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4 MONJU Core Neutronics Analysis Method

v Upgrading Research
ﬁ ] New Collapsing Algorithm for Condensation of the Transport
Cross Sections for the 3 D Transport Code NSHEX

u Galina TODOROVAO 0O Hiroshi NISHIO O Junichi ISHIBASHI

International Cooperation and Technology Development Center, Tsuruga Head Office
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[0 The 3 D transport discrete ordinate code NSHEX has been implemented for solving a range of criticality problems
concerning FBR MONJU. In order to reduce the existing energy group collapsing effect in the few group results for the
effective multiplication factor (keff), a new algorithm for condensation of the macroscopic transport cross section (XS)
has been proposed. This paper overviews the recent progress of MONJU criticality analysis and presents a description
on the new collapsing algorithm, the results from verification tests and a discussion from the viewpoint of the finite dif-
ference method of the code NSHEX. According to the presented results, the new collapsing algorithm reduces the en-
ergy group collapsing effect for keff and improves the fast flux space distribution. It can be recommended as a better
algorithm for condensation of the transport XS for the code NSHEX instead of the conventional current weighted
method.
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1. Introduction

O The initial criticality of the Japanese prototype
FBR MONJU was achieved in April 1994. The ma-
jor reactor core characteristics were measured
and analyzed by criticality experiments and phys-
ics analysis™? using the JUPITER analysis system?.
O The criticality of the FBR core, like MONJU,
should be analyzed exactly based on the transport
equation of the neutrons without any finite differ-
ence approximations of the neutron energy and
space coordinate or geometry approximation.
This kind of exact analytical calculation is becom-
ing practical due to the recent progress in com-
puter technology, using the continuous energy
Monte Carlo method. However, this method de-
mands huge amount of computer resources and
the obtained results contain certain statistical er-
rors. Therefore, it is still important to improve
and to validate the accuracy of the conventional de-
terministic method.

O This paper overviews the recent progress in the
MONJU criticality analysis and presents some
new findings concerning the transport effect cor-
rection discussed in detail later.

RZEZ ) SHEE L bl o el e
SETHREE RRESER

2. Overview of Recent Progress

00 Recently the advanced core analysis system
MEISTER has been developed” and utilized for
MONJU core physics test analysis. MEISTER sys-
tem is being developed aiming at an interactive
overall core characteristics analysis tool for use on
a PC in an easy but accurate manner. Some exam-
ples of input and output screens are shown in Fig-
ures 1 and 2. MEISTER system assumes 24 mesh
per assembly and 18 energy group calculation as
the standard option, instead of the conventional 6
mesh per assembly and 7 energy group calcula-
tion.

00 But the MEISTER system has been established
based on the conventional diffusion approximation
calculation instead of the exact transport calcula-
tion, assuming the isotropic scattering of the neu-
trons in the core as usually assumed. The transport
correction by the application of the exact three di-
mensional (3D) hexagonal transport code, like
NSHEX?, is one of the major issues to be investi-
gated for the accurate physics analysis of the
MONJU core.

O Moreover, it is common that the neutron en-
ergy is divided into finite number of energy
groups and the space coordinate is approximated
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Fig. 10 MEISTER System Pre-processor (An Example of Input Screen)
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Fig. 20 MEISTER System Post-processor (An Example of Output Screen)

by finite size mesh interval in order to enable the
numerical calculation by the computers. The fine
internal structure of the fuel assembly: fuel pellet,
cladding, wrapper tube, etc., is usually approxi-
mated into homogenized model. These approxi-
mations require the correspondent corrections to
obtain the exact final results.

O These corrections are usually evaluated by com-
paring the obtained results of the approximated
method and the exact method assuming a typical
core model. As a result, these corrections for the
criticality analysis of the MONJU initial critical
core were evaluated as follows, for example, de-

pending on the reference approximation methods *©:

(1) Transport effect;: +0.5 to +0.6% A Ket

(2) Cell heterogeneity effect: +0.4 to +0.6% A Kes
(3) Energy group collapsing effect: <0.1%A Kes

(4) Mesh effect: - 0.1%A Ker

Most recent evaluation results of these correc-
tions are shown in Figure 3. The basic result was
based on the MEISTER calculation with 24 mesh
per assembly and 18 energy group option. The
mesh effect was evaluated by comparing the re-
sults by the fine mesh calculations based on the in-
versed mesh squared rule. The neutron energy
group collapsing effect was evaluated by compar-

ing the results of Monte Carlo calculations with
different energy group structures, e.g. 70 energy
group and continuous energy. The transport ef-
fect was examined with the homogeneous cell
model calculations, where the continuous energy
Monte Carlo method was compared to the MEIS-
TER diffusion method with corrections for the
mesh and energy group effects. Then the cell het-
erogeneity effect was evaluated by the exact het-
erogeneous Monte Carlo calculation.

