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Abstract. This paper describes the effect of cross-section data generated by several codes on
calculated neutronic parameters. The Pressurized Water Reactor Mixed Oxide and Uranium Oxide
(PWR MOX/UO2) Core Transient Benchmark case was chosen because it has been used widely to
validate neutronic codes. The cross-section data in this study will be generated by SRAC, Serpent,
and HELIOS codes. The NODAL3 code will be used to calculate neutronic parameters from each
cross-section. The neutronic parameters calculated by NODAL3 are the effective multiplication factor
(keff ), control rod worth, critical boron concentration, and power distribution under Hot Zero Power
(HZP) conditions. The Power-Weighted Error (PWE) and Error-Weighted Error (EWE), as a measure
of the relative error in fuel assembly power, are less than 5 %, indicating that the calculation is consistent
with DeCART as a reference. The difference in calculated radial power peaking factor for all three
cross-sections to reference data reaches 6.284 % (G-3), 8.438 % (G-3), and 10.998 % (C-7), respectively,
for SRAC, Serpent, and HELIOS. The axial power distribution calculated by NODAL3 at the top
and bottom of the reactor core has a relative error that peaked at 16.60 %, 13.86 %, and 10.20 %,
respectively, for cross-sections provided by SRAC, Serpent, and HELIOS. Further improvements are
needed for NODAL3 by applying various discontinuity factors to improve its performance.
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1. Introduction
To support the nuclear R&D program, especially nu-
clear power plants, several planned and continuous
stages are needed. One of the most important things
is to train experienced personnel that understands nu-
clear power plant technology. The NODAL3 code has
been developed as in-house software for a safety analy-
sis of Pressurized Water Reactors (PWR) and has been
used in static and transient parameter calculations for
various PWR reactors. As a coupled neutronic and
thermal-hydraulic code, NODAL3 solves steady-state
and time-dependent few-group neutron diffusion equa-
tions in 3-dimensional Cartesian geometry. NODAL3
code has been verified to determine static parameters
of several cases related to Light Water Reactor (LWR)
benchmarks, such as IAEA-2D, KOERBERG, BIB-
LIS, and IAEA-3D [1]. For transient calculations, the
NODAL3 code has been used in OECD/NEA CRP
PWR rod ejection cases [2–4]. The steady-state and
transient verification results show good results when
compared with reference data.

The NODAL3 code requires few-group constants
from the core material, called cross-sections data.
NODAL3 code requires cross-section data for fuels
and other materials in the reactor core. The cross-
section data play a very important role in obtaining
accurate neutronic calculation results [5, 6]. To un-

derstand the effect of using different cross-section
data on neutronic parameters, the PWR MOX/UO2
Core Transient Benchmark case was chosen to be
evaluated [7]. The PWR MOX/UO2 Core Transient
Benchmark case was issued by the Nuclear Science
Committee of the OECD Nuclear Energy Agency
(NEA) as reference data to verify the calculations of
PWR core using MOX fuel [8–10]. In this case, the
cross-section data generated by HELIOS were pro-
vided by Purdue University [11]. The cross-section
data generated by Serpent were obtained from PWR
MOX/UO2 Transient Benchmark Calculation using
Monte Carlo Serpent 2 code and used by open-source
Nodal Core Simulator ADPRES [12]. Apart from
those two cross-sections, cross-section data generated
with SRAC, using the collision probability method
available by the PIJ module of SRAC for fuels and
other non-fuel materials, were used [13].

In this study, only the static calculation of
PWR MOX/UO2 Transient Benchmark case by
OECD NEA, calculated using NODAL3 code
with cross-sections data generated by SRAC
(NODAL3-SRAC), Serpent (NODAL3-Serpent), and
HELIOS (NODAL3-HELOS), was carried out. The
calculated static neutronic parameters are the effective
multiplication factor (keff ), control rod worth, criti-
cal boron concentration, and assembly power at hot
zero power (HZP) condition. The resulting neutronic
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parameters will be compared with data provided by
benchmark reports, i.e. EPISODE, calculated by Os-
aka University – Japan, and DeCART, calculated by
SNU/KAERI – Republic of Korea [7].

