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Abstract

In fusion neutronics, one needs to perform transport calculations to predict neutron and
photon fluxes and a number of important nuclear responses. To treat the special features
of fusion neutronics, the calculation methods developed for the fission reactors have been
modified, and the prediction accuracy has been much improved. In this chapter, the trans-
port codes and their solution methods widely used in Japan are presented together with
cross section libraries for those codes.
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Table 4.1 Transport codes and their calculation methods used for fusion

neutronics.
Calculation (approximation) method
Transport code (*)
Energy Flightdirection | Scatteringanisotropy | Solution method
ANISN (1D) .
Legendre expansion
DOT (2D)
: finite difference
ANISN-DD, NITRAN (1D) discrete Sy
DOT-DD (2D) multigroup DDX
BERMUDA (1D,2D,3D) direct integration
MORSE (3D) Legendre expansion
MORSE-DD, GMVP (3D) i DDX Monte Carlo
continuous
continuous nuclear data +
MCNP, MVP (3D) . .
energy kinematics etc.

* 1D, 2D and 3D mean one-, two- and three-dimensional codes, respectively.
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Fig. 4.1 Production procedure of a cross section lib-
rary.
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Table 4.2 Typical nuclear data processing codes for fusion neutronics.

NJOY91 MACS-N RADHEAT-V4 AMPX-77
Organization LANL (USA) JAERI (Japan) JAERI (Japan) ORNL (USA)
Using available limited available available
Target particle neutron & photon neutron & photon | neutron & photon | neutron & photon
IV, V and
ENDF/B format 1V, V and VI IVandV IVand V
partly VI
Type of cross multigroup & X R .
. o multigroup multigroup multigroup
sections pointwise
Legendre and equal-
Angle Legendre DDX and Legendre Legendre
probability bins
MATXS, DTF-IV,
Format of ANISN and
CCCC-1IV, WIMS | JSSTDL and ANISN | ANISN and DAR
output file CCCC-IvV
and MCNP
CPU time standard long standard standard
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Fig. 4.2 Division of energy in the multigroup method.
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Table 4.3 Typical multigroup cross section libraries in Japanese fusion

area.
Type of cross section No. of groups | No. of Nuclear
Library name . ) Processing

library Neutron | Photon | nuclides data file
JSSTDL-295/13 JSSTDL, P-5, f-table 295 104 | 63 MACS-N | JENDL-3.1
JSSTDL-295/J32 | JSSTDL, P-5, f-table 295 104 65 MACS-N | JENDL-3.2
FUSION-J3 Legendre P-5 125 40 40 MACS-N | JENDL-3.1
FUSION-40 Legendre P-5 42 21 40 MACS-N | JENDL-3.1
GICX40V4 Legendre P-5 42 21 40 NIOY ENDF/B-IV
DDXLIB-J3 ' DDX (*-DD) 125 - 20 PROF-DD | JENDL-3.1
BERMIJ3 DDX (BERMUDA) 125 - 30 MACS-N | JENDL-3.2
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Table 4.4 Typical continuous energy cross section libraries in Japanese

fusion area.
Library name Type of library | No.oftables | Processing code Source
FSXLIB-J3 MCNP, neutron 116 NJOY83/6 JENDL-3.1
FSXLIB-J3R2 MCNP, neutron 324 NJOY83/6 JENDL-3.2
FSXLIB-JFF MCNP, neutron 72 NJOY91.108FNS JENDL Fusion File
.BMCCS MCNP, neutron 69 NJOY ENDF/B-IV, etc.
RMCCS MCNP, neutron 91 NJOY ENDF/B-V
MCPLIB MCNP, photon 94 DLC-7E, Storm-Israel
EL MCNP, electron 94 - ITS-1.0 library
MVPLIB-J3 MVP, neutron 134 LICEM JENDL-3.1, etc.
MVPLIB-J32 | MVP, neutron 98 LICEM JENDL-3.2

