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This paper reports a study to confirm the applicability of the latest version of Japanese Evaluated
Nuclear Data Library (JENDL3.3Y). For this purpose, the criticality calculations using MCNP4C? code are
performed to evaluate middie and high plutonium content MOX (M-MOX (8.6 w/o (PU/MOX))) and
H-MOX(12.6 w/o (PU/MOX))) experiments (VIP, VIPO and VIPEX) using the JENDL 3.3. Afterward, the same
calculations with ENDF/B-6 release 8 (ENDF/B-6.8) are performed to be compared with the results from
JENDL3.3. Recently, ORNL have reevaluated U235 and U238 cross-sections in thermal and resonance energy™.
Those new evaluations are stored in ENDF/B-pre7. The effect of the U235 and U238 cross-sections on both
JENDL 3.3 and ENDF/B-6.8 are evaluated. The results clarify that JENDL 3.3 is superior to ENDF/B-6.8
although both libraries underestimate the criticality. In addition, the ENDF/B-pre7 datafor U235 and U238
solves the underestimation.

1. Introduction

Mitsubishi Heavy Industries, Ltd. joined R&D international programs on MOX experimentsin
collaboration with the Japanese PWR utilities with the objective to validate the design codes for MOX utilization.
Some programs were carried out using VENUS critical facility at the SCK/CEN in Belgium from 1990 to 1998.
The criticality experiments were performed for middle- and high-plutonium content MOX (M-MOX (8.6 w/o
(Pu/MOX))) and H-MOX(12.6 w/o (Pu/MOX))).

JENDL has not been used in the design of PWR core design, except for decay heat evaluations by the
ORIGEN-2 code. In 2002, JENDL 3.3 was rel eased, based on the update measurement data than ENDF/B-5 or
B-6. It is necessary for usto confirm the applicability of JENDL 3.3 from the viewpoint of future application of
the JENDL 3.3 or later version of JENDL in core design.

In this study, to confirm the applicability of JENDL 3.3, we performed benchmarking-calculations using
Monte Carlo code against the test data from the VENUS facility.

2. Criticality experiment programs
The experiment data used for the benchmark cal culations were obtained from the VENUS critical

assembly at SCK/CEN of Belgium. The VIPwas carried out as a mock up simulation of MOX and UO2 PWR
assemblies. The VIPO was performed to investigate the characteristics of the core with high void fraction. The
VIPEX was carried out 6 years after the VIPto measure the effect of Am or other substance using the same core
configuration asthe VIP.

Table 1 shows the fuel specifications used by these programs. These are three kinds of MOX fuel and
two kinds of UO2 fuel. The plutonium content of the low-plutonium content MOX (L-MOX) fuel is4.8 w/o. The
MOX fuel claddings are made of Zircaloy-4. The fuel

active length is 100 cm. The contents of U235 Table 1 Fuel specifications
enrichment of UO2 fuel are 3.3 w/o and 4.0 w/o, —
. . uel type
respectively. Both fuel active lengths are 50 cm. The H-MOX | M-MOX | L-MOX | 33wio | 40wio
. PUMOX orU235/U(wid 126 | 86 | 48 33 4
claddings of 3.3 w/o UO2 fuel and 4.0 w/o UO2 fuel are | _, [Diamterm 08 082 | 089
. . . Hight(MOX+UO2) (cm) 100+3.6 0+50
made of Zircaloy-4 and stainless stedl, respectively. Density (gom’) 01 [ 013 | 1017 | 02 | w2
| Materia z4 | za | zea | zr4 S‘zggﬁ
Cladding I e om 0.963 095 | 0978
Thickness (cm) 0.061 0.057 0.038




The VIP core consists of one central H-MOX

_ B (15 6woPUMOX)

17 x 17 MOX fuel-bundle and four peripheral o M-Mox
17 x 17 3.3 w/o UO2 fuel rod bundles. These (8.6w/0 PUMOX)
bundles are surrounded by about three rod O (abwonsmox)
layers with 4.0 w/o UO2 fuel. The cdll pitch O 33woUo2
is 1.26¢cm. Aluminum microtubes and