O The final corrected exact results were com-
pared with the measured data and the E (Experi-
ment)/ C (Calculation) correction was applied to
adjust the bias of the used nuclear data library
based on the past critical experiments or MONJU
measured data. An example of the excess reactiv-
ity prediction for the MONJU initial start up core,
not only by the E/C correction method but also by
the nuclear data library adjustment method, is
shown in Figure 4. These results show some dis-
crepancy between the E/C correction method and
the adjusted library method, which should be in-
vestigated further. One of the possible reasons for
this is that these evaluations are based on the
probabilistic: Monte Carlo method. Therefore,
the evaluation by the conventional deterministic

000000000NeMoOImm
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Fig. 30 Corrections for Criticality Analysis by Homogeneous Diffusion
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Fig.40 MONJU Initial Start-up Core Excess Reactivity Prediction

method would be helpful in improving prediction
accuracy. The transport effect evaluation by the
exact deterministic three dimensional (3D) hex-
agonal transport code NSHEX was conducted for
the accurate physics analysis of the MONJU core.

3. Transport Effect Evaluation by NSHEX

0 The code NSHEX is a hexagonal geometry 3D
transport code that solves the neutron transport
problem by a discrete ordinate nodal method,
which gives consistent results with the most re-
cent CEA' s reactor analysis system ERANOS” re-

sults (below 0.04%A ke difference) by the non
collapsed 70 energy group calculations. The ani-
sotropic scattering effect is simulated by the
extended transport approximation. The neutron
transport equation is solved using a nodal scheme
with one mesh cell (node) per hexagonal assem-
bly in plane. The node internal spatial neutron
flux distribution and transverse leakage distribu-
tion are simulated using second order polynomial
series approximation. Advanced methods for accu-
rate description of radial and axial neutron leak-
age are incorporated into the code®”. These

000000000NeMoOImm



methods have been verified by NEA/CRP 3D Neu-
tron Transport Benchmark Model and large as-
sembly size KNk 11 Model™.

O It is well known that the transport methods in
core physics analysis demand huge computational
resources: CPU time and computer processing
memory. The application of these methods is
therefore limited and are applied mainly to the
evaluation of the transport effect corrections for
the diffusion results. Such kind of analysis was
usually performed for problems of smaller size
and coarse energy group approximation, for exam-
ple, 2D R Z model or small 3D % Y- Z model with
7 energy group approximation, assuming the in-
ter independency of the transport effect correc-
tion from the energy group approximation or
from the core modeling. As the size of the prob-
lem depends on the core model, energy group
approximation and the method associated approxi-
mation, the 3D transport code NSHEX has been
utilized mainly by low order discrete ordinate ap-
proximation (S;) and up to 18 energy group ap-
proximation in partial core models for MONJU
criticality analysis.

0 The authors presented the results from dis-
crete ordinate analysis by the code NSHEX for a
wider range of 3D core models. As a result, a
good agreement between NSHEX and the Monte

Carlo probabilistic code GMVP™ was pointed out.
The maximal differences were below 0.1% A K, as
a confirmation for the applicability of the code

% ket

NSHEX to the MONJU whole core analysis in 70
energy group calculations. However, the large en-
ergy group collapsing effect of NSHEX, which was
not found in the GMVP results, remained as a ma-
jor issue to be investigated further®* . For ex-
ample, the effect of the energy group collapsing
from 70 to 18 groups had been evaluated by the dif-
fusion code system MEISTER to be at the order of
0.01%A ke”. The NSHEX transport results, how-
ever, showed the effect to be more than several
scores of times larger.

O Current core design considers 1%A k. of the de-
sign margin for the core reactivity (effective multi-
plication factor) as shown in the safety analysis
report for licensing. To increase the accuracy of
the prediction and to decrease the current design
margin leads to improved design method for the
future up graded MONJU core (for instance, even
0.1%A ke reduction of the uncertainty allows for 6
days extension of full power operation). This is
schematically shown in Figure 5.

