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RADHEAT-V4: A Code System to Generate Multigroup Constants and
Analyze Radiation Transport for Shielding Safety Evaluation

Naoki Yamano®, Kazuyoshi Minami**, Kinji Koyama and Yoshitaka Naito

Department Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka—gun, Ibaraki—ken
{Received May 13, 1987)

Abstract

A modular code system I}ADHEAT—V4 has been developed for performing precisely neutron and
photon transport analyses, and shielding safety evaluations. The system consists of the functional modules
for producing coupled multi-group neutron and photon cross section sets, for analyzing the neutron and
photon transport, and for calculating the atom displacement and the energy deposition due to radiations
in a nuclear reactor or shielding material. A precise method named Direct Angular Representation
(DAR) has been developed for eliminating an error associated with the method of the finite Legendre
expansion in evaluating angular distributions of cross sections and radiation fluxes. The DAR method
implemented in the code system has been described in detail. To evaluate the accuracy and applicability
of the code system, some test calculations on strong anisotropy problems have been performed. From the
results, it has been concluded that RADHEAT-V4 is successfully applicable to evaluating shielding
problems accurately for fission and fusion reactors and radiation sources. The methed employed in the
code system is very effective in eliminating negative values and oscillations of angular fluxes in a medium
having an anisotropic source or strong streaming. Definitions of the input data required in various options

of the code system and the sample problems are also presented.

Keywords: Modular Code system, RADHEAT-V4, Neutron and Photon Transport, Radiation Shield-
ing, Angular Distribution, Anisotropy Problem, Computer Code Manual, Transport Equa-
tion, Secondary Gamma—Ray Yield, Atomic Displacement Cross Section, Energy Deposition
Factor.

*  Sumitomo Atomic Energy Industries, Ltd.
**  Fujitsu Ltd.
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Program Abstract in NEA DATA BANK Format

Name: RADHEAT-V4

Computer for which the program is designed and others upon which it is possible: FACOM-M3280
Nature of physical problem solved: Multi-group cross sections for neutron and photon are generated
by using the evaluated nuclear data, ENDF/B, JENDL and DLC-15 for trénsport, heat generation
and radiation damage calculations in nuclear reactors and shields. The secondary gamma-ray
production cross section by the neutron induced reaction and the Bremsstrahlung effect is also
generated. The radiation transport problems for shielding designs and safety analyses of fusion and
fission reactors are solved. ~

Method of solution: A point*vs-rise processing technique and the Bondarenko—type resonance self-
shielding factors are adopted to generate multi—group cross sections. One— and two-dimensional Sy
~transport methods and three-dimensional Monte Carlo method are used for shielding calculation.
Restrictions on the complexity of the problem: The maximum number of neutron and photon fine-
group are 200 and 50, respectively. The maximum number of angular meshes in the macroscopic
cross section are 64. The energy ranges from 2.61 X 107° eV to 16.74 MeV for neutron and those from
1 keV to 20 MeV for photon are available.

Typical running time: {a) FAIR-CROSS: At step 1, an iron run with 100 neutron groups takes about
3 minutes. At step 2, a preparation of the macroscopic cross section of water takes about 2 minutes.
At step 3, the generation of P cross section takes about 5 seconds for a material. (b} TWOWAY: For
a uraninm run with 20 photon groups it takes about 1 minute. {¢) FDEM: For the production of few
—group cross section of a material it takes about 10 seconds. () BREM: For the production of
Bremsstrahlung data of a material it takes about 20 seconds. (¢) DIAC: For a problem of coupled
neutron and photon (100n+20y) with 32 angular meshes and 50 spatial intervals it takes 30 seconds
for a material. ({) ESPRIT: For a problem of coupled neutron and photon (15n+57) with 48 angular
meshes and 50X 50 spatial intervals it takes 2 minutes for a material. (8) MCACE: The time
estimation strongly depends on the particular problem. (h}) VISUAL: For the production of a graph
it takes less than 1 second. (1) POOL: For the operation with a command it takes mainly about less
than 1 second.

