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Abstract - This paper presents the new computational cdipaltf MC?-3 for generation of multigroup
cross section in thermal energy range. The mulliugrcross section generation code M8for fast reactor
applications has recently been extended to genéhnateross sections for the entire energy rangatefest

in fission reactors. Thermal scattering matriceslamteraction cross section libraries for the engrgnge
from 10° eV to 5.0 eV were prepared with the NJOY codelidGD group structure. The slowing-down and
transport calculation capabilities of ME3 were extended to 202V in compliance with the new thermal
group cross section libraries. Numerical tests wierd.WR fuepin and assembly problems. The 3478-group
neutron spectra obtained with M@ agreed well with MCNP6 results. The eigenvaluerevas less 160
pcm and the pin power error was less than 1.2% @regpto MCNP6 results. These results indicate thet
modified MC-3 can generate accurate cross sections for theneattor applications.

[.INTRODUCTION

the verification tests results for the KSNP (Korean
Standardized Nuclear Plant) WQuel pin cell [8], LWR

Under the U.S. DOE’s Nuclear Energy AdvancedMOX fuel pin cell [9], and VERA [10] benchmark priems

Modeling and Simulation (NEAMS) program, an advahce
multi-group cross section generation code \8Cwas
developed for fast reactor applications [1]. The®8C:ode
generates composition-dependent multigroup crostose
by solving the neutron transport equation for a bgemeous
medium or a slab or cylindrical unit cell problemsi ultrafine
(~2,000) or hyperfine (~400,000) group level witttalled
modeling of resolved resonances, unresolved resesaand
anisotropic scatterings. In addition, in order #ke into
account the local heterogeneity effects more atelyraa
two-dimensional method of characteristic (MOC) saort
solver has recently been incorporated into?\8Cat Purdue

are presented.
II.METHODOLOGIES
1. Generation of Thermal Cross Section Libraries

Preliminary thermal cross section libraries of #&C
were prepared in a 1700-group structure. The enengge
from 0.1 eV to 5.0 eV that includes important tharm
resonances was divided into 1625 groups to reprabken
thermal resonances in this energy range almostpisie.
The energy range from #0eV to 0.1 eV, where the cross

University [2]. MC>-3 has been validated against various fassections vary smoothly, was represented by 75 grodp a

critical experiments [3] and widely used for muttigp cross

section generation for fast reactor designs antyses
Motivated by the analysis needs for recent fasttoza

designs including local moderated zones or fastthednal

result, the total number of ultrafine groups of M&Cbecomes
3,483: 1,783 fast groups from 5.0 eV to 14.2 Med &ry00
thermal groups from 1®eV to 5.0 eV.

The NJOY code was used to generate the thermal

coupled reactors [4, 5], the MG code has been extended to scattering matrices and the interaction crossaeditiraries

generate the multigroup cross sections in the thkeemergy
range as well as in the fast energy range. Thiscapability
can also be utilized to generate multigroup cressiens for
thermal reactor applications with detailed slowidgwn
calculation, in particular for those cases whem ¢hrrent
lattice calculation with fine-group cross sectidoraries is
not adequate (e.g., BWR assembly with high-voidtfom
[6]). For a detailed thermal spectrum calculatithe lower
energy boundary has been extended from 0.4 eV-teW
Using the NJOY code [7], 1700-group thermal crasgion
libraries with upscattering have been generatetbt@r the
energy range from 10eV to 5.0 eV. The existing transport
equation solvers have also been modified to comjly the
new thermal libraries with upscattering.

In this paper, we present the new thermal crostosec
generation capability of M&3. The thermal cross section
libraries and the modified transport solvers aseused, and

at the infinite dilute condition and target temperas based
on the ENDF/B VII.0. Fig. 1 illustrates the compidgaal
procedure. The utility code for M& sub-library, named
PMCS [11], prepares the NJOY input files and thautrfile

for another utility code to process the NJOY oufpes. The
thermal scattering matrices and cross sectionrlgsaare
generated using the RECONR, BROADR, THERMR and
GROUPR modules of NJOY. The NJOY output-processing
tool converts the output files of NJOY (in the GEND
format) in the formats of the thermal cross secliloraries of
MC?2-3.