00 The MONJU whole core analysis in 70 energy
group calculation obliges some limit in the Sn or-
der approximation, even when using the most
recent computer such as the engineering worksta-
tion. This requires the elimination of such a large
energy group approximation dependency for the
practical application of the deterministic transport
method. A proposal of a new condensation algo-
rithm for the transport XS in few energy group
structures has been developed recently, that has

Excess Reactivity Limit based on the Re-evaluated C/R Worth

e,
",

- Reduction of
...,\Q(é'é'ss.geactivity Limit based on the Conventional C/R Worth Design Margin

e,

Excess Reactivity*

~
“Conventional
De3|gfLMfrg|n

\\
~

'“N...,_Be-evaluated Effective Multiplication Factor
""-..,,._%(Reduction of Design Margin)

o s
1\7 X (days) A Operation Period (days)

Extension of Operation Period
*) Excess reactivity of 0.1% AKkes corresponds to 6 days of full power operation.

Fig. 50 Extension of Operation Period by Design Margin Reduction
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been verified by a number of 3D MONJU simula-

15), 16)

tion tests™ ™. The details of the proposed method

are shown below.

4. Solved problems and used methods

4.1. MONJU cores

O FBR MONJU is a sodium cooled MOX fueled
(PuO; UO,) reactor with thermal power of 714
MW. The reactor core consists of two plutonium
enrichment zones (inner and outer core) of differ-
ent Pu/(Pu+U) weight ratio (Figure 6). The pluto-
nium enriched zones are surrounded by radial
and axial (upper and lower) blankets, which con-
tain depleted UQO; fuel. Axial and radial shields for
reduction of the neutron fluence on the core inter-
nals and the reactor vessel surround all the fissile
and fertile fuel zones. Two MONJU cores of differ-
ent core layout have been analyzed: the initial criti-
cal core (ICC) (Figure 7) and the initial start up
core (ISC) (Figure 8). The ICC corresponds to
the FBR MONJU core layout when the initial criti-
cality has been achieved while the ISC corre-
sponds to the core layout at the beginning of the
initial operation cycle of the FBR MONJU as a
power plant. One important feature of the ICC is
that 30 fuel sub assemblies in the outer core are
replaced by dummy fuels. In addition to the ICC
and ISC whole core models, a series of simplified
models have also been simulated (ICC1, ICC2,
ICC3) that consider simplified core configurations
as follows: in the model ICC1 the radial blanket
and the radial shield are ignored; in the model
ICC2 the axial shields are also removed in addi-
tion to ICC1; the model ICC3 considers only the
plutonium enriched zones. The discrete ordinate
analysis by the code NSHEX has been performed
in S4 approximation under convergence criteria of
5x10 ° for ke and 5x10 * for the neutron flux.

4.2. XS preparation

O In this study the macroscopic XS in 70 energy
group structure have been deduced from the de-
rived 70 energy group grouped constant set for
fast reactors JFS 3 J3.2R based on the Japanese
evaluated nuclear data library JENDL: 3.2'” by the

0.0
Axial Shield
31.0
61.0 | priemspmm oo TV
kol ol
=5 ]
© =
m D
= !
8 5 F
b8
154.0_|
Lower Blanket
189.0 |
Axial Shield
253.0 |
zZem Y !( 136.8 }!
178.8 >
pa N
P & 240.0 > «
A 3246 om 7
Fig. 60 FBR MONJU R-Z scheme
AN
Inner Core
J @ Outer Core
Blanket
5 Neutron Shield
7 |:| Dummy
Fig. 70 MONJU ICC layout
/ffx\
Inner Core
% % Outer Core
Blanket
Neutron Shield

Fig. 800 MONJU ISC layout

code SLAROM™. These XS have been used in the
70 energy group criticality analyses of the
MONJU cores. For the few energy group analy-
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ses, the XS have been condensed by the code
JOINT™ using the 70 energy group fluxes calcu-
lated by the 2D R Z option of the diffusion code CI-
TATION™. The transport XS have been
condensed by two methods: the conventional cur-
rent weighted method

D5 D@,
G
Elr‘G = SIZW 5 where Dg = 1/32”,,&, (l)
gei i
and by the new collapsing algorithm, defined
bellow.

4.3. Definition of the new collapsing algorithm
0 The new algorithm for condensation of Z + can
be represented in a standard formulation as

z:Ir,(} = err,gFg ’ (2)
geCG
where the weighting functions F, are defined as

F, =% @,/ % O, ®3)

geG

consideringy = 1/2:

Fy= (@ 1T,/ 2P, /4T, ) 4
geGG

Both flux weighted and current weighted meth-

ods can be commonly described by the equation

(3) where the different power coefficients repre-

sent the different collapsing methods: y =0 for the
flux weighed method, while y = 1 for the current

weighted method. The new collapsing algorithm
therefore is proposed in the same general formula-
tion of the weighting functions, however, the new
y represents another correlation between the col-
lapsing fluxes and the transport XS in the weight-
ing functions. For simplicity, the new collapsing
algorithm will be noted bellow as CCM (Com-
bined Collapsing Method), as it can be formally
considered as a combination between the flux

weighted and the current weighted methods.

