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Investigation of the accuracy and precision of the SuperMC3.2.0 advanced
software in neutronic analysis of the VVER-1000 reactor core of Bushehr

Power Plant
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! Science and Research Branch Islamic Azad University (SRBIAU), Tehran, Department of Nuclear Engineering,
2 Institute of Nuclear Energy Safety Technology, CAS, FDS Team

Abstract:

The purpose of this article is to simulate and calculate neutronic parameters of the VVER-1000 reactor core, which
is a type of Russian light water reactors, using the SuperMC3.2.0 Advanced software and the MCNPX2.6 code.
According to the advantages of SuperMC3.2.0 advanced software, including the simplicity of modeling, the high
accuracy of computing and access to various libraries, some of the neutronic parameters such as K- factor, excess
reactivity, integral and differential worth of the control rods as well as the distribution of neutron flux were obtained
with the use of the SuperMC3.2.0 program and MCNPX2.6 code. At the end, the results were matched with each other
and with the FSAR of the reactor to determine the accuracy of the calculation and the importance of using the
SuperMC3.2.0 software.
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U=21: Fuel assembly 16
U=22: Fuel assembly 24
U=23: Fuel assembly 24B20
U=24: Fuel assembly 24B36
U=23: Fuel assembly 36
U=26: Fuel assembly 36B36

U=27: Fuel assembly 24 with
control rods

U=28: Reflector

= c
5 a5 s sl i S8 idl SuperMC3.2.0 wal o Lol (siluans gl 5l ol () IS

L g ahoo i LS s e
:@\:s
Sl Ve o 8 J S Glaake TNt 5555 bosl s adsl Bl i s STy pl GBS Sl s w5 L
ke olas 45 5550 3 e 3l e SLES 3 54 ge polie LS ldds )l 4 dewy oo il o
S5 s MCNXP2.6 08 5 V/+Y04F 55 .y 5 SUPErMC3.2.0 al s ol wlome il YU J 28
sl il SuperMC3.2.0 4l e oS FSAR 3 s se olis 4y 4 5 L aS das e LS 1Y/ YAY

o



%%é S f-“/n/"/"/ uf”—/

Frasdn

W3 \
_/"'J‘u)

(9 118) S 3137 o1y ATV s ¥ 5

Siledde 53 ods Bl 3 g g0 gla [ 5 Ool3 slaad cods eslinal 4ol 5 S Caalid a5 L LASL 0 (g S

Sl bes olad 55 (Slowloms 51 bt S 00) IS 8 55053 Veveen (685, L IS Yoo 515005 i
&:ﬁw‘ ol oalarul &);y LSLAJ:"")L’

MCNPX 1S 5 SUPEIMC3.2.0 4l s Lo 55 6l drasloes 355 i psslin 1)) Jsulm

FSAR K- Factor JS abe 55,9 deo s
- SuperMC3.2.0 | MCNPX2.6 -
1.01543 1.01281 :
1018 1 500018 0.00027 0%

Wby ol 3 0 3,5 s o5 fool b 5 biakin olad z3lie SUPEIMCB.2.0 sl ;3 o ol 2 55
awdin 53 Wt 55 dlal ol o oy gladaitin 0313 OLES S (g 4 5 gbmsd oDl (1 8 LUl
ENDF- Ciliste SlailinlsS o oo s aal 53 o8 65 ol 08,8 5 53 L e 2l o eSSl 003 Ui
 SeS e 8 (Gl el (‘l"‘;‘ Olleo 315 3 4 5 ks CELE.A lea_w; lales ;5 FENDL3.0 , B-VII
IS alee JLSEN 2550 81y B 003 Ve 05 S uS ladkae s, Sslite glad s @ ax i LS
oo 3955 Ao 03 o> Jlasl 4z 5581 Sloks Ao 3 5 sl e Todd s bws 5 Sy w0 V0 S

.M:‘_;aQLiJ Ve °_9J§ JJ:;S

Veoos S S e JISSI i) Sl ((Y) s

FSAR Integral Worth
- MCNPX2.6 | SuperMC3.2.0
0.77 0.67 0.73
.
el

MCNPX2.6 S 5 SUPErMC3.2.0 sl s 3l eslizul LV 65,8 J =8 alee K31 35,0 () JK&



N
A

—

Fia

W3 \
_,/fu}

g1z JI//U‘{';&{

(9 118) S 3137 o1y ATV s ¥ 5

3V 0 S IS laale (o3 sl sed) 3555 pde 5 (2T Ul sad) 3555 DIl 55 53 5ol elad L (V) Sl pe
LUK Yoo 0,8 5 53 bl Sl oy Oleg Lo L8183 1 i 4 5 (s ol LLa (V) Ll se
o 3l B s e LS Hem2S) Con 5 (Slis bes T S 00) S a5 03 Ve S5,
Gl 3 Colpm Sy o 5 5 V0 0,8 IS laalie 3555 Lolen ol Sle SadS bl gas
SI5le s 53 a8 Cmal (pl ildde 55 Dlaloms & by e SV LY SIS Al e ol s s Ls S