Since only the thermal scattering matrices are grexp
with the NJOY code, the elastic and inelastic sttty cross
sections from fast groups to thermal groups arggres
using the M&-3 algorithms [1] except for hydrogen. For this,
the associated routines of MG have been modified to
comply with the thermal group structure. For hydnogthe
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elastic scattering transfer matrix is analyticalbtained as: Qs (r.@)+Z2(r s (r. @) =N, (r) (3)

oi(g - g) = Isg J'“é' du'J'UQ duff &U92] @Y (1) Using solution of two fixed source problems, thesge cross
s u - section for the self-shielded groggross section of resonant

isotope r in a regiom can be computed as:
where(JJS is thel-th moment Legendre expansion coefficient

of the scattering transfer matrix from grogpto g , and . fv dVLn dQyy, (r,Q) - @
* er]j = T ‘ - g i
O, is the elastic scattering cross section of grgup. and o ‘ J‘ dV_[ dQys (r,Q) ; KTk
* . . . Vi an 4 '
u,., are energetically reachable boundariés) is the

lethargy widtha =(A-1)*/(A+1y, andA is the atomic

For the calculation of thermal spectrum, the 2-D ®10
transport solver as well as the homogeneous andCRM

mass ratio of hydrogen to neutron. solvers has been extended to comply with the thiegnoaip
cross sections and to perform the upscatteringtiters in the
___ ENDFB thermal energy range. The Gauss-Seidel methodeid o
the upscattering iteration. Fig. 2 shows the overal
v I} computational flow of M&3 to generate multigroup cross

‘ NJOY «——  NJOYINPUT j&—— PMCS | sections.

GROUPR OUTPUT|

{

NJOY OUTPUT N;sgccégmg .................................
PROCESSING (&——y "~ °-°°7 = «— % MC23Library  Gi-----»  ReadLibrary  |¢----i MC2 3 Thermal lerary
. Too. < i NezStbay  peew  Readlbray e MG2S Thermal Library
INPUT

|

THERMAL CROSS

Calculate Escape Cross
Section w/ 1-D CPM
SECTION LIBRARY

¢ URR Self-Shielding
MC2-3

Self-shielding
Resonances using NR
Approximation, Escape f¢----- |
Cross Sections and HFG

Calculate Escape Cross
Section w/ 2-D MOC

HFG Transport Calculation
with Fixed Sources

Fig. 1. Procedure to prepare the thermal libraofedC?-3. solution i
. . Calculate Scattering Iner}:srtil’t? ?nloznn?SoI:rst:gg to
2. Thermal Neutron Transport Calculation in M C?-3 Matrices

[ —

The MC-3 code solves the consisteni Bansport 10 gPM Transport | (0] @'I 2 MOC Transport
equation to determine the fundamental mode specinuan
homogeneous problem, whereas the Collision Prababil Az
Method (CPM) is used to solve one-dimensional (1s@p

0-D Consistent P,
Transport Calculation
and cylindrical geometry problems. As mentionedthie

introduction, a two-dimensional (2-D) MOC solveshHzeen
implemented to solve 2-D pin cell and lattice pesbé. In trec
this MOC solver, anisotropic scattering is modealedo B,

whereas the current CPM module of fM&is limited to the

isotropic scattering source with optional transportrection.
In order to determine the self-shielded UFG crossrig. 2. Overall computational flow of M3

sections by taking into account the heterogeneftgcte

isotopic escape cross sections are calculated. Toime’s As mentioned above, the spectrum calculation is

method [12] is employed for 1-D geometries to cit@ithe  performed in the ultrafine group (UFG) or hyperfigeup

isotopic escape cross sections. For 2-D problemessbtopic  (HFG) level. In the UFG calculation, the self-sHigd cross

escape cross sections are calculated by solvindixed  sections are determined by the numerical integrati

source transport problem [13]: pointwise cross section based on the narrow resen@R)
QYL (1, Q)+ 2 (WS (. 2)= YN, ()os () (2) PProxmatonas

k#r

Group Condensation Generate ISOTXS
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xg

[ LAC)

1
du/j — du
au, Z‘(U)

Au, Z‘ ( U)

Q)

where Au, is the lethargy width of groug, and 5ng is the

effective cross section of group for reaction typex of
isotopei.

and 2-D pin cell problems for UGand MOX fuels were
solved, and the results were compared with the MENP
solutions. Both M&3 and MCNP6 calculations were
performed using the ENDF/B VII.0O data. The MCNP6
calculations were performed with 10,000 active eychnd
10,000 histories per cycle.