Il 40w/oUO2
microrods are inserted between MOX fuel
rods and 3.3 w/o UO2 fuel rods at the corner B instrumentation thimble
of each square unit cell to simulate the O  RcCthimble
density of high temperature water in PWR O wae
core. The VIP configuration is shown in Fig.
1. The VIPEX configuration is the same as M oid

that of the VIR,

The VIPO core consistsof a14 x 14
MOX fuel assembly, surrounded by 11 rod
layers of 3.3 w/o UO2 fuel and 6 rod layers of 4.0
w/o UO2 fuel asshownin Fig.2. The cell pitchis
1.26cm. The two rods outer layers of the MOX
fuel assembly consist of H-MOX fuel, while the
10 x 10 inner part consists either of H-MOX fuel
or M-MOX fuel rods. The VIPO has used avoid
box to simulate the void fraction between the fuel
rods. This box is made of Lexan whose density is
1.2 g/lem®. The height of the voided region is 15
cm and thisregion encloses a 10 x 10 fuel rod in
the center of the core.

In these experiments, critical water level,
horizontal - and axial-power distributions, and Fig.2 Cross-section view of VIPO model
other parameters were measured. These power
distributions were obtained with y-scanning method.

Fig.1 Cross-section view of VIP and VIPEX model

3. Calculation conditions

The calculation code we used is the Monte Carlo N-Particle transport code, MCNPAc3. Our calculation
models cover horizontal-cross section from the core center to the water region outside of core and axial-cross
section from the lower support to the upper support.

TheVIPand the VIPEX calculation models are shown in Fig. 3. In this model, each fuel cell includes
fuel, cladding, Al-microrod, Al-microtube and water. The upper and intermediate grids are modeled considering
the heterogeneity. Since the core configurations are of one-eighth symmetry, correspondingly we employed
one-eighth symmetry for the calculation. Pu241 decays to Am241 by B-decay with ahalf life of 14.4 years.
Therefore VIPEX Pu241 composition decreases to 77 % and Am241 composition increases to 158 % as
compared with those of the VIP.

The VIPO calculation model is shown in Fig. 4. The four calculations are performed on the VIPO
program. These are the M-MOX fuel in the center region with avoid box, the H-MOX fuel in the center region
with avoid box, the M-MOX fuel in the center region without avoid box and the H-MOX fuel in the center
region without avoid box. These water levels are 146.71cm, 146.02cm, 145.47cm, 144.72cm, respectively.
Since each fuel rod of VIPO isthe same as that of VIP, the axial modeling such as upper, intermediate and upper
grid isthe same asthe VIR,

In these analyses, the five kinds of cross-sections are applied as shown in Table 2.
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Fig.4 VIPO calculation model
The multiplication factors are calculated with the MCNP function, “KCODE". The horizontal and axial
power distributions are calculated with “F4 tally” which can evaluate reaction rates, etc. in each cell.

4. Calculation results

4.1 Neutron multiplication factors
Table 3 shows the calculated results
for the neutron multiplication factors (keff). Table2 Cross section sets
Each calculation standard deviation is less ENDL35+ | JENDLISF

than 0.04%. The mean keff of VIP, VIPO and i ENDF/B- | ENDF/B- . .
Nuclide JENDL3.3 pre7(U235,U2| pre7(H1,016, ENDF/B-6.8 | ENDF/B-pre7

VIPEX obtained from JENDL3.3 is 0.9943, 38) U235,U238)

. . AL JENDL33 | JENDL33 | ENDF/B-6.8] ENDF/B-6.:8| ENDF/B-6:8
and the keff obtained from ENDF/B-6.8 is 016 JENDL3.3 | JENDL3.3 | ENDF/B-6.8| ENDF/B6.18| ENDF/B-6.8
0.9911. From the viewpoint of criticality U234 JENDL3.3 | JENDL33 | JENDL33 | ENDF/B6.2 | ENDF/B-6.2

