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Abstract - The criticality analysis method using HELIOS-MASTER code system, which is
the nuclear core analysis code system, was developed for the spent fuel storage of
SMART-P reactor. We generated the macroscopic cross section of the geometric model
with HELIOS and estimated the criticality of the 3-dimensional model with MASTER for
SMART-P spent fuel storage. The validity of criticality analysis method for SMART-P
spent fuel storage with the HELIOS-MASTER code system by 3-D MCNP calculation was
also verified. The result of the criticality analysis with the HELIOS-MASTER code system
is more conservative than that with the MCNP and the accuracy of this result is within the
range of an allowable error. Because HELIOS-MASTER can perform the 3-D depletion
calculation for a spent fuel storage, it will be useful to perform the criticality analysis
including a burnup credit in future.
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Fig. 1. Flowchart of the criticality analysis code systems
for spent fuel storage.
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Fig. 2. The plane view of SMART-P spent fuel storage
pool.
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Fig. 3. The side view of SMART-P spent fuel storage
pool.



SMARTH T2 AHF A& A4z 47484 HELIOS-MASTERA A A S 4§ 63

Al By widoe] old 1y wjde] uy
Rom @ Frjo AL&H Az FHEA A
AZE F A 99 AZz2E 49 A 2
© FH7F 28HR Yok @AAA AEEA ©
AdgA AYd AFzxe 12 2 A YL Fig. 2¢
37 2t aYdA 29 AE 3 AU
T TmEol9 & 3sHFd HA33n e AHE F
A8 RackStell AFHojdon ol ALgs
Rack9 A &L Stainless Steel 304¢]t}.

I ofl W nx
tio k1

HELIOS-MASTERA A o]
9% AAE 37}

HUG B MEd

SMARTE T2 € 3717 &9 ddz3yg
A7 ZAHA don, J@A ALE 1EA
559 27 2 g et R

HA BEyAo] S83 nE A F ¥d8
Az A A= HHE& ¢3ste SMART
dT2e FAdH e IAdsITAFE T3F
WAF7 713 =& dAsFIgA o] FAHo
AT 7HARst AFzd g AT HAH &
tofof gt WA o] 2AL wEeE ddg
FRAE A93t7] Y8t Ao WE YAz
A ¥ F3ISuATE 239 F4A4 2z
HELIOSZ=E AMg39 A4sigen 1 238
Fig. 491 Yeliddh. 2ddlA Bd CHee 8
ARAEAN A2F7 G FEZuASF 7}
FE AL &+ Yo "M g 3 dd=E
ARzd e CHHY dA8AFA T AFHo
e Aoz 7H48 3 dAE HA L FPsgh
T3 A & AdE AFZE dAE H4 A o
A2 a8 B9 RE A$E ngdr] g8 A
FHo Y= FAIAE B4Poz BE A
Agdx 7HRsy dda Bue Pyuy ¥xx
t fEYEe] A7 AL L Fgsn Y=
Ao F5E2 20w/HoE 7194 BB HgRo
2 gAstg

THS MM

AHE F gdg AZzx YAR J4E 98 =
A AxAN Z=9 MASTERO A Agdt:s T
A4E AA 2N A LR
el Ade P HA2AFAA dF AN

_\‘N\ —+—Type A
14 - Type B
—#—Type C

B

™
>,
%1.2 \\i \
/
rrseo?®”

— N
st
3

A4 E(MWD/KgU)

Fig. 4. SMART-P fuel assembly kw versus burmnup.
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Fig. 5. HELIOS model for SMART-P fuel rack (1/6
Symmetry).

Fig. 6. Cross—sectional view of spent fuel storage pool
adjacent to fuel rack.
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Fig. 7. 1-Dimension HELIOS model for generating radial
reflector macroscopic cross section.
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Table 1. Macroscopic cross section for SMART-P spent fuel storage.

X- Fuel Axial Reflector Radial Reflector
Case Assembly

sec Rack Top Bottom 1 2 3

a1 3.88405E-03 | 6.66023E-03 2.09833E-02 5.81549E-04 | 9.27976E-03 | 4.25907E-03

2a 498612E-02 | 1.36779E-01 4.89930E+00 468980E-02 | 1.78879E-01 | 4.32978E-02

2t 366639E-01 | 7.26653E-01 5.95710E-01 2.68634E-01 | 3.69959E-01 | 3.04503E-01

22 1.58407E+00 | 6.26938E-01 | 4.48483E+00 7.37295E-01 | 3.25219E-01 | 2.12773E+(0
) 2n 2.26507E-02 | 4.00668E-03 9.47666E-04 6.24234E-02 | 4.00433E-03 | 4.49840E-(02

24 2.34195E-03

P 5.85118E-02

v2f1 5.77952E-03

V2 1.42406E-01

K 3.24745E-11

a1 2.84603E-03 | 5.63406E-03 2.17315E-02 6.28555E-04 | 9.60237E-03 | 4.39756E-03

22 390247E-02 | 1.37781E-01 1.81500E+01 5.14639E-02 | 1.95863E-01 | 5.08982E-02

21 365752E-01 | 5.87659E-01 7.54995E-01 2.61007E-01 | 3.71208E-01 | 2.91001E-01

22 2.05521E+00 | 1.08278E+00 1.87675E+01 6.99440E-01 | 3.57768E-01 | 1.71840E+00
2 2n 3.08544E-02 | 1.96657E-02 7.95703E-05 6.60653E-02 | 4.09141E-03 | 4.99335E-02

2n 1.66516E-03

3p 2.93970E-02

vEn 4.12190E-03

V2 7.15465E-02

19 3.24890E-11

Zal 2.26681E-03 | 4.37096E-03 2.04512E-02 6.67464E-04 | 9.92636E-03 | 4.46956E-03

22 3.11435E-02 | 1.18903E-01 2.60511E+01 5.44490E-02 | 2.10052E-01 | 5.47039E-02

2 3.65244E-01 | 5.29633E-01 7.45149E-01 253307E-01 | 3.70819E-01 | 2.78604E-01

22 2.29055E+00 | 1.42674E+00 2.65308E+01 6.82741E-01 | 3.84396E-01 | 1.53483E+00
3 2n 3.56084E-02 | 2.91006E-02 2.80633E-05 6.89186E-02 | 4.17352E-03 | 541078E-02

2 1.28650E-03

3 1.64397E-02

vy 3.19523E-03

Vip 4.00109E-02

K 3.25047E-11

3a 1.93612E-03 | 3.48777E-03 1.94298E-02 7.00432E-04 | 1.02695E-02 | 4.49597E-03

Za 2.68595E-02 | 1.01011E-01 3.09003E+01 562810E-02 | 2.22937E-01 | 5.70285E-02

21 364296E-01 | 4.95537E-01 7.36831E-01 246009E-01 | 3.68090E-01 | 2.67578E-01

2w 2.40642E+00 | 1.67564E+00 3.12908E+01 6.78442E-01 | 4.08153E-01 | 1.42399E+00
4 2 3.84360E-02 | 3.50058E-02 1.45038E-05 7.10763E-02 | 4.25491E-03 | 5.75559E-02

2 1.06589E-03

2 1.03472E-02

Vi 2.65692E-03

Vip 2.51830E-02

13 3.25216E-11
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Fig. 8. 1-Dimension HELIOS model for generating axial
reflector macroscopic cross section.
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Fig. 9. MASTER model for SMART-P spent fuel
storage.
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Fig. 10. MCNP model for SMART-P spent fuel storage.
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Fig. 11. Effective multiplication factor versus rack pitch
for SMART-P spent fuel storage.
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