5. Results

5.1. The transport XS

0 The transport XS in 18 energy group structure,
obtained by the current weighted collapsing and
present method (CCM) have been compared. It
has been found that the new collapsing algorithm
(CCM) causes an increase of the transport XS,
which is most significant in the energy groups 6
(from 0.821 MeV to 0.388 MeV) and 13 (from 4.31
keV to 2.03 keV). Figure 9 presents the percent-
age rise of 2 . for the inner core material composi-
tion of the MONJU ICC due to the new collapsing
algorithm. In the two above mentioned energy
groups, the transport XS change has been evalu-
ated to be 1.69% and 3.55%, respectively.

O An additional preliminary study has been per-
formed in order to evaluate the sensitivity of the ef-

|GC-Inner core

the Transport XS
©C e TN W W s
o

Percentage Increase of

i i e = 1 H |

10 11 12 13 14 15 16 17 18

Energy group

Fig. 90 Percentage increase of the transport XS due to the pre-

sent collapsing method
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fective multiplication factor to the macroscopic
effective transport XS in the different energy
groups. The quantities S;,_, = ok, /0%, , (the per-
centage change of k.r, caused by 1% rise of the
transport XS in the given energy group) have been
calculated varying the transport XS in the inner
core and outer core of MONJU ICC. Figure 10
shows the results for SZM that have been ob-
tained by NSHEX calculations in S, approximation.
It can be noticed that the sensitivity coefficients
are very small in the low energy region. This im-
plies that the significant rise of the transport XS in
the energy group 13 due to the new collapsing

ztrrg
0.05

method actually has negligibly small effect on the
ker, while the increased transport XS in the en-
ergy group 6 may cause more notable effect. The
values of the transport XS in 70 and 18 energy
group structures, obtained for the interval of ener-
gies, corresponding to the energy group 6 are pre-
sented in Figure 11, where the collapsing fluxes
are shown as well.

5.2. The energy group approximation effect of Kex
O First of all the results from 70 energy group
NSHEX analyses have been verified. The percent-
age differences Ak, = (k)" k) k! *100

0.04

0.03

0.02

0.01

A, | LA A~

0.00

Pt

-0.01

123 4 5 6 7 8 91011 1213 141516 17 18
Energy groups

Fig. 100 Sensitivity of the ker to the macroscopic trans-

port XS

Energy group 6

-1

o
N

70 groups

current-weighted
method
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- - - -Flux x5710+4

TransportXS, cm

0.1 \ ‘
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Fig. 110 The transport XS, collapsed in 18 energy-group structure by the
current-weighted and the present methods O Inner core, ICC
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are shown in Table 1, where the GMVP or ERA-
NOS results are considered as reference. These
results show very good agreement between

the NSHEX and the transport deterministic and
probabilistic results in 70 energy group approxi-
mations. The few energy group criticality analy-
ses for the above mentioned MONJU cores have
been conducted with XS that have been prepared
using the current weighted collapsing method
and then applying the new CCM. The energy
group collapsing effect has been estimated
comparing ke from the few group analysis with
the corresponding 70 energy group values:
(kS —kJg)/kly *100 . The results are shown in

eff
Table 2 as well as Figures 12 and 13.

Table 1.0 Verification of 70 energy-group NSHEX
results for Ken

Case Reference code %A Ker
ICC GMVP -0.03
ISC GMVP -0.10
ISC ERANOS -0.04

Table 2.0 The energy group collapsing effect,
0 %AKer 1 Kot

E;;E)Zﬁ;?;ﬂ 18 groups 7 groups
Collapsing Method vf/:;gstr:d CCM vi:;gstr:d CCM
ICC -0.12 -0.001 -0.19 -0.003
ICC1 -0.12 -0.08 -0.33 -0.10
ICC2 -0.20 -0.05 -0.31 -0.09
ICC3 -0.19 -0.02 -0.32 -0.03
ISC -0.15 -0.05 -0.25 -0.09

025 -G

_03 T

- - 1GC current
—a— | GC-CCM
---©&-- |SC current
—<o— | SC-CCM

Energy group

60 80

Fig. 120 The energy group collapsing effect for the whole core tests
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Fig. 130 The energy group collapsing effect for the simplified core tests
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O There are two things that are to be emphasized:
in all test results the energy group collapsing ef-
fect is significantly reduced in case the CCM is ap-
plied; in case of the CCM no any remarkable
dependency exists of the energy group collapsing
effect from the core models, while in the case of
the current weighted collapsing method, the en-
ergy group collapsing effect is larger for the sim-
plified core model tests.

