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Calculations of Kobayashi Benchmark Problems with
a Neutron Transport Simulation Code System CBG

Go CHIBA

Division of Nuclear Data and Reactor Engineering
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Tokai-mura, Naka-gun, Ibaraki-ken

(Received April 27, 2009)

In order to evaluate applicability of a neutron transport simulation code system CBG to
shielding problems, calculations are performed with CBG for the Kobayashi benchmark prob-
lems which have been proposed for validation of neutron shielding calculations with 3D deter-
ministic codes.

In fully-absorbing shielding problems, it is shown that angular quadrature sets which have
limitations on the angular order result in large discrepancy to the reference solutions in neutron
flux due to the ray effect and that angular quadrature sets which have no limitations on the
order reproduce well the reference neutron flux.

In partly-absorbing shielding problems, it is shown that calculations with the high-order
Tri_DPy Ty set reproduce well the reference neutron flux. In addition, a multi-step discrete
ordinates method is proposed, and it is shown that it can drastically reduce calculation time

with similar calculation accuracy.

Keywords: Neutron Transport, Shielding Problems, Kobayashi Benchmark, Angular Quadra-

ture Set, Discrete Ordinates
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T OERBE RO EFICB O TR, BRIV F—T Y T H)IVOEMEEN A FEE LTO
HZHILLDDHBEERXSTHS D, BHKEMROP S FROEMZ T XVF— fiE
RIFEZ EICI DR D TENTES, LVISKERZETIERTIIVF—EY T H)VOER,
EEOF R ORISR BIF L SN, BAEOERICEVY —ILEE ST,

UL, PREmRNTIED . BYELZ WS C LI & 0 LR ERE T BIF 2 S DR 7215
bNaTehb, TORCITRENISE > TREV, MA T, BXEFOBMET THz0) 2O
BB E L ENBHHPIEFER GRR FHE. BYEASRICHT 2 ROM/NEZENICE S R
HHETORBOBIEE, GEEL LT SOBENERINGVEHENREL NS &5 5 RH
KBVWTE, TOFERAMRIRE RTINS,

HPETFERERT R O — RS 27 L CBGY &, BFFRGHRIC BT 2 BfibiF 2 PRI s % 7o
KRS NIRERNFIECE DI A—FY AT LTHZH, ZOMMEZHEIILEND DODH
O BL TR KT — 27T 7 A )NVDRNYF—JFHEZNRINCATS BICFHE N TVS 2, #%
T=R2T 7 AIVDONYFI—JFHETIE, FHEFEERTHBEARAERT—20OHEE T, it
TS BERIRRT — X EFAT 2 ENEETH S, > T, CBG ZAVTHREMIKT —
ADNYFI=DFRZTS Iedicid, FICHRFEICHA TN TE/2 CBG O, hiiEFifiEt
BICHN I 2 EHMEZHET 2 ehnE L k5,

AREETIE, PHRFOEREIEZIE U TERE o FEE~ > F < — Z R 3 GRFR
IR F=— B ZHWT, CBG OH TG EANOMEMEZ AT 5, 8T, JRT
MICHETEAEMN IR (BEEUREREICE D) PHETFIAH R O — RO ET IR
LT BHBNR (Ray effect) ZIKIHT 572 DICFIF L AIEICDVTERDRRS,
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2. NNV FI—VEE

LEIDRFNT WO, 1996 I/ MDY 1/ 1BH M - [+ /1#%E8 (OECD/NEA) I T
BRUEEDUTOREHRRENR Y F~—Z R GEMR, MRV FI—I /8 2 Ths, AH
TRENYFI—7EOFM & 52 5NTSBRICDO W THIAT 5,

2.1 NUFI—VRBIBEDOFM

KAV F-—7 I, EDOHMEZERNEGZ ONTED ., B4 OEREHIEFIFEEEL R
A RREE, ERRTEE O SO TR SN TV 5, &35, ERsEEIC N U Td O
Witk b (RETAERICENENE LD L, 50%WEELENE ED) M52 6N TS,

