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The modular code system RADHEAT is for producing coupled multigroup
neutron and gamma-ray cross section sets, analyzing the neutron and gamma-
ray transport, and calculating the energy deposition and atomic displace-
ments due to these radiations in a nuclear reactor or shield. The basic
neutron cross sections and secondary gamma-ray production data are taken
from ENDF/B and POPOP4 libraries respectively.

The system (1) generates multigroup neutron cross sections, energy dep-
osition coefficients and atomic displacement factors due to neutron reac-
tions, (2) generates multigroup gamma-ray cross sections and energy trans-
fer coefficients, (3) generates secondary gamma-ray production cross sec-
tions, (4) combines these cross sections into the coupled set, (5) outputs
and updates the multigroup cross section libraries in convenient formats
* for other transport codes, {6) analyzes the neutron and gamma-ray transport
and calculates the energy deposition and the number density of atomic dis-
placements in a medium, (7) collapses the cross sections to a broad-group
structure, by option, using the weighting functions obtained by one-dimen-
sional transport calculation, and (8) plots, by option, multigroup cross
sections, and neutron and gamma-ray distributions.

Definitions of the input data required in various options of the code

system are also given.

Keywords : Code System, Coupled Group Constant, Neutron, Gamma-ray,
Radiation Transport, Energy Deposition, Cross Sections,
Shielding Calculation, Atomic Displacement Factor
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1. Introduction

RADHEAT-V3 is a modular code system for producing coupled multigroup

neutron and gamma-ray cross section sets, and analyzing the neutron and

gamma-ray transport and the atomic displacement in nuclear reactors and

shields. This document is a "user's manual" for the system. Therefore,

it does not contain detailed discriptions of physics employed in the various
modules but describe primarily the inpuf instructions required to select
each option available in the RADHEAT-V3.

In the field of reactor physics, the effects of the resonance self-
shielding in homogenized mixture, the heterogeneity of cells and the space-
dependent spectrum shift in reactors are generally taken into account
for generating the multigroup cross sections of ﬁeutrons. On the other
hand; the cross section set produced under the assumption of fundamental
spectrum mode such as 1/E~spectrum has been widely used for shield
calculations in most countries, especially in Japan. The characteristics
of multigroup cross section set influence directly on the calculational
accuracy of the analysis for reactor shields. With the increasing emphasis
on the accuracy of shield calculations, the concept adepted in reactor
physics will have to be introduced to the generation of the multigroup
cross sections in the field of shielding. Moreover, the generation of them
has to be carried out with use of the evaluated code system and data base
for cross sections at every time when required.

As a code system for generating coupled multigroup neutron and gamma-
ray cross sections, a modular code system AmMpx!) developed by N.M, Green,
et al. of OBRNL is better than the present system in a sense of an easy
linkage of a computational module to other modules,

However, the region-wise macroscopic cross sections in a homogenized
mixture can not be produced by using the AMPX without taking account of the
resonance self-shielding effect which is important as shown in Refs. 2), 3).

In the first version of the RADHEAT™) system, the computer codes
SUPERTOGS), GAMLEGS), POPOP47) and some codes are joined with each others
to generate, in the ANISN format, the neutron and gamma-ray coupled multi-
group cross sections and the energy deposition coefficients, from ENDF/B-III
and POPOP4 libraries. |

Therefore, in planning RADHEAT-V3 as an improved version of the RADHEAT,
the follbwing items were considered:

1) To use the ENDF/B libraries which are well evaluated and widely used as

._1—
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‘basic cross sections for neutrons.

2) To use the neutron induced gamma-ray library which containes many
nuclides and reaction types, and is capable of updating these data.

3) To provide processing codes which have evaluated capabilities as
computer codes and can commonly be used.

4) To standardize the format of files produced at each step of the system
as much as possible, in order to use them also for sensitivity analyses
associated with data and methods fof shielding calculations,

5) To automate transferences of data between the computational modules and
simplify the preparation of input data.

6) To improve functions of TAPE MAKER as a utility code in order to edit
and update the data files produced by the system.

7) To allow, without any restriction, the selection of the execution paths
in the system for producing the data required by users.

In éddition, the capabilities of the system are expanded by improving
the computational modules as follows:

8) To generate directly the energy deposition and the atomic displacement
coefficients from ENDF/B libraries.

9) To incorporate the resonance self-shielding effect in a homogenized
mixture and the effect of spacial spectrum shift into macroscopic
cross sections.

10) To obtain the anisotropic scattering cross sections of gamma rays
accurately,

The hierarchy of the RADHEAT-V3 developed under the above considera-
tions is shown in Fig. 1.1. The neutron multigroup cross sections based
on the infinite dilution approximation are produced in SUPERTOG-JR3 which
is a modified version of SUPERTOG—JRB) on the cross section format of
output file as shown in Appendix F, As an option, user can replace the
thermal group cross sections with those generated by using the THERMOS?)
module or the Maxwellian distribution values. This replacement is carried
out at the stage between the steps 1 and 2 or at the step 2 shown in Fig.
1.1 1In addition, the capabilities producing the energy deposition
coefficients and the atomic displacement cross sections fof neutrons are
provided in SUPERTOG-JR3.

The neutron transport and the secondary gamma-ray production induced
by neutron reactions depend directly on the effective cross sections of
shielding media, containing especially heavy elements. For producing

reasonable and accurate effective cross sections of homogenized mixtures

_2__
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in fesonance energy regions, we have introduced the self-shielding factors
given in the f-table of JAERI-Fast set!0) to the infinite dilution cross
sections. The secondary gamma-ray production cross sections are generated
from the effective microscopic neutron cross sections for homogenized
mixture and the yield data of the POPOP4 libraryll),

On the other hand, the effective cross sections for a heterogeneous
zone consisting of media of thicknesses of more than several mean free paths
should be averaged by using the spectrum in the zone as a weighting
function. The ANISN!2) was modified to ANISN-JR!3) g0 as to produce volume-
flux weighted effective cross sections for arbitrary shield zones and
regions.

As for photon-absorption cross sections, simple empirical formulas
appropriate for machine computations are reported as functions at atomic
number Z. Those formulas are introduced to the GAMLEG-JR modulel®), so the
system can produce the gamma-ray group cross sections by giving only atomic
number Z.

The code system includes the following computational modules,
descriptions of which are available in the following sections of this

document:

(1) CONTROL - Controls all the modules.

(2} SUPERTOG-JR3 - Generates the cross sections for the neutron transport
caleulation in an infinite dilution approximation, and
the energyv deposition factor and the atomic displacement
factor due to neutron reactions. Also the gamma-ray
production cross sections related to POPOP4 are
generated.

(3) THERMOS - Generates the cross sections for the thermal neutron group
(Pyp components of 0a, vof, Up and Og,p" and P component of
Og+g,).

(4) TFFACTOR - Self shielding factors, prepared in the JAERI-Fast set, are
multiplied to the cross sections generated in SUPERTOG-JR3.

(5) POPOP4-JR - Generates the secondary gamma-ray yield cross sections.
The most reliable data among the POPOP4 library data must
be selected.

(6) GAMLEG-JR - Generates the cross sections for the gamma-ray transport

- calculation.

{7) TOTAL COUPLE - Cross sections for neutrons and gamma-rays are
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coupled into the "coupled set". The energy deposition and
atomic displacement factors are treated as the activity
Cross sections in the ANISN format. The coupled sets are
kept by a material oriented form as the cross section file.

(8) TAPE MAKER -~ Collect group cross sections for each element or material
produced by the step 1, 2, 3, or ANISN-JR into one file,
The updating and copy of libraries and plotting of the data
are performed. -

(9) GROUP-INDEPENDENT -~ Selects the necessary materials from the file
prepared by TOTAL COUPLE or other files, and transforms
them into the group independent form of ANISN-JR.

(10) ANISN-JR*- Analyzes the one-dimensional neutron and gamma-ray
transport, and produces the effeétive cross sections for
heterogenecus zones and the collapséd cross sections and
detector responses for two-dimensional shield calculations.

The present code system was used for analyzing mockup experiments for
the shield modification of the nuclear ship MUTSU,!5).16) shield benchmark
problems given by the NEA17):18),12) 454 benchmark experiments for iron
and sodium.29) The results have shown an appropriate functioning of the
code system.

"In the next chapter, we describe the characteristics and input data
for MACS (MAcroscopic Cross Section) modules to generate multigroup cross
sections for the use in ANISN-JR, input instructions for which are given in
Chap. 3. TAPE MAKER is explained in Chap. 4 and four sample problems are

shown in Chap. 5 for illustrating the input data.

Note: The form of cross section library generated from RADHEAT-V3 is
slightly different from that in the original ANISN on the logical

record length to be written on a file as shown in Appendix F.

._.6_
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2. MACS Code Modules

2.1 SUPERTOG-JR3

SUPERTOG-JR3 generates (a) multigroup neutron cross sections for
transport calculations, (b) neutron cross sections for secondary gamma-
ray productions used in POPOP4-JR module, and (c¢) heat generation
coefficients and atomic displacement cross sections.

These capabilities are the same as in SUPERTOG-JR®) except for the
function (b) to generate independently the cross sections of (n, v), (n, p),
(n, @), (n, n'), (n, 2n), ete. in order to get the cross sections for
gamma-ray production due to each reaction. These group cross sections are
useful for sensitivity analyses for those reactions. The format of cross
section table of SUPERTOG-JR3 is shown in Appendix F,.

The details of the capabilities of SUPERTOG-JR are discussed in Ref. 8)
and hence we mention them only simpiy.

The displacement cross sections and heat generation coefficients are
generated by the option LINK6 = 1 in SUPERTOG-JR, and are dealt with as the

activation cross sections in the code system. Both the coefficients

‘represent the effect of the kinetic energy of neutrons transferring to

medium atoms and, therefore, can be generated at the same time in the
calculation flow. For the heat generation coefficient, all the kinetic
energy transferred to the medium atom is calculated as the energy deposi-
tion. On the other hand, for the displacement cross section, only the
energy contributing to displace medium atoms in a cascade initiated by a
primary knock-on atom is calculated for obtaining the number of displaced
atoms. The formulation depends mainly on the Doran's work21),

In RADHEAT“), the heat generation coefficient was constructed from the
group constant and the group transfer matrices. In the present version,
the heat generation coefficient as well as the displacement cross section
is generated directly from ENDF/B data.

The general expressions for the displacement cross section F(E) and

the heat generation coefficient H(E) at the neutron energy E are written as

maXx

F(E) = G(E)S ! [—i— 99;%’—‘*1] g%(E,cp)v(T)dT, (3.1.1)
Eq
Tmax

H(E) = G(E)S [%‘égéglili %%{E,¢)T dT, (3.1.2)

0
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where o(E) is an appropriate interaction cross section, dfl the element of
so0lid angle, ¢ the scattering angle in the center of mass (CM) system, v(T)
the nmumber of displacement per primary knock-on atom (PKA), T the kinetic
energy of PKA in the laboratory system, Tmax=yE the maximum possible PKA
energy corresponding to é head-on collision (¢=180°), and Eq the effective
displacement threshold energy.

The integral with respect to ﬁ (cosine of scattering angle) to obtain
F(E) is performed with the Gauss—Legendfe method. The number of integral
points is an input for IMUNO (6%) in the step 1. To calculate the group
averaged values F(g) and H(g), F(E) and H(E) are evaluated at NEPONT points
(an input value in 6$ array) for each group. These values are obtained

from the following equations:

Fe) = | W(RIF(E)E/ [ B,
Eg Eg !
|
I (3.1.3)
- Eg+l Eg+1 f
fi(g) = g W(E)H(E)dE/ S B (E) dE, .

Eg Eg
where W(E) is the weighting function.

2.2 THERMOS

THERMOS generates the cross section for thermal neutrons considering
the spatial effect of the cell structure, this routine being the same as
the original THERMOSZZ). As an option of RADHEAT-V3, the thermal group
cross sections (0a, of and og for the Py and P; components) are replaced

by those generated in THERMOS from the following form:

i > i N
=i _ Sl N (Vog (Y8 (¥,E) d dE

R (2.2.1)

i +| +I N).I > =
(IVN (y")dy /fde )fEfv¢(y,E)dydE s
whete
i, . . >
N"(yY) : number density of nucleus i at ¥,
+
¢ (r,E): neutron flux at ? and E,
U;(E) : microscopic cross section of nucleus i,
R : nuclear reaction type (o4, Of, Ogg for the Py-
component and og; for the Pj-component).

In one execution of THERMOS, the cross sections are generated for all

78_
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the nuclei 1 in the cell structure.

2.3 FFACTOR

FFACTOR is a revision of the JFUSER code?23) incorporating the
necessary programing changes to produce effective microscopic neutron cross
sections in a homogeneous mixture. JFUSER selects required nuclides from
the JAERI-Fast 70-group librarylo), tabulates the group cross sections of
selected nuclides, and produces the collapsed group cross sections from
these tables.

The resonance shielding factor is defined by

m

o, (g,)
m : R 7O :
£.(T, ) = —m, (2.3.1)
R ° Gm (=) .
R
1 nn
0o = "4 z N Gt . (2.3.2)
N~ niém
where
: ddentification number of nuclide,
R : iddentification of reaction type (total, capture,
fission or elastic scattering),
0? : group averaged total cross section of nuclide m,
N" : atomic number density of nuclide m,

om(w): infinite dilution cross section of nuclide m for
reaction type R,
GE(GO): effective cross section of nuclide m for reaction
type R.

The details of the resonance shielding factor given by Eq.(2.3.1) are
discussed in Ref. 10) and hence we mention simply the numerical method.
For producing reasonable and accurate resonance cross gsections for heavy
elements in the JAERI Fast Reactor Group Constant System, the integral
kernel of the neutron slowing-down equation in an infinite homogeneous
mixture was converted into a recurrence formula. The neutron spectrum was
obtained using the recurrence formula for fine narrow groups of equal energy
width. From this neutron spectrum and the resonance cross sections, the
ABBN type self-shielding factors were obtained.

The resonance shielding factors based on the above definition are



JAERI-M 7155

given as the f-table in the JAERI-Fast set for og = 0, 1, 10, 102, 103 and
10" barns, and for T = 300, 900 and 2100 °K. The required effective
microscopic cross sections are calculated by using this f-table. 1In this
calculation, the f-table for the energy group structure of the JAERI-Fast
set is converted to that for the requested group structure by interpolating
with 1/E spectrum as the weighting function.

The value of oy of a homogeneous medium is obtained from an iterative
interpolation method which was used fof the ABBN setzq), and the value of
O? for each nuclide in the medium is calculated until the relative deviation
of 0: becomes less than one percent by using the MICRO subroutine.

The effective microscopic cross sections cobtained from the XRITE
subroutine in FFACTOR are read by POPOP4-JR and used for generating the
neutron induced gamma-ray production cross sections. The effects of the

heterogeneity of a medium on the effective cross sections are not treated by

FFACTOR, but can be taken into consideration by ANISN-JR.

2.4 POPOP4-JR

POPOP4-JR is a computational module to generate the neutron induced
gamma-ray production cross sections from the POPOP4 libraryzs) and the
effective microscopic neutron cross sections produced by the FFACTOR
routine. Tts basic calculational algorithm was originally taken from the
POPOP4 code28) . The following modifications were made on POPOP4 to have
POPOP4-IR,

1) Changes in management of iﬁput/output data files to incorporate into
RADHEAT-V3,

2) Automatic read of the neutron cross sections produced by using the
FFACTOR code.