5.3. Fast flux space distribution

O For the purposes of numerical analyses of the
space and energy distributions of the neutron
fluxes, a new software module based on the Mathe-
matica 5 software has been developed. This mod-
ule has been applied as a supportive tool to

Current-weighted
m ethod

CCM

analyze and visualize the numerical results from
the NSHEX calculations. In this study the energy
of 0.086 MeV has been considered as the low en-
ergy border of the analyzed flux that will be noted
conditionally as fast flux. This is because the bot-
tom limit of the fast energy region of 0.1 MeV can-
not include the whole 8 th energy group in the 18

group structure.

O The 3D distribution of the fast flux has been ana-
lyzed for the ISC test in 70 and 18 energy group
approximations. The fast fluxes, calculated for
each node in 18 energy group approximation,
have been compared with the corresponding fast
fluxes from the 70 energy group calculations. Fig-
ure 14 presents the relative differences where the
70 group data have been considered as reference.

U D, %
pp er
Shield
4.00
3.11
2.22
Upp er
Blanket 1.33
0.44
-0.44
Core -1.33
-2.22
-3.11
-4.0
Lower
Blanket
Lower Shield

Fig. 140 Comparison between the fast fluxes in 70 and 18 energy-group results
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The two series correspond to the results that
have been obtained applying different collapsing
methods for the transport XS in the 18 energy
group analyses. The pictures in the series visual-
ize the above mentioned percentage differences
in the nodes positioned at about the middle of the
corresponding axial regions.

O The results from the comparisons show that in
both cases (current weighed method and CCM)
the fast flux data in 18 energy group approxima-
tion are in very good agreement with the 70 en-
ergy group data for the inner core and outer core,
where the differences are below 0.5%. Some un-
derestimation of the fast flux can be noticed in ra-
dial blanket and radial shield for both series
(slightly stronger in the case of CCM) that indi-
cated for underestimated neutron leakage from
these nodes in 18 groups analyses. The most no-
table difference between the two series is the up-
per and lower shields. By the current weighted
method the fast flux in the axial shields is overesti-
mated in the 18 energy group analyses up to 2 %
while by the CCM results are in very good agree-
ment with the 70 energy group data.

O Figure 15 shows the percentage differences for
the fast neutron flux, averaged over all nodes in
plane. It can be noticed that the averaged fast flux
in the 18 energy group approximation is some-
what overestimated in the axial blankets and axial
shields, but by the CCM the overestimation is re-

duced to below 1% and it is about two times
smaller than that of the current weighted method.

6. Discussion

O All numerical results indicate that the CCM can
provide better transport XS condensation than the
current weighted method. As it has been men-
tioned above, the energy group collapsing effect
(by the current weighted collapsing method) is
more significant for simulation tests with in-
creased neutron leakage. It has been presumed
that transport XS collapsing by the current
weighted collapsing method causes
overestimation of the neutron leakage. In contrast
with the current weighted method, the CCM pro-
duces a negligibly small energy group collapsing
effect that is almost independent from the core
models. This implies that the new collapsing algo-
rithm contributes to the better description of the
neutron leakage in the few group analysis.

O While the flux weighted method preserves the
reaction rates in the few energy group structure,
the current weighted method aims at preserving
the neutron mean free path A ., multiplied by the
flux @
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The common understanding that the neutron cur-
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Fig. 150 Percentage differences between 18 and 70 energy-group aver-
aged fast fluxes - axial distribution
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rent has to be preserved is based on the Fick's law
J=-D grad® that is often used in the numerical
description of the neutron leakage. The XS con-
densation with preserving the neutron current is
applied under the assumption that flux gradients
have the same energy dependency like the scalar
fluxes. In fact, the best method for condensation
of Z  is the method, which is consistent with the
physics model for simulation of the neutron leak-
age in the code. The nodat equivalent finite dif-
ference (NEFD)” method, which is incorporated
in the code NSHEX, applies a higher order algo-
rithm in the simulation of the integral neutron
leakage from each node. In order to clarify the de-
pendency of the neutron leakage on the transport
XS condensation, a short description of the NEFD
is necessary.