Table | compares the k-infinity values determindthw

Since the NR approximation assumes that the resenanpMc2-3 and MCNP6 for the homogenized compositions of

width is much smaller than the average energydbagutron
per scattering, the NR approximation is only vallibve a
few hundred eV. The errors in the ultrafine groupss
sections due to the NR approximation can be elitathéy
using the HFG calculation option in the resolvesbreance
range. In this case, the self-shielded UFG cros8oses are
recalculated using the HFG flux distribution. Arispic
elastic scattering sources are directly incorporat¢he HFG
calculation, but the fission, inelastic scatteriaugd (n,2n)
sources are interpolated from the corresponding UF
sources.

[11. NUMERICAL RESULTS
1. Fuel Pin Cdl Problems

As an initial verification test of the thermal sfren
calculation capability of M&3, homogeneous compositions

Table I. Eigenvalues of M3 and MCNP6 for homogen

UO, and MOX pin cell problems. Here, M@ w/ HFG
indicates the M&3 UFG solution with the self-shielded
UFG cross sections recalculated with the HFG flux
calculation. It can be seen that the Mresults agree well
with the MCNP6 solutions and that the HFG calcofati
improves the accuracy by reducing the errors rieguftom
the NR approximation. Differences in the UFG (2483
groups) fission cross sections’& and?**Pu from MCNP6
results are shown in Figs. 3 and 4, respectivelg, those in
Ghe capture cross sectiong8t) and?*%Pu are shown in Figs.
5 and 6, respectively. In general, the HFG caloutat
improves the accuracy of UFG cross sections. Imekelved
resonance region, the cross sections obtainedthétFG
calculation agree well with the MCNP6 results exdep a
few energy groups where the errors are up to 5%ever,
these discrepancies do not affect the eigenvalsiltseas
shown in Table I.

ized compositions of.ld@d MOX fuel pin cell problems.

Fuel/moderator densities o
Case (g/cn®) and temperatures Code k-infinity AK (pcm)
KSNP UQ 10.061/0.660 MENP6 1.08949 (6) -
. . 2
fuel pin [8] 300K/300K MC=2-3 w/o HFG 1.09091 142
MC2-3 w/ HFG 1.08989 40
LWR MOX 10.300/0.660 MCNP6 1.13225 (6) .
. . 7
fuel pin [9] 300K/300K MC-=4-3 w/o HFG 1.13462 237
MC2-3 w/ HFG 1.13378 152
15.0 T T T T i g 10° 275 : : | 10°
Rel, Errof UFG XS E 25.0 —Rel. i of UFG XS
12.5t Rel. Trr of UTG/HEG XS] ] 57 ] Rel. Firr of UFG/HEG XS 3
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g 5.0 L 5 § :ZZ: ERTS =
4 25 1 £ = 1004 ! E
M 001 y {10t ¥ = ;2: 1100 7
=254 3 25 3
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Fig. 3. Comparison of UFG fission cross section?®3U
betweenMC2-3 and MCNP6 folLWR MOX fuel pin cel
problem

107 10" 10’ 10 10° 10! 10° 10°

Energy (eV)
Fig. 4. Comparison of UFG fission cross section®3PL
betweenMC?-3 and MCNP6 for LWR MOX fuel pin c¢
problem
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Fig. 5. Comparison of UFG capture cross section&®tf Fig. 6. Comparison of UFG capture cross section€eu
between MG3 and MCNP6 for LWR MOX fuel pin c¢ between M&3 and MCNP6 for LWR MOX fuel pin ct
problem. problem.

