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Benchmark Test of MORSE-DD Code using

Double-Differential Form Cross Sections

Masayuki NAKAGAWA, Takamasa MORI and Yukio ISHIGURO
Department of Reactor Engineering

Tokai Research Establishment, JAERI

(Received January 12, 1985)

The multl group double-differential form cross sections (DDX) and
the three dlmen51onal Monte Carlo code MORSE-DD devised to utilize the
DDX, whlch were developed for the fusion neutronics analysis, have been
valldated through many benchmark tests., All the problems tested have a
14 MeV neutron source, To compare the calculated results with the
measured values, the following experiments were adopted as the benchmark
problems; leakage neutron spectra from spheres composed of nine kinds
of meteriais measured at LLNL, neutron angular spectra from the Lizo
slab measﬁfed at FNS in JAERI, tritium production rate (TPR) in the
graphite-reflected Li20 sphere measured at FNS and the TPR in the
metallic Li sphere measured at KfK. In addition in order to test an
accuracy of the calculation method in detail, spectra of neutrons
scattered from a small sample and various reaction rates in a Li20
cylinder were compared between the present method and the continuous
energy Monte Carlo method. The nuclear data files used are mainly
ENDF/B4 and partly JENDL-3PR1.

The tests were carried out through a comparison with the measured
values and also with the results obtained from the conventional Legendre
expansion method and the continuous energy Monte Carlo method. It is
found that the results by the present method are more accurate than those
by the conventional one and agree well with those by the continuous
energy Monte Carlo calculations. Discrepancies due to the nuclear data

are also discussed.

Keywords: Double-Differential Cross Section, Fusion Neutronics, Monte
Carlo Code MORSE-DD, Benchmark Test, Conventional Legendre
Expansion, Li;0, ENDF/B4, JENDL-3PR1 '
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Table 1.1 Assemblies for benchmark test
Mat.erials Geometry ;I;hi(é{;(ﬁlsé Angle Nuclear data”

°Li sphere 0.5mfp® | 30, 120 B4

"Li sphere 0.5 ~ 30, 120 B/4, J—3P

Be sphere 0.8 » 30, 120 B4, J—-3P

C sphere 2.9 # 30, 120 B4, J—3P

0 sphere 0.7 # 30, 120 B/4, J—3P
Iron sphere 29 # 30, 120 B 4
4.8 # 30, 120 B4
Lead sphere 1.4 » 30, 120 B4
Water sphere 1.1 » 30 B4
Polyethylene| sphere 0.8 » 30 B4
3.5 30 B4
Li,O slab 5.0 6cm 0, 12.2, 249 |B 4
418, 66.8 B/ 4
20.24cm 0, 122, 2491B 4
418, 66.8 B4
4 0.4 8cm 0, 122, 249 |B/4
418, 66.8 B/ 4
Li,O cylinder T0x80cm B4
Li,0+C sphere 23+25¢m B/4
Li metal sphere 50cm B4

a) mfp =mean free path

b)

B 4=ENDF/B4, J—3P=]JENDL—-3PR1
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 JENDL A#RUVE#ERART, CPBEHB/ 4L —HRENLILEAHOHLTH S,
LA L 9RUSMeV iBEBIREIA—EPEE-TVE, RicK22a ik xivF-—RKETHSLE
BEEET S, 10MeVEL T T JENDL A ERICENT EBELS S5 5, B4 ORERIT1I0MeV
LIFTHhEDA—H%R T,

25 B E 3

BEid, K220k TIBHNRERICERBRZRL L ERTHESTONIL, F#EF 0.7
mf.p. THb, 30°DFMOERL 4K 2.221t7R"F . B/4-DDXOHERALBENIBO—HERT,
Ff EMeVIC BUOTHIEMIZRA OGN AMASRHBETIIHTHRL Y, 4MeV U T TR ROERXR
FHER T D, TRCOBELRELABRCP HEORBRIZ IMVEFTR-BIKN S,
TENDL & B/ 4 OB 223107 T A ER B~4MVIKEON D, COMKIEB/ 4T
LB AFMGETH -7 DT, JENDL ZEKAKFFMELE, 120°FROFERIIH 2.24i2R
To E— /3B ETMVEL T THBRFMES > T3, T/ JENDL & DHEIZR 2.2510R
T T~3MeVIcHPF T JENDLIREBICAESLEATR L THEVEREIHENDIITMICH B, LIED
HEERHMSBECEMLTE, JENDLOBFEKEENL, 2xvF-—HaLAEORRIEZR 2
b RFLENCAD S S JENDL OEMIO~5MeVIEITAREBAR—HERT I EPHONTH
%