2. Methodology
The reactor core used in this benchmark of PWR
MOX/UO2 is based on a 3,565 MWth four-loop PWR
power plant by Westinghouse. Fuel assemblies consist
of an array of 17 × 17 lattices of rectangular fuel pin
cells. Fuel assemblies have four different enrichments,
UO2 fuel assembly has 2 types of uranium enrichment,
4.2 %, and 4.5 % enrichment, and each has 104 IFBAs
(Integral Fuel Burnable Absorber). Furthermore, the
MOX fuel assembly named MOX 4.0 % and MOX
4.3 % has 24 WABA (Wet Annular Burnable Absorber)
pins. The ¼ core configuration is shown in Figure 1.
A complete description and data on the benchmark
can be seen in the reference [7].

Neutronic parameters were carried out with
NODAL3 for a quarter core (¼ core) 3D model under
Hot Zero Power (HZP) conditions with an inlet tem-
perature of 560 K and an inlet pressure of 15.5 MPa.
There are 193 fuel assemblies within the reactor in-
cluding 53 control assemblies with an assembly pitch
of 21.42 cm. The axial part of the reactor model is
divided into 18 layers, 16 layers for the active core
at a height of 22.86 cm (a total of 365.76 cm), and a
layer for top and bottom axial reflectors at a height of
21.42 cm. Each fuel region was modelled to use a 2×2
node in a radial direction and a node in an axial direc-
tion. The core is then surrounded by radial-reflector
assemblies with a height of 21.42 cm, containing a
2.52 cm thick baffle, and having a coolant with the
same condition as the inlet coolant.

The cross-sections data (few-group constants) gen-
erated by SRAC2006 consist of a macroscopic cross-
section of transport (

∑
tr), absorption reaction (

∑
a),

produced neutron (v), fission reaction (
∑

f), and neu-
tron scattering (

∑
s), and are generated with the PIJ

module. The PIJ was used to solve 2D transport us-
ing the collision probability method and PEACO was
used for the resonance absorption calculation. The
perfect reflection boundary condition has been applied
for the outer surface and the B1 equation was used
as a weight for homogenised cross-section generation.
107 energy groups from ENDF/B-VII.0 nuclear data
library are then condensed into 2 energy groups, made
up of 59 fast neutrons and 48 thermal neutrons. The
diffusion coefficient was generated from an inverse
transport cross-section. The calculation results with
the PIJ module have been verified in the PWR core
calculation and give good results compared to the ref-
erence [14, 15], hence the generated cross-section data
can be used in this study. Besides the cross-section
data generated with SRAC2006 [13], the cross-section
data generated by Serpent [12] and HELIOS [7] in
general, consist of similar few-group constants that
have been calculated for different fuel temperatures,

Figure 1. Quarter-core fuel configuration [7].

coolant density & temperature, soluble boron concen-
tration, and control rod position, all at a selected fuel
burnup condition except the non-fuel element.

Serpent 2 generated few-group constants by mod-
elling each type of fuel assembly in 3D and setting
a reflective boundary condition outside, so it could
tally the required value to calculate the cross-sections
and other group constants using Monte Carlo trans-
port. Non-fuel elements, i.e. surrounding baffle and
water reflector, were modelled by including nearby
fuel elements so it could get a proper neutron flux for
the tallying process, while ENDF/B-VI.8 was used as
nuclear data library. HELIOS cross section provided
by Purdue University [11] uses a transport lattice cal-
culation to generate homogeneous cross-sections based
on HELIOS v.1.8 libraries, which were generated from
ENDF/B-VI and collapsed into a 2-group from 47-
group neutron. DeCART, as a main heterogeneous
solution, used a 47-group neutron based on HELIOS
v.1.8 libraries, which have been transport-corrected
by P0 scattering and subgroup method for the reso-
nance region. Both few-group constants provided by
HELIOS from Purdue university and Serpent 2 have
the Assembly Discontinuity Factors (ADF), but since
our NODAL3 is not developed to use ADF, this value
is not used in the NODAL3 calculation.