It is also observed that in the unresolved resomancangles and 4 polar angles (faf2). Anisotropic scattering
range, MC-3 yields a smaller absorption cross section and was modeled up tosPit can be seen that the k-infinity values
larger fission cross section f8#°Pu than MCNP6. These of MC?3 agree well with the MCNPG6 results. The effect of
differences are attributed to different unresolvesonance HFG calculation is smaller in each 2-D problem tivathe
self-shielding methods of Mi&3 and MCNP6 (i.e., the direct corresponding homogenized problem because of theceel
integration method vs. the probability table mejhdthese energy self-shielding effect due to the reduced fayvel in
differences in 2°®Pu isotope cross sections make thethe fuel. It is also noted that the ¥t@ results approach the
difference in k-infinity between M&3 and MCNP6 larger MCNP6 solutions with increasing order of anisotoopi
for the MOX problem than the U(problem. scattering. This is consistent with the observat&ported in

Figs. 7 and 8 compare the UFG neutron spectrarsatai Ref. [14].
with MC2-3 and MCNP&6. It can be seen that the spectra Figs. 9 and 10 compare the cell-averaged UFG spectr
obtained from M&3 with HFG calculation agree well with obtained from M&3 calculations (with Pscattering order)
the MCNP6 solutions. with MCNPG6 results for the 2-D Utand MOX fuel pin cell

Table Il presents the k-infinity values calculatedh problems, respectively. It can be seen that thectspe
MC?2-3 and MCNP6 for two-dimensional Y@nd MOX fuel  calculated with M&3 agree well with the MCNP6 solutions.
pin cell problems. The 2-D MOC calculations of RM&were  These results indicate that the transport solvén©f-3 can
performed with a ray spacing of 0.025 cm, 32 azirmlt provide an accurate solution for 2-D problems.

0.0015 i 30 0.0025 I T 30
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= 2 L oem— & 3
MCNP - M(.N.i 120
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‘E 0.0010 - i B 1 ¢ 1) il L B R :é 10
2 ~ ) st | m
= § E 0.0015 ;E
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e fefriie & e
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Fig. 8. UFG spectrum of homogenized LWR MOX"
pin cell probler

Fig. 7. UFG spectrum of homogenized KSNP, fuel pin
cell problem.
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Table Il. Eigenvalues of M&3 and MCNP6 for 2-D U@and MOX fuel pin cell problems.

Fuel/moderator densitie oo
Case (g/cn®) and temperature Code k-infinity Ak (pcm)
MCNP6 1.16679 (5)
MC23 (P) w/o HFG | 1.16576 -103
2. R
KSNP UQ 10.061/0.660 MC*3 (R) w/ HFG 1.16580 99
fuel pin [8] 300K/300K MC=-3 (P) w/o HFG 1.16609 -70
MC2-3 (R) w/ HFG 1.16614 -65
MC?-3 (Py) w/o HFG 1.16609 70
MC2-3 (Py) w/ HFG 1.16614 -65
MCNP6 1.226009 (6)
MC?-3 (P) w/o HFG 1.22390 220
2. -
LWR MOX 10.300/0.660 MC2 3 (P) w/ HFG 1.22408 201
fuel pin [9] 300K/300K MC?-3 (P) w/o HFG 1.22569 -40
MC?-3 (P) W/ HFG 1.22586 23
MC2-3 (P;) w/io HFG 1.22569 -40
MC?-3 (P;) W/ HFG 1.22586 23
G015 I I T 30 0.0025 | ‘ 30
i— MCC3 wi HEG ——MCC3 w/ HEG|
| —— MCNP |-
[ 0.0020 o Rel. Err
Z 00010 3 Hur
-L;: 2 = ooms /A | 9
:% E E 1k " " E
E- 3 g WMWTI‘H |” i ["- [r T { 0 E
= g 0.0010 T &
0.0005 I w \ 4-10
il 0.0005 — M T 5
0.0000 44 r . r -30 0.0000 —/\.W MW -30
1E-01 LE+01 LE+03 LE+05 IE+07 13H-01 1101 1E+03 1E+05 TE+07
Hnergy (eV) Energy (eV)
Fig. 9. Cell-averaged UFG spectrum of KSNP U@l pir  Fig. 10. Cell-averaged UFG spectrum of LWR M| pin
cell problem. cell problem.