AZIX% Figs. 2.1.1, 2.1.2 1319, KR LIEESRA Rz, hR2EKRA FE7 bz, K%k
SRy TLw S - RAREY b, ZRFNEATN S, TNTNOERRICH UTHEFRZE
BIAREMEOLY G X5NTED, KHR 1, 3L T3 D, KR 21 LTIE 2 DDN
By SR BNTVS, ThLDfEY Y ME7 V7 7y kAl B, C Ti#plE N5, (&
Y R OFEMICDOWT Table 2.1.11R, £z, EWAEE A 22N E LTI i, 50%HL
e LT e NG, MRENIC, XyFR—7OFKMEIL., KR, RHEFRZIMT
BAEOY y b OERAEEOBEIS U TER SN, FIRE. BA XY FEETHRER 2 DO
Bty b BICBT B R RS B R CHERUARIEDY 50%8EL DS Al ld THTE 2Bii) &
Uik Y B,

Table 2.1.1 Position set

Problem Position set Position
1 A Along y-axis at x=z=5b5cm
B Along diagonal line
C Along x-axis at y=55cm and z=5cm
2 A Along y-axis at x=z=5cm
B Along x-axis at y=95cm and z=5cm
3 A Along y-axis at x=z=5bcm
B Along x-axis at y=55cm and z=5cm
C Along x-axis at y=95cm and z=35cm

WA & H T IRSRIE O BUE T — 2 %2 Table 2.1.2 1295
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Table 2.1.2 Cross section and neutron source strength

Problem i Problem ii

S O Xs
Region (mem™3s71)  (em™1h) (em™1)
1 (Source) 1 0.1 0 0.05
2 (Void) 0 104 0 0.5x1074
3 (Shield) 0 0.1 0 0.05

2.2 ANVFI—IBEBEOEEAE
AR F— 7 EOSBIR L UTid, B IS LT3 BUEMIC SHE U= By, RE8E 1. i
I LTREYT AV~ R GMVP TELNIEHIEZ BN T3 3, SEOKRETIE GMVP

WK BEBHBEe LTHWAC EE LT,
ZNEFNOMBEICH T 2 BHA% Fig. 2.2.1 55 Fig. 2.2.8 IS5,

10 —x T T T T ]
REENN Problem i —8— |
N Problem ii ---m---
1F =
c}l"’ 0.1 E
£ |
(5]
5 L
5 0.01 | -
i 5
0.001 | .
1e-04 1 1 ! !
0 20 40 60 80 100

y [cm]

Fig. 2.2.1 Reference solution for problem 1A (x=z=>5cm)
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Fig. 2.2.3 Reference solution for problem 1C (y=55cm, z=5cm)
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3. FHFHEFEAEI—FATLCBG

CBG RFEFFOMETEICE T 2 MR O DI/ER SNz a— RV AT LTH O I
EEERZ UL LIETFFR LR O A DBEENFIEI N TV S, AET T, it
FliE RO 2D OBUEFTE Y V=DV LD TH S SNT Z Tz, SNT & T )b b EER
TREHEI NS PHETFEETERZBEEUEERICHE DO TR VIVLN—Tbh %, ZEEOBERILIE S
A7 EY RES (negative flux fix-up) ICHDWTITI,

3.1 AEKXRB\EtY b

Bl UERETE O & B PP TR TR L. T B A EREEE Y T DR & T OB RN
ICRESHET B,

SNT I3fEL DAERMEL Y FEFIHT 2 EMNATRETH 5. ARG THOWIREE Yy MR
DB THD, 5B, Kty bzind 2 L THEEZZHEHIIOWTIEMNERE L TE LT,

e LQn @ WHDBBERFR (level symmetric) £ bo £ TOHN DV THEEED R TH 5 72
B, FHENSROEE ¥ DX DICEE UTHRITEMEDFE— L5 5 T EDREEE NS, BERuR L
B, AEPETEROMA S FICEET 28054 p 1o 2KFE D pe (—-1,1) DRXRHICE
W p DEEX TR TES ENELTZGAICHEEDEVKENTES L5, RESNS,
20 RE D ERDEY Y ME—EHOEARNEADEEE > TLUE D ZDEHKT B T EAHERET,