Unusual features of the program: The angular distribution of the group cross section is expressed by
the form of Direct Angular Representation instead of finite Legendre expansion.

Related and auxiliary programs: RADHAT-V4 can produce also the cross sections compatible with
the ANISN, DOT, MORSE codes by using the FAIR-CROSS step 3.

Status:

References: “RADHEAT-V4: A Code System to Generate Multigroup Constants and Analyze
Radiation Transport for Shielding Safety Evaluation”, to be published as the JAERI report (1989).
“JSD1000: Multi-Group Cross Section Sets for Shielding Materials”, JAERI-M84-038 (1984).
Machine requirement: Requires about 1 Mbytes of core storage in addition to the usual complement
of tapes and the large—size direct access devices.

Programming language used: FACOM M-380 FORTRAN-77. Some ASSEMBLER routine are
included.

Operating System or monitor under which the program is executed: FACOM MST

Any other programming or operating information or restrictions: The program is approximately
76000 source cards. Overlay structures are employed.

Namte and establishment of author: N. Yamano et al., JAERI Tokai Research Establishment, Tokai
—mura, Ibaraki—ken, 319-11, Japan.

Material available:
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1. INTRODUCTION

A new version of shielding analysis code system RADHEAT has been developed. In the first version
of the RADHEAT systeml), computer codes SUPERTOGY, GAMLEG"”, POPOP4* and some other
codes were joined with each other to generate, in the ANISN-format™, the neutron and photon coupled
multigroup cross sections and thé energy deposition factor, from ENDF/B-1II and POPOP4 libraries.

In 1977, the modified version, RADHEAT-V3®, was developed. The RADHEAT-V3 code system
introduced the Bondarenko—type resonance self-shielding factor to generate effective macroscopic cross
sections. The anisotropy of the scattering cross section was expressed by the method of finite Legendre
expansion.

RADHEAT-V3 was utilized for the mock—up analysis of the primary shield of the Nuclear Ship
MUTSU?. Varied experience of using the code system has shown that more rigorous treatments for
producing the group cross sections from nuclear data and for performing the transport calculations should
be essentially needed to improve the accuracy of shielding design and safety calculations. Particularly, the
angular flux distribution is a basic quantity for evaluating the radiation current in shield regions. In order
to enhance the accuracy in detérmining the angular flux distibutions, various attempts have been made for
describing more precisely the anisotropic scattering of radiations. One of the effective methods is the use
of the discrete ordinates $y—transport calculation by expressing the anisotropic scattering cross section
with the Legendre expansion of the cosine of the scattering angle adopted in the RADHEAT-V3 code
system.

However, it is known®*® that the Sy~transport calculation gives the negative angular fluxes
frequently when a strong anisotropic source is present in the shielding material. One of the causes for the
fact that negative angular fluxes appear in the Sy—transport calculation is a fitting error of the differential
cross section by using the finite Legendre expansion. The other is the fitting error of the scattering source
obtained in the Sy—transport calculation. In removing the former cause, a difficulty exists in generating
group to group transfer cross sections as far as the finite Legendre expansion is used. The data of angular
dependence in the evaluated nuclear data file such as ENDF/B-1V are given generally in the form of the
Legendre coefficients, The order of these coefficients required in the calculation increases accordingly as
the energy of incident neutron goes up. Therefore, in order to enhance the accuracy in describing the
angular dependence of the scattering cross section, it is necessary to consider up to the maximum order
of the coefficients given in the library'”. However, the fitting error of scattering cross section is
remarkable in the case of treating the neutron scattering of hydrogen by using the finite Legendre
expansion. In addition, even a higher order of expansion is needed when the nucleus has the anisotropy
like a delta—function of the scattering angles. It is practically difficult because of the actual restrictions in
the computation time and computer memories.