3. Results and discussion
The total control rod worth and also effective multi-
plication factor (keff ) for All control Rods Out (ARO)
and All control Rods In (ARI) conditions are shown in
Table 1 with the results of the DeCART code (hetero-
geneous solution) being used as the main reference. As
part of power peaking factor, Power-Weighted Error
(PWE) and Error-Weighted Error (EWE) are used to
accurately describe the fuel assembly power errors in
the calculation. They are defined by Equations (1)
and (2), respectively, and the assembly power relative
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Total control rod ARO ARI
Code worth [pcm] keff PWE EWE keff PWE EWE
Nodal solutions
NODAL3-SRAC 6842 1.061790 2.73 3.73 0.989880 3.16 4.59
NODAL3-Serpent 6995 1.057631 1.52 2.21 0.984772 2.74 4.31
NODAL3-HELIOS 6915 1.063571 1.79 4.16 0.990700 3.41 4.60
EPISODE 6849 1.063640 0.96 1.64 0.991420 1.66 2.16
Heterogeneous solutions
DeCART 6801 1.058520 ref ref 0.987430 ref ref

Table 1. Control rod worth and static parameters under ARO and ARI conditions.

error, ei, is defined by Equation (3). In general, PWE
can be considered as absolute error and EWE as RMS
(root mean square) error.

PWE =
∑

i |ei|refi∑
i refi

, (1)

EWE =
∑

i |ei||ei|∑
i |ei|

, (2)

ei = calci − refi

refi
× 100 . (3)

In addition, calculation results are also compared
with the EPISODE code, which uses the same nodal
solution as NODAL3 Code and 2 group constants.
DeCART basically uses MOC (Methods of Charac-
teristic) using 47-group energy neutron data and the
difference between control rod worth calculated with
NODAL3-HELIOS from DeCART is 114 pcm. The
calculated control rod worth from NODAL3-SRAC
against the DeCART reference is 41 pcm, lower
than the HELIOS cross-section, while the one from
NODAL3-Serpent is the highest at 194 pcm. This dif-
ference is quite small for the control rod worth. The
HELIOS cross-section gives the highest difference in
keff for ARO and ARI at 505 pcm and 32 pcm, respec-
tively. When comparing NODAL3 with EPISODE,
the highest difference in control rod worth is 146 pcm
for the cross-sections data from Serpent.

These results indicate that the NODAL3 code is
still quite close when compared to nodal-solutions
code like EPISODE. The PWE and EWE values for
all three cross-sections in ARO and ARI conditions
are still lower than 5 %, so it can be said that they
are quite close to the reference data from DeCART.

The calculated critical boron concentration, delayed
neutron fraction, and assembly power are shown in
Table 2. These data will be compared with DeCART
code as the main reference and also EPISODE as a sim-
ilar code to NODAL3 that uses nodal solutions. The
highest difference between NODAL3 and DeCART
calculations is 120 ppm when using data from Ser-
pent. While the highest difference from EPISODE
is 45 ppm when using data from Serpent. All these
differences show that the NODAL3 code does not

Critical Delayed Assembly
boron neutron power error
conc. fraction

Code [pcm] [pcm] PWE EWE

Nodal solutions

NODAL3-
SRAC

1342 579 2.45 4.18

NODAL3-
Serpent

1385 579 2.09 4.58

NODAL3-
HELIOS

1343 579 2.02 4.93

EPISODE 1340 579 1.05 3.42

Heterogeneous solutions

DeCART 1265 – ref ref

Table 2. Critical boron concentration calculation and
static parameters under HZP condition.

produce a significant difference in determining crit-
ical boron concentration for all three cross-section
data. It can be seen that nodal solvers like EPISODE
and our NODAL3 provide similar responses for cal-
culating critical boron concentration since it was it-
erating nodal diffusion calculation to achieve critical
conditions from interpolating each 2G group constant
from 0 to 2000 ppm boron concentration. On the con-
trary, DeCART, which solves neutron transport using
47G MOC, has a higher fidelity on the neutron spec-
trum, especially when interacting with strong neutron
absorbers like soluble boron within the coolant. The
delayed neutron fraction values give identical results,
with PWE and EWE still being lower than 5 %, which
makes this calculation closer to EPISODE results.