2. VERA Benchmark Problem tackle the memory issue in the lattice calculatidne
effective assembly calculation scheme using anrimdiate
The modified MG-3 was also tested for the VERA PWR group structure is currently being investigated.

fuel lattice problems, which are characterized By 1.7 fuel Since the UFG cross section errors induced fronNiRe
assemblies including several guide tube. The lagbtitese  approximation are small for UQuel, the HFG calculations
lattice problems is provided in Fig. 11, and deihil were not invoked for the VERA benchmark problems. P
specifications can be found in Ref. [9]. The 2-D ®IO anisotropic scattering was used based on the fiimesailts
calculations of M&3 were performed with a ray spacing of shown in Table Il, indicating that Rnisotropic scattering is
0.05 cm, 32 azimuthal angles and 4 polar anglest(&). In  sufficient for typical LWR fuel pin cells. The MCNP
order to perform the slowing down calculations forcalculations were performed with 10,000 active egcand
assemblies, the UFG cross section sets includirgg th100,000 histories per cycle to have a relative reofopin

scattering matrices need to be stored during thepatation,
which poses a huge memory requirement. In this wibrd
region-dependencies of UFG cross sections fordimsl were
approximately considered by grouping them into $&ts: the
fuel rods adjacent to the guide tube and the remgiones.
For the annular regions of fuel pin that have thae radial
location and the cross section group, a singleosescape
cross sections were obtained by averaging theiatans. To

power less than 0.04%.

Table Il presents the k-infinity values of MG and
MCNPG6 for the 2-D pin cell and lattice problemshiot zero
power (HZP) condition at the beginning of cycle @&QCof
the VERA benchmark problems. The maximum difference
k-infinity between MCNP6 and M3 results is -124 pcm
for pin cell problems (P1D), and -143 pcm for asklm
lattice problems (P2D). These results indicate tihatMC-3
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code well reproduces the reference k-infinity resubf  escape cross sections deviate substantially frenaterage
MCNP®6 for various lattice problems. value. The accuracy of pin-power can be furtherowed by
employing more detailed escape cross sectionsaftr pin.

3.1% Fuel Rod

(Escape Cross Section Set 1) Max Err(%) : 1.137%
3.1% Fuel Rod RMS Err(%) : 0.485%
(Escape Cross Section Set 2) 1.046 | 1.015

1046 | 1019
0.019 | -0373
1.046 | 1.016 | 1.017
1.046 | 1.019 | 1.020
0.038 | -0.314 | -0.294
1.047 | 1.049
1.046 | 1.047
0.134 | 0.210
1.015 | 1.019 | 1.058 | 1.045
1042 | 1.017 | 1.020 | 1.052 | 1.038
0.269 | -0.177 | -0.137 | 0.580 | 0.655
1.042 | 1011 | 1.016 | 1.058 | 1.067
1.038 | 1.012 | 1.015 | 1.051 | 1.055
0.385 | -0.059 | 0.020 | 0.713 | 1.137
1.034 | 1.036 1.048 | 1.026 | 0.974
1029 | 1.031 1038 | 1018 | 0.973
0.408 | 0.505 1012 | 0756 | 0.025
1.012 | 0.985 | 0.986 | 1.013 | 0.982 | 0.960 | 0.939 | 0.924
1.011 | 0.987 | 0.987 | 1.010 | 0.981 | 0.962 | 0.943 | 0.927
Fig. 11. Lattice layout for VERA benchmark problems| 0.178 | -0.172 | -0.114 | 0.366 | 0.072 | -0.206 | -0.403 | -0.475

0.960 | 0.955 | 0.955 | 0.958 | 0.948 | 0.937 | 0.925 | 0.917 | 0.913
(octant symmetry) 0.967 | 0.962 | 0.961 | 0.964 | 0.953 | 0.943 | 0.931 | 0922 | 0917
-0.732 | -0.693 | -0.630 | -0.562 | -0.468 | -0.578 | -0.590 | -0.562 | -0.533

D Empty Guide Tube MC2-3
MCNP

Rel .Error (%)