In eliminating the latter cause, the first collision method is generally effective. However, it is not
effective as a remedy for the former cause. Therefore, an improvement for obtaining the accurate angular
flux has to be done by using the method without adopting the Legendre expansion in generating the group
to group transfer cross sections and in performing the Sy—transport calculation.

Takeuchi'" and Nakai'” et al. have developed a methed in which scattering sources are calculated
without using the Legendre expansion for the elastic scattering component in the integral-type transport
equation. This method is effective to climinate the latter cause mentioned above. Takahashi et al.”
introduced a new function I(x’, 1£) to express an anisotropic part of scattering kernel in the differential

~type transport equation. The scattering kernel J(x’, 1) adds to the isotropic scattering component. It is
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therefore not easy to generalize and systematize the algorithm using the conventional form of group cross
sections for dealing with I (., ¢t). Nakaya et al.'” calculated the group to group transfer cross sections
with respect to the representative angles of each solid angle bin in the one—dimentional differential-type
transport equation. Therefore, this method assumes that the scattering integral is approximately constant
inside each solid angle bin and hence it is apt to introduce an error in the angular dependency. Recently,
a BERMUDA™ code system which can eliminate the difficulties mentioned above has been developed at
JAERI for fusion neutronics application. The BERMUDA code system can solve one- and two—
dimensional integral-type transport equations.

As the code system for generating coupled multi-group neutron and photon cross sections, modular
codes AMPX'® and MINX'® developed at ORNL, NJOY'” at LANL and THEMIS-4'" at CEA have
been used in nuclear criticality and shielding calculations. These codes generally have a feature that the
precise treatments such as a point-wise processing technique are adopted to generate multi-group c10ss
sections from resonance parameters given in nuclear data files. However, the angular distributions of the
cross sections are expressed by the conventional method of finite Legendre expansion.

Recently, in Monte Carlo applications, a method which directly uses the point-wise cross section for
energy and angle has been developed and adopted in such codes as MCNP'”, TRIPOLI-2*”. On the other
hand, MORSE-DD?" which uses the multi-group DDX (Double Differential X—sec.) has been devel-
oped. These codes can eliminate the difficulties mentioned above, while deep penetration problems are not
easily solved by the Monte Carlo codes without using some adequate biasing techniques.

The RADHEAT-V4 code system which is the latest version of RADIHEAT has been developed to
perform more precise evaluation of the angular fluxes in shield regions and has completed to eliminate the
difficulty mentioned above: The system consists of the functional modules for producing the neutren and
photon coupled multi—group cross section sets from a nuclear data library of ENDF/B format, and for
analyzing the neutron and photon transport and the atomic displacement in shield regions with one-,
two—, and three—dimensional configurations. Most of the functional modules contained in RADHEAT—
V4 have been newly developed. The features of the system are as follows: i) a method for generating point
—wise cross sections is adopted to produce an “ultra—fine” group cross section, (The “ultra—fine” group
structure consists of 3829 proups), 2) the secondary gamma-ray production cross sections can be
calculated from the ENDF/B-IV and the POPOP4 library, 3) the Bondarenko-type self-shielding
factors® and the infinite dilution cross sections are generated by using the ultra—fine group cross sections,
4) the method for generating atomic displacement cross sections has been changed to a modified Dorant
method, 5) the angular distribution of the group cross section is expressed by using the “Direct Angular
Representation (DAR)” method® instead of the method of the finite Legendre expansion, 6) the
transport calculations of one—, two— and three-dimensions can be carried out by using the group cross
sections with the discrete—type DAR form directly, so that the errors associated with the use of the finite
Legendre expansion can be eliminated, 7) the secondary gamma-ray production by the Bremsstrahlung
effect can be estimated for the one—dimensional configuration, 8) many types of data produced by the
system are stored in a direct—access data base and can be handled easily with an interactive management
utility, and 9) a quick evaluation of data generated by the system can be performed by using an interactive
plotting utility.

