance corrected cross sections. Moder-
ator number density as well as fuel number
density is considered to get resonance corrected
cross sections. So moderator aumber density has
an influence on the selection of cross section
sets and that alters the values of thermal utili-
zation factor and resonance escape probability,
etc. At last it can be said that multiplication
factor depends on the relative contribution of
moderation and absorption effect which are
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'sensitive to moderator number density.

As shown in Fig. 6, this tendancy is proven
that at density above 0.65g/cm3, absorption
-effect is greater than moderation effect, so K.
becomes low, while below that density, moder-
ation effect is dominant over absorption effect,
then increasing the Ko to the maximum. This
phenomena is also proven in case of Commercial
Nuclear Plant of B&W.1®

To find the peak point in this curve, we get
relation for the K. values and water densities
of 0.5,0.15,0.1 and 0.05g/cm?. From polyno-
mial fitting, the empirical formula is derived;

Y=43. 2068X°%~33. 424 X2+ 5, 94668 X 0. 68825
where X is water density, and Y is Kes. The
maximum value calculated from the above
fitting is estimated as 0.9958 at water density
of 0.1143g/cm? With considering total uncer-
tainties of KENO-IV, the maximum value
becomes 1. 0126,
regulation limit 0, 98,

which surely exceeds the

As the center-to-center spacing is one of the
main parameters which affect the maximum va-
lue even at the same water density, KIDD is
used to obtain the new center-to-center spacing.
The sensitivity study, regarding the spacing
from 22, 144cm to 46.392cm is performed under
the condition of 22 psia and 77°F which satisfies
the CPB requirements.

The maximum K.; is expected to occur in
the water density range of 0.1 and 0, 2g/cm3 1
and this study confirms the KENO-IV results.
So sensitivity study is carried out at water den-
sities of 0.1 and 0. 15g/cm®. The result is sho-
wn in Fig. 7. Infinite multiplication factor of
redesigned structure with center-to-center spacing
of 36cm is lower than the regulation limit at
normal density, but it exceeds the limit 0. 98 at
density 0.1g/cm® Multiplication factor should
be limited to the value of 0.98 under normal
and postulated accident conditions including un-

certainties of 0. 024K which are originated from
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Fig. 7. K. vs Center Spacing between Fuel
Assembilies.

KENO-IV and new spacing can be extracted
from the curve of water density 0, 1g/cm?.

As presented in Fig. 7, the minimum spacing
between fuel assemblies should be greater than
43cm to make the Ko lower than 0.98. So it
should be maintained to space greater than 43cm
in order to meet the CPB requirements.
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