4.3.2 ERTIzNLX-WEESATSU -
HEL AV —-BHET 4 77 ) -0,
BRHSNBEYFHIVOREETET— FE—5—
OXIEEBEMH Y, MCNP 2 — F[14] H %
MVP a— F[I5]HLZ EDEH B, &2 TR
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DWCHHAT 5. #ET ANV F—hTIE, Bk
v AR Rt B = b A N i R
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B, AESMOREIALE BT ESFHEE AT
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BhbH. hoOfEILIDbRLEL LI, SRt
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AR TH 5.
ENTHHEN T ERENLZIATI7Y) —%
Table 4.4 12773, FSXLIB %# K< MCNP H 5
475 —iZKETHER I MCNP & L HITH
B XL Cw 5. FSXLIB-J3R2 i JENDL-3.2 C

i S h7- L @@L T\5b. MVPLIB id
300K IS OEE % &, MCPLIB & EL i3
WHRE LW, ZOMD 54 751 —1iZ300K @
bOTH5.
4.3.3 LARZASGA4TS)—
VARVASGA TS —id, WEEFHEICLE
SN TR IET RS S SRR LR R %K
DEILDDVARV A%2F DT 4 75y —T
HhH., eEREERER, KFREVARYAD
BOZANVE-RBITHE. VARV RIZIE,
LT L AR A% (n,2n) ® (n,y) &R EDK
EORGZ R TRUGEZ KD 5 FUSKHRE, %
S#E %R 2 KERMA ©3, REtEERLE
i3 % DPA Wilitk, "V v AL EOFTAERE
RO H AT AERMEE, HELYELZRKDLHEE
WEERAH, BIUBHMTLIZRTFEREZRDS
VAR ZABBAHB. VAR ZARET—F H
5 EROMBE I — FR VARV AFEEHa—F
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EANTHHEINTWAIRENRIA T —%
Table 4.5 IZFRF. VARV ATL TS5 —ICd
ZBHER L BRI AVE—BRO 2 BE» D 5.
Wik 2 V¥ —IBRIZ, MCNP % L%k alE
BB CTRISRZEERD L DA I TY
5. —F, ZHEROIA 75 ) —idEEa—F
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Table 4.5 Typical response libraries in Japanese fusion area

Llibrary name Type of library Comment
FUSION- KERMA factor neutron 125-g and 42-g, photon 40-g and 21-g, 40
J3/KERMA (direct method) nuclides, JENDL-3.1

DPA cross section neutron 125-g and 42-g, photon 40-g and 21-g, 40
(direct method) nuclides, JENDL-3.1

neutron 125-g and 42-g, 26 nuclides, JENDL gas

production cross section file

FUSION-J3/DPA

FUSION-J3/GP | gasproduction cross section

KERMA and DPA .
MVPLIB/KD MVP, neutron, pointwise, 54 nuclides, JENDL-3.2
(direct mehtod)
MCNP dosimetry, neutron, pointwise, many nuclides,
MCNPDOS reaction cross section

ENDF/B-V and Livermore ACTL

KERMA and DPA MCNP dosimetry, neutron, pointwise, 47 nuclides,
(direct mehtod) JENDL-3.2

FSXDOSKD-J3R2

MCNP dosimetry, neutron, pointwise, 42 nuclides,
JENDL dosimetry file

FSXDOS-J3 reaction cross section

reaction cross section, DPA, | neutron 125-g, 135-g, 1757g, 66-g and 42-g, photon
REACTXX KERMA, gas production, | 40-g and 21-g, many reactions and nuclides, JENDL-
and dose equivalent 3.1, -3.2, -dosimetry, ENDF/B-IV, -V, evaluation, etc.

reaction cross section, dose | neutron 42-g, photon 21-g and 54-g, JENDL-3.1,

APPLE-3/LIB
equivalent and KERMA _ ENDF/B-1V, etc.
BRI OINEL T 2REIEHERDT AT tion, Computing Technology Center (1967).
S —PfEHINS. [11] W.A. Rhodes and FR. Mynatt, ORNL-
TM-4280, Oak Ridge National Laboratory
% £ X & (1973).
[1] GL Bell and S. Glasstone, ‘Nuclear Reactor [12] M.B. Emmett, ORNL-4972, Oak Ridge Nation-
Theory Van Nostrand Reinhold, 1970. al Laboratory (1979).
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