3) Restructuring of the input format to incorporate the free-form FIDO

input system.

2.5 GAMLEG-JR

The group constants for the photon transport are calculated by using
GAMLEG-JR!") which is a modified version of GAMLEG ©). 1In the GAMLEG code,
the absorption cross section data for the photoelectric effect, pair
production, and coherent scattering are assumed to be given in tabular
forms by cards. The GAMLEG-~JR generates these cross section data by using

27,28)

the simple empirical formulas as a function of atomic number Z. The
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module also produces the microscopic gamma-ray heat generation coefficient

(KERMA factor).
The KERMA factor is given by

h,(g) = 1.6x10713 (uen/p)(M/NO)Eg, [barn*watt+sec/atom] (2.5.1})

where M is the atomic mass number, Ny is the Avogadro's number, and ﬁg is
the mean energy of the g-th group. The (ug,/p) is the mass energy-

transfer coefficient given by
C
Uen/p = (E)fc + (g')f-r + (L;—)fK, (2.5.2)

where the first, second, and third terms represent respectively the mass
energy-transfer coefficients for Compton scattering, photoelectric

absorption and pair production. The code system also calculates the mass
energy-transfer coefficient by neglecting the bremsstrahlung effect of recoil
electrons.

In the original GAMLEG code, the energy integral of the transfer cross
section is performed analytically. The calculation based on this formula-
tion was, however, found not to be adequate for obtaining the cross sections
of higher Legendre moments than the 6th order at low energy region below
about 0.1 MeV, because of round-off errors due to the machine computation.
The present module, GAMLEG-JR, calculates this integral by the numerical
integration based on the Simpson's rule for equal spaced u(=1+1/E'-1/E).

The calculational method and the results of evaluation for the cross

sections are discussed in Ref. 1l4) in detail.

2.6 TOTAL COUPLE

This module makes a coupled neutron and gamma-ray multigroup cross
section table from the neutron cross sections I, ,, the gamma-ray cross
sections EYY’ the secondary gamma-ray production cross sections 2y, the
neutron and gamma-ray heat generation coefficients H, and Hy, and the
neutron displacement cross sections D, produced by using each module
mentioned above. The format of the table is shown in Table 2.6.1. Each
P, (n=1, 2,...5%) cross section table is in the same form as for the Py
table. The TAPE MAKER code collects the multigroup cross section table

of each element into one library.
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Table 2.6.1 Arrangement of group cross section tables for neutrons and
gamma rays*®

_y Neutron groups Gamma-ray groups
Position (1<I<ING) (ING+L<J<INGH+IGG)
. Hp (I) Hy (3)
. Dh(I) 0.0
. Za(I) Za(d)
IHT-1 vIg(I) 0.0
THT Zp(I) Zp(J)
THS+L £an (I-1+1) Lyy (J-1+3)
Ipp (121) Topy (INGH+1J)
0.0 Zny (ING»J)
. ZnY(ING—l+J)
. Zny (I*T)
. 0.0
THM . 0.0

* ING and IGG are respectively the numbers of neutron groups and gamma-ray

groups, and IHM is (IHT+ING+IGG).
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2.7 GROUP-INDEPENRDENT

This module selects the cross section tables for required materials
from the cross section library produced by using the TOTAL COUPLE module,
and produces a group independent cross section tape in order to obtain
forward or adjoint solutions by ANISN-JR effectively. When this special
tape is used, the integer ID2, in the 158 array of ANISN-JR input, should
be set equal to 1. The data area required for ANISN-JR are reduced if

this tape is used.

2.8 Input Instruction

The input to MACS code module of RADHEAT-V3 is written in the free-form

FIDO format developed by Ward Engle of ORNL, details of which are given in
Appendix A. All data with the exception of TITLE cards and THERMOS module
are read using the same format. The original FIDO format used in ANISN is
also available. To select the free-form, an array is identified with a #%
or a $$ depending on whether it is floating or integer array. In the
following, the array dimension is given in square blackets, and the
condition under which the array is to be specified is given in parentheses.

The array without the condition should always be specified.

A. Control Parameters

1$ Main parameter [5]
1. ISTEP selection of the calculational step
1 — STEP1 (SUPERTOG-JR3)
2 — STEP2 (THERMOS, FFACTOR, POPOP4, GAMLEG-JR, TOTAL COUPLE)
3 — STEP3 (GROUP-INDEPENDENT)

2, NUC number of materials to be processed

3. ING number of neutron energy groups (<100)

4. IGG number of gamma-ray energy groups (<50)

5. 1IPO maximum order of scattering anisotropy (58)
T Termination of this data block.

2% Neutron energy group boundaries [ING+1] (ING#0)

The group boundaries are given in the descending order of energy in eV,

3% Gamma-ray energy group boundaries [IGGHL] (IGGE0)

The group boundaries are given in the descending order of energy in
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eV,
T Termination of this data block.

B. First Step (STEP1) Input Instruction (ISTEP=1)

Repeat the input data of STEP1 for each material to be processed.

TITLE CARD Format (1244)
4$ Integer parameter [4]
1. INALL O — only 48, 5%, and 11% érrays are read
1 — all input data for this routine are read
2, MATNO ENDF/B tape material number
3. IREW 0 — no effect
1 — ENDF/B tape is rewound (IREW=1 for first material)
4. NO40 treatment of elastic scattering métrix for thermal group
| 0 — no effect
1 — (ING+ING+1) is added to (ING~ING), where ING is the last
group number for neutron groups. SUPERTOG code assumes
that the group (ING+l) is the thermal group, but the
present system assumes the group ING is the thermal group.
Therefore, when SUPERTOG~JR is used as one module of the
code system, always N0O40 = 1,

5* Resonance information [4]

1. SIGP potential scattering cross section per resonance atom:
Ip 2
SIGP = ( N 4TR%),

where Zp is the mixture macroscopic potential cross section,
N is the atomic number density of the resonance isotope,'and
R is the resonance isotope potential scattering length.
(SIGP=10® for infinite dilution)
2, AJIN input value of J-state for unresolved resonance calculations
3. FRACT r-factor for GAM Nordheim resolved resonance treatment
4. SFACT s-factor for GAM Nordheim resolved resonance treatment
T

Termination of this data block

6$ Problem information [18]
1, IDTAP ENDF/B tape identification number
2. MODE 1 — ENDF/B tape is in binary mode
2 — ENDF/B tape is in BCD mode
3, MCODE = output option for GAM code
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5. N1

6., N2

7. ISPEC
8. 1IRES

9. 1IPUN

10. LINK1
11. LINKZ
12, LINK3
13. LINK4

1 —

2 - .
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GAM-1
GAM-11

Note: If MCODE=1l, the maximum order of scattering anisotropy

is one. Therefore, MCODE=2 must be entered in this

code system.

option for the weighting function

Z O v oW N e
!

o =2 o
|

1/E - function

1.0

arbitrary weighting function (75 and 8%)

1/E joined with a fission spectrum (7%)

exact 1/E

no effect

number of interpolation regions-used for specifying
arbitrary weighting function (IW=3)

no effect

number of points in arbitrary weighting function (IW=3)
cross section average calculation

spectrum calculation

option for resolved resonance data

0 — only the low energy resolved resonance data are added to
the smooth cross section

1 — all resolved resonance data are added to the smooth cross
section as infinite dilution cross section

2 — GAM~II output, of which the 2=0 resonances are transferred
and the =] resonance are added to the smooth background

0 — no punched output

1 — putput in the GAM format

2 — output in the ANISN format

3 — output in both the GAM and ANISN formats

4 — punch 1-D cross sections

Note: TIPUN = 2 must be entered in this code system.

0 — no effect

1 -~ resonance calculation

0 — no effect

1 — smooth cross section calculation

0 — no effect

1 — elastic scattering cross section calculation

0 — not calculate the inelastic scattering matrix



14. LINKS

15. LINKé

16. IMUNO

17. NEPONT

18. NPRINT
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calculate the inelastic scattering matrix from ENDF/B tape
calculate continum part of the inelastic scattering by the
Gilbert-Cameron's level density model

calculate continum part of the inelastic scattering by the
Rewton's level density model

no effect

calculate (n,2n) scattering matrix

no effect 7

calculate displacement cross sections and heat generation
coefficients

no effect

number of the angular mesh points in integral calculation,
normally N = 20 (LINK6=1) -

no effect

number of the energy mesh points for one group in integral
calculation, normally N = 10 (LINK6=1)

no effect

detailed print for each group (LINK6=1)

7% Energy in units of eV, where fission spectrum is jointed with 1/E [1]

(IW=4).

to 6.74 keV.

If the energy does not given, this value is atutomatically set

T Termination of this data block.

78 Point numbers and interpolation schemes for .each interpolation range

(NBT(I), JNT(I), I=1, N1) [2*N1] (IW=3)

8*% Energies and arbitrary weight functions for each interpolation range
(ECI), ¢(I), I=1, N2) [2*N2] (IW=3)

T Termination of this data block.

11* Data for displacement and heat generation cross section calculation

[6] (LINKG=1)

. ED
AM
AMNG
AMNP
. AMNA
HFB

(= B B S " I S )

effective displacement energy (eV)

atomic weight of the nucleus on ground state

atomic weight of the residual nucleus for (n,y) reaction

atomic weight of the residual nucleus for (n,p) reaction

atomic weight of the residual nucleus for (n,a) reaction

kinetic energy of the fission fragment (eV)

The unit of the atomic weight is 12¢=12.0. If the recoil
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energy due to the mass difference can be neglected, set AMNG=
AMNP=AMNA=0.0

T Termination of this data block.

Second Step (STEP2) TInput Instruction (ISTEP=2)

TITLE CARD Format (12A4)

43

5%

6$

7%

8%

g%

Selection of routines [5]

1. TI0PT1 O — no THERMOS
1 — yes

2. TIPPT3 — no FFACTOR

— yes

3. IOPT4 - no POPOP4-TR

4, 10PT5 — no GAMLEG-JR

— yes

— no TOTAL COUPLE

0
1
0
1 — yes
0
1
5, TIOPT6 O
1

— yes

ENDF/B identification numbers of materials to be processed [NUC]
The order of material designation is arbitrary, but it is desirable
to select the same order as materials are stored in the library produced

by the first step (STEP1).

THERMOS identification numbers of materials to be processed [NUC]
(I0PT1=1).

For materials which need not be replaced the last group cross
section of SUPERTOG-JR with the thermal group value produced by THERMOS,
material identification numbers should be put to zero. The order of
material designation must be in the same order as in 5§ array.

The data array from 7§ to 10% should also be in the same order as

5% array.

JAFRT-FAST set identification numbers of materials to be processed (see

Appendix D), [NUC} (IOPT3=1)

For a material which is not given in JAERI-FAST set library,

identification number is put to zero,
Atomic numbers of materials to be processed [NUC] (IOPT5=1)
Atomic number densities of materials to be processed [NUC]
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10* Temperature (°K) of materials to be processed [NUC]

T Termination of this data block. .

C.l TInput instruction for THERMOS (IOPT1=1)

Card 1
KEY

Card 2
MATNO

Card 3

Format (16}

0 — calculate the thermal cross section by using THERMOS

1 — input the thermal cross section by the card data

If KEY = 0, input the data cards of THERMOS-MUG2 after card 1,
but if KEY = 1, repeat the following cards for each material

to be processed

Format (I6)

material number defined by 6§ array

Format (5E12.5)

£=0 =1
Jas Tfs VOF, Ugg ’ Ggg

The order of materials is arbitrary. Put one blank card as an
END CARD, when total number of input materials is less than
NUC.

C.2 Input instruction for FFACTOR (IOPT3=1)

125 [2]
1. NGP
2, TIPRI

number of neutron energy groups (25 or 70) of JAERI-Fast set
library

0 — no effect

1 — print the effective microscopic cross section

calculated by FFACTOR

T Termination of this data block.

C.3 Input instruction for POPOP4-JR (IOPT4=1)

Repeat the 1338 and 148 arrays by NUC times for each material to be

processed.

13%  [5]

3. NFLT

The order of materials is arbitrary.

1. MATNO material number defined by 5% array

2. NMATLS number of reaction types to be treated

number of reaction types to be read from POPOP4 library
(NFLT = NMATLS)



4. LOCK

5., MUTT

0

0
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print only the essential results

print the detailed informations and results

no effect

the gamma-ray production cross sections for all reactions
are summed up and the resulting total gamma-ray production
cross section is printed (NMATLS<10)

same as for MUIT = -1, except the result is also written

in a file (NMATLSflO)

MUTT should be set to 1 in this code system.

T Termination of this data block.

14$ Identification numbers of reaction types to be read from POPOP4 library

(see Appendix E) [NFLT]

T Termination of this data block.

C.4 Input instruction for GAMLEG-JR (IOPT5=1)

17% [i0]
1. 1z
2, N
3. KON
4. TICAL
5. 18
6. IF
7. 1A
8. 1IC
9. 1IPRTO

number of materials to be calculated (IZ = NUC)

number of integration intervals for each energy group

o

input flux weighting (21% and 22%)

not weighting

source weighting (19% and 20%)

input data for photoelectric, pair production and coherent
scattering cross sections by cards (23* and 27%)

calculate above cross sections and gamma-ray heat genera-

tion cross sections in the code.

When ICAL = 0, the heat generation cross sections are not

calculated.

number of energy points for input source (19% and 20%)

number of energy points for input flux (21*% and 22%)

If KON = -1, IF = 0.

number of energy points for input absorption cross sections

(23%, 24*% and 25%). If ICAL =1, TA =20

number of energy points for input ccherent scattering cross
sections (26% and 27%).

If ICAL =1, IC =0

0 — no effect

1 — print detailed informations for absorption and coherent
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scattering cross sections (ICAL=1)

10. IPRT1 0O — no effect

1 = print detailed informations for heat generation coefficients
(ICAL=1)

T Termination of this data block.

19% Energies of input source in the descending order of energy in units of
MeV [1IS]

20% Input source [IS]

T Termination of this data block.

21* Energies of input flux in the descending order of energy in units of

MeV [IF] (KON=-1)

22*%  Tnput fluxes [IF] (KON=-1)

T Termination of this data block.

23* FEnergies at which photoelectric and pair production cross sections are

given in the descending order of energy in units of MeV [IA] (ICAL=0)

24%  Photoelectric cross sections [IA] {ICAL=0)

25% Pair production cross sections [IA] (ICAL=0)

T Termination of this data block.

26* Energies at which coherent scattering cross sections are given in

descending order of energy in units of MeV. [IC] {(ICAL=0)

27% Coherent cross sections [IC] (ICAL=0)

T Termination of this data block.

C.5 Input instruction for TOTAL COUPLE {(10PTH=1)

298 [5]
1. MATID ddentification number for the region-wise cross section. A
same material number is assigned for all Pn components.
2, NPUN output of the cross section table
0 — output to the cross section library
1 — punch cross sections
2 — no effect
0

3. 1IpoO — print cross sections
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1 — no effect

4. NHEAT 0 — no effect
1 — incorporate heat generation coefficient into cross
section table
5. NDISP 0 — no effect

1 — incorporate displacement cross section into cross
section table

T Termination of this data block.