O In a multi group formulation, the 3D S, neutron
transport equation for energy group g is described
as follows:

Q. Vngm (x’y’ Z) + er,gq}gm (x’y’Z) = Qfl (x’ ¥s Z) (5)

where the following notations are used:
Q™- Vector of the m th angular direction;
WX, Yy, z)- Angular flux in the m th angular di-
rection;
2 wg- Transport macroscopic effective cross sec-
tion, corrected against the scattering anisotropy;
Qq:(x, Yy, z)- the fission and scattering source that
is considered to be isotropic and is determined
via the macroscopic fission and scattering XS
and the scalar flux @, (X, Y, 2) .
0 The code NSHEX solves the 3D problem by a
set of one dimensional problems, found from (5)
by double transverse integration (for example
over axes y and z):
uloo m m
= —[y, (¥ "]+ X,y x)¥ " (x)
h, » (6)
=y,(0)Q (x) - L7 (x)

S

where py is the x component of the neutron
flight path in the m direction (n™ and & ™ corre-
spond to y and z); y, (x)=(1- ‘x’)/\/g is the func-
tion that represents the x dependency of the y
coordinates of the hexagonal node's boundaries in

plane; h.- the horizontal mesh spacing; L7(x) is
the transverse leakage term. The suffix for en-
ergy groug’ g” is omitted for simplicity. The hex-
agonal geometry is considered in a coordinate
system {x, z} (x = X, u, v) where the axes are per-
pendicular to the walls of the hexagonal node.
The averaged dimensional angular fluxes Ws™ are
assumed equal to the nodal averaged angular flux
W that is computed from the 3D neutron balance
equation. The total leakage per unit volume is rep-
resented by:

u+

2 ,
" = g[ﬂ: (\_I;;:uu/ - \IJ;VI_,IH) + /U: (\P mout lP;;'i,m)

r

(M

+ ;U:»n (\I]‘Z‘uul - \Pézi,m )] + im (lI]:W:oul o \Pzrri,m )’

where W™ and W are the surface averaged an-
gular fluxes on the left and the right sides of
each node, known as the in coming (W) and
the out going (W) angular fluxes. The nodal
coupling equations that relate the in coming and
out going angular fluxes are derived from the ana-
Iytic solution of Eq. (6). This analytic solution can
be numerically computed if the functions Q(x) and
L7(x) are approximated. The NEFD method as-
sumes second order polynomials approximation
for $"(x), @ (x), Q(x) and L~ (x):
2
W(x)=Y Wk h=(xx" -5/72) (8)
i=0

it

O(x) = 22: CD,.‘xh,
0(x)=>0.h

x.m 2
L(x)= ﬁ g : (‘3+ EONELS
where L and L:™ are the radial parts of the
transverse leakage that correspond to x>0 and x<0
and L;™ are the moments of the axial part of the
transverse leakage. The scalar flux moments ®;,
are computed via the angular flux moments Wiy by
guadrature and then are used for computation of
the source moments Qix. In the calculation of
the transverse leakage moments, both the scalar
flux moments and the angular flux moments are
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O In the NEFD method the following high order
relations between the in coming and the out go-
ing angular fluxes are derived for description of
the dimensional neutron leakage:

Yy —(BIPI" +67)

m

a

X

moout __ m,m
pr+ - LPX—

v ©
¥y - (B +67)

mn

af_’

IP?:()W — \'I'[:Tm 4

where 8 ¥ and & 7 represent the intra node incre-
ment of the m th neutron angular flux along the x
and z axis and the coefficients {a ¥, % } and {a 7,
B 7 } are calculated via the response matrix coeffi-
cients £, Gy, € VBT, Gyl el

(10)
/},,, _ Gl))r(;m + G(.;r,m[’;’x,m _ G(.;((;mg;n
X F(v),\am
ﬁ;” _ G(;"dm + G(;?,m};j):lm _ Oomém :1 (11)
E‘.
n 2 h h
gl =exp(-—"r), & =exp(~ ‘fm =) (12)

From Eq. (7) and Eq. (9) it is easy to notice that
the quantities that multiply the angular fluxes in

1
the simulation of the neutron leakages are —_- and
127

“Efor k=x, u, v, z. Assuming that the angular
a,

fluxes have the same energy dependency like the
node averaged scalar flux, it can be concluded
that the dimensional leakages would be effectively
preserved in a few energy group structure, if the

XS collapsing is performed by a method that can

preserve —, taking into account that 01 3 ¥
a;