_ : . U235 JENDL3.3 | ENDF/B-pre7| ENDF/B-pre7 | ENDF/B-6.5 | ENDF/B-pre7
evaluation for MOX, we find JENDL3.3 is U236 JENDL3.3 | JENDL33 | JENDL3.3 | ENDF/B-6.1 | ENDF/B-6.1
. U238 JENDL3.3 | ENDF/B-pre7 | ENDF/B-pre7 | ENDF/B-6.r5| ENDF/B-pre7
superior to ENDF/B-6.8. Although both Pu238 | JENDL33 | JENDL33 | JENDL33 | ENDF/B-6.2 | ENDF/B-6.2

i i i i ! Pu239 JENDL3.3 JENDL3.3 JENDL3.3 | ENDF/B-6.r2 | ENDF/B-6.r2
libraries S“ghtly underestimate the keff S, the Pu240 JENDL3.3 JENDL3.3 JENDL3.3 | ENDF/B-6.r2 | ENDF/B-6.r2

standard deviations within the 6 calculation Pu241 JENDL3.3 | JENDL3.3 | JENDL3.3 | ENDF/B-6.3| ENDF/B-6.3
Pu242 JENDL3.3 | JENDL3.3 | JENDL3.3 | ENDF/B-6.2 | ENDF/B-6.2
Am241__ | JENDL3:3 | JENDL3.3 | JENDL3.3 | ENDF/B-6.:3] ENDF/B-6.13




cases are as small as 0.0008 and 0.0009 for ;.  ENDLASYEND
JENDL 3.3 and ENDF/B-6.8, respectively. It shows 100 — -
that good accuracy is maintained throughout the 100 HENDL33
core configurations including those with large void ~ §%% — JENDL33+END
and H-MOX fuel and M-MOX fuel. %1'004 E%T'ﬁ,q‘éﬁﬁ
By using ENDF/B-pre7 U235 and U238 £ , e
data instead of original ones for these nuclides, the é():g% ol
keff's with JENDL3.3 and ENDF/B-6.8 libraries =
increase by about 160pcm and 520pcm, g —————— R
respectively. The different effects of the new 0oz Lo s v i i s i s s il | JENDL33
ENDF/B-pre7 cross-sections made JENDL3.3 and T ey T e

ENDF/B-6.8 consistent with each other, both
giving the keff's of about 0.996. By using the  Fig.5 Ratio of neutron flux with each cross-section set

ENDF/B-6.8 data for H1 and O16 instead of to that with JENDL 3.3 in the fuel (VIP)
JENDL3.3 ones, the keff's decrease b e .
about 130pcm y Table 3 Multiplication factorsin VIP, VIPEX and VIPO
T . analyses with each librar
Fig. 5 shows the ratio of neutron y y
flux with each cross-section sets to that B R e
10x10 M-MOX [ 10x10 H-MOX N N . N
with JENDL3.3 in the fuel of the VIP It et | e | winvadto | winvadboc | MO | PO | e
can be seen ENDF/B—68 glveS the most ENDLa,scrO§mlon 099471 0.99535 019(:4;4 01;:4{48 0;:;{21 ov:;gss 09943;6:00008
JENDL33+ 0.99707 | 0.99808 0.99765 0.99738 0.99631 0.99665 0.99719 |4 0.0007|
H - ENDF/B-pre7(U235,U238)
hard $&trum' The flux Wlth ENDF/B 6'8 SVNDD;SLE:e7(H1016II7 5,0238) 0.99571 [ 0.99646 0.99589 0.99699 0.99515 0.99503 0.99587 |4 0.0008}
iS |arge|" by 1% over glkev and |e$ by ENDFIB-68 0.99114| 099253 099114 0.99174 0.99003 0.99016 | 0.99112|+0.0009
. . ENDF/B-pre7 0.99552 | 0.99749 0.99592 0.99689 0.99556 0.99633 0.99629 |4 0.0008}
0.6% under 9.1keV comparing with that Differce (pom) _
- 237 274 322 291 312 298
with JENDL3.3. On the other hand, the : 100 [ a1 252 155 13 157
- 441 498 481 518 557 621 519

other cases are in good agreement. The
differences are less than 0.2% for al  Tgphje 4 Mean C/E's of horizontal power distribution with each