In general, all calculation results from EPISODE
were closer to DeCART than NODAL3 calculations.
This can be caused by the better spatial discretisation
of EPISODE. EPISODE uses a multi-group nodal ex-
pansion method (NEM), same as NODAL3, and uses
a 2G HELIOS cross-section provided by Purdue Uni-
versity, but EPISODE uses 16 nodes per fuel assembly
in the radial direction rather than 4 as is the case of
NODAL3. EPISODE also uses 20 axial regions for
the active core region, instead of 16 regions used by
NODAL3, even though both codes use a single region
on a top and bottom of the axial reflector.
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Σs Σs
Code Fuel Type vΣf Σtr D Σa G# to 1 G# to 2
SRAC UO2 4.2 % G1 6.71E-03 2.26E-01 1.47E+00 9.43E-03 1.98E-01 1.93E-02

G2 1.19E-01 7.14E-01 4.67E-01 9.02E-02 7.66E-05 6.23E-01
MOX 4.0 % G1 7.82E-03 2.27E-01 1.47E+00 1.00E-02 2.00E-01 1.79E-02

G2 2.06E-01 6.67E-01 5.00E-01 1.58E-01 1.45E-04 5.08E-01
Reflector G1 0.00E+00 1.76E-01 1.89E+00 3.83E-04 1.39E-01 3.69E-02

G2 0.00E+00 1.14E+00 2.93E-01 2.69E-02 7.76E-06 1.11E+00
Serpent UO2 4.2 % G1 7.55E-03 2.28E-01 1.46E+00 1.01E-02 5.09E-01 1.66E-02

G2 1.53E-01 8.22E-01 4.06E-01 1.15E-01 2.08E-03 1.28E+00
MOX 4.0 % G1 8.28E-03 2.28E-01 1.46E+00 1.18E-02 5.01E-01 1.41E-02

G2 3.66E-01 8.66E-01 3.85E-01 2.49E-01 4.19E-03 1.24E+00
Reflector G1 0.00E+00 2.52E-01 1.32E+00 2.29E-03 6.29E-01 2.84E-02

G2 0.00E+00 1.33E+00 2.51E-01 3.80E-02 6.83E-04 1.98E+00
HELIOS UO2 4.2 % G1 7.58E-03 2.36E-01 1.41E+00 1.00E-02 5.10E-01 1.63E-02

G2 1.55E-01 8.35E-01 3.99E-01 1.15E-01 0.00E+00 1.28E+00
MOX 4.0 % G1 8.31E-03 2.36E-01 1.41E+00 1.17E-02 5.02E-01 1.39E-02

G2 3.69E-01 8.65E-01 3.85E-01 2.51E-01 0.00E+00 1.25E+00
Reflector G1 0.00E+00 3.02E-01 1.10E+00 2.43E-03 6.40E-01 2.75E-02

G2 0.00E+00 1.23E+00 2.72E-01 3.72E-02 0.00E+00 1.99E+00
Relative difference to HELIOS

SRAC UO2 4.2 % G1 -11.538 % -4.035 % 4.204 % -6.081 % -61.266 % 18.602 %
G2 -23.359 % -14.520 % 16.987 % -21.778 % 0.000 % -51.272 %

MOX 4.0 % G1 -5.896 % -3.535 % 3.665 % -14.580 % -60.276 % 28.786 %
G2 -44.109 % -22.983 % 29.841 % -36.859 % 0.000 % -59.241 %

Reflector G1 0.000 % -41.592 % 71.210 % -84.204 % -78.283 % 34.149 %
G2 0.000 % -7.313 % 7.889 % -27.804 % 0.000 % -44.271 %

Serpent UO2 4.2 % G1 -0.451 % -3.345 % 3.460 % 0.301 % -0.380 % 1.948 %
G2 -0.997 % -1.551 % 1.576 % -0.338 % 0.000 % 0.031 %

MOX 4.0 % G1 -0.296 % -3.159 % 3.262 % 1.030 % -0.361 % 1.395 %
G2 -0.826 % 0.052 % -0.052 % -0.516 % 0.000 % -0.277 %

Reflector G1 0.000 % -16.499 % 19.759 % -5.602 % -1.800 % 3.274 %
G2 0.000 % 8.413 % -7.760 % 1.968 % 0.000 % -0.302 %

Table 3. Few-group constants of various components being used in PWR MOX/UO2 core benchmark case.