1
1. Inthis study the functions o have been com-

puted from Eq. (10). The expressions for the re-
sponse matrix coefficients have been derived by
substituting the polynomials (7) in the analytic so-
lution of the Eq. (6) and applying the weighted re-

sidual method as in lkeda's paper”. As a result,

the following expressions have been found, that
represent the dependency of F;™ and Gg" on X « :

eXp( r W )

x,m ﬂ m Z 2
F=— 2" [exp(—>) -1
o P 201 p( 2" =1

r = X

%, [exp(Ey 1)y
ur

r=mw
x

hX
exp(= ,u =) bs
Gx,m — m 1 ZGX T
00 6h223 { (/’[\ ) [ p( 2#;" )

»
+exp( ;’ "N+ dh u"S, [l—2exp(h’—m’r)
ﬂ

X X

h
+2expCleEe h, '*)]+3h 22 exp(—-")}
2u] 74

X x

m
X

1
Figure 16 presents the function a— , computed

for a range of py ¥ and X  for h, =11.56 cm. It can

be noticed that the dependency of on Z . is

m
X

more significant for the ¥ [0 0.3 cm*, that corre-
sponds to the X . in the fast energy groups.

0 Equation (3) implies that the neutron leakage
would be preserved, if y is selected such that X %

is in good agreement with the functions

m
k

O The functions 2 % fory =0 1andy =0 1/2 have

been compared with the function , computed

m
X

forp §=0.9 (Figure 17). It can be noticed that the

X

than the function 1/% . The differences between
l/\/ZT and the function 1/Z v are more signifi-
cant in the regions of the smaller Z . (higher en-
ergy groups). It implies that the condensation of

the transport XS by preserving @/ can pro-

r
vide better preservation of the neutron leakage es-
pecially in the fast energy groups than the
conventional current weighted method in the
NEFD method of the code NSHEX.

O The new weighting functions (4) that has been

applied for the collapsing of the transport XS by

O
the CCM have the feature to preserve \/— ,
.G
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1
Fig. 160 The dependency of the functions o’ onX,andp?.
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Fig. 170 Comparison of the functions 1/% , and 1A/ with o depend-

encies on the transport XS.

which implies the preservation of the neutron cur-
rent independent on the energy group approxima- 2VEs P, PR

gelC gelC

. . v /zw = =
tions by selecting y of Z% in good agreement Yo,/ ., Yo,/

l geG gel;
with the function —_ , based on the above men- 1

a

‘ 2 5%
tioned discussions: 1 &Gy 2y,
TR (13)
2lr,(; Z(, CDg
ge!

O This can be approximately given by substituting
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y =0 1/2 into the equation (3).

7. Conclusions

0 The problem with the significant energy group
approximation effect in the few group criticality
analysis by the code NSHEX has been resolved by
introducing of a collapsing algorithm for the trans-
port XS by new weighting functions.

O All numerical tests that have been conducted
based on variety of FBR MONJU cores, confirmed
the advantage of the new collapsing algorithm
in comparison with the conventional current
weighted method. The energy group collapsing
effect of the effective multiplication factor has
been reduced to negligibly small values. The spa-
tial distribution of the fast flux has been signifi-
cantly improved and has been found to be in
better agreement with the 70 energy group distri-
bution. By analyzing the NEFD method of the
code NSHEX in detail, it has been confirmed that
the new weighting functions are in good agree-
ment with the specific functions that are used in
the code NSHEX in the simulation of the neutron
leakage.

O According to these results, the new collapsing
algorithm can be recommended for application in
the XS processing for the few energy group analy-
ses by the code NSHEX instead of the conven-
tional current weighted method. Moreover, it
should be noted that this collapsing algorithm
could be applicable for the improvement of the en-
ergy group collapsing effect of the nodal method
transport calculation codes, which incorporate
some intra node flux distribution approximation.
The transport XS collapsing algorithm should be
carefully investigated and examined, especially for
the nodal method transport codes, while they offer
efficient resource saving for calculations.
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Design and Production of Resolution Device of Organic Solution by Super Critical Water (ROSE)” and
Preliminary Examination
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[ Resolution device of Organic solution by Super critical water, given the namé* ROSE,” has been manufactured and
installed in thé' QUALITY” facility at INC Tokai Works. Super critical water is one of alternative technologies that
can convert organic solutions into inorganic ones other than incineration. This device is designed to treat organic solu-
tions containing radioactive nuclides, such as spent liquid scintillators and so on.

[0 The results of preliminary examination suggest that more than 99.9% of organic carbons in liquid scintillators can be
changed into inorganic ones. Additionally, recovered solutions contain less than 10 mg/1 organics as COD or TOC.