D. Third Step (STEP 3) Input Instruction (ISTEP=3)

308 [3] |
1. IPG number of groups to be printed
2. NOACT number of activation cross sections, including the heat
generation coefficient and displacement cross section
3. 1ITH type of the cross section table
0 — forward cross section
1 — adjoint cross section

T Termination of this data block

31$ Input-logical-unit numbers of files in which the cross section tabels
are stored [NUC]
Note: The numbers should correspond with the numbers assigned with

job control macro.

328 Identification numbers of materials assigned with 29% array (MATID)
[NUC]
Note: The order of the numbers should correspond with the order of

the input-logical-unit numbers given in 31$ array.

338 Group numbers (in the ascending order) to print the cross sections,
[IPG] (TIPG*0)

T Termination of this data block.

2.9 TInput/Output File Assignment

Input and output files and their logical unit numbers required in each
step of the MACS code modules are tabulated in Table 2.9.1, where the
abbreviations TCUP and GRPIN are used for TOTAL COUPLE and GROUP-
INDEPENDENT, respectively.
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Table 2,9.1 Input/output_file assignement for MACS

STEP)  srip1 STEP2 STEP3
File ‘
SUPERTOG THERMOS FFACTOR POPOP4 | GAMLEG| TCUP GRPIN
FOl1 Scratch Scratch Scratch
FQ2 Scratch Scratch ' Scratch
FO3 Scratch
FO4 Scratch
FO8 ENDF/B
tape
THERMOS
F03 1ib. |
Fi0 POPOP4
1ib.
F11 Scratch
F12 effective®3
(n,n)
F13 Scratch (n,y)
Fli Scratch (v,y)—
F15 Output Input*2
x-sec | x—-sec
F20 Output*lnﬁ_“i Input
(n,n) T lx-sec 1ib.
F40 . Qutput
1ib.
F41 JAERT
~-Fast set
ﬁfo Scratch
¥86 if LINK6=1

*1) When many nuclides are processed by STEPl at one time, the infinite
dilution cross section table for the first nuclide is written on the
logical-unit of F20, the second on F21, the third on F22, and so on.
These files are collected into one file by using TAPE MAKER (see Chap.
4). The collected file is used as an input cross section file for the
FFACTOR routine.

*2) Logical unit number for input cross section file is specified by input
data 31$ array, so this is not restrained on F15.

*3) The effective cross sections for each nuclide in a homogenized mixture
are written in the same form as on the infinite dilution file produced

by STEP-1 (see Appendix F).
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2.10 Limitation of MACS

The maximum numbers of neutron groups and gamma-ray groups are 100
and 50, respectively, and the maximum number of Legendre expansion terms
for the anisotropy of elastic scattering cross sections is 8.

All computational modules are wirtten in the form of flexible array
dimension, except SUPERTOT-JR3. A required array size, LIM1, for each
module is obtained from the following equations:

a) FFACTOR;
LIMI = 34+9*ING*NUC+8*18%* ( INGHNSF+NGP)

b) TOTAL COUPLE;
LIM1 = 15+NOACT*MAXG+ING*(ING+3)*NP+IGG*(IGG+3)*NP
+ING*IGGHMAX (ING* (ING+3), IGG*(IGG+3), ING*IGG)
+ (NOACT+3HMAXG )} *MAXG

c¢) GROUP-INDEPENDENT;
LIMI = 10+2#NUCH+IPG+(NOACT+H3+MAXG)*MAXG*NP,

where ING : number of neutron groups
IGG : number of gamma-ray groups
NP : maximum scattering order plus 1
NOACT : number of activation cress sections
NUC : number of nuclides to be processed
NSF : number of nuclides to be computed the f-factor
NGP : number of neutron groups of JAERI-Fast set library
MAXG = ING + IGG,
and MAX is a built-in function selecting a maximum value in its arguments.
The value of LTMl must be greater than any array size required by the
above mentioned modules and given in the subroutine SIZE as follows:
SUBRQUTINE SIZE (LIM1)
COMMON/POP4/D(1), DUMY (80000)
LIM1 = §0000
RETRUN
END
The default value of LIM1 is 80000. If this LIMl is less than the
required array size, MACS prints the size needed for the computation and

stops the execution,
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3. ANISN-JR

Analyses of shield experiments require various quantities such as
energy spectra, reaction rates, heat generations, radiation damages, and
biological doses. These quantities are obtained by multiplying the fluxes
in the shield by response functions of required reactions. The one-deimen-
sional tramsport calculation code ANISN is widely being used as a standard
shielding code, but additional input preparation such as adding the
response functions of detectors to the ANISN cross section table are
necessary in order to get the above mentioned quantities, These input
preparations are, however, somewhat troublesome. In addition, the group
cross sections for heterogeneous zone consisting of media of thicknesses
of more than éeveral mean free paths have to be averaged by using the
flux distribution over the zone as a weighting function.

Iﬁ order to make these treatments possible and to increase the
utility of ANISN, some optional functions are added to the code as follows:

1) print the total fluxes at boundary points,

2} calculate and print the spectrum of ¢g/ﬂEg or ¢g/AUg, where AEg
and AU, are respectively the energy and lethargy width of the
energy group g,

3) print the angular fluxes at only required meshes,

4) use the asymmetric quadrature set,

5) calculate the reaction rates for neutron and gamma-ray detectors,
and collapse the response functions of the detectors,

6) generate volume~flux weighted cross sections for an arbitrary
zone or region,

7) collapse into few group cross sections in ANISN, ANISN-JR, MORSEZS)
DOT or TWOTRAN30) format, (In TWOTRAN format, the £-th Legendre
coefficient of the scattering cross section is divided by (2% + 1)
and the cross section of (n, 2n) reaction is added for use of the
coarse mesh rebalance technique)

8) multiply the averaged cross section by the density factor, when an
option of density factors are used (IDFM = 1).

9) plot the flux distribution, the energy spectrum and/or reaction
rate distribution by using the ANISN-PLOT written as a utility
code of ANISN-JR.

Note)- In both ANISN and ANISN-JR, the adjoint calculation can not be

performed with the group independent cross section tape (ID2 = 1)
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but with the tape generated from step 3 (ITH = 1) of the MACS code
modules,
The ANISN code with the above mentioned new options is named as
ANISN-JR.13)  The input imstruction as well as the program list of ANISN-
PLOT are shown in Ref. 13).

3.1 Input Instruction for ANISN-JR

The free-form FIDO format shown in Appendix A is used for preparing
input data for ANISN-JR. To select the free-form, an array is identified
as a *% or a $8 depending on whether it is floating or integer array.

In the following, the array dimension is given in square blackets, and the
condition under which the array is to be specified is given in parentheses,

The array without the condition should always be specified.

A. Parameters for ANISN-JR
A-1 Format (215)
1. ~ TANISN the format of group independent cross section tape.
0 — same as the originél format
1 — for the tape produced by RADHEAT-V3
2. ITMAX maximum execution time in minutes. If ITMAX = O,
this option is ignored.
ANISN checks this time at the end of each outer
iteration and, if it has been exceeded, the problem
is terminated with full output.
A - 2 Format (1115)
1. TIIBOUND 0 — print total fluxes at midpoints of each mesh
interval (same as original)

1 — print total fluxes at boundaries of each mesh

interval
2. TIISPTM 0 — no effect _
1 — calculated and print neutron spectra ¢g/AEg at
each mesh
2 — calculate and print neutron spectra d:g/AUg at
each mesh _
Energy group boundaries are specified by cards B.
3. ITANLL 0 — print angular fluxes at all space meshes (same

as original)
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9.

10,

IGMNEW

IGMNEU

NACTPR

NREACT

NASYMM

NRESAT

NXS0UT
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1 — print angular fluxes at only required meshes

The required space meshes are given by cards C. If

angular fluxes are required, IDI = 1 must be entered

in 15% array.

number of total energy groups (equal to IGM in 158

array)

number of neutron groups.

If neutron or gamma-ray only, IGMNEU = IBMNEW.

0 — no effect

1 — print activities for each group and zone

0 — no effect

1 — calculate and print reaction rates for neutrons
and gamma rays

2 — calculate reaction rates and also collapse
response functions of detectors in region wise

3 — collapse in region wise response functions and punch
of detectors

The response functions for neutrons and gamma rays

are given by cards K.

For collapsing the response functions, IFG = 1 in 15

array, and 27§, 28S and 29$ arrays must be entered.

0 — no effect

1 — use asymmetric quadrature set

The angular quadrature weights and cosines are given

by 6* and 7% arrays. In the case NASYMM = 1, the

reflective condition for left boundary cannot be

used.

0 — no effect

1 — write/read final fluxes on a tape for use as an
initial flux guess for the next run

Final fluxes are written on the logical unit No. 15

and read from No. 14. For the first run, NRESAT = 1

and IFN = 1 or 2 in 15$% array must be specified, and

for the following, NRESAT = 1 and IFN = 3.

0 — no effect

1 — obtain the few group cross sections for ANISN-JR,

DOT, TWOTRAN or MORSE (IFG = 1 in 15$, and 27§,
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28% and 298 arrays )
When NXSQUT = 1, cards D are necessary.

11. NPLOT 0 — no effect
1 — obtain the file for plotting

Energy group boundaries (IISPTM = 1 and NPLOT = 1)
B -1 Format (I5) ‘
1. NOYGRE number of energies to be specified in the next cards
NOYGRE = IGM + 1, for neutron or gamma-ray problems
NOYGRE = IGM + 2, for coupled neutron and gamma-ray
problems
B -2 Format (8E10.5)
(YGRENE(I), I = 1, NOYGRE)
Energy group boundaries are given in the descending

order of energy in eV

Meshes to print angular fluxes (IIANLL = 1)

c-1 Format (I5)
1.  NOANNO number of meshes to print angular fluxes (<10)
c -2 Format (1015)

(NOANLL(I), I = 1, NOANNO)

meshe numbers to print angular fluxes

Parameters for collapsing (NXSOUT = 1)
D -1 Format (6I5)
1. NACT number of cross sections for activation calcula-

tions to be added to the top of the cross section

table
2. IDOT 0 — calculate collapsed cross sections in TWOTRAN
' format

1 — calculate collapsed cross sections in DOT (or
ANISN-JR) format
3. NPU output of cross section tables
0 — only print

1 — punch
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2 —write on a tape (logical unit No. 40)*

3 — add cross sections to the tape produced in
previous cases.*

4, IGNT number of groups of (n, 2n) down-scattering
Normally, total number of neutron groups is entered.
When IDOT = 1 (DOT format), IGNT is put to zero.

5. IGMN number of energy groups to be obtained from collapsed
groups (from highést energy) .

6. ITL2 length of the output cross section table
Specify ITLZ = NACT + IGMN + 3 for DOT and ANTSN-JR,
and ITLZ = NACT + IGMN + 5 for TWOTRAN.

E. Title of the problem
E-~-1 Format (18A4)
' (TITLE (I), I =1, 18)

F. Parameters for ANISN
158 1Integer parameters [36]
1. ID problem ID number
2. ITH 0 — forward solution

1 — adjoint solution

3. ISCT maximum order of scattering found in any zohe
4, ISN order of angular gquadrature

5. IGE 1 — slab; 2 - cylinder; 3 — sphere

6. IBL left boundary condition

0 — vacuum (no reflection)
1 — reflection
2 — periodic

3 — white/albedo

7. IBR right bouﬁdary condition with the same options as
for IBL
8. IZM number of zones or regions
9. M number of mesh intervals
10. IEVT eigenvalue type

0 — fixed source

1 — k calculations

* Qutput form on a tape is the same as that of region-wise cross sections

produced by MACS STEP-2, so TAPE MAKER can handle this tape.



JAERI-M 71535

27, 1ID3 0 — no effect
N — compute N acrivities by zone where N is any

positive integer

28. ID4 0 — no effect
1 — compute N activities by interval where N refers
to ID3
2. 1M maximum number of outer iterations
30. IDAT1 0 — all data 1n core storage .

1 — store cross sections and fixed sources on tape
2 — fluxes and currents on tape also
31. 1IDAT2 0 — no effect
1

— execute diffusion solution for specified groups

(24$)
32. TIFG 0 — no effect
1 — obtain flux weight cross sections {275 and 288%)
33. IFlU 0 — use step model when linear extrapolation yields
negative flux (mixed mode)
1 — use linear model only
2 — use step model only
34. 1IFN 0 — enter fission guess (2%)
1 — enter flux guess (3%)
2 — use fluxes from previous case
3 — use fluxes from restart tape
35. IPRT 0 — print cross sections
1 — do not print cross sections
36. IXTR 0 — calculate Py scattering constants (Legendre coef-

ficients)
1 — read P; constants from cards (34%)

16* Floating point parameters [14]

1. EV first guess for eigenvalue

2. EVM eigenvalue modifier

3. EPS desired accuracy (epsilon)

4, BF buckling factor (normally 1.420892)

5. DY cylinder or plane height for buckling correction
6. DZ plane depth for buckling correction

7. DFM1 transverse dimension for voild streaming correction
‘8. XNF normalization factor

9. PV 0.0, kg, or ag according to IPVT = 0, 1, or 2




11.
12.
13.
14,
15.
16.

17.

18.

19.

20,

21.

22.

23.

24,
25,

26.

IGM
IHT
IHS
THM
MS

MCR

MTP

IDFM

IPVT

QM

IPM

IPP

I™
Il

ID2
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2 —a calculations
3 — concentration search
4 — zone width search
5 — outer radius search
6 — buckling search
number of energy groups
position of oy in cross section table
pesition of Ogg in‘cross section table
length of cross section table
cross section mixing table length (10$, 11% and 12%)
number of cross section sets to be read from cards
(14%)
number of cross section seté to be read from tape
(138)
total number of croés section sets (elements +
mixtures)
— no effect
— use density factors (21%)
— no effect
— enter kp as PV (16%)

0

1

0

1

2 — enter ag as PV

0 — no effect

1 — enter distributed source (17%)

0 — no effect

1 — enter shell source by group and angle (18%)

IM — enter shell source by interval, group, and angle

interval number which contains shell source if IMP =

1; 0 otherwise

maximum number of inner iteration

0 — no effect

1 — print angular fluxes

2 — punch scalar fluxes

3 —both 1 and 2

0 — no effect

1 — use specially prepared group independent cross
section tape (contains MTP materials)

2 — use cross sections and fixed source from previous

problem



JAERI-M 7155

10. RYF Ay relaxation factor (normally 0.5)
11. XLAL point flux convergence criterion if entered greater
than zero
12. XLAH upper limit for [1.0 - A1| used in linear search
13. EQL eigenvalue change epsilon
14. XNPM new parameter modifier
Note: The above data block is followed by a T,

Cross sections {ID2 = 0}
138 Library ID numbers [MIP] {MTP > 0}
14% .Cross sections [MCR x IGM x IHM] {MCR > 0}
Note: If entered, the above data block is followed by a T.

" Fixed source {IEVT = 0 and ID2Z < 2}

17% Distributed source [IGM x IM] {IQM = 1}
18*% Shell source [IGM x IPM x MM] {IPM > 0}
Note: If entered, the above data block is followed by a T.

Flux or fission guess {IFN < 2}
2% Fission density [IM] {IFN = 0}
3* Flux guess [IGM x IM] {IFN = 1}
Note: Tf entered, the above data block is followed by a T.