2.6 #

DR P ER 22600 R T LD IC I HBEOEREFORERTRE SN, 2LTH
2.9m.f.p. & 48m. f.p. O HERIC OV THEET - /o 22712 29m fp e d530° S ROERE
Td. COBAR, MADCHEMEIKERED -RBBIFTH 54, 4MeV LT T3#/D 3
EHATWA, RUELC 120°mosRE, B228imd & Hic, 30°HROEREMTY S0,
Brir¥y SBTOBRDFHEMEICKEL LTS, HOXHICHEBEKASVYHETHE, D
DXEP, DEBNESNERA S KIT, 48m.f.p. x4 3 30°RU120° oS R 4K 2.29
RUF2.30ICT5T, BEBEFTEORMO —HEIRZ 29m.f.p. DFSFLELTVS, JENDLEZHOV K
HREIMICR Sk, BAAEBAMUEBER TH -/ Sz dn¥-—Fa LAERIE
£922¢ KTFT, SMeVUTTORDFEMOIZ-ZH LTV SHY, TOMEIEBKRE, BEILD
WTHEHTHEIEPREMLGRON S,

2.7 &#

MHEBRESF 75 v, v hiCBOTHETEEZEME LTHVWED, 32030 F 24801k
MO THEEMELD, ALEELNEETH S, Hit(n, 2n ) KICRIBENERIN D,
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AlEE, K231 TRTER 14m.f.p. OFRBRICH L TiThNi, 30°KRT 120°HHDHAIE &
HEOHKAX232KRT 2331K7d, FTHEMEMOZRBALROALL, ERELOLE
Tid, 6MeV LIFTTOHEDOBLHEGMPE LML TH S, Thid (n, 2n YRIBICL>THET 2
TAAF - TEBLEMLTCVEATEL I, -7, CORIGHEREIZB /4 TRAD
FHLTOBEFHANE, ChUERATHDRARO - EMANEROREE WIS T
SRR ASERS T2, |

2.8 XkxBRUAKRUVIFL v

Kicwtd 5222 b 234ICRT ¥R 1 Imf.p. DERIEH L TiIThhi, FEER LD
HEIIR 235 RT, TR HBIEDWTOE TH L, STETEP OHMLED DB
KM LR BT EMah D, DDXOBRFIETERE KL TVEH, JDFHEULIART brx
BAZBILENGN D,

KLU KEAEET ARV F L vORERCOVWTRE T 5. COBEE, K2.36iCR
L7ERAM08 & 35m.f.p. ORICHDWTHE Lz, BBEII VLI b 30°HBIC 20 TIT» 2,
G 2371273 0.8m.f.p. DFERIEZDDXRBHEBL B A>T 54, P, TRHBAFME LKL,
KEEZGOUBFZRTRP, HERATETHFLIEMELATH S, 72K 2.38iIC"T 3.6m.f.p.
D@EFIEBL T, FEABOER/NELH-THRED, ChEZHMNOHUIEETHESN
DHELENE LD TH B, HITMREESZLUPROMBICRA-HPRONS, T /12MeV
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Table 2.1 Energy—Angle Distribution of Source Neutron

E {MeV )
p 15488 14550 13668 12840
1.0
0.04066
05239
0.06903
07934
0.09666
06088
0.07625
04617
08263
03007 0 ;
0.0864
0.1305 :
0.08749
—-0.04362 g
0.043
—0.13056 !
0.08369
m03007 0.07830
—04617 )
0.10286
—06756 28
05600
—-0.7934 0 6 0
. 4
—-0.9239 00613
001386
—-0.9537 )
0106
—-09763 0.01
001102
—1.0 0
S(u) 0.2826 04617 0.2557
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Table 2.2° Comparison of Integrated spectra of integrated
neutron spectra for carbon, oxygen and iron.

a) Carbon sphere 2.9m.f.p.

{ Calculation — Experiment ),/ Experiment (%)
Total 15-10 10-5 5—2
30° | |
DDX { JENDL—3PR1) 5.1 1.2 1.2 97
DDX ( ENDF,/B—IV) 6 14 176  —142
P, (ENDF/B-V)" | 28 - 1.6 268 '~ 96
120° ' '
DDX( JENDL—3PR1) | —26 1.3 76 - —196
DDX(ENDF/B-IV) | —6.6 4.7 194 - —332
P, (ENDE/B-V)" | —55 ~2.7 16.4 —30.4
b) Oxygen sphere O'.7fn_.f.p.
30°
DDX ( JENDL—-3PR1) 5.3 5.5 408 - —157
DDX(ENDF/B-Iv) 4.3 6.7 158 ~17.7
P, (ENDF/B-IV)" | 57 8.5 8.8 —~12.7
120°
DDX ( JENDL-3PR1) 7.1 7.2 6 0.0 ~14.1
DDX ( ENDE/B—IV) 6.9 9.4 25.7 ~185
P, (ENDF/B—IV)” 7.9 10.1 25.7 —-15.3
¢) Iron sphere 48m.f.p.
30°
DDX (ENDF,/B—IV) —8.9 —4.4 - 11 —166
P, (ENDF/B-IV)® ~9.2 —6.1 —~115 —12.7