Homogenised cross-section data or few-group con-
stants for several fuel assembly types being used in
PWR MOX/UO2 core benchmark case generated by
SRAC, Serpent, and HELIOS can be seen in Table 3.
The selected fuel assembly type was UO2 4.2 % and
MOX 4.0 %, all at 0.150 GWd t−1, 900 K fuel temper-
ature, 580 K moderator temperature (711.87 gr L−1),
and 1000 ppm boron concentration, while a non-fuel
element, reflector, had the same properties as men-
tioned before. Comparing each group constant gener-
ated by SRAC and Serpent with HELIOS provided by
Purdue University, it can be seen that the SRAC few-
group constant is significantly different to HELIOS as
compared to Serpent, which is closer to HELIOS. As
additional information, the diffusion coefficient of Ser-
pent and HELIOS are calculated manually for Table 3
by an inverse transport cross-section

(
Dg = 1

3
∑

tr,g

)
.

The colour-coded relative difference was based on dis-
crepancies in each neutron group and fuel type, which

could emphasise local differences in each group’s con-
stants.

The direct measurement (experiment) of axial and
radial power density cannot be done inside the core, so
it is necessary to make an accurate calculation when
designing a reactor core. The local power density in
the hottest fuel assembly needs to be estimated ac-
curately to prevent fuel melt while the reactor is in
operation. Local power density could be used to cal-
culate the fuel temperature and coolant temperature
in that position, and various studies focused on the
calculation of the power peaking factor. Hence, the
power peaking factor as a ratio of the highest power
density at a given position to the average power den-
sity in the reactor core is also an important reactor
operation and safety parameter.

The NODAL3 calculated results of radial power
distribution or normalised radial power distribution
with cross-section data generated by SRAC, Serpent,
and HELIOS are shown in Table 4. DeCART code is
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1 2 3 4 5 6 7 8
A 0.385 0.847 0.542 1.510 1.296 1.160 0.496 0.293

0.366 0.813 0.546 1.564 1.290 1.147 0.523 0.276
0.362 0.856 0.554 1.536 1.309 1.176 0.531 0.281
0.357 0.838 0.548 1.493 1.298 1.196 0.468 0.282

B 0.847 0.871 0.823 1.357 1.733 1.073 0.831 0.392
0.813 0.817 0.778 1.340 1.822 1.048 0.806 0.373
0.856 0.874 0.765 1.376 1.792 1.046 0.812 0.373
0.838 0.861 0.754 1.360 1.770 1.066 0.832 0.361

C 0.547 0.778 0.647 1.612 1.630 1.324 0.591 0.307
0.542 0.823 0.633 1.563 1.631 1.342 0.557 0.324
0.555 0.765 0.664 1.576 1.612 1.350 0.600 0.321
0.549 0.754 0.661 1.553 1.622 1.379 0.526 0.327

D 1.510 1.357 1.563 1.297 1.615 1.462 1.050 0.373
1.565 1.341 1.612 1.262 1.666 1.441 1.032 0.363
1.539 1.378 1.577 1.304 1.620 1.413 1.049 0.375
1.494 1.361 1.554 1.306 1.619 1.440 1.085 0.352

E 1.291 1.823 1.631 1.666 0.643 1.395 0.822
1.296 1.733 1.631 1.615 0.633 1.367 0.824
1.312 1.796 1.615 1.622 0.671 1.367 0.836
1.299 1.771 1.623 1.620 0.682 1.378 0.838

F 1.160 1.073 1.342 1.462 1.367 1.089 0.427
1.148 1.049 1.325 1.442 1.395 1.076 0.416
1.180 1.049 1.354 1.417 1.370 1.111 0.442
1.197 1.067 1.380 1.440 1.378 1.142 0.438

G 0.496 0.831 0.557 1.050 0.824 0.427
0.525 0.807 0.592 1.033 0.823 0.417
0.534 0.817 0.604 1.055 0.839 0.439
0.469 0.833 0.527 1.086 0.839 0.439

H 0.293 0.392 0.324 0.373 DeCART-Reference
0.278 0.375 0.309 0.364 NODAL3-SRAC
0.278 0.370 0.318 0.376 NODAL3-Serpent
0.284 0.391 0.327 0.353 NODAL3-HELIOS

Table 4. Normalised radial power distribution by NODAL3 using cross-section from SRAC, Serpent, and HELIOS.

used as reference data for radial power distribution.
Table 4 shows that each fuel assembly normalised
power has a similar trend to the DeCART reference
data, with the power peaking factor or the highest
power density being about 1.73-1.83 at the positions
E2 and B5.