Remainder of data

1* Fission spectrum [IGM]
4% Radii by interval boundary [IM + 1]
5% Velocities [IGM]

6% Angular quadrature weights [MM]a)

7% Angular quadrature cosines [MM]

85 Zone numbers by interval [IM]

98 Material numbers by zone [IZM]
105 Mixture numbers in mixing table [MS] {MS > 0}
11$ Component numbers in mixing table [MS] {MS > 0}
12* Number densities in mixing table [MS] {MS > 0}
19$ Order of scattering by zome [IZM] {ISCT > 0}
20*% Radius modifiers by zonme [IZM] ({IEVT = 4}

a)

MM = ISN + 1 for planme or sphere, (ISN x (ISN + 4))/4 for cylinder

701_
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21% Density factors by interval [IM] {IDFM = 1}
22% Material numbers for activities [ID3] {ID3 > 0}
23% Cross section table position for activities [ID3] {ID3 > 0}
24% Diffusion calculation markers [IGM] {IDAT2 = 1}
25% Albedo by group at right boundary [IGM] {IBR = 3}
26* Albedo by group at left boundary [IGM] {IBL = 3}
278 TFew group parameters [5] {IFG = 1}
1. ICON 0 — no effect |
1 — microscopic cross sections desired
2 — macroscopic cross sections desired (minus implies
cell weighting)
3 — macroscopic cross section desired (cell weighted

for arbitrary zones (298)

2. TIHTF position of o. in weighted cross sections

3. IHSF position of Ogg 1n weighted cross sections (minus
implies up-scattering removal)

4. THMF table length of weighted cross sections

5. TIPUN 0 — no effect

1 — punch weighted cross sections

2 — obtain weighted cross sections tape Fll.a)

288 TFew group number for each multigroup [IGM] (IFG = 1)

29$% Cell number for each zone.
This number becomes material number for cell weighted cross
sections [IZM] (IFG = 1 and ICON = 3)

) (IXTR = 1)

Note: The above data block is followed by a T.

34% Pp scattering constants [JT x MM]b

K. Detector responses (NREACT = 0}
{When the neutron and gamma-ray responses are required, the responses
of detectors must be given respectively, that is, at first the neutron's

data and then the gamma-ray's data)

a) Output format is the same as that of region-wise cross sections genera-
ted by MACS STEP-2, so TAPE MAKER can handle this tape.

b) JT = ISCT for plane or sphere, (ISCT x (ISCT + 4))/4 for cylinder

Note: JT is truncated to the next lower integer for cylinders when ISCT

is odd.
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K-~-1 Format (I5)
1. NELM number of detectors for which the response functions

for neutrons or gamma rays are given

K- 2 Format (I3, 4A4)
1. NAME identification number for the detector
2. DXCM title of the detector

K-3 Format (8E10.5)

(0SIG(I), I = 1, NG)
responses of the detector are given in the descending
order of energy, where NG .is the number of neutron or
gamma-ray groups. {Cards K-2 and K-3 are repeated
by NEIM times)
In ANISN-JR module, for any selection of parameters for IIBOUD and
IISPTM, the collapsed cross sections and the detector responses are
obtained by using the flux at midpoint of mesh intervals as a wéighting

function.

3.2 Input/Output File Assignment

ANISN~-JR requires the input/output files shown in Table 3.1 during
the execution. ANISN-JR can generate the volume-flux weighted cross
section for an arbitrary zone or region as given in Table 3.2. The first
column gives types of weighted cross sections and input options, and the
second shows the input data array for collapsed group structure desired.
The third, fourth and fifth columns show the zone, in which the cross
sections are collapsed, number of cross section sets to be output and

logical unit number of output file, respectively.

3.3 Limitations for ANISN-JR

ANISN-JR adopts a flexible dimensioning technique, however, at the
execution of a problem, the maximum number of locations available for

ANISN data, LIM1l, must be specified in the main program as follows:

cce ANISN-JR MAIN PROGRAM
COMMON/BULKBU/D(1), LIMI, DUMY (xxxxx)
C SET BLANK COMMON SIZE
LIM]1 = xXxxxx
CALL ANISN
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STOP
- END

The present code assignes LIM1 = 50,000 as a default value. The restric-

tions for ANISN-JR are as follows:

(1)

(2)

(3)

(4)

(5)

For options of IIBOUD = 1 (print total flux at the boundary point)

and TISPTM = 1 (print spectrum), IDATI ¥ 2 (fluxes in core) must be
entered in 15$% array. _

Dimensional limitation: IGM x (IM + 1) < 30000.

For option of ITANLL = 1 (print anguler fluxes), the maximum number of
intervals to be printed is 10.

Detailed print of activities.

Dimensional limitation: IGM x ID3 x (IM = IZM + 1) < 30000, where ID3
is the number of activities in 158 array.

For calculations of reaction rates, the maximum number of detectors,
energy groups and mesh intervals are respectively 25, 100 and 400,
Output of the weighted cross sections in DOT, ANISN-JR or TWOTRAN

format.
Dimensicnal limitation: (THMF + ITL2) x IGMF < 1040,

- 34 -
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Table 3.1 TInput/output file assignment for ANISN-JR

Logical

unit No. Comment
FO1 | Scratch file
FO2 Scratch file (use if IDAT1=1 or 2)
FO3 Scratch file (use if IDAT1=2)
FO4 Library tape
F05 Inpu£
FO6é Print output
F0O8 Scratch fiie (use if IDAT1=2)
F09 Scratch file (use if NXSOUT=1)
Fll  Output of the weighted cross sec#ion (use if IPUN=2)
Fl4 Input of the restart file (use if NRESAT=1)
‘F15 Output of the restart file {use if NRESAT=1)
F20 Scratch file (use if TIIBQUND=1)
F30 Output of the plotting data (use if NPLOT=1)
F40 Output of the DOT or TWOTRAN cross sections (use if

NXSOUT=1 and NPU=2 or 3)
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Table 3.2 Types of weighted cross sections and input options

Form of Xsecl) Group structure| Region Number of Xsec Logical
sets to be output |unit WNo.
Micro. Xsec oM
. 28$ array Fach zone | I MS(I)2)x(ISCT+l) | F11
(ICON=1) o1
Macro. Xsec
(ICON=2) 28$ array Each zone TZMx {ISCT+1) Fl1
Cell weighted Xsec 3)
(ICON=—2) 28$ array Each zone TZMx(ISCT+1) F11
Cell weighted Xsec (Number of cell in
28 2
(ICON=3) 3 array 9% array | ,5¢ array)x(ISCT+1) [t
Few group Xsec for Format conversion of the collapsed Xsec in F40
2-D codes (NXOUT=1) above cases
Collapsed response L) Cards
2
functions (NREACT>2) 8% array Fach zone TZM*NELM output

1) Xsec means cross sections.

2) MS(I): number of elements assigned for the I-th zone.

3) Cross sections for each zone produced by this option are weighted

values normalized by total flux integrated over all zones. Therefore,

these cross section sets must be summed up over each zone to get the

cell weighted cross section.

4) NELM: number of neutron detectors + number of gamma-ray detectors .

— 36 ~
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4. TAPE MAKER

TAPE MAKER is a utility module for editing and updating the files of
the cross sections generated by RADHEAT-V3, and can deal with the files
produced by STEP-1 (infinite dilution cross sections), and STEP-2 and
ANISN-JR (coupled neutron and gamma-ray cross sections). The capabilities
of the module are as follows;

1) put together the cross section tables of many nuclides or materials

into one file,

2) edit a new cross section file by gathering nuclides according to
the requests of users,

3) update the identification name and/or number and the cross section
values of any energy groups for any nuclides or materials selected
by users,

4) convert a cross section file from binary mode to BCD mode, or
vice versa, and

5) print and/or plot the cross sections of any reactions or materials
selected by users. '

Nuclides and materials mentioned above mean the nuclides with the
infinite dilution microscopic crbss sections and the materials with the
macroscopic cross sections, respectively. The reaction types which can be
updated, printed and plotted from cross section tables are shown in Table

4.1. The forms of cross section file are shown in Appendix F,

4.1 Input Instruction

(1) CARD 1 Format (12A4)

Title card

(2) CARD 2 Format (10I6)

1. ISTEP selection of the cross section file to be handled
1 — dinfinite dilution cross section file
2 — coupled neutron and gamma-ray cross section file

2, NUC number ¢f materials to be handled. If NUC is zero, the
cross section file is duplicated on a backup file.

3. 1ING number of neutron energy groups

4. 1IGG number of gamma-ray energy groups

5. LORDER maximum order of scattering anisotropy



6. NOACT
7. NPRINT
8. NPLOT
9. ITYPE
10, JTYPE
(3) CARD 3
{4) CARD 4
(5) CARD 5
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number of activation cross sections
number of reaction types to be printed
number of reaction types to be plotted
0 — input tape is in binary mode
N — input tape is in BCD mode
N indicates the logical unit number of the input tape
0 — output tape is in binary mode
N — output tape is in BCD mode

N indicates the logical unit number of the output tape.

Format (6E12.5)
(ERGRP (N}, N=1, ING+1) (NPLOT#0, ISTEP=2)
Neutron energy group boundaries, The group boundaries are

given in the descending order of energy in eV,

Format (A8)
(NPRT(N), N=1, NPRINT) {(NPRINT=#Q)
The names of the reaction types to be printed (see Table

4.1). One name is given in one card.

Format (A8)
(NPLT(N), N=1, NPLOT) (NPLOT#0)
The names of the reaction types to be plotted. (see Table

4,1) One name is given in one card.

The next CARD 6 and CARD 7 are repeated by NUC times. If NUC = O,
omit CARD 6 and CARD 7, and when NUPDT = O, omit CARD 7,

(6) CARD 6
1. NUNIT
2. MATNO
3. IREW
4, NUPDT
5. NWMAT
6. NWCM

Format (516, 12A4)

The logical unit number of tape where the cross section
tables are stored

material number to be handled

0 — not rewind the tape

1l — rewind the tape

number of cross section data to be updated

new material identification number, if it is necessary to

change MATNO. If NWMAT = 0, MATNO is regarded as the name

of new material.

new title for the new material. When NWMAT # 0, the old
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title is replaced by this title.

Format (A8, 16, E16.5)

Data for cross sections to be updated. One set of data is given

in one card

1. NREACT
2. NGRP
3. CROSS

4.2 Input/Out

. The order of the data is arbitrary.
identification name of the reaction type to be updated
(see Table 4.1)
group number of the cross section to be updated

value of the cross section to be updated

put File Assignment

TAPE MAKER requires the following input/output files.

Input files

Output files :

Note

logical units containing group cross sections for NUC
materials. The numbers of each logical unit must be specified
on CARD 6 (NUC * 0).
When NUGC = 0 and ITYPE = 0, FOl unit is used as an input unit
for binary mode library, and ITYPE=N {(N>0), the logical unit
number N is used as an input unit for BCD mode librar§.

F40 except NUC=0 and ITYPE=N (N>0).

When NUC=0 and JTYPE=N, the logical unit number N is used

as the output unit for BCD mode library.

ITYPE and JTYPE on CARD 2 are normally set to zero. These

options are only available when NUC is put to zero.

,_39._
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Table 4.1 Identification names of reaction types which can be printed,
plotted and updated

Option and steps

Tdentifi-
No., cation PRINT PLOT UPDATE Comments
nanes st | 2nd |1st | 2nd | 1st | 2nd
1 | TOTAL o1) |0 |*2) | O | total
2 | CAPTURE O * capture
3 FISSION nﬁﬁz)i MO fission
4 | NU C O neutrons per fission
5 | (N,P) O 0 (n,p) reaction
6 (N,A) O O (n,0) reaction
7 {N,G) @] O {n,y) reaction
8 ELAS O * total elastic scattering
9 INELAS ®) total inelastic scattering
10 (N, 2N) ®) total (n,2n) reaction
11 SMOOTH include the reactions from
© © No.l to 10
12 | ABSORB e o) * ¢ | absorption
13 | NU*FIS O ) * o | vof
14 SIGS(PO) o o Py comp?nent of self-
scattering
15 SIGS(P1) o o |Pi1 comp9nent of self-
scattering
16 | SCATTER C 03 scattering transfer matrix
17 HEAT O @] O heat generation coefficient
18 | DISPLACE |O o] O displacement cross section

1) The sign of circle, O, shows the reaction types which can be updated,
printed and plotted from the cross section tables.

2) The sign of star, *, shows that the cross sections are recalculated
so as to maintain the balance between reaction cross sections, when
crogs sections for any reaction types are updated.

3) It is printed that all reaction types including the cross section

table shown in Table 2.6.1.
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5. Sample Probiems

This chapter desribes input data for three sample problems which
generate infinite dilution cross sections, region-wise neutron and gamma-
ray coupled cross sections for a homogenized mixture and for heterogenous
cells, and a sample problem which edits and updates the cross section
library by using TAPE MAKER. -

In these sample problems, numbers of neutron and gamma-ray groups
are 26 and 8, respectively. Scattering matrices are in the P3 approxima-

tion.

5.1 Sample Problem No.l - Production of Infinite Dilution Cross Sections

and Library.

Infinite dilution cross sections for carbon and iron are calculated
in MACS step 1 and are combined to an infinite dilution library by TAPE
MAKER. The displacement cross sections and the heat generation are also
calculated. Basie neutron cross sections for iron (MAT=1192) and carbon
(MAT=1274) are taken from ENDF/B-IV libraries.