IS 53 Y 5l aS Slslbes alad 3 ol (5,8 o3Il sl 5 jlias Q‘J”‘W"ﬁ*‘;rs‘) o> olalail

1 8OE+014
OO +014 «
10F +011
E
& P20E+014
v ]
=
E  LOOEHN4
b 4
Z
T RO0E+01] o
£ 600F 1017 4
4000 213 J
ZOOF +01) 4
DAL 00

T T T
A0 Lt 150 200

Radial Distance (em)

SUperMCS.Z.OLg\' o);dj’&s‘d:ﬂb‘})) fJ&)J})) 6@&[}-)3 JC«L&J: Q;?)‘j}-)u (O)Jg..}l

5ST L cline dair St 3 b a8 Wil s 0555 003 S il w anl s IS Slawlos Sl odal oy u3lis

5 O ool cib Ol b x cab s b s sel siledlbe S gl 535 S Ol el il

el el .BbJYl.g)bj@);:b.awHSnﬁM;.,.LEJJQJJS}ZGJM



o oo it

_/{J'J

(9.118) SW 5T oy ARV b2 ¥ )

fux
8.5E-07
BE.07
5 5€-07
532874607
525975607
SE-D7

Sl ey S 3 0555 000 G bl LSl Sl LS Gl e 5 s Dl gl () IS
odd LS lasad w5 LIRS L g e ] Olis b i s Do g 4Gl 5 S Dl sl ey g
S Ll ped & a5 L35S Blod 0F 3 andir s b5 A3 b e 5558 003 G il 4 syl Sl e |
Bli 3l s e ol s (LB IS 0 cr S e 0 Sy den s O bl 555 e 5 ol
A2l o 055 o3l gl gla s 5 V0 S xS sla a0
15 S o
SuperMC3.2.0 «i iy asl o (Llse fpimman 5 (gl w581, (I8 SOy 58 Olials 53 Cds Conal 4 a5 L
Lo slin 55 sl 50 SIS S Ol Cpn g3l Jle 3 (Sl Vb s 5l el S 550 58, o o
sl 3 cpblin sl 5 Loy bl g il SGLRS & e s 5 s ol 5 Sl it slaS
ol el s 5 235 e (sl i3S (3l il ol Sl eslinal U gk 5 o855 VVER-1000 551, s
SIS L asl 5 S ) ol = b s S g5l and 55 MCNPX2.6 08 L OLSG Jal 13 s 58T, B casls
3ol C e b STy (A5 SuperMC3.2.0 asl e 5 (g5t s a5 L 55 s lés 51, FSAR
LAAYAY 38 g o MENPX2.6 0S oS e Jl> s ol da Lo VY08 5T oo slls [Sw sl
SuperMC3.2.0 w5 55 55 V* 05 S dJ:;Sa\l.:A‘)bf;Ji oo e ol (g i sl lols a5 s e Gl
03l s ol Ll Aty AL e 6L B Ghls U Sl e b anslin 53 45 Gl ol Aees e +/VYF
L5 B o ol L it e e AL e B IS 1 (5 el 180 $L ) 5 3 gl oy I
il e LB3ELA e (55 S sk e



N &
%‘f s S e

/’u!

(9 118) S 3137 o1y ATV s ¥ 5

8‘,0
[1] Pelowitz, D.B, (2008), MCNPXTM Uses manual version 2.6.0, Los Alamos national laboratory.
[2] Bushehr Nuclear Power Plant, Final Safety Analysis Report (FSAR) (2003), Technical Report, Chapter
4.
[3] Preliminary Safety Analysis Report, (PSAR) of Nuclear Power Plant (1976), Iran 1 and 2, VVol. 1 and 2,
KWU.
[4] FDS Team, china, SuperMC3.2.0 User Manual-EN.
[5] G.Y. Sun, J. Song, H.Q. Zheng, (2013), Benchmark of neutron transport simulation capability of Super
Monte Carlo Calculation Program SuperMC3.2.0 2.0, Atom. Eng. Sci.Technol. 47 520-525 (in Chinese).
[6] The IAEA Nuclear Data Section, FENDL-2.1 Fusion Evaluated Nuclear Data Library, INDC (NDS)-
467, Vienna, Austria, 2004, December.
[7] E.K. Lee, etal., (2005), New dynamic method to measure rod worth in zero power physics test at PWR
startup. Annals of Nuclear Energy 32 1457-1475.
[8] F. Faghihi, et al., (2007), Reactivity coefficients simulation of the Iranian VVVER-1000 nuclear reactor
using WIMS and CITATION codes. Progress in Nuclear Energy 49 68-78.