energy ranges. library in VIP and VIPO
vIP VIPO
; B 3 c secti MOX assembly uo2 bl
4.2 Power d|§r| butlon rosssection  I96x assembly [ UO2 assembly | " In void box | Out void box assembly
C/IEave| 1o [C/Eave| 1c |C/[Eave| 1c |C/[Eave| 1c |C/Eave| 1c
Table 4 shows the C/E mean JENDL3.3_| 1015 |0.009] 0.984 |0.011] 0.999 |0.025] 1.019 |0.026] 0978 | 0.011
JENDL33+
values for each region with each library in ENDF/B- | 1.016 |0.016| 0.983 [0017| 1.005 [0.031| 1.019 |0.069| 0982 | 0.031
Pre7(U235,U238)
the VIPand the VIPO. In the VIR, the JENDL3 3
v intensity of 50 fuel rodsin MOX region Pre7(H1.O16,U238| 1015 [0.020| 0983 |0018| 1003 |0.047| 1014 |0.030| 0981 | 0.036
. . U238)
and 59 fuel rodsin UO2 region were ENDF/B-68 | 1014 [0.015] 0.986 | 0.016] 0.986 |0.036] 1018 |0.040] 0.980 | 0.038
ENDF/B-pre7 | 1016 | 0.016] 0.982 | 0.015] 0.993 | 0.035] 1.034 |0.048] 0.970 | 0.027

measured for horizontal power
distributions. The uncertainty of measured value in MOX fuel and UO2 fuel arelessthan 1.8 % and 1.4 %,
respectively.

In the VIPO, they intensity of 13 fuel rods inside the void box, 15 fuel rods outside the void box in the
MOX fuel region and 28 fuel rods in UO2 region were measured for horizontal power distributions. The
uncertainty of measured value islessthan 1.5 %. The measured values (E) and the calculated values (C) with
each library are compared in each fuel rod. Fig.6 shows the comparison of horizontal power distribution between
measurements and cal culations with JENDL 3.3 as example. This model isthe M-MOX fuel in the center region
with avoid box

The calculation standard deviations are less than 0.8%. The differences with each library are small.
Although the cal culated val ues agree with the measured values within the measured and calculated errors, the
C/E’sin the MOX region tend to be larger than these in the UO2 region.

The axia power distributions in the VIPO H-MOX rods with the void box and 3.3 w/o UO2 fuel rods

are shown in Fig.7. The uncertainty of measured valueis less than 2%. The calculation standard deviations are
less than 2%. The differences between measured and cal culated values are not so large in the void box. The
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5. Discussion

By using ENDF/B-pre7 U-235 and U-238 data instead of the original ones, the keff’s increase by about
290pcm and 520pcm for JENDL 3.3 and ENDF/B-6.8, respectively. The different effect of ENDF/B-pre7 data on
keff for JENDL 3.3 and ENDF/B6.8 is discussed here.

Fig.8 shows the differences of capture and fission reaction rates of all fuel rodsin the VIP with the
ENDF/B-pre7 datafor U235 and U238 from the original cross-section sets. The U238 capture rates are
decreased when the ENDF/B-pre7 data for both libraries use. The difference in therate for JENDL 3.3 istwice
larger than for ENDF/B-6.8. The U235 capture rates are increased. The difference in the rate on JENDL3.3 is
twice smaller than on ENDF/B-6.8. On the other hand, the U235 fission rates are increased. The difference in the
rate on JENDL 3.3 is three times smaller than on ENDF/B-6.8. The capture and fission rates of other isotopes
change through neutron spectrum change by using the ENDF/B-pre7 data for U235 and U238. Fig.9 shows that
those differences result in the total production, absorption and leakage rates for both libraries. The difference of
total absorption including leakage by using the ENDF/B-pre7 data for U235 and U238 becomes small. It shows
that the differences cancel out among isotopes. On the other hand, the difference of U235 fission reaction rate
remainsin total production rates. Thisis the cause of the difference in reactivity change due to the U235 and
U238 ENDF/B-pre7 data. Thisincreases the calculated keff of ENDF/B-6 more than JENDL 3.3. Asthe resullt,
keff obtained by JENDL 3.3 with the ENDF/B-pre7 datafor U235 and U238 agree well with ENDF/B-pre7.
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energy. The effect of the U235 and
U238 cross-sections on both JENDL 3.3 and ENDF/B-6.8 are evaluated.

Asfor power distribution, the calculated values agree with the measured values within the measured and
calculated errorsfor al calculated cases. However the C/E’s of power distribution in the MOX region tend to be
larger than those in the UO2 region. The tendency may improve when re-evaluation of plutonium cross-section
will be performed in the future.

Although the JENDL 3.3 and ENDF/B-6.8 underestimate the criticality, JENDL 3.3 is superior to
ENDF/B-6.8. The ENDF/B-pre7 data for U235 and U238 solves the underestimation.

We expect that U235 and U238 should be re-evaluated in the future JENDL -4 as performed for
ENDF/B-pre7.
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