When an infinite dilution library is produced by using TAPE MAKER,
the thermal group cross sections obtained in the step 1 of MACS are
replaced by the data for a Maxwellian distribution. The flow diagram of
the sample problem calculation is shown in Fig. 5.1 and input data set

for each step is given in Tables 5.1.1 ~ 5,1,3, respectively.
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ENDF/B-1IV ENDF/B-IV
Carbon l Iron
MACS MACS
stepl stepl
TN ' TN

{ 79103.CC1192 { 79103.FE1192

Carbon group constants Iron group constants

Fig. 5{1

Table 5.1.1

¥HRUN
¥D]5K
¥DIsK
¥DISK
¥DI5K
¥TAPE
D8k
IDISK
¥D15K
D15k
$015K
$D] 5K
¥DISK
¥DI5K
¥D]SK
¥D]SK
¥DATA
1%s

2%%

T

4%
TEER
6¥¥
Tes
11w

TAPE MAKERV4W__~{Thermal group constants

f'/’*\

{ J9103.INFLIB

Infinite dilution library (carbon and iron)

Calculational flow of the sample problem No.l to produce an
infinite dilution library

Input data of the sample problem WNo.l to generate infinite
dilution cross sections for carbon by using the step 1 of
MACS

EFNAME=J9103, RADHEAT3
FOI
Fo2
FO3
FOg4
FOB:J1615,ENDFE4OLD0OUL575
Fl3
Fla
TN F20+1J9103,FE1192+TRK=20
F8o
FB1
Fa2
F83
FBa
F&85
F8e

1120037

14547 1,05+47 6,546 4,0%6 2.5+6 1.4+6 8,0+5 4,045 2,045 1,0+5
4¢65+%4 2,15+4 1,00+4 4,65+3 2.15+3 1,00+3 4,65+2 2,15+2 1.00+2
4,65+1 2,15+1 1,00+1 4,65 2,15 1,00 4,65=1 1.0=3

FE 1192 ENDF/B=1V

1 1192 1 1
1,0+8 10.0 0.0 0.0 T

1 2 2 4 9 o 0 1 2 1 1 1 t 1 1 20 10 0O
4,0+5 7 ‘
33,0 55.93493 56,93539 55,93891 52,.9406% 0.0 T
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Table 5.1.2

EFNA
¥DI5K FOL
¥21SK FO2
¥DISK FO3
$D]SK FO4
¥TAPE FOB
¥DJISK F13
¥DISK Flyg
$DISKTN F200
*DISK FB8Q
¥DISK F81
¥DISK FB2
¥D]5K F83
¥DISK F84
¥D[SK F85
¥DISK FBe
¥DATA
l¥% 1 l 26
2%% 1.5+7 1,

4,65+4

4,65+]

T

FE 11
4%% 1 1192
Heu 1.,0+8
o¥% 1 2 2
T*% 4,0+5
11#% 33,0

Table 5.1.3

E- [EU=<i
FLISKT
OISR TO
OISR T
ED &K
¥oCOMaS

¥ ATA

INE LT

i
ThT e

-« 1é
(QENLY
SlIestya)

(g}
5[1&5WFU)
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Input data of the sample problem No.l to generate infinite
dilution cross sections for iron by using the step 1 of
MACS

M&=J9103 RADHEAT3

J1615.ENDFE&4OLD 001575

J9lU3 FEL1192+TRK=20

03T

03+7 6.5+¢ 4 0+6 2+5+6 1.4+6 8.04+5 4.,0+5 2, 0+5 1.,0+5
2+1544 1,00+4 64,65+3 72,1543 1,00+3 4,65+7 2.15+2 1.00+2

2:1541 1,0041 4,65 2,15 1,00 4,65=1 1.0=3

92 ENDF/B=1V
1 1
10.0 0.0 0,0 T
4 0 900 1 2 1 1 1 1 1 1 20 10 o
.
55493493 56,93539

55,93891 52,94065 0.0 T

Input déta of the sample problem No.l to produce an infinite
dilution iibrary by using TAPE MAKER

Pk il J91 03, THJFﬁ L LOL T F iD= IR NGRFUSON S CoM T A
L\\i ;J,x--i (.Cn. !
bﬁf-Jaihﬁ,F&lIEE
P#UsJ9lU?.1HF;:5.T4'=2Q
Foel
DI TEC LHHRADY (el =3 )
¢ 2% i E 0 L 1 O 0
! W £
e DL, 003¢]
e 5.5140
F S L 2
<& Zdagldu

25 1d.i93
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5.2 Sample Problem No.2 - Production of Region-Wise Coupled Neutron and

Gamma-Ray Cross Sections in a Homogenized Mixture,

This problem calculates the neutron and gamma-ray flux distributions
in a homogenized mixture composed of carbon and iron by using ANISN-JR,
and generates a few group cross sections for two-dimensional code,

TWOTRAN, using the above flux distributions as a weighting function.

At the first step, coupled neutron and gamma-ray cross sections of the
homogenized mixture are calculated from the infinite dilution cross sections
for carbon and irom produced by the sample problem No.l. by using the step
2 of MACS.

In the next step, the neutron and gamma-ray distributions in the
shield shown in Fig. 5.2.1 are calculated to generate the few group cross
sections by using ANISN-JR.

A homogenized mixture of carbon and iron is 60 cm thick and devided
into five zones. Atomic densities of carbon (ENDF/B~1IV, MAT=1274) and
iron (MAT=1192) in the mixture are 1.3855 x 1022 and 7.9837 x 1022 atoms/
cm?, respectively. The region-wise few group cross sections are required
for each zone. In the ANISN-JR shield calculation, a fixed source is
distributed in the zone 1 with a density factor of 0.7. The source
energy, fine and few group structure are given in the sample input data
lists, Tables5.2.1 and 5.2.2.

The calculational flow for the sample problem No.2 is shown in

Fig. 5.2.2.
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ZONE| ZONE ZONE ZONE ZONE
1 2 3 4 5
5.0 10.0 i5.0 15.0 15.0cm

Fig., 5.2,1 One dimensional calculational geometry of the sample problem
No.2, Shield materials of each zone are 9 homogenized mixture
of carbon and iron. The fixed source is distributed in zone
1 with the density factor of 0.7.

[ JAERT  POPOP4 Infinite dilution
. Fast set {1;E£?ry liprary
MACS
step2
(:EE;b3.HOMFECC
l Region-wise cross sections
ANISN-JR

g N

Few group constants
—
L

Fig. 5.2.2 Calculational flow of the sample problem No.2
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Table 5.2.1 1Input data of the sample problem No.2 for the generation of
region-wise cross sections by using the step 2 of MACS

¥HRUN  EFNAME=J9103 ,RADHEAT3.S172E=20

¥DisK Fol
¥DISKTU  F10+J9103,POPBINZ
¥D]SK F11
¥D]sK Fi2
#0 | 5K F13
¥D[SK Fl4

¥DJSKTN F15+J9103 ,HOMFECC
¥DJISKTO F20+J9103,INFLIDB
¥OISKTO FalsJ9103,JFSETZ25
$DATA

Cl¥¥ 2 2 26 8 3 1

2%% 1,547 1.05+7 6,546 4,046 2,5+6 1.4+6 8,045 4,045 2.0+5 1,045
4,65+4 2,15+4 1,00%4 4,65+3 2,15+3 1,00+3 4,65+2 2,15+42 1.00+2
4,65+1 2,15+1 1.00+1 4.69% 2,15 1.00 4,65=1 1,00=3

3** 1002+b 8.0*6 6-O+b 4.0*6 2!5+6 112*6 5.0‘5 1-0*5 1|0+4

T
HOMOGENIOULIS REGION ¢( CARBON AND [RON )
4%% 0 1 1 1 1
5%% 1274 1192
TH¥ 6 26
Buxn 6.0 26,0
9% 1,3855=2 7,9837-2
10%% 300.,0 300.0

T
12%% 25 O 7T
13%¥ 1274 2 2 0 1 1
14%% 60102 60304 7
13%% 1192 2 2 0 1 1
14%% 265301 269102 7T
17%% 2 lu 0 1 9 BSR0O T
19%% 10,2 8.0 6,0 4.0 2.5 1.2 0,5 0,1 0,01
20%% F1,0 T
29%% 10 0O 0O 1 1 71
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Table 5.2.2 Input data of the sample problem No.2 for the generation of
few group constants for TWOTRAN by using ANISN-JR

¥HFORT
COMMUt ZBULKBU/ZDCEY sLIMLCUM( 400002
LIMl= 40000
CALL ANISN
STOP
END
¥HLIED RFNAME=U9103. AN]bNJR-EDITzYESn5=NOWAP
SGMT  ANSMS
SELECT (FTMAINJCLEAK. CUNTRL.FHROoPUT.SPIE.ITIMthLOCk.ADDR ANISN)
SGMT  ANSOL ' CHRh=ANSMS
SELECT (PLSHT FIDO TR ADINT 4 S80445280545R14,WOTE45565,FFREAD)
SGMT  ANSQZ«CHN=ANSMS
SELECT (GUTS+SBOTSBL0S82L+SR2H+SE33WLTCELLSBEL)
SGMT  ANSO3+CHN=ANSMS
SELECT (FINPRFINPRL JPUNSHADTFPUMFLTFX onWSURL W NWSUB2 1ERRMSG2ACTPRT /
wCTYT)
SGMT  ANSOL «CHN=ANSDD
SELECT (BT 2uMARYJFACTOR JNWSUBI svw5SU34)
SGMT  ANSUD +Crie=ANSC3
SELELT (FEWDWwATEYCONVTACRATE)

FIiN

¥HRUN S1ZE=2U

#D15K FGL

*L15K ke ‘

$DISKTO FO4vJ9L03, HOMFECC

¥D]15K o]

¥O[SKTN Fil00J9103  KFLUXSTRE=20

BLISKTN ruU.J9103 TWOXSEC

$DATA
1 U .
0 ¢ 1 3 26 0 2 0 1 1 a
36

1.506+07 1.05E+07 b6.508+06 4,D06+06 2,506+06 1,40E+06 8.00E+05 4,00E+03
Z.00E+05 1.U0E+05 @.658+04 2,156+U4 1.00E+04 4,656+03 2,156+03 1,00E+03
4.65E+02 2.156+02 1.00E+02 4,65p+C1 2,15E+01 1,00E+01 4,65 2,15
1.0 4.656=01 1.0GE=D3 1.00E+07 A.00E+0& 4,00E+06 4,GO0E+D6 2,50E+06
1,208+06 5.UCE+05  1.00E+05 1.00E+04

&4

T ZZ a 5¢

2 2 & 11 1l&
SAMPLE INPuT FOR & HOMOGENIGUS SHIELLING

15%¥ 100 0 3 4 1 1 2 % 60 0 34 5 639 0 0 4 4 1 ¢ 1 0
¢4 1 ¢ 0o 0 1 1 o 1 6 1 1 @0
16#% 1,05 ©0.01 1.0-a4 1.421 0,0 ¢,0 0.0 1,0 0,0 0.5 5,04
¢.0L 0.0 0.0
T
13%% 4R10 7
17w

"5R9.,5624=4 DDR0O.0 4KR1.0925-2 55R0.0 5RE.4287-2 55R0,0 5R1,7297-1 33R0,0
5R2.6260-1 29K0.0 5R2.0558=1 55R0,0 5h1,4845-1 55R0,0 5R6.6319=2 53R0.0
5R2,6377=2 59KU,0 SR1,04€7=2 55R0,0 5K3,4358=3 55R0,0 5k1,0913=3 33R0.0
LR3.4860=4 55k0.0 *R1,1132=4 55R0.0 5K3,4905=5 55R0,0 5R1,1081-% 55R0.0
5R3,5287=6 55H2.0 HSK1.1050-6 55R0,0 5rR3.5064=7 55R0,0 5R1,1161=7 55RG,0

FG.U 1
3% FU,0 T



|
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Table 5.2.2 (continued)

le%  FO,0
Ga%  59[10.,0 40,0
Sun F1.0
bun 0.0
Te* ~0,9367418
L¥F 3R1 10K2
9¢¥  Sg)
lY¥%  5HR3
21%%  SRO.T 55R1.0
27%¥ 2z 5 g 16 D
23%% 2Rl 3RZ 4R3
T
3
LBFE56(NVP)

0.1666667

~0,868R8903
15k3

15R4

R4 BRS

JAERI-M 7

0,33333313
~U,3500212

15R5%

2R& 2RT 8

$.5169-02 3,84833=02 3.3460-03'6.9253-07_

13IN115CNWNY)

+119GC

2000SE MREN/HR/FLX

1.50-01

4,20~02

4040'03

4,40=03
1

+20G10

1.>0=-01
3.00~0v
4,40~03
3,75=03

LGAMMA HR/HRZFL X

G.80=-03

B.16=03

1050-01
1.80=-02
4,40=01

&,30=01%

+33875

1.36=01
L.00w=(2
4o 80=01

4,60=03

“.48 —_

155
0,3333333 0,1666667
0,350021¢2 0,8688903
389  3Rlp 2R11}

26385 162811=1  ,9033-2
1.25=01 1,36~01 25=01
5.90-03 ° 4,40=03 40=03

4,40~03 4,40=03 40=03
3,00=03 ~1.55=03 20~04

1146343

8,30-02
4-40‘03
4|40-03

8.00-04
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5.3 Sample Problem No.3 - Production of Region-Wise Coupled Neutron and

Gamma-Ray Cross Sections in Heterogeneous Cells

This problem calculates the neutron and gamma-ray fluxes in hetero-
geneous cells and generates volume-flux weighted cross sections for each
region. At first, the coupled neutron and gamma-ray cross sections for
the carbon or iron region are calculated in the step 2 of MACS. Secondly,
a group-—independent tape 1s produced frbﬁ the region-wise cross section
files in the step of MACS. Then finally, region-wise cross sections
averaged over heterogeneous regions are produced by ANISN-JR. The geometry
used for the present sample problem is shown in Fig. 5.3.1, The zones 1,
2 and 9 are the homogenized region of carbon and iron used in the
previous problem. The zones 3, 5 and 7 are regions of pure iron
(atomic density of 9.3692 x 1022) with 4.25 cm thicknesses, respectively.
The zones 4, 6 and 8 are pure carbon (density of 9.3692 x 1022y with
0.75 cm thicknesses, respectively.

The calculational flow for the problem is shown in Fig. 5.3.2 and
the sample input data are given in Tables 5.3.1 to 5.3.4.

Macroscopic cross sections for pure carbon and iron are produced in
the step 2 of MACS. In this process, it is assuemd that the number
densities for each material are set to unity. Therefore, actual densities
for each material are given by density factors (21% array) of ANISN-JR
input. In ANISN-JR calculation, volume-flux weighted cross sections are
produced for homogenized zones 1, 2 and 9, and for a heterogeneous regions

including zones from zone 3 to zone 8.

heterogeneous zone

ZONE ZONE ZONE
1 2 3 (4] 5 {6] 7 |8 9
=5.0- 10.0 - 15.0 - 15.0 —

cm

Fig. 5.3.1 On-dimensional calculational geometry of the sample problem
No.3. Zones 1, 2 and 9 are the same homogenized mixture as
for the sample problem No.2. Zones 3, 5 and 7 are pure iron
with atomic density of 9.3692 x 1022, Zones 4, 6 and 8 are
pure carbon with density of 9.3692 x 1022, The fixed source
is distributed in the zone 1 with the density factor of 0.7.
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O ) () ()

JAERI-Fast POPOP4  Infinite JAERT-Fast POPOP4  Infinite
set 1lib. dilution 1ib. set \\\\ 1ib. dilution 1ib.
MACS MACS
step? step 2
— ~
(:iziOB.REGFE (ﬁ;9103.REGCC
., ,

Region-wise cross sections
for iron

Region-wise cross sections

/// for carbon

MACS
step3

re—— 1| J9103 .HOMFECC

|

Region-wise cross sections
for a homogeneous region

RN
@331@1@

Group independent tape

l ‘
& \

JR
TN
Volume-flux
N weighted cross sections

Fig. 5.3.2 C(Calculational Flow of the sample problem No.3
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Table 5.3.1 Input data of the sample problem No.3 to generate macroscopic

cross sections for pure carbon by using the step 2 of MACS

¥HRUN EFNAME=J3103,RADHEAT3+512E=20

¥DISK FOLl

¥DISKTO F10+J9103,POFPBINZ
¥DISK Fli '
¥0 15K Fl2

$DISK F1l3

¥D[5SK Fl4

$DISKTN F154J9103,REGFE.TRK=20

¥DISKTC F20vJ9103,INFLIB

SD]SKTO F&41+J9103,JF5ET25

EDATA

1% 2 1 26 8 3 T

2%% 1,547 1,03+7 6,546 4,0+6 2.:5+6 1.,4+6 B8,0+5 4,045 2,0+5 1,0+5
4,65+4 2.15+4 1,00+4 4,65+43 2,15+3 1.00+3 4,65+2 2,15+2 1.00+2
4,6%+) 2,15+1 1,00+1 4,65 2,15 1,00 4,65-1 1,00=3