Table Ill. Eigenvalues of M&3 and MCNP6 for 2-D pin cell
(P1A through P1D) and lattice (P2A through P2D)otems  Fig. 12, Comparison of pin-by-pin fission powertdisution

in HZP condition at BOC of VERA benchmarks. between ME-3 and MCNP6 for P2A lattice problem. (Octant
Fuel/moderator - Ak symmetry)
Case densities (g/cr) Code k-infinity
and temperature (pcm) Max Err(%) : 0.950%
pia| 10.257/0.743 | MCNP6 | 1.18654 (2) - R,\j’gE::(;J)',O"m;)
565K/565K [MC?-3 (P)| 1.18667 13 s o
P1B 10.257/0.661 MCNP6 | 1.18182 (2) - 1046 | 1.020 MC23
600K/600K  [MC?3 (P)| 1.18180 | -1 0.067 | -0.186 MNP
p1c| 10.257/0.661 [ MCNP6 | 1.17161(2) - il el e Rel .Error (%)
900K/600K  |MC2-3 (B)| 1.17078 -83 0.076 | 0.225 | -0.118
pip| 10-257/0.661 | MCNP6 | 1.16310(2) - 1,047
1200K/600K |MC?*3 (P)| 1.16186 | -124 oS
P2A 10.257/0.743 | MCNP6 | 1.18193 (2) - 1.018 | 1.020 1.044
565K/565K  [MCZ-3 (R)| 1.18105 -88 1.043 | 1.019 | 1.020 | 1.050 | 1.037
0.173 | -0.108 | 0.029 | 0.524 | 0.607
pop| 10.257/0.661 | MCNP6 | 1.18284 (2) - T e
600K/600K (MC2-3 (P)| 1.18213 -71 1037 | 1.013 | 1.016 | 1.048 | 1.052
poc| 10.257/0.661 [ MCNP6 | 1.17350(2) - Qo2 0000|009 ooy 0.9 S
900K/600K MCZ_?’ (B) 1.17246 -104 1:028 1:029 1:034 12015 0:972
P2D 10.257/0.661 | MCNP6 | 1.16568 (2) - 0.350 | 0.398 0.841 | 0.611 | 0.030
1200K/600K [MCZ3 (P)| 1.16425 | -143 1.011 | 0.987 | 0.987 | 1.011 | 0.982 | 0.960 | 0.940 | 0.925
1.011 | 0.989 | 0.988 | 1.009 | 0.981 | 0.962 | 0.944 | 0.930
i i o o 0.059 | -0.182 | -0.111 | 0.248 | 0.092 | -0.199 | -0.408 | -0.548
Comparisons of pin-by-pin fission power distributio [0.962 | 0.958 | 0.958 | 0.960 | 0.950 | 0.939 | 0.926 | 0.917 | 0.913
between MCNP6 and M&3 are shown in Fig.12 through 15. | 0.968 | 0.964 | 0.963 | 0.965 | 0.954 | 0.944 | 0.932 | 0.923 | 0.918
-0.603 | -0.567 | -0.570 | -0.466 | -0.441 | -0.576 | -0.651 | -0.581 | -0.576

It can be seen that M@ power distributions agree well with
the MCNP6 solutions. The maximum and RMS erronsiof ) ] ) o ]
by-pin fission power for P2A through P2D fuel asbées Fig. 13. Comparison of pin-by-pin flsspn powertdtsution

are 1.137% and 0.485%, respectively. The relativaiye between M&-3 and MCNP6 for P2B lattice problem. (Octant

errors are observed in the vicinity of guide tubéere the ~Symmetry)
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Max Err(%) : 0.960%
RMS Err(%) : 0.426%

1.047 | 1.019
1.046 | 1.022
0.048 | -0.264 l\l\ﬁg\];
1.047 | 1.019 | 1.020 .
1.045 | 1.021 | 1.021 Rel .Error (%)
0.105 | -0.186 | -0.137
1.047 | 1.049
1.045 | 1.046
0.191 | 0.249
1.045 | 1.017 | 1.020 | 1.056 | 1.044
1.042 | 1.018 | 1.020 | 1.050 | 1.037
0.269 | -0.039 | 0.059 | 0.572 | 0.656
1.040 | 1.013 | 1.016 | 1.055 | 1.062
1.037 | 1.013 | 1.015 | 1.049 | 1.052
0328 | 0.020 | 0.138 | 0.601 | 0.960
1.032 | 1.034 1.043 | 1.022 | 0.972
1.028 | 1.029 1.034 | 1.016 | 0.972
0350 | 0.398 0.793 | 0.531 | 0.021
1.011 | 0.987 | 0.987 | 1.011 | 0.982 | 0.960 | 0.940 | 0.925
1.010 | 0.989 | 0.988 | 1.009 | 0.982 | 0.963 | 0.944 | 0.930
0.079 | -0.168 | 0.113 | 0.238 | -0.025 | -0.250 | -0.427 | -0.545
0.963 | 0.958 | 0.958 | 0.960 | 0.950 | 0.939 | 0.926 | 0.917 | 0.912
0.969 | 0.964 | 0.963 | 0.964 | 0.954 | 0.944 | 0.932 | 0.923 | 0.917
0.617 | -0.601 | -0.526 | -0.453 | -0.447 | -0.562 | -0.592 | -0.625 | -0.583