e Rec DPNTy & MRFA A & FAIA TS DV T ORS % ZNEND IS DN T DR DOE
ELTEHET Sy I (product quadrature) T&H O, Wil /5 AN DV T double Gaussian
2w by AT AN DUV T Chebyshev £y R Z V%, Chebyshev 12 b DB E
R LB T 5728, &40 22 MBI RS ORBEDE SR & &
%, AHEETIE. JEUNIE p e (0,1) )% double Gaussian 2y F OEERREL D

€ (0,1) (¢ € (0,1)) 1H1}% Chebyshev £y F OEESAN L EHT 5.

e Tri DPyTy ‘ Rec. DPyTyn &, Chebyshev 2y b DB DI I HAF T B R THRIE 5
oy ko AWEETIE. NI pe (0,1) 1% double Gaussian v ~ DBERUHEL
& L. Chebyshev tz>y k OBEBUSEUE, AT 2 BN 1y OREIET i FHOHEIC
i &T B, Mo T, B4 7 XY MBI HHEOREIT=AIREE 5,

e BONY ' LQn Tl p=0 (3 LIEn=0, £=0) KBV TAEREFRINERLES
REITEE DO BVREN# LV, 20X 5 KBNS 272D S Nk Y b TH
D, BA IR METHEDBWVRENTES XD ICHBUREEADNERIN TV S,
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e DPyNxN% : Product quadrature TH YD, EOy OMGEED B TIER S NIkt FTH
%o W T5 AN DUV TLE double Gaussian 2y b, JFAIA A BN DWW TIEAMA o I LT
Gauss-Legendre 2 b Z#H L T\ 5,

Table 3.1.1IC#3RE Y FOBERBUCH T 3 2B EEZE LD,

Table 3.1.1 Number of discrete points in various angular quadrature sets

N LQN/EON Tri_DPNTN ReC_DPNTN/DPNNXN

10 120 440 800
12 168 624 1152
14 224 840 1568
16 288 1088 2048
18 360 1368 2592
20 440 1680 3200
22 2024 3872
24 2400
26 2808
28 3248
30 3720

3.2 BHEHRANDXL

SRIOBENT AN TR Y F = — ZRIRED X S, RFTINCIFET 2 HIEFIED & O+
it M REREE CREE T ISR & 5 5, SRRz, & U < IKHRY
1z E LT, AESEIZGIME L (REZEBNEE) Rty F2HWS. £
LONETHEND, LHLIDEEICIE, 77 RBOERICHE S STER OB ADREL 5%,

SR REERT 2650 DD AEE LT, H—E2801%E (First collision source method,
FCSiE) O & lmenctnsd, ciud, #HETIELS TRAE TN D TEBEDOF T & E22
(&) UTZTTERT 2 T (TabbHE—EEE) 23R L. O —EeRzHL
LRt EZRRITS . WD FETH S,

i { REPEFlREARERIELLTOL S IR E NS,

Lo=56+Q (3.1)

TTT, LIRRHEEZEOEE . SEBELO X 3EKDOERF. Q EHHETFIHZRT, FCSiE
TIEINZLULTOELS IR Tiidd %,

Lgy = Sd2+ 51 (3.3)
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bR EICED, TR 1
¢=¢1+ ¢2 (3.4)