3#% 10,2+6 B.0+p 6,0+6 4,0+6 245+6 1.2+6 5,0+5 1,0+5 1.0+4

T

IRON CELL
4% 0 1 1 1 1
5%¥ 1192
Th¥ 26
Ba#x 26,0
9%» 1,00
10% 300.,0
T

12%% 25 o 7T

13%% 1192 2 2 0 1 7

14%% 266301 269102 T

17%¥% 1 10 0 1 9 ‘3RO 71

19%x 10,2 8,0 6,0 4,0 2.5 1.2 0,5 0,1 0,01
20%*x F1.,0 7

29%¥ 30 o 0 1 1 7

cross sections for pure iron by using the step 2 of MACS

¥HRUN EFNAME=JF103.RADHEAT3451ZE=20

¥DISK Fo1 ,
$DISKTO  Fl0+J9103.POPBIN2
¥D{SK F11
¥DISK Fl2
¥DISK F13
*DISK Fla

$DISKTN F15+J9103,REGCC, TRK=20

*DISKTO F20+J9103,INFLIB

#DISKTO F41+J9103,JFSET25

¥DATA

1% 2 1 26 8 3 7

2% 1,547 1,05+7 6,546 4,046 2,5+6 1,4+6 8,045 4,045 2,045 1,045
4465+4 2415+4 1,00+4 4,65+3 2,15+43 1,00+43 4,65+42 2,15+¢2 1.,00+2.
4,65+1 2,15+1 1,00+41 4.65 2,15 1,00 4,65~1 1,00=3

3;* 10,2+6 B40+6 6,046 4,0+6 2,5+6 1,246 5,045 1,0+5 1,0+4

CARBUN CELL
4%% 0 1 1 1 1

5%% 1274
1%% 6
gue 6.0
. 9% 1,00
10#» 300,0
T

l2%% 25 0 7

13%% 1274 2 2 0 1

14%% 60102 60304 T

17%¥ 1 10 0 1 9 5RO 7T

19#+ 10.2 8.0 6.0 4,0 2,5 1,2 0.5 0,1 0,01
20#% Fl.0 T

29%% 20 0 0 1 1 T
-5 —

Input data of the sample problem No.3 to generate macroscopic
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. te a group
Table 5.3.3 Input data of the sample problem No.3 to genera
independent tape for ANISN-JR by using the step 3 of MACS

¥HRUN EFNAME=J9103,RADHEAT3+5]12E=20
¥D 15K FO1
¥DISK FO2
¥DISKTO  F10+J9103,HOMFECC
¥DISKTO  F11+1J9103,REGCC
¥DISKTO  F12.J9103,REGFE
¥DFDISK  F40+J9103,GRPINDTRK=20KS|Z2E=180,BS12ZE=3600
¥DATA .
1% 3 3 26 8 3 1
¥
3068 0 2 0 T
31%% 10 11 12
328% 10 20 30
T

Table 5.3.4 1Input data of the sample problem No.3 to produce volume-flux
weighted cross sections by using ANISN-JR

¥HFORT
COMMON 7BULKBU/DC1) 4L IM1,DUM( 40000)
LIMl=s 40000

CALL ANISN
STOP
. END
¥HLIED RFNAME=J9103,ANISNJR1ED]TaYES B=NOMAP
SGMT  ANSMS

SELECT (FTMAIN.CLEAR.CONTRL-ERno-wOT.sPIE.ITIME-CLOCK-ADDR-ANISN)

SGMT  ANSQ1+CHN=ANSMS '

SELECT cPLSNT-Floo.TP.ADJNT.saO4.saO5.sala.wora.s9be.FFREAD)

SGMT ANSQZ «CHN=ANSMS

SELECT (GUTS+5807+5810158214582445833+70T+CELLS651)

SGMT  ANSO3 1 CHNmANSMS

SELECT (FINPR.FINPRl.PUNSH.DTFPuN.FLTFx.Nwsuax.NwSUBz.ERRMSG,ACTPRT. /
WOTYT) ~

SGMT  ANSQ4,CHN=ANSO3

SELECT (BT +SUMARY FACTOR \NWSUB3 +NWSURS)

SGMT  ANSO5 s CHN=ANSO3

SELECT (FEWG.WATE yCONVT+CRATE)

FIN

¥HRUN S|ZE=20
¥D]sK Fo1
DISK Fo2

¥OISKTO FO41J9103,GRPIND
$DISKTN F114J9103,REGCELL

¥DATA
1 o
0 é 1 34 26 o 0 0 0 0 0
36

1,50E+407 1,05E+07 6,50E+06 4,00E+06 2,50E+06 1.40E+06 B,00E+05 4,00E+05
. 2+00E+05 1400E+05 4,65E+04 2,15E+04 1.00E+04 4.656+03 2,15E+03 1,00E+03
4656402 2.15E+02 1,00E+02 4,65E+401 2,15E+01 1,00E+01 4,65 2415

1.0 4165E=01 1,00E~03 1.00E+07 8.00E+06 6,00E+06 4)00E*06 2,50E+06
1,20E406 5,00E+05 1,00E+05 1.00F+04
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Table 5.3.4 (continu

4
14 22 30 38
A HETERQGENIOUS CELL CAL,

ed)

15¥% 200 0 3 4 1 1 0 960 0 34 639 0 01212 1 @ 1 ©
040 1 1 0 0 1 1 0 1 0 10
lé#+ 1,05 0,01 1,0-4 1,421 0,0 0,0 0,0 %,0 0,0 0,5 5,0-4
G.01 0.0 0,0
T .
17**
5R9,5824~4 55R0,0 5R1,6925=2 55R0,0 5R8,4287=2 55R0,0 5R1,7297=1 55R0,0
5R2,6260-1 55R0,0 5R2,0558=1 55R0,0 5RL,4845=1 55R0,0 5R6,6319=2 55R0.0
5R2,6377-2 55R0,0 5R1,0467=2 55R0,0 5R3,4358=3 S5R0,0 5R1,0915-3 35R0,0
SR3,4860-4 55R0,0 5R1,1132-4 55R0,0 5R3,4905=5 55R0,0 5R1,1081=5 55R0,0
5R3,5287=6 55R0,0 5R1,1050=6 55R0,0 5R3,5064=7 S55R0,0 5R1,1161=7 55R0,0
FO,0 T
3#% FO,0 T
1% FQ,0
Gew 410,00 95,0 TI115,0 1119,25 71200 1124,25 7125.0 1129+25% 14]30,0
45,0
5““" Fl-O
6%% 0,0 0.1666667  0.3333333 0,3
Tas  =0,9367418 -0.8688903 -0.3500212 03500313 o sceceod
8¥¥ OR1L 10R2 8R3 2R4 B8RS 2R& HRT 2R8 1579 ' '
9% 1 1 9 5 9 5 9 5 1
19%¥  9R3
21#% 5R0,7 10R1.0 30K9,3692- 1.
214 3 5 6 35 g 0076982 13RI.0
28%¥ 3201 34
294 100 200 6R300 400
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5.4 Sample Problem No.4 - Mode Conversion of Cross Section Library by

TAPE MAKER

The sample input data for the edit and update options of TAPE MAKER
are already shown in the section 5.1. Therefore, in Table 5.4.1, the
sample input data are shown to convert a binary mode library (standard
mode in RADHEAT-V3) to a BCD mode library. 1In addition, the input data
for the inverse conversion are shown in Table 5.4.2.

The forms of the cross section table in the libraries are described

in Appendix F in detail.

Table 5.4.1 1Input data of the sample problem No.4 to convert the binary
mode library (FO01) to the BCD mode library (F10)

C
C SAMPLE UATA TO CONVERT a4 INFINITE DILUTION LIBRRRY
C FROM & BInNaRY MODE T3 A bBip MLDE

$PLIEDRUN  RENAME= 9103, TAGEMAKE (0L [EU=L 1€ 4 GRF Daby COML | 5=CA
SCISKTO  FO1.4U2103.1NFL I8 PeenkIe=cALL

Nt TAPE Flu.VOL=9999?9-H5tln=uc.85Iz£=3200
¥Lata
CONVERS[ON FROM EINARY MUDE 10 BCD mMUDE
1 0 2¢€ "] 3 Q0 [ 0 G 10

Table 5.4.2 TInput data of the sample problem No.4 to convert the BCD
mode library (F10) to the binary mode library (F40)

C
C SAMPLE DATA 10 CONVERT & [NFINITE DILUTIUN LIBRARY

C FROM & BCL MUDE TU A SINARY MODE
$HL TEDRUN RENAME= JG1U3  TAPEMARE 4 GLIFU=L TED s GRFD®UNYCOML JR#CALL
¥NLTAPE FlUsVOL=%999994nSI {80 BS[ZE=3200
SUISKTH Faovd3103, INFLIBTRK=D(
¥LUATA
CONVERS[UN FROUM BCD MCDE TO #INARY MUODE :
1 ¢ 26 0 3 O C ¢} 19 0
Acknowledgment

The authors wish to thank Dr. T. ASAQKA for helpful suggestions and

a critical reading of the manuscript.



JAERI-M 7155

5.4 Sample Problem No.4 - Mode Conversion of Cross Section Library by
TAPE MAKER

The sample input data for the edit and update options of TAPE MAKER
are already shown in the section 5.1. Therefore, in Table 5.4.1, the
sample input data are shown to convert a binary mode library (standard
mode in RADHEAT-V3) to a BCD mode library. In addition, the input data
for the inverse conversion are shown in Table 5.4.2.

The forms of the cross section table in the libraries are described

in Appendix F in detail.

Table 5.4.1 1Input data of the sample problem No.4 to convert the binary
mode library (F01) to the BCD mode library (F10)

C
C SAMPLE DATA TO CONVERT & INFINITE DILUTION LIBRARY
EhLIEEgon £ H[?ARY MODE TO A 8lD MIBLE
v HFENAME= J9103, TAREMAKE (L [FL=e : Dl o

$01SK TG FOTv 09109 [urt s EvGLIEL=L JED 4GRFD CONGCOML 1 e=CALL
*NLTAPE FlisvOL=990999 RS 1ZL28(+85]E=3,00
¥aTa

CONVERSION FROM EINARY MUDE 10 mep mODE

1 0 2¢ o > o] G 0 #] 10

Table 5.4.2 Input data of the sample problem No.4 to convert the BCD
mode library (F10) to the binary mode library (F40)

C
C SAMPLE DATA TG CONVERT & INFINITE DILUTION LIBRARY
C FROM A BCC MUDE TU A 3INARY mMODE

¥HLTEDRUN RFNAME=J9103,TAPEM#KE|GLIEUﬂLlED-GRFD‘UN-COMLIE=CALL
¥NLTAPL FlUsWOL=999999 RS LE =B RSIZE=3200

¥OISKTH Fausa9103, INFLIBThRE=D
FLATA
CONVERSIUN FRGM BCH MODE 10 =INAKY MUDE :
1 o 2¢ 0 2 U C 0 10 0
Acknowledgment

The authors wish to thank Dr. T. ASAOKA for helpful suggestions and

a critical reading of the manuscript.
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APPENDIX A Free Form FIDO Format(*)

Type 1 Format

Each car is divided up into six 12-digit data fields which are in
- turn divided up into 3 subfields, as 1llustrated in the following figure

where only one data field is showm.

11 2§ 3§ 41 5] 6[ 7] 8] 9] 10} 11| 12

The first subfield is a two-digit integer; and the second subfield contains
either a $§, *, R, I, T, S, F, A, C, E, Q, L, N, M, 0, U, v, Z, +, -, or a
blank. The third subfield contains either a fixed or floating point
number. The contents of the first two subfields will define the operation
to be performed on the third field.

Blank fields ére ignored. One can use any or all fields on a card.
For example, a box of blank cards sandwiched anywhere in a data array
would be completely ignored.

Each data array is identified by a two-digit integer in a first
subfield. There are both fixed and flecating point arrays; a fixed point
array is designated by a $ in the second subfield, and a floating point
array by an *,

The second subfield contains an operator which specifies the type
of operation to be performed on the data. The possible operators are

listed below.

Array Operators

$ indicates the beginning of an integer array. The first subfield

% Al]l of the descriptions are quoted from Ref, 1).
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contains a one- or two-digit number identifying the array.

* indicates the beginning of a floating peint array. The first
subfield identifies the array.

R indiecates that the entry in the third subfield is to be repeated
the number of times specified in the first subfield.

I indicates linear interpolation between the entry in the third sub-
field and the entry in the third subfield of the next data field. The
number in the first subfield gives the number of points to be placed
equally spaced in the specified range.

T indicates termination of data reading for a block. RADHEAT-V3 can
require several data blocks and each block must be ended with a T. A
block can contain any number of arrays. Data on a card after a T will
be ignored,

S indicates skip. The first subfield defines the number of entries
to be skipped. The third field can contain the first entry following
the skips. A blank third subfield would be ignored.

F is used to fill the remainder of an array with item given in the
third subfield.

A is used to address a particular location in an array. This loca-
tion is specified in the third subfield, while the first subfield is blank.

'C is used to obtain a count of the number of items read into an
array up to the point where the C is placed. An integer ZZ in front of the
C will be used as identificatioﬁ in producing a message as follows:

XX ENTRIES READ IN THE YY ARRAY at ZZC.

FE may be used to end specifying data for an array. This option is
particularly useful when it is desired to replace only some items in a
particular array. The items in question are replaced, and the use of an
E prevents having to count and skip to the end of the array.

Q is used to repeat sequences of numbers. The length of the sequence
is defined in the third subfield. The number of times to repeat the
sequence is given in the first subfield. -

L.is similar to I except that a logarithmic interpolation is per-
formed between the entry points. This option is particularly useful for
defining énergy structures equally spacéd in lethargy.

N is used to repeat a sequence of numbers in reverse order. The
length of the sequence is defined in the third subfield. The number of

times to repeat a sequence is given in the first subfield.
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M is used to negate and repeat an inverted sequence. The length of
the sequence is given in the third subfield. The number of times to
repeat a sequence is given In the first subfield.

0 is used to turn on (or off) the card image edit of ANISN input data.
As with the C option, an integer in front of the 0 identifies the parti-
cular entry. The default (starting) condition is not to edit the data.

U is used to replace the ANISN input format for an array. The array
number is given in the first subfield. The format, written in normal
FORTRAN, is specified on the card immediately following the card containing
a U. The parentheses normally capsulating a format should be included.

V specifies that the array identified in the first subfield will be
read according to the last variable format read in.

Z is used to specify a string of zeroes; e.g., 49Z would place forty-
nine zeros into an array.

+ or -~ indicates exponentiation., The data in the third field is
multiplied by 10*N, where N is an integer in the first subfield. This
option allows one to specify a number in up to nine significant digits,

Integer data in the third subfield must be right adjusted. Floating
point data may be written with or without an exponent. If the decimal is
omitted, it is assuemd to be immediately to the left of the exponent
field. If there is no exponent, the decimal point is assumed to be to the

extreme right of the nine-column subfield.

Input Restrictions

The following restrictioné must be observed when using the ANISN input
format: |

(1) Blank data fields are ignored.

(2) 1If the interpolation cption (I) is used, the next data field
may nct be either blank or an A entry.

(3) The third subfield of a data field containing a § or a * may
contain an integer N. The next data entry is assumed to be the (N+1)-th
member of the array. WNormally the third subfield 1s blank and is ignored.

(4) All data arrays must be filled with the correct number of
entries. A data array is ended by elther starting a new data array or by

ending a data block.
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Type 2 Format (Free Form)

The transferral of input data to input forms or punched cards for a
code requiring significant amounts of input is always a time consuming,
distasteful and error-prone process. The origimal ANISN formats were
designed to help reduce these difficulties. The options are convenience
features. The usefulness of the "F" option which fills an array is
obvious, but it is somewhat harder to see the practical uses for some of
the more obscure ones like N, M, and Q. However, frequent use will turn
up situations where these options are invaluable. For example, the S;
cosines are negated and reflected about 90°, a fact of which suggests the
use of the M option.

