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1. Introduction

As a part of an International-Nuclear Engineering
Research Initiative (I-NERI) Project, KAERI and ANL
are analyzing the ZPPR-15 reactor physics experiments
[1]. The ZPPR-15 experiments were carried out in
support of the Integral Fast Reactor (IFR) project.

Because of lack of the experimental data, verifying
and validating the core neutronics analysis code for
metal fueled sodium cooled fast reactors (SFR) has
been one of the big concerns. KAERI is developing the
metal fuel loaded SFR and plans to construct the
demonstration SFR by around 2028. Database built
through this project and its result of analysis will play
an important role in validating the SFR neutronics
characteristics.

As the first year work of I-NERI project, KAERI
analyzed ZPPR-15 Phase A experiment among four
phases (Phase A to D). The effect of a drawer master
modeling on the integral parameter was investigated.
The approximated benchmark configurations for each
loading were constructed to be used for validating a
deterministic code

2. Methods and Results
2.1 Effect of drawer modeling on integral parameter

In order to develop a benchmark configuration of
each ZPPR-15 Phase A loading, an effect of drawer
master modeling on the integral parameter was
investigated by using MCNP5 code and by analyzing
various configurations of a drawer master. The drawer
models consist of one reference 3-dimensional
configuration, two 2-dimensional configurations, three
1-dimensional configurations, and finally complete
homogeneous model. All the models were constructed
separately for each axially distinct region such as core
and axial blanket.

Two 1-dimensional configurations, the 1D Casel and
Case2, do not conform to the original plate order and
location. In the 1D Casel, the matrix tube and drawer
are placed in both sides of the model while those are in
the near center of the model in the 1D Case2. The fuel
and sodium covers, matrix tube, drawer, and void
regions are treated as separate region and the thickness
of each plate in the model is adjusted to preserve total
plate volume.

Table I show the results of k;,¢ values calculated with
various configurations of drawer masters 102. The
result of 2D X-Y model is very close to that of the
reference 3D as-built configuration. It implies that the

heterogeneity effect arising from the material
discontinuity to z-direction is not significant. This can
be also seen between 1D and 2D Z-X models. However,
the 2D Z-X model underestimates ks by 143 pcm Ak.
Main difference between two models are from the way
of homogenizing the matrix tube, drawer and void gaps.
The matrix tube and drawer are relatively thicker than
other cover regions. Only a small portion of fuel and
sodium covers was homogenized into the corresponding
plate in the 2D X-Y model, while relatively thick matrix
tube and drawer were homogenized into the plate in the
2D Z-X model. As results, their homogenization make
neutron slowing down and neutron streaming smaller.

Table I: Effect of drawer modeling on ki,

(draxeyr macter 201 anter care drawer macter)

Model k. Diff [nem Akl

2N 1 AA24240 00013

2N XY 1 AA21140 00NT13 214+1K

2MN7.X 1 AANQQ4N NONTR 143+1R
1D 1 AANSS54+0 00N1D 1R7+1R

1D Cacel 1 AA25540 00N13 123418

1D Cace?d 1 AA14A640 O0NT1R 0A+18
oD 1.65155+0.00012 1087418

The 1D Casel models yield better results than that of
1D model. The results of the 1-dimensional models of
drawer master 103 representing inner core regions show
the similar trend to those of drawer master 201.

The axial blanket regions of the drawer master 103
and 201 were also analyzed using various drawer
homogenization methods. The 2D Z-X and 1D Case2
models were excluded in the analyses because of their
poor accuracy in the previous analysis and
inconsistency with axial blanket region. The matrix tube,
drawer, and void region must have discontinuity
between the core and axial blanket regions if different
models are applied to core and blanket regions,
separately. The axial blanket model contains the
adjacent core model to examine the interface effect
between core and blanket region.

Table II show the variation of multiplication factors
with respect to the combinations of the core and axial
blanket models. As shown in the table, the difference in
the blanket models does not make significant impact on
the multiplication factors when the 3D model is used
for core region. However, the change of core model
makes a considerable difference in the multiplication
factor even with the same blanket model. 2D X-Y and
1D Case models underestimate the multiplication
factors by about 228, 219 pcm Ak respectively. The
completely homogenous drawer model (0D model) of
axial blanket overestimates the multiplication factor by
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221 pecm Ak. Similar trends were observed for the
drawer master 103 axial blanket model.