ELUTEHET BT LMK S,

X (3.2) TIRENZB—EIEFEOHE TR, FTEARDOETORBAR LRI E B4 LIFAD
AP FROZEMAFHMBE L 550, ZNIEMAEREROEIRTEX BN 5, FCS
T3 T O EIAZHHLENE (Ray tracing) 1C X DEIEMICITS, R (3.3) DEFEIF. HiETF
RO NZERENCIEN > TV 2 T2 DEHRRIRNMENC S <A D, ZORR, @ O M EEE:
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Fig. 4.1.1 Result for problem 1Ci (y=55cm, z=5cm, quadrature set: LQy&EOy)
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Fig. 4.1.2 Result for problem 1Ai (x=z=5cm, quadrature set: Tri DPyTy)
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Fig. 4.1.3 Result for problem 1Ai (x=z=5cm, quadrature set: Rec_.DPyTy)
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Fig. 4.1.4 Result for problem 1Ai (x=z=>5cm, quadrature set: DPyNxIN)
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Fig. 4.1.5 Result for problem 1Bi (x=y=z, quadrature set: Tri_DPyTy)
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Fig. 4.1.6 Result for problem 1Bi (x=y=z, quadrature set: Rec_ DPNTy)
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Fig. 4.1.7 Result for problem 1Bi (x=y=z, quadrature set: DPyNxN)
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Fig. 4.1.8 Result for problem 1Ci (y=55cm, z=5cm, quadrature set: Tri DPNTy)



JAEA-Research 2009-012

N=10 +
1.4 N=12 x
N=14  x
N=16 O
y N=18 =
1.2 -
+
R + + B
4 ¥ o+ % o 4 o m X
2 —i——ﬁ——-ﬁ———i———!——————l————l
o 1 X o 4
E X x x X o
08 | + o .
+
0.6 | .
| | I 1 | |
0 20 40 60 80 100 120 140
x [cm]

Fig. 4.1.9 Result for problem 1Ci (y=55cm, z=5cm, quadrature set: Rec_.DPyTy)
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Fig. 4.1.10 Result for problem 1Ci (y=55cm, z=5cm, quadrature set: DPyNxIN)
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Fig. 4.1.11 Result for problem 2Ai (x=z=5cm, quadrature set: Tri_DPxTy)
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Fig. 4.1.12 Result for problem 2Ai (x=z=>5cm, quadrature set: Rec_ DPyTy)
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Fig. 4.1.13 Result for problem 2Ai (x=z=>5cm, quadrature set: DPyNxN)
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Fig. 4.1.14 Result for problem 2Bi (y=95cm, z=5cm, quadrature set: Tri_ DPyTy)
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Fig. 4.1.15 Result for problem 2Bi (y=95cm, z=5cm , quadrature set:
Rec_DPyTy)
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Fig. 4.1.16 Result for problem 2Bi (y=95cm, z=5cm, quadrature set: DP yNxN)
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Fig. 4.1.17 Result for problem 3Ai (x=2z=>5cm, quadrature set: Tri_ DPyTy)



JAEA-Research 2009-012

T T T I 1 T
N=10 +
14 N=12 X .
N=14 %
N=16 O
N=18 |
1.2 -
fe) I i " g g x X "
e +
g X ox B
0.8 X _
+ b3
X
06 - + o+ |
1 1 ] 1 1 1
0 20 40 60 - 80 100 120 140
y [cm]

Fig. 4.1.18 Result for problem 3Ai (x=z=5cm, quadrature set: Rec_ DPyTy)
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Fig. 4.1.19 Result for problem 3Ai (x=z=5cm, quadrature set: DPyNxN)
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Fig. 4.1.20 Result for problem 3Bi (y=>55cm, z=5cm, Tri DPyTy)
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Fig. 4.1.21 Result for problem 3Bi (y=55cm, z=5cm, quadrature set: Rec_ DPyTy)



JAEA-Research 2009-012

2 T T T T T T T
N=10 +
N=12 X
1.8 N=14 ¥ ]
N N=16 O
16 F N=18 =
B]
E) 14 + ; ]
L X
) 1.2 * _
5 o 8
o ¥
1 -——% & F]
u = x .
0.8 X o % i
X
0.6 + o N
I 1 i 1 1 ] 1 ]
0 10 20 30 40 50 60 70 80
X [cm]