Table 5 shows the relative errors of normalised
power in Table 4 to the reference DeCART values.
It can be observed that the relative error of NODAL3
with the cross-section generated by SRAC is low in
comparison to Serpent and HELIOS in terms of the
highest power error in a positive and negative direc-
tion. The SRAC cross-section gives 6.284 % as the
highest power distribution error when compared to De-
CART which occurs in G-3, the Serpent cross-section
gives the highest difference of 8.438 % at G-3, and the
HELIOS cross-section from Purdue University maxes
out at 10.998 % at position C-7. All cross-section data
show a similar trend in which the power distribution

tends to deviate from the DeCART reference on the
peripheral side of the reactor where it is close to the
radial reflector, which has a vacuum outer boundary
condition. Errors also appear in positions close to
the middle of the reactor where reflective boundary
conditions have been applied since NODAL3 uses a
quarter-core (¼ core) model, as can be seen in Table 5.

It can be seen that the calculated results of the
radial power distribution from the NODAL3 code
with different cross-sections generated with different
codes do not show a significant difference in terms of
the total value. The difference in the normalised radial
power distribution is due to the different methods and
nuclear data used to generate few-group constants or
cross-section data and the nuclear data library used,
as SRAC uses ENDF/B-VII.0, Serpent uses ENDF/B-
VI.8 and HELIOS v1.8 was based on ENDF/B-VI.
Furthermore, all these results by NODAL3 show that
NODAL3 needs to improve its solver when treating
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1 2 3 4 5 6 7 8
A 0.385 0.847 0.542 1.510 1.296 1.160 0.496 0.293

-4.935 % -4.014 % 0.738 % 3.576 % -0.463 % -1.121 % 5.444 % -5.802 %
-5.974 % 1.063 % 2.214 % 1.722 % 1.003 % 1.379 % 7.056 % -4.096 %
-7.273 % -1.063 % 1.107 % -1.126 % 0.154 % 3.103 % -5.645 % -3.754 %

B 0.847 0.871 0.823 1.357 1.733 1.073 0.831 0.392
-4.014 % -6.200 % -5.468 % -1.253 % 5.136 % -2.330 % -3.008 % -4.847 %
1.063 % 0.344 % -7.047 % 1.400 % 3.405 % -2.516 % -2.286 % -4.847 %
-1.063 % -1.148 % -8.384 % 0.221 % 2.135 % -0.652 % 0.120 % -7.908 %

C 0.547 0.778 0.647 1.612 1.630 1.324 0.591 0.307
-0.914 % 5.784 % -2.164 % -3.040 % 0.061 % 1.360 % -5.753 % 5.537 %
1.463 % -1.671 % 2.628 % -2.233 % -1.104 % 1.964 % 1.523 % 4.560 %
0.366 % -3.085 % 2.164 % -3.660 % -0.491 % 4.154 % -10.998 % 6.515 %

D 1.510 1.357 1.563 1.297 1.615 1.462 1.050 0.373
3.642 % -1.179 % 3.135 % -2.699 % 3.158 % -1.436 % -1.714 % -2.681 %
1.921 % 1.548 % 0.896 % 0.540 % 0.310 % -3.352 % -0.095 % 0.536 %
-1.060 % 0.295 % -0.576 % 0.694 % 0.248 % -1.505 % 3.333 % -5.630 %

E 1.291 1.823 1.631 1.666 0.643 1.395 0.822
0.387 % -4.937 % 0.000 % -3.061 % -1.555 % -2.007 % 0.243 %
1.627 % -1.481 % -0.981 % -2.641 % 4.355 % -2.007 % 1.703 %
0.620 % -2.852 % -0.490 % -2.761 % 6.065 % -1.219 % 1.946 %