" The hierarchy of RADHEAT-V4 developed with the above considerations is shown in Fig. 1.1. The
neutron multi-group cross sections based on the infinite dilution approximation and the Bondarenko—type
resonance self-shielding factors of each reaction are produced in FAIR-CROSS step. 1. Atomic
displacement cross section and energy deposition factor can also be obtained by using the FAIR-CROSS
step 1. The secondary gamma-tay production cross sections are produced in TWOWAY by using the
ENDF/B-IV and the POPOP4 library. The coupled neutron and photon group cross sections for the
transport calculation are generated in FAIR-CROSS step 2. The radiation transport is calculated by
DIAC (one—dimensional Sy—transport method), ESPRIT (two-dimensional Sy—transport method) and
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MCACE (three-dimensional Monte Carlo method). The effective cross sections for heterogeneous zones
and co]lapéed cross sections are generated in FDEM. VISUAL® is prepared for a graphic plotting of the
various data produced in RADHEAT-V4. POOL is an interactive management utility of the RADHEAT
—V4 data base. DATA-POOL means the RADHEAT-V4 data base which consists of a control package
and a direct-access memory device. FAIR-CROSS step 3 converts the format of cross section from the
discrete—type DAR form to the finite Legendre expansion one named as the ANISthype group cross
section, so that the cross section generated by the RADHEAT-V4 can be utilized for the conventional
transport code like ANISN®*, DOT* and MORSE™".

The multi-group cross section library used for ordinary shielding calculations has been produced by
FAIR—-CROSS and TWOWAY modules. The library contains the following data: 1) The ultra—fine group
cross sections at 300, 560 and 9OOK, 2) the fine-group cross sections at 300, 360 and 900K, 3) the self-
shielding factors at 300, 560 and 900K, 4) the secondary gamma-ray data at 300, 560 and 900K, and 5)
the coupled neutron and photen group cross sections.

Cross sections for 43 nuclides are generated from ENDF/B-IV and the JAERI standard 100 energy
group structure’® is adopted as the fine—group ones. The neutron and photon cross sections for 32
materials are generated in S;, approximation of the discrete-type DAR form. The photon energy group
structure is the same as that of the EURLIB 20 groups™. The weighting function used in the calculation
consists of three part: a Maxwellian shape from 10 eV to 0.125 eV, a 1/E spectrum from 0.125 eV to
820.8 keV, and a fission spectrum (neutron temperature 67— 1.4 MeV) from 820.8 keV to 16.5 MeV. The
multi—group cross section libr:ary named “JSD1000” will be used in shielding safety analyses after detailed

) is given in the reference and the

evaluation is performed. The description of the JSD1000 library
method of cross section generation is shown in Chap. 2.

The transport calculation is performed by the three modules described above. The DIAC module
adopts a one—dimensional Sy—transport method””. The method makes use of the transfer probability
function P to eliminate the fitting error due to the finite Legendre expansion. The DIAC module is an
improved version of ANISN-JR®, so that the functions available in DIAC are the same as in ANISN-
JR. The description of DIAC is shown in Chap. 3.1. To assess the new method, some test calculations have
been carried out and compared with exact solutions. It has been shown that the method applied to DIAC
is effective for eliminating negative values and oscillations of the angular flux in anisotropic Sy—transport
calculations. The detailed descriptions for the results of the test calculations and for the usage of DIAC
are also given in the chapter.

The ESPRIT module uses the same method as adopted in DIAC except for introducing a geometrical
form function G. The method adopted in the ESPRIT module is described in Chap. 3.2. For two-
dimensional geometries containing a strong streaming pass, the error associated with the use of the finite
Legendre expansion appears remarkable in the evaluation of leakage current. The accuracy for leakage
current estimation is demonstrated in the results obtained by using ESPRIT module, as shown in Chap
3.2. The ESPRIT module is an improved version of DOT-3.5*, so that the functions available in ESPRIT
are the same as in DOT-3.5. The input instruction and notes to operation for ESPRIT are also given in
the chapter.