Fig. 14. Comparison of pin-by-pin fission powertdtsution

IV.CONCLUSIONS

Motivated by the analysis needs for recent fasttoza
designs including local moderated zones or fastthadnal
coupled reactors [4,5], the MG code has been extended to
generate the multigroup cross sections in the takemergy
range as well as in the fast energy range. Theorads
section libraries for the energy range fronPH¥/ to 5.0 eV
have been prepared in a 1700-group structure igsepting
the thermal resonances almost pointwise. The toahsp
solvers of MG-3 have also been modified to comply with the
thermal group cross sections and to perform theatfring
iterations in the thermal energy range.

The thermal spectrum calculation capability of &
has been tested using the VERA fuel pin and lattice
benchmark problems [10] as well as simplel#@d MOX
fuel pin problems [8,9]. It was observed that tigeeevalues
and flux distributions of M&3 generally agree well with the
corresponding  MCNP6 Monte Carlo solutions. For
homogeneous problems, the HFG solution is generally
required to reduce the error in self-shielded URGss
sections caused by the NR approximation. Howess, t
error is naturally reduced in 2-D problems with tid of
spatial self-shielding effect in the fuel regiom.was also

between MG-3 and MCNPG6 for P2C lattice problem. (Octant Observed that Panisotropic scattering calculation improves

symmetry)
Max Err(%) : 0.88%
RMS Err(%) : 0.427%

1.047 | 1.018
1.046 | 1.020 MC2-3
0.067 | -0.186 MCNP
1.047 [ 1.019 | 1.020 Rel Error (%)
1.046 | 1.021 | 1.021 ’
0.076 | -0.225 | -0.118

1.047 | 1.049

1.045 | 1.046

0.191 | 0.258
1.044 | 1.018 | 1.020 | 1.056 | 1.044
1.043 | 1.019 | 1.020 | 1.050 | 1.037
0.173 | -0.108 | 0.029 | 0.524 | 0.607
1.040 | 1.013 | 1.017 | 1.055 | 1.062
1.037 | 1.013 | 1.016 | 1.048 | 1.052
0.328 | 0.000 | 0.069 | 0.649 | 0.950

1.031 | 1.033 1.043 | 1.022 | 0.972

1.028 | 1.029 1.034 | 1.015 | 0.972

0.350 | 0.398 0.841 | 0.611 | 0.030
1.011 [ 0.987 | 0.987 | 1.011 | 0.982 | 0.960 | 0.940 | 0.925
1.011 | 0.989 | 0.988 | 1.009 | 0.981 | 0.962 | 0.944 | 0.930
0.059 | -0.182 | -0.111 | 0.248 | 0.092 | -0.199 | -0.408 | -0.548
0.962 | 0.958 | 0.958 | 0.960 | 0.950 | 0.939 | 0.926 | 0.917 | 0913
0.968 | 0.964 | 0.963 | 0.965 | 0.954 | 0.944 | 0.932 | 0.923 | 0918
-0.603 | -0.567 | -0.570 | -0.466 | -0.441 | -0.576 | -0.651 | -0.581 | -0.576

Fig. 15. Comparison of pin-by-pin fission powertdtsution

the accuracy significantly compared to the dalculation.
Thus, the power distributions obtained by MTare in a
good agreement with the MCNP6 results. These esult
suggest that the new thermal spectrum calculatiqalaility

is working properly and the 1700-group thermal srasction
libraries are adequate. In the future, work willfbeused on
reducing the computational time and memory requénes
for 2-D transport calculations since the currer® 240C
assembly calculation in 3,483 energy groups is eesgly in
time and memory.
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