There are justifiable complaints with the input formats; for example,
where convenience options are not applicable, data can be hard to write
because of the manner in which the data fields are spread on the card.
This is especially true of integer arrays, where the data are right
adjusted in 12-column fields. The ANISN input forms help to some extent,
but the actual key-punching is still troublesome.

This input format has been greatly improved by Ward Engle of ORNL who
has designed and implemented an all-FORTRAN free-form ANISN input scheme
which has data items separated by blanks (as others do}, but still allows
all of the important convenience features of the earlier formats. The
restrictions on the use of this input are essentially that the user writes
the data in a form that he can interpret within the context of the ANISN
options. Data is easily written and key-punched, since there is now worry
about which type character falls in which column or how many blanks are
left between entries.

The free-form input can be interspersed with the fixed form input.

To select free-form, an array is identified as either a §S or a ** array
for integer and floating point arrays, respectively.

The restrictions are:

(1) Any third subfield (data entry) must be followed by one or more
blanks. This is an obvious restriction, otherwise data interpretation
would be impossible.

‘(2) Only columns 1-72 are used.

(3) Numbers with exponents must not have imbedded blanks; e.g., use
1.0E+4, but not 1.0 E+4 or 1.0E+ 4.

(4) The old + or - options (2nd subfield) are not operational.
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(5) No more than 9 digits in a number can be entered. The exponent
is not counted; e.g., 9234409 or 923400000+1 will work, but 9234000000 will
not work. Nine-digit accuracy is clearly beyond the significance available
for single precision IBM 360 floating point operations.

(6) A blank must not appear between items which fall in the first
and second subfields with the old format, e.g., 24R, but not 24 R. Note
that the 99 restriction on the number of repeats, interpolations, etc., has
been eliminated. ‘

(7) The Z-entry must be entered as 738Z, but not as Z738. The old
format allowed either.

(8) The Q, M and N entries must be specified as Q4, but not as 4Q.
The old format allows either. An entry like 3Q4 accomplishes the same as
Q4 Q4 Q4. This is now true for either format. |

The character (') in column 1 of a card will cause the contents of the
card to be listed as comments, while the data is read in. Celumn 2 should
contain the proper carriage control character; e.g., blank, 0,1,2, etc.
This card is ignored as a data card. This option is also available with
the old formats.

Some examples of the new format are given below:

1$$25R1 0 4 3Q3 _2$$ 3R42 E T
The first 25 entries of the 1$ array are 1l's followed by 0 and 4, and then
the sequence 1 0 4 is repeated three times. The 2§ array has three 42's
and then data input to the array ends. The T terminates a data block.
42%*% 0.0 0.1666667_0.3333333 N2
43%% -1,0 -0.8819171_0.3333333 M2
This example puts 0.0, 0.1666667, 0.3333333, 0.333333, 0.1666667 in the
42% array and ~1.0, -0.8819171, -0.3333333, 0.3333333, 0.8819171 in the

43* array.
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Appendix B Descriptions of Subroutines of FFACTOR

B.1l Subroutine FFACTOR

FFACTOR 1is a control program for calculating the self-shielding factors
and effective microscopic cross sections from given atomic densities (9%
array) and temperatures (10% array)}. The infinite dilution cross sections
are read from the library tape produced by the STEPl of the system, and
70-group f-~table of the JAERI-Fast set is collapsed into the required
energy group structure by using JFUSER,
called from: main routine )
subroutin called: XREAD, FREAD, MICRO, XRITE
definition of wvariables:
NUC : number of materials
MATNO: material identificatien number given by the STEP1 calcula-
tion
MCODE: material identification number given by the JAERI-Fast set
(see Appendix D)
IDENT: material identification number given by the THERMOS library
AN : atomic number density
T :  temperature (°K)
LFCM, LFFM, LFEM and LFRM
locations of self-shielding factors for capture, fission,
elastic and removal reactiocns
LSSC, LSSF, LSSE, LSSIN and LSS2ZN
: locations of infinite dilution cross sections for capture,
fission, elastic, inelastic and (n,2n) reactions
LSFFl, LSFF2, LSFC1, LSFCZ, LSFEl, LSFE2, LSFR1 and LSFR2
: locations of the tables of self-~shielding factors for
fission, capture, elastic and removal reactions
Number attached at the end of each variable name indicates
either R, table.

NSF : number of materials with the self-shielding factors
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Subroutine FFACTOR

———

[ START )

Check cross section library,
group, scattering order, and
material number

Read input data
12$ array

Set location in COMMON
to read cross sections

CALL XREAD

Read cross sections from
library tape

Set location in COMMON to
read self-shielding factors

CALL FREAD

Read self-shielding factors
from JAERI-~Fast set

CALL MICRO

calculate self-shielding
factors for given composition

CALE XRITE

Calculate microscopic cross
sections and output to scratch disk

[ rETURN )
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B.2 Subroutine MICRO

MICRO interpolates the f-table read by the subroutine FREAD using

m
oy and temperature of the medium. The U? is written as follows:

m 1 n-1n
og = 7~ L N (3.1)
nxm
n , -n
where N is atomic number density of nuclide n, and 9. the effective total
cross section. When material is either 235y, 239y, or 240py, the contribu-
tion of 238U is not added to the sum on the right hand side of Eq. (B.1).

An interpolation for oy is carried out by using a value X = logiq (ogHl)
and a right hyperbolic line as an interpolation function. In this manner,
the self-shielding factors, f., ff and f,, are obtained for capture, fission
and elastic scattering reactions, and the effective total cross section Et

is calculated from the following equatioﬁ:
op = fo00 + ffof_+ifece + 0in + Opn,2n- _ (B.2)

After obtained Et‘s for all nuclides, those values are substituted in Eq.
(B.1), and recalculations of Et's are carried out in the same manner.
This iteration is executed until the relative deviation of ot becomes less
than one percent. When nuclide is either 23%U, 238y, 239py or 240pu, also
the self-shielding factor for removal reaction is calculated in the same
manner.
called from: FFACTOR
subroutine called: SHIELD
definition of wvariables:
AN : atomic mumber density
T : temperature
INDEX: location of nuclide on the f-table
MSF : 1indication whether nuclide has self-shielding factors or
not
MAXG : number of energy groups
SsCc, SSF, SSE, SSIN and SSZN
. cross sections for capture, fission, elastic, inelastie,
and {(n,2n) reactions
SFF1, SFF2, SFCl, SFC2, SFEl, SFE2, SFR1 and SFR2
. the table of self-shielding factors for fission, capture,

elastic, and removal reactions
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FCM, FFM, FEM and FRM
: self-shielding factors for capture, fission, elastic, and
removal reactions
TAB1 and TAB2
gg table converted to the log scale
'SST1, SSC1, SSF1 and SSE1
: effective cross sections for total, capture,
fission, and elastic reactions

SUM : sum of macroscopic total cross sections for all

nuclides
SUML : sum of macroscopic total cross sections except 238y
ARG @ dy
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Subroutine MICRO

{ START

Calculate threshold energy group ITH1 and ITH2

A\ Calculate total cross sections
/ for all nuclides

Sum up total macroscopic cross

sections to SUM1 without including
238
U

Calculate ARG (op)

CALL SHIELD

Calculate self-shield factors for
capture, fission and elastic
reactions

Calculate effective cross sections
Ogy Ofs Og and o

ave all nuclides
been calculated?

NO

] Eelative deviation
of oy less than 0.017?

NO

L YES

next page
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from previous page

Sum total macroscopic cross sections

oes this nuclide have
f-factor for removal?

YES

Calculate ARG

CALL SHIELD

Calculate self-shielding
factor for removal

Have all materials
been calculated?

Have all groups
been calculated?

YES

( RETURN |-
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B.3 Subroutine XRITE

XRITE calculates effective cross sections, heat generation coeffi~
cients, and displacement cross sections by using the self-shielding
factors, and writes these values for use in POPOP4 and TOTAL COUPLE.

Effective cross sections are calculated from the following equations:

9.(8) = f.(8) o.(8),

oe(g) = fr() os(r),

0e(8) = falg) 0e(8),

Ge(g) = Go(g) + o5(8) + 0o(8) + 03, (8) + oy 2n(8) -

For nuclides without removal self-shielding factors,

5§(g+g') = fa(g) ci(g+g').

For nuclides with removal self-shielding factors (235y, 238y, 239y,

240py and 2L“lPu),

2=0
fr(g) o, (g>gtl),

32=0(g+g+1)

I

~2=0 - -2=0
o, (g*g) cal(g) - g, (g>gtl),

250 20
o, (g8") fe(g) o "(g*g").
called from: FFACTOR
definition of variables:
FCM, FFM, FEM and FRM
: self-shielding factors for capture, fission, elastic and

removal reactions
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Subroutine XRITE

( START )
N

Print self-shielding
factor

Write head records of
cross section file

S

Read smooth cross sections from
scratch file written in subroutine
XREAD

Calculate effective cross
sections for all reaction
types

Write effective smooth cross
sections on scratch file

Read and write inelastic
transfer matrix

Read and write (n,2n)
transfer matrix

Read elastic transfer matrix
(2=0)

to next page
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from previous page

Does this nuclide YES

have fr?

Calculate effective Calculate effective
cross sections from cross sections from
fe fo and fp

Write effective elastic transfer
matrix (2=0)

Read elastic transfer matrix
(4~th order), and calculate and
| write effective cross sections

NO

Have all elastic
transfer matrices
been calculated?

Have all nuclides
been calculated?

l YES

RETURN
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B.4 Subroutine XREAD

XREAD reads the infinite dilutiﬁn library produced in STEP1 (SUPERTOG-

JR3). If IOPT = 1 (option for execution of THERMOS) is specified, cross

sections of thermal group are'replaced by the wvalues calculated in THERMOS.

The capture, fission, total elastic, total inelastic and total (n,2n) cross

sections used for the calculation of self-shielding factors are stored in

the commen data area.

Cross sections for all nuclides in 5$ array are

written on the scratch file for use in the subroutine XRITE.

called from: FFACTOR, MOVEXS

definition of wvariables:

IMAX:
ITLH:

LOR1:
MAXG:
JTLH:
IPO
XTHR :

number of energy groups
length of cross section
library

scattering order in the
number of energy groups

length of cross section

in the infinite dilution library

table in the infinite dilution

infinite dilution library
specified in input data

table used in this calculation

scattering order specified in input data

thermal cross sections calculated in the THERMOS code, 0a,

=0

=1
Ofy, VOf, Ue (g+g) and Ge (g_"g)
SSC, SSF, SSE, SSIN and SS2N

cross sections for capture, fission, elastic, inelastic and

{n,2n) reactions

B.5 Subroutine FREAD

FREAD reads the f-table from JAERI-Fast set and stores these values

to commeon data area.

called from: FFACTOR

subroutine called:

definition of variables:

INDEX:
ITEMP:

NSF

NTABL, SET1 and ADJUST

the location of nuclide on the f-table

indicator whether the required energy group structure is

equal to that of the JAERI-Fast set or not

number of nuclides with self-shielding factors

TABl and TAB2

op table

SFFl, SFF2, SFCl1, SFC2, SFEl, SFE2, SFR1 and SFR2

the self-shielding tables for fission, capture, elastic and
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removal reactions

B.6 Other Subroutines

1)

2)

3)

4}

5)

6)

7)

Subroutine MOVEXS
MOVEXS transfers the infinite dilution cross sections from library tape
to scratch file. This subroutine is called if IOPT3 (option for execu-—
tion of FFACTOR) is zero.
called from: main routine
subroutine called: XREAD
Function NTABL
NTABL searches the position of the SIGO value on the TAB table.
called from: FREAD
Subroutine SHIELD
SHIELD interpolates the f-table by temperature and og. Furthermore,
if nuclide is either 235U, 239py or 240py, the interpolation by R-
factor is carry out. When the variable IND is 3, interpolation is
performed for f., ff, and fg-tables, and when IND is 2, interpolation
is for f,-table.
called from: MICRO
subroutine called: ALPHA and BETA
Function ALPHA
ALPHA is an interpolating function of a right hyperboilic line. This
function is called when three different points are given.
called from: SHIELD
Function BETA
BETA is an interpolating function of the same form as in ALPHA. This
function is called when only two different points are given.
called from: SHIEDL
Subroutine SET1
SETT sets 1.0 to the self-shielding factor for nuclides without the
f-table.
called from: FREAD
Subroutine ADJUST
ADJUST interpolates the self-shielding factor according to the input

energy structure. The interpolation is carried out for the energy

‘group structure of the JAERI-Fast set.

called from: FREAD
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Appendix C Format of JAERI-Fast Set

This library tape is produced for each element in BCD format.

1st record

Format (4A4, 14, 1213, F1l4.7)

1. Name of element (16 characters)

2. MCODE
3. MDSE
4, MDSIN
5. MF

6. MSF

7. MTEMP
8. MSFMIN
9. MSFMAX
10, MSFF
11. MSFC
12. MSFE
13, MSFT
14. MSFR
15. AW

2nd record

code number (see Appendix D)

maximum number of the elastic down-scattering groups, where

self-scattering is counted as zero-th down-scattering

maximum number of the inelastic down-scattering groups

1f there is no scattering, MDSIN = 0.
indicator for a fission material

0 - no

1 - vyes
indicator for f-table

0 ~ there is no f-table

1 - g = 10%, 10%, 103, 102, 10, 0 (not including og=1)

2 - 0y = 10%, 10°, 102, 10!, 1, 0 (including o,=1)

indicator for temperature dependency

0 - no

1 - yes
first group number where f-table exists
last group number where f-table exists
number of f-tables of fission reaction

0 - none

1 - only f;

Z - fy and £,
same as MSFF except that reaction type is
same as MSFF except that reaction type is
scattering
same as MSFF except that reaction type is
same as MSFF except that reaction type is

mass of element

Format (4E15.5)

0e(I), og(I), v(I), o (1), I = 1, Maximum number of

3rd record

Format (4E15.5)

capture

elastic

total reaction

removal

groups

oin(1), 0a(I), He(I), op(I), I =1, Maximum number of groups
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4th Record Format (5E13.5)
There is no record if MDSE = O
o (I+1), oo (I-I+L), ..., e (I-I4MDSE), I = 1, Maximum number of groups

5th record Format (5EL3.5)
There is no record if MDSIN = O
Uin(I+I), Gin(I+I+l), ceay oin(I+I+MDSIN), I = 1, Maximum number of

group

The following 6th and 7th records are repeated in the order of fg, fo, feo
ft, and fy table. If MTEMP = 1, these records are repeated further in the
order of 300 °K, 900 °K, and 2100 °K. Furthermore, when the element is
either 235U, 239Pu, or 240Py, these records are.repeéted twice from
samller R. After all, the repetition for the reaction type is innermost

and for R is outermost.

6th record Format (E8.1)

Maximum ¢y of f-table given in next record.