O This report outlines the feature of ROSE set up in a glove box and the examination results of resolving simulated lig-
uid scintillators
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Super Critical Water, Liquid Scintillator, Organic Solution, COD, TOC, Glove Box,Hydrogen Peroxide
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History and Current Status of Reprocessing Technology and Analysis and Assessment of Issues Using UK
Sellafield Operation as Example

Keizo TAKAHASHI

International Cooperation & Nuclear Material Management Div.
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0 Although there have been debates concerning nuclear fuel reprocessing of spent fuel, the launch of Rokkasho reproc-
essing project was determined at the Japan Atomic Energy Commission of "Long-Term Program for Research, Develop-
ment and Utilization of Nuclear Energy" last year.

[ The operation of Tokai Reprocessing is going steadily to reprocess spent fuel of more than 1000 tons.

In the world, France and UK are the most advanced countries in the field of spent fuel reprocessing. In this paper, past,
present and future of reprocessing technology are discussed focusing on UK Sellafield operation. The lessons learned
from the operational experience will be helpful for establishing nuclear fuel cycle in Japan.
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Reprocessing Technology, History, Oxide Fuel, Sellafield, Vitrification, MOX Fuel, Reprocessed Amount, Operation
Analysis, Incident, Maintenance
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Characteristics of Pool Burning in Small Scale Sodium Leakage
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Advanced Technology Division O arai Engineering Center
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0 Sodium combustion tests were performed in order to investigate sodium pool expansion behavior, floor liner tempera-
ture and floor liner corrosion mechanism under the condition of small scale sodium leakage in air atmosphere of so-
dium cooled fast reactors. In 6 cases of the tests, sodium leak rate, leak height and humidity were changed as the
parameter. This report describes the plan, result and knowledge of these tests.

[ The test results are as follows: The maximum temperature of the floor liner depends on leak rate. The final growth
area is mostly proportional to the rate of sodium leakage. Although a sodium pool grows up in proportion [almost] to
time in early stages of leakage, the growth stops during the leakage due to the balancing of sodium supply and consump-
tion in the pool. The measured value of floor liner corrosion thickness, chemical analysis of deposit and material analy-
sis result showed that the dominant corrosion mechanism was relatively slow" Na Fe double oxidization type
corrosion” under the small scale sodium leakage.
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Small Scale Sodium Leak, Sodium Fire, Pool Burning, Liner Maximum Temperature, Floor Liner Material Corrosion,
Sodium Pool Expand Behavior, Sodium Leak Rate, FRAT 1, ASSCOPS, SPHINCS II
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Experimental Study on Thermal Hydraulics of High Cycle Thermal Fatigue
- Temperature Fluctuation in Mixing Tee and Parallel Triple Jets along Wall -

Hideki KAMIDED O Minoru IGARASHIO 0 Nobuyuki KIMURAL O Kenji HAYASHI
Advanced Technology Division, O-arai Engineering Center
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0 When temperature fluctuation in fluid is transferred to the structure, it induces thermal load via thermal expansion
of the structure. If the fluid temperature fluctuation amplitude and then thermal stress are large, structural integrity
might be lost due to high cycle thermal fatigue, i.e., thermal striping. Several incidents due to the thermal striping have
occurred in nuclear power plants. Water experiments were carried out for thermal hydraulic aspects of the thermal
striping. A mixing tee and a triple-parallel jet along wall were selected as the test geometry. Detailed temperature and
velocity fields were measured by movable thermocouple trees and particle image velocimetry. The power spectrum den-
sity (PSD) of temperature fluctuation can be estimated by a representative curve, when the flow velocity ratio and then
flow pattern was identical. Comparison of frequency characteristics between the temperature and velocity showed that
the temperature fluctuation in the mixing tee was caused by flow structure like Karman vortex behind the jet exiting
from the branch pipe in case of a wall jet condition.
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High Cycle Thermal Fatigue, Thermal Striping, Temperature Fluctuation, Frequency Characteristics, Mixing Tee, Par-
ticle Image \Velocimetry (P1V), Karman Vortex
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Development of Neutron Fields for Performance Testing of Neutron Dose Equivalent Rate Meters.
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Radiation Protection Division, Tokai Works
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0 The authors developed moderated-neutron calibration fields simulating neutron spectra encountered in workplaces of
MOX fuel facilities. By placing a **Cf neutron source surrounded with moderators at two different positions, at the cen-
ter of a large-sized irradiation room and a small-sized room, neutron spectra with average energies ranging from

0.4MeV to 1.7MeV can be produced.
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