F 1.160 1.073 1.342 1.462 1.367 1.089 0.427
-1.034 % -2.237 % -1.267 % -1.368 % 2.048 % -1.194 % -2.576 %
1.724 % -2.237 % 0.894 % -3.078 % 0.219 % 2.020 % 3.513 %
3.190 % -0.559 % 2.832 % -1.505 % 0.805 % 4.867 % 2.576 %

G 0.496 0.831 0.557 1.050 0.824 0.427
5.847 % -2.888 % 6.284 % -1.619 % -0.121 % -2.342 %
7.661 % -1.685 % 8.438 % 0.476 % 1.820 % 2.810 %
-5.444 % 0.241 % -5.386 % 3.429 % 1.820 % 2.810 %

H 0.293 0.392 0.324 0.373 DeCART-Reference
-5.119 % -4.337 % -4.630 % -2.413 % % Error NODAL3-SRAC
-5.119 % -5.612 % -1.852 % 0.804 % % Error NODAL3-Serpent
-3.072 % -0.255 % 0.926 % -5.362 % % Error NODAL3-HELIOS

Table 5. Relative error to reference DeCART values for calculated normalised radial power distribution by NODAL3
using cross-section from SRAC, Serpent, and HELIOS.

neutron flux on the core peripherals that use specific
boundary conditions.

The axial normalised power distribution or rel-
ative power to average axial power is shown in
Figure 2, with the maximum calculated axial
power from NODAL3-SRAC, NODAL-Serpent and
NODAL-HELIOS being 1.4967, 1.4850, and 1.4964,
respectively, while the value for DeCART is 1.50.
Since the axial power distribution from DeCART is
only shown as a figure, we use a plot digitiser [16]
to obtain the exact calculated value from DeCART
axial power distribution plot. Therefore, the differ-
ence in the axial power peaking factor is shown in
Figure 2 and it is peaking on the top and bottom
core which is up to 16.60 % for NODAL3-SRAC, fol-
lowed by 13.86 % for NODAL3-Serpent, and 10.20 %
for NODAL3-HELIOS. These findings are higher than
the power distribution deviation of the radial power

peaking factor, and this indicates that radial and axial
power profiles are sensitive to the cross-section data
and it could be caused by the absence of a disconti-
nuity factor in NODAL3 to improve neutron balance
in the diffusion calculation, especially on the core
peripherals (radial and axial).

4. Conclusion
The effect of the cross-section data set on calculating
static neutronic parameters for the case of MOX/UO2
Core Transient Benchmark has been carried out with
the NODAL3 code. Cross-section data used in this
study are from SRAC, Serpent, and HELIOS. The
largest difference in keff value for All control Rods
Out (ARO) and All control Rods In (ARI) is 505 pcm
and 32 pcm, respectively, when using cross-section
data from HELIOS. The largest difference in con-
trol rod worth from reference data is 194 pcm when
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Figure 2. Axial relative power distribution and rela-
tive deviation to DeCart at HZP condition.

using cross-section data from Serpent, followed by
the largest difference in the calculated critical boron
concentration, 120 ppm, also from Serpent’s cross-
sections data. The relative errors in the fuel assembly
power in both ARO and ARI conditions are still lower
than 5 %, while the difference in the calculated radial
power peaking factor for all three cross-sections to
reference data reaches 6.284 % (G-3), 8.438 % (G-3),
and 10.998 % (C-7) for SRAC, Serpent, and HELIOS,
respectively. The calculated axial power distribution
by NODAL3 has a relative error at the top and bot-
tom of the reactor core that was peaking at 16.60 %,
13.86 %, and 10.20 % for few-group cross-sections pro-
vided by SRAC, Serpent, and HELIOS, respectively.
In conclusion, the 2-group cross-sections calculated by
SRAC, SERPENT, and HELIOS were consistent with
each other when the static parameters were calculated
using NODAL3. Further improvements are needed for
NODAL3 by applying various discontinuity factors to
improve the neutron balance at reflective boundary
conditions and in the peripheral zone of the reactor
core near the radial and axial reflectors. In addition,
another recommendation might be to manually up-
grade or correct macroscopic cross-section data with
an assembly discontinuity factor at each fuel assembly
position inside the core before it is used as NODAL3
input.
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