7th record Format (6F8.4)
Self-shielding factors for og given by 6th record to ¢y = 0 (maximum
6 values are given). These values are repeated from group MSFMIN to

group MSFMAX.
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D-1 Code number

JAERI-M 7155

Order Element Code number
1 U-235 925
2 U-238 928
3 Pu-239 939
4 Pu-240 940
5 B-10 105
6 B-11 115
7 C 6
8 0 8
9 Na 11

10 Al 13
11 Cr 14
12 Mn 25
13 Fe 26
14 Ni 28
15 Cu 29
16 Mo 42
17 U-234 924
18 Pu-241 941




D-2 Energy group structure of
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JAERI-Fast set

ABBN AU Fine Au Upper ABBN AU Fine Au Upper
group No. group No. energy group No. group No. energy
1 0.48 1 0.24 10.5 (MeV) 38 ¢.257 | 1000 (eV)
: 2 0.24 8.3 (MeV) 15 0.766 39 0.257 | 773 (eV)
40 0.252 | 598 (ev)
9 0.48 3 0.24 6.5 (MeV)
. 4 0.24 5.1 (MeV) , 41 0.256 | 465 (eV)
16 0.771 42 0.258 | 360 (eV)
3 0.48 5 0.24 4.0 (MeV) 43 0.257 | 278 (eV)
) 6 0.24 3.1 (MeV)
' 44 0.259 ! 215 (eV)
4 0.57 7 0.285 2.5 (MeV) 17 0.765 45 0.252 | 166 (ev)
: 8 0.285 1.9 (Mev) 46 0.255 | 129 (eV)
5 0.57 9 0.285 1.4 (MeV) | 47 0.257 | 100 (eV)
: 10 0.285 1.1 (MeV) 18 0.766 48 0.257 77.3  (eV)
_ ’ 49 0.252 59.8 {(eV)
11 0.23 1 0.8 (MeV)
6 0.69 12 0.23 | 0.63(Mev)! 50 0.256 46.5 {(eV)
13 0.23 | 0D.50(MeV) 19 0.771 51 0.258 36,0 (eV)
i : 52 0.257 27.8 (ew)
14 0.23 . 0.4 (MeV)!
7 0.69 15 0.23 | 0.31(MeVv) { P53 0.259 21.5 (ev)
. 16 0.23 | 0.25(MeV) 20 10,765 | 54 0.252 16.6 {(eV)
! .55 0.255 12.9 {(eV)
17 0.23 | 0.2 (MeV)
8 0.69 18 0.23 | D.15(MeV) 1 0.257 10.0 {(eV)
19 0.23 1 0.12(MeV)! 21 0.776 | 57 0,257 7.73 (eV)
i i 58 0.252 5.98 (eV)
20 0.257 1100  (KeV)
g 0.776 21 0.257 | 77.3 (KeV) | 59 0.256 4,65 (eVv)
22 0.252 | 59.8 (KeV) 22 0.77t &0 . 0.258 3.60 (ev)
: 61 | 0,257 | 2,78 (ev)
23 0.256 | 46.5 (KeV)}! !
10 1 0.771 24 0.258  36.0 (Kev) | f 62 0.259 2.15 (eV)
: 25 0.257  27.8 (Rev). 23 ! 0.765 63 0.252 1.66 (eV)
; : ’ 64 0.255 1.29 (eV)
26 0.254 | 21.5 {(ReV)
11 0.761 27 0.252 | 16.6 (KeV) 65 0.257 1.0 (eV)
28 0.255 ! 12.9 (KeV): 24 0.766 66 0.257 0.773(eV)
| i 67 0.252 0.598(eV)
29 0.257 | 10.0 (KeV)
12 0.766 30 0.257 | 7.73(KeV) 68 0.256 0.465{eV)
31 0.252 5.98(KeV) 25 0.771 69 0.258 0.360{eV)
70 0.257 0.,278(eV)
32 0.256 4 ,65(Kav) |
13 0.771 33 0,258 3.60 (KeV) |i
34 0.257 2.78(KeV)
35 0.259 2.15 (KeV)
14 0.765 36 0.252 1.66(KeV)
37 0.255 1.29 (KeV)
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Appendix E A Code Number for Reaction Type of POPOP4 Library

The reactions are placed on the library tape in the ascending order
of the reaction identification numbers. A possible identifying numbering
system would be to use a six~digit integer according te the following
scheme:

First and second digits - atomic ﬁumber of the nucleus

Third digit - the last digit of the target nucleus mass number

Fourth. digit - a code for the reaction type e.g.,

0 continuum spectrum
(n;yv) nonfission reaction
(n;a,v) reaction
{n;n',y) reaction
(n;2n’,y) reaction
(n:3n',y) reaction
(n;a,y) reaction

(njcharged particle,y) reaction

& ~ O B

(n;v) fission reaction
Fifth and sixth digits - a code for the source of data. An example
of an identification number for the (n;y) reaction for uranium-238 is

therefore 928101. (from Ref. 7))
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Appendix F Forms of Cross Section Libraries Produced by RADHEAT-V3

RADHEAT-V3 has three types of cross section libraries. Forms of these

libraries are as follows:

F.1 Form No.l: Infinite dilution cross section library

This library is produced by MACS step 1 (SUPERTOG-JR3) and MACS step

2 (FFACTOR), in which the effective microscopic cross sections in a
homogenized mixture are generated by taking into consideration of resonance
self~shielding effects.
1) The binary mode library is produced as follows:
WRITE(20) ING, INGl, LORDER, NUC, (GRP(I), I=1, INGl), (TITLE(I),
I=1, 12)
- WRITE(20) (MATNO(N), N=1, NUC)
DO 20 N=1, NUC
WRITE(20) MATNO(N), (TITLE(I), I=1, 12)
WRITE(20) (op(I), o.(I), og(I), v(I), GHP(I), T {I)s Oy (1), 0ep (1),
91n(D) s on2n(1), HE(D), Hyp(D), Hpo(T), Hoy(D), Hex(I), Hin(D),
Hp2n(I), Dpp(D), Dng (I), DPpy(I), Des(I), Din(I), Du2n(I), I=1, ING)
WRITE(20) (0.0, 0.0, 0.0, (oj,(J,I), J=1, ING), I=1, ING)
WRITE(20) (0.0, 0.0, 0.0, (o,9,(J,1), J=1, ING), I=1, ING)
WRITE(20) (04(D), vos(D), op(D), (or, (3,1), J=1, ING), I<1, ING)
DO 10 L=1, LORDER
WRITE(20) (0.0, 0.0, 0.0, (UZZL(J,I), J=1, ING), I=1, ING)
10 CONTINUE
20 CONTINUE
where ING : number of neutron groups,
INGL : ING + 1,
LORDER: order of Legendre expansion of anisotropic scattering
cross sections,
"~ NUC : number of nuclides in this library,

GRP(I): neutron energy group structure,

MATNO : identification numbers of nuclides,
H(I) : heat generation cross sections,
D(I) : displacement cross secticns,

g(J,I): energy transfer cross sections from group J to grdup I
{the form is the same as that of ANISN type cross

section beginning with the self-scattering).
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2) The BCD mode library is produced as focllows:
10 = 20 :
WRITE (10,100) (TITLE(I), I=1, 12)
WRITE (I0,200) ING, LORDER, NUC
WRITE (I0,300) GRP(I), I=1, ING1
WRITE (I0,200) MATNO(N)=1, NUC)
100 TFORMAT (12A4)
200 TFORMAT (6I12)
300 FORMAT (1P6E12.4)
DO 20 N=1, NUC
WRITE (T0,400) MATNO(N), (TITLE(I), I=1, 12)
400 FORMAT (T12, 12A4) 7
This WRITE statement is followed by the same WRITE statements as shown
for the binary mode library except for the use of the PUNSH subroutine, in
which the output of the cross sections is written in the FIDO form with the

R operator (see Appendix A).

F.2 Form No.2: Region-wise cross séction library
This type of library is produced by MACS step 2 (TOTAL COUPLE) and by
ANISN-JR, in which collapsed cross sections with respect to energy and/or
space are generated through the volume-flux weighting for two-dimensional
calculations.
1) The elementary form of binary mode library is shown for one material
as follows: .
1 WRITE(15) 1IGM, IHM, IC, MATNO, (TITLE(I), I=1, 12)
DO 10 I=1, IGM
2 WRITE(15) (CRX(J,I}, J=1, IHM)
10 CONTINUE
where IGM : number of coupled neutron and gamma-ray energy-groups,
IHM : length of the cross section table CRX,
ic : order of Legendre expansion of anisotropic scattering
creoss sections.
(Note) Each P, component is handled as one material in this library,
so that the form mentioned above is repeated up to IC+l times for the
complete description of the cross sections expanded into IC components in

Legendre polynmials.
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2) The elementary form of BCD mode library is shown for one material as
follows:
I0 = 20
1 WRITE (IC,100) IGM, IHM, IC, MATNO, (TITLE(I), I=1, 12)
100 FORMAT (416, 12A4)
2 CALL PUNSH (IO, IGM, IHM, IC, CRX)
where the subroutine PUNSH writes the cross sections in the FIDO form with

the R operator (see Appendix A).

F.3 Form No.3: Group independent tape

This tape is produced by MACS step 3 as follows:
bo 10 1=1, IGM
DO 10 M=1, MTP
WRITE(40) (CRX(J,M,I), J=1, IHM)
10 CONTINUE
where IGM : number of energy groups,
MIP : number of materials in this tape (each P, component is
counted as one material independently},

ItM : length of the cross section table CRX.



Appendix G Overlay Structure for MACS Code Module and ANISN-JR

G-1 MACS code module
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Segment

SEGOO FTMAIN PRNAME FIDOXX FFREAD ERRSTP DFILE

SEG10 SPTOG

SEG11 ETOG TPOS LIST CONT TAB1 TAB2
SAVE XTND AVRG FETCH STORE ERROR
ERR CRAV GPAV ADD - COMB SUB
MULT DIV TEPR TERP1 TERP2 LRIDS
FPDS IPDS TERPO COMBP GRATE ECST
DELETE  TRID TMAT HOLL TMF3 T™MF5
QUTO00  OUT001  OUT002  MISS GRPAVG  GPAVNW
XWEIGO  SAVENW  SUBMAX

SEG12 TMF1 EU ZERO ININ GENT1 OUT1
KERN FISS CHECK SKPFIL

SEG13 TMF2 RESS MASH VOGAM  TDEGK

SEG14 RESR RESU XSRT BJ DLAG INTER

SEGL5 CROS HSCAT oUT3 OUT4 oUT6 N2NCRS

SEG16 TRANS GUTS GRID BAST GADD TMF4
RQWS RQWI LEGM INTERP  SUBNW4  PTOFL
PINTEG SIMPSN  LEGDD TABLT?  STELAS  VDIMEN
FCNTR1  ELASOQ0  GAUSS LEGDDN  GNUE

SEG17 IMAT RENO oUTS SPEC XSP4 INFS
CWAX PUTW INELAS  LFONE SUBNWL  SUBNW3
READIN EMATRX  SNIN LEVDEN  AAOAAl  SIGMAC
HOSET CONTUM

SEG18 FCNTR2 FCNTR3  INELAD INELAO  GAUSSO  GAUSS1
TMF5NW  EVAPOF  EVAPOM  GNUE1 GNUE2 GNUE3
GNUE4 GNUES  ED4SG ED4SGL

SEG19 FCNTR4 NGNPNA NGFUNC NPFUNC  NAFUNC  GALT

SEG20 GOUT PCUT ADTE HELGA TAND ZATD
10R MASK ENDFZA

SEG21 SNOUT DRAG ORDER




JAERI-M 7155

G-1 {continued)

SEG30 THERMS XSTOP . XPREP MERGE GEOMR GEOMX
EI SLABK ITER RELAX EDIT1 EDPREP
EDIT3 PIJCON TACKLE

SEG40 FIDO WOT PUNSH FLTFX DTFPUN SIZE

SEGS0 FFACTOR XREAD FREAD MICRO XRITE SHIELD
ALFPHA BETA NTABL MOVEXS ADJUST SET1

SEG60 POPFT POFPOP4 BINEN FILLY GAMCOL GENPRO
LASTCL LIBRD QUTPUT PHAKE PHASEI PHONY
PLABEL PUN SFILLY SPCASE TENIPM TMP4
TRANSP WEASEL YIELD ERR1 RDMULT MULTY

SEG70 GAMLEG GAMS AL STGMAS SIGLEG CROSS
POTO POTO3 POOMVL FUNC1 FUNC2 PATIR
COHER NROW INTFT INTFK COMPT PC

SEGB0 TCUP FRM RDHD

SEG90 GRPIN MRGXS 5805




SEG10
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SEG11

SEGOD

SEG30

SEG40

SEG21

SEG18

SEG19‘

SEG50
SEG60
—_

SEG70

SEG10 ~ SEG21

SEG30

SEG50

SEG60

SEG70

SEG80
SEG90

SEG80

SEG20

SUPERTOG-JR

THERMOS
FFACTOR

POPOP4-JR
GAMLEG-JR

TOTAL COUPLE
GROUP-INDEPENDENT



G-2 ANISN-JR
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Segment Subroutine
ANSMS FIMAIN ANISN  CONTRL  ERRO WOT SPIE
ITIME  CLOCK  ADDR CLEAR
ANSO1 PLSNT  FIDO FFREAD TP ADIJNT S804
3805 $814 WOT8 S966
ANS02 GUTS 5807 3810 s821 $824 5833
DT CELL S851
ANSO3 FINPR  FINPRL PUNSH  DTFPUN FLTFX  NWSUB1
NWSUR2  ERRMSG  ACTPRT  WOTYT
ANSO4 BT SUMARY FACTOR NWSUB3  NWSUB4
ANSO5 FEWG WATE CONVT  CRATE
ANSO1
—— g
_ ANSMS ANS02 |
ANS04
ANS03
ANSO5
L




11.

12,
13.
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Appendix H Computer Code Abstract

Name of program : RADHEAT-V3

Computer for which program is designed : FACOM 230-60/75

Nature of physical problem solved : This code system produces the

neutron and gamma-ray multigroup cross sections for transport, heat-
generation and radiation damage in reactor and shield. Region-wise
collapsed few group cross sections are generated from one-dimensional
S5p calculations. Treatments are included for resonance self-shielding
effect in ABBN type

Method of solution : Selution details are discussed in refs. 2 through

14 number item 15 below.

Restrictions on the complexity of the problem : The maximum number of

neutron groups and gamma-ray groups are respectively 100 and 50. The
other restriction is the availability of adequate core storage. All
modules excepting SUPERTOG-JR3 are variable dimensioned so that array
sizes are set for the particular problem at execution time.

Typical machine time : Running times for each job step mainly depend on

the following things, (a) step 1 : number of neutron groups and the
number of resolved and unresolved resonances. (b) step 2 : number of
materials, meutron groups, and gamma-ray groups. (c) step 3 : number
of materials, number of coupled energy groups, and order of expansion
for the scattering matrices. For step 1, an iron run with 26 neutron
groups takes about 1 minutes for generating P;3 cross sections, For
step 2 the production of a region-wise iron and carbon coupléd neutron-—
gamma-ray cross sections (26n + 8y) takes about 10 seconds on the FACOM
230-75 (equivalent to IBM 370/165)

Unusual features of the program :

Related and auxiliary programs : RADHEAT-V3 produces cross sections com-

patible with the ANISN-JR, ANISN, DOT, TWOTRAN, and MORSE computer codes.

Status :

Machine requirement : requires ~130 Kwords of storage in addition to

the usual complement of tapes and direct access devices.

Programming language : FACOM 230-75 FORTRAN IV-H. Not include a

machine dependent routine.

Operating system : FACOM 230-75 MONITOR-VII

Other programming information : The program is approximately 24,000




JAERI-M 7155

source cards. Overlay structures are employed.

14. User information :

1

2)

3)

6}

7)

8)

9}

il 10)

11)

12)

13)

'14)

5)
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