Three—dimensional Monte Carlo code, MCACE, is an improved version of MORSE-CG*”. The
ﬁrocedures to calculate cumulative probabilities and to determine a scattering angle by a random number
are changed for adopting directly the group cross sections of the discrete-type DAR form. Many kind cf
surface crossing estimators have been added as detectors. A bootstrap calculation can also be performed
by utilizing the surface crossing estimator. Three biasing techniques have been newly developed for
MCACE. One of them is named “Region penetration Biasing™, which is a method joining the splitting and
the path length stretching technigues. The second of them is “Collision Times Biasing” technique for duct
~streaming problems. The third of the new biasing techniques is called “Automatic Russian Roulette

Biasing”. The detailed description and the verification for these biasing techniques are given in Chap. 3.3.
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The input instruction and notes to operation for MCACE are also described in the chapter.

The estimation of the secondary gamma-ray production by the Bremsstrahlung effect is performed
by the BREM module, as shown in Chap. 3.4. The processes of the calculations are also shown in Chap.
5.

The data generated in RADHEAT-V4 are stored in a direct-access data base named “DATA-
POOL”, The data base consists of a control, a directory and a data section. The directory section has
information for node names and direct addresses of records. The node name which consists of 4~
characters is arbitrarily defined by the user, and is used for searching the records of the data. The data
generated in RADHEAT-V4 are classified according to several tree structures of the node names and
stored in the data section. The detailed structure of the DATA-POOL is described in Chap. 4.1 and also
shown in the reference.

The management utility POOL has been prepared to maintain the DATA-POOL. POOL has 14
operation commands such as INIT (initialize the DATA-POOL), DELETE (delete node name and
data), TREE (display tree structure), RENAME (rename node name) and so on. It can be used from TSS
terminals or by batch jobs. The usage for POOL is described in Chap. 4.2.

The utility VISUAL has been prepared to plot various data generated by the RADHEAT-V4 code
system. The graphic patterns plotted with VISUAL are of three types that are two—dimensional graph
(f(x);x), contour—line map (f{x,¥);x,y) and three—dimensional graph as the bird’s eye view (f(x.);x.»).
The input instruction for VISUAL is described in Chap. 4.3.

Some test calculations and sample problems have been also discussed in order to grasp the
characieristics of the DAR method applied to the RADHEAT-V4 code system.

From the above test calculations, it has been shown that the method is effective for eliminating
negative values and oscillations of the angular flux in anisotropic transport calculations. In order to
evaluate the accurate angular flux in a medium having an anisotropic source or a strong streaming, it will
be necessary to use the method which can calculate the radiation transport without using the Legendre
expansion for expressing the anisotropic components. Using this code system, it is possible to perform
systematic calculations starting from the generation of the group cross sections to the transport
calculations for strong anisotropic problem.

The input FIDO format adopted in the RADHEAT~-V4 code system is described in Appendix A and
the input instruction of Combinatorial Geometry used in the MCACE module is shown in Appendix B.
The record format of the DATA-POOL is shown in Appendix C. The sample input/output lists for the
problems described in Chap. 5 are shown in Appendix D.
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Fig. 1.1 Hierarchy of the RADHEAT-V4 code system
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2. Module for Generating Multigroup Cross Sections

%

The FAIR-CROSS and the TWOWAY modules are used to generate multigrbup cross sections in the
RADHEAT-V4 code system. Nuclear data of ENDF/B'®, JENDL™, POPOP4" and DLC-15%"
libraries can be used to generate the cross sections. The system flow of the FAIR-CROSS and TWOWAY
modules is shown in Fig. 2.1. The FATR—CROSS is a