Fig. 4.1.22 Result for problem 3Bi (y=55cm, z=5cm, quadrature set: DP yNxN)
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Fig. 4.1.23 Result for problem 3Ci (y=95cm, z=35cm, quadrature set:
Tri_ DPNyTy)
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Fig. 4.1.24 Result for problem 3Ci (y=95cm, z=35cm , quadrature set:
Rec_ DPNTy)
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Fig. 4.1.25 Result for problem 3Ci (y=95cm, z=35cm, quadrature set: DP yINxN)
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Fig. 4.2.1  Result for problem 1Aii (x=z=5cm, Multi-step Sn (quadrature set:
LQy))
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Fig. 4.2.2 Result for problem 1Bii (x=y=z, multi-step Sn (quadrature set: LQxw))
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Fig. 4.2.3 Result for problem 1Cii (y=55cm, z=5cm, multi-step Sn (quadrature
set: LQn))
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Fig. 4.2.4 Result for problem 2Aii (x=z=5cm, multi-step Sn (quadrature set:
LQn))
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Fig. 4.2.5 Result for problem 2Bii (y=95cm, z=5cm, multi-step Sn (quadrature
set: LQx))
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Fig. 4.2.6 Result for problem 3Aii (x=z=5cm, multi-step Sn (quadrature set:
LQx))
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Fig. 4.2.7 Result for problem 3Bii (y=>55cm, z=5cm, multi-step Sn (quadrature
set: LQn))
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Fig. 4.2.8 Result for problem 3Cii (y=55cm, z=5cm, multi-step Sn (quadrature
set: LQN))
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Table 4.2.11C, N=24 D Tri DPNTy tv bORZEFAVZGE &, SR Sn ik (ERRERRE
EO016) ZHWzHE? OFEERZ RS (Oaty P+ 23— T7500 D 2.2GHz ® Intel Core 2
Duo @ CPU Z i), =E&F& Sn 12 WG S ZEPE Sn iEx IV WEA L ERle U T 3B
M 1/4BELED, ZOHENEZHE LT,

Table 4.2.1 Comparison in calculation time (Unit:second)

Problem TriDPNTxN  Multi-step Sn
(N=24) 2-step  3-step

1 438.5 78.3 98.5
2 154.0 25.1 32.7
3 143.5 24 .4 32.7

PRERIE T AT R R
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Fig. 4.2.9 Result for problem 1Aii (x=z=5cm, multi-step Sn (quadrature set:
LQn, EOy))
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Fig. 4.2.10 Result for problem 1Bii (x=y=z, multi-step Sn (quadrature set: LQy,
EOx))
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Fig. 4.2.11 Result for problem 1Cii (y=55cm, z=5cm, multi-step Sn (quadrature
set: LQy, EOy))

1.08 : i . . |
Tri_DPNTN (N=24)  x
3-step (LQ16) O .
106 L 3-step (EO16) = v -
. o
1.04 % -
K o
o
2 102 r u .
T w8 o
1 P | 2
(] ]
]
0.98 + .
096 I i { [
0 20 40 60 80 100
y [em]

Fig. 4.2.12 Result for problem 2Aii (x=z=5cm, multi-step Sn (quadrature set:
LQn, EOy))
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Fig. 4.2.13 Result for problem 2Bii (y=95cm, z=5cm, multi-step Sn (quadrature
set: LQy, EOy))
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Fig. 4.2.14 Result for problem 3Aii (x=z=5cm, multi-step Sn (quadrature set:
LQy, EOnN))
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Fig. 4.2.15 Result for problem 3Bii (y=55cm, z=5cm, multi-step Sn (quadrature
set: LQy, EOy))
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Fig. 4.2.16 Result for problem 3Cii (y=55cm, z=>5cm, multi-step Sn (quadrature
set: LQny, EOy))
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