Table II: Effect of drawer modeling on kg
(drawer macter 201 avial hlanket)

Cara Rlanlkeat Niff
model model Kefr [nem Akl
2N 2D 1 4471R4+0 ONNO1A
2N MXY 1 4472040 OON1A 2149272
2N 1D 1 4474540 0001 A 274972
2D 1D Cacel 1 4471A4+0 O0N18 2429
2D [A1A) 1 4492040 ONN1A 2214072
MXY 2MX.Y 1 4440040 OON1A 294212
1D Casel | 1D Casel 14449940 00016 219423

The radial blanket was modeled as similar way as
done for the axial blanket. The configuration for the
analysis of the radial blanket includes the outer core
model adjacent to the radial blanket. Five drawer master
201s representing the outer core were included in the
radial blanket model. The core model placed in the
radial blanket model also contains the axial blanket of
the drawer master 201.

Table III: Effect of drawer modeling on ke

drawer macter 201radial hlanket)

Care Rlankeat Niff
maodel madel keff [nem Akl
2D 2D 1. 0420740 OON1A
2D MXY 1 04A54+0 NONTR ARADA
2N 1D 1 0440740 00017 110423
2D 1D Cacel 1 0427740 ONN1A RN+D
2N nn 1 044154+0 ONN1A 1184272
MXY MXY 1. 0404240 00017 28849272
1D Casel | 1D Casel 1.0421940.00016 78423

Table III shows the calculated results of k. with
different drawer models. The variation of blanket model
does not make significant changes in the multiplication
factor, even in the 0-D model. 2D X-Y core model
combined with 2D X-Y blanket model results in a little
bit large underestimation. The reason comes from the
interface effect between core and axial blanket of the
drawer master 201 as shown in Table II rather than that
of radial blanket. It appears that there is an offset in 1D
Casel model for both core and blanket region. The
interface effect between core and radial blanket was
cancelled out by the effect between the core and axial
blanket of the drawer master 201.

2.2 Full core modeling of ZPPR-15 experiments and
analyses

The analyses of full core model of ZPPR-15 Phase A
experiments were carried out with three different
drawer models. One is the as-built model of the
experiment, another is the 1D Casel model as analyzed
in the previous section, and the other is complete
homogeneous model of the drawer master. In the 1D
Casel model, the radial reflector drawer masters and
axial reflector region located behind the axial blanket of
the drawer masters of core and blanket were modeled as

homogeneous regions. The radial blanket was modeled
as similar way as done for the axial blanket.

Table IV shows the results of k.s's with different
drawer models. The 1D Casel model underestimates
the k.g’s of ZPPR-15 loading 15 through loading 28 by
around 250 pcm Ak and the difference were maintained
as almost constant throughout the loadings within 30
pcm Ak. This is because only several detector drawer
masters and the central drawer masters acting as the
control rods are changed.

Table IV: ke for full core model of ZPPR-15A experiments

with different drawer madel

Noa Madel Lk Diff nem AL?
Fvn 1 NNNAS - -
18 Ac_hnilt N 0qoN4+n NNNND 14149
1N Cacel N 00AS0+N NNNTA NAK+14
Homon 0 OR250+N NNN1R 1648541
Fvn N 000N - -
I8 Ac_hnilt N AQ7R2+N NNNTA 147414
1N (Cacal N Q082R+N NNNT1 A NAS+EON
Homan NOR111+0 NONTR 1A72+1Q
Fvn N 007A0 - -
Ac_hnilt N 00ANO+N NNNT A 160414
26 1N Cacel N 00RAYI+N NNNTA NAT7+7°0
Homa 0 Q7056+0 00012 1653410
Fvn N 0RANA _ _
27 Ac_hnilt N ARK20Q+N NNN1A _RK{414
1N (Cacal N aRA1N+N NNN1A 7704720
Homan 0 OAROA+N NNN1A 1642420
Fvn N oRkO1 - -
7R Ac_hnilt N ORKRR+N NNNTR AR+1R
1N Cacel N ORAYA+N NNNT A _NR87+10
Homa 0 9722740 NON1R 1AAA+1R

) Bar ac_hnilt madal tha diffaranca ic acaincet avnarimant

For others, the difference is against the as-built model
3. Conclusions

The effect of drawer master modeling of ZRRP-15A
on the integral parameter was investigated by analyzing
several configurations of the drawer master. The 1-
dimensional simplification of the drawer master could
well reproduce multiplication factors of the as-built
configuration and most of the difference was found to
arise from the interface effect between core and axial
blanket region. The difference in full core model was
evaluated around 250 pcm Ak and kept within 30 pcm
Ak throughout the loadings.
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