« P, group constants were produced by the SUPERTOG—]JR3 code.
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Lithium 6 (Q.5m.f.p.)
Zona Mass in grams Material %
0] 629 ] *Li-95.0
@ 668 Li- 50
Fo-68.6
Cr-2D0
€] 578 Ni- 8.0
Si- 2o
Ma- 1.0

- Lidhium 7 (0.5 m.f. p.)
Zone Mg3s in grams Materigl %
0} 720 "i-97.39
@ 751 ‘Li-22.61
=33
@ 609 Ni- 8.4
3i- 2.0
Ma- 1.0

Geometry of lithium 6 and lithium 7 spheres (Ref. 9)
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Liquid Oxygen (0.7 m.f.p.)
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Geometry of iron sphere (Ref. 8)
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Table 3.1 Atomic number densities of lithium -oxide
assembly used in the calculations ( 16** atoms,  cm® )

Nuclide Atomic density
"Li 4274 — 3"
"Li 5343 — 2
O 2.885 — 2
Fe 1.079 — 3
Ni 1.309 — 4
Cr 2.993 — 4
Mn 2.393 — b

a read as 4274x107°
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Fig. 3.20 C/E of integrated spectra for 20.24 cm thick slab
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3,21  C/E of integrated spectra for 40.48 cm thick slab
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Table 4.1 Comparison of reaction rate distributions for "Li¢ n, n, «)T,

°Li (n, )T and **U(n, ) in Li,O pile (MORSE—DD/VIM)

JAERI-M 85-009

238

r{cm) z{cm) i *Li 28
5 0998 .02 3 0.995
15 0.998 1032 0.997
25 0.988 1.048 0.998
° 35 0.992 1.047 0999
! 45 0.969 1.045 0.974
10 55 0.968 1.034 0.986
65 1.020+4% 1003 1.020
75 0.936+7 1.004+4 0.968
5 0.991 1.037
15 0.988 £.036
25 0996 1.033
10 35 0.981 1.031
; 45 0.983 1034
55 1.014 1.03 2
65 0.958 0.996+1
75 .027+4 | 09852
Total 0.994 1.032
"Li+ "Li : (0.3422+0.2027 ),/ ( 0.3441+0.1963 )=1.008

a) Fractional standard deviation (%)
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Table 4.2 (gomparison of reaction rate distributions for "Li (n, n} a)T,
Li(n, a)T and “®U(m f)in Li,O pile with first wall
(MORSE—-DD/VIM)

rlem) z{cm) Li *Li 2y
1.5 0993 1032 0.996
6.5 0994 1.036 0.995
0 15 1000 1.027 1.000
25 10086 1.037 1006
120 35 1.010 ) 1.039 1006
45 1.021+2% | 1015 1.026
55 1.030=+3 1.030x1.5 1.049
70 1.0 3655 1.028+2 1.049+5.5
1.5 0.964=x2 1.083 0.960
6.5 0.989 1.067 0980
10 15 0.897 1.054 0.988
I 25 1.008 1.038 1.001
35 1009 1.035 1005
% 45 1.038 1.029 1.024
55 1.0332 1.017+1 1021
70 0.973+35| 09901 | 0.991+25
Total 1.001 1.040

"Li+ °Li : (0.2610+0.2201),( 0.2608+0.2116 })=1.018

a) Fractional standard deviation (%)
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Table 4.3 Comparison of C/E between DDX and P8 calculations for

‘Vspherical LiZO—C pile

React ion Method Radius from source (cm)
type 5.2 10.3 15.6 20.6
Litn,mg) DDX  1.33 1.26 1.11 1.1
| Ps  1.34 1.26 1.10 1.09
Uitn,a) DDX 1.22- 1.08 1.02 1.06
- Pg 1.28 1.13 1.04 1.16

Radius from source (cm)

B 9.4 14.5 19.6 29.8 34.8

®n, f) 0 DDX  0.95 0.99 0.98 0.93 0.93
P 0.96 0.99 0.98 0.94 0.93

XINpen,F) DDX 1,02 1.01 0.99 © 0.95 0.98
Ps 1.04 1.03 1.03 0.97 0.98

. Fig. 4.1 - Calculation model of neutron spectrum scattered from -

small -sample
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Test problem 3
Li,0 Cylindrical slab
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Fig. 4.10 Geometry of cylindrical slab of lithium-oxide
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Fig. 4.11 Comparison of neutron spectra in lithium-oxide
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Li,0 - C, Sphere
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Fig. 4.12 Geometry of graphite reflected lithium-oxide sphere
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Fig. 4.13 Comparison of spatial distributions for tritium production
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Fig. 4.14 Comparison of tritium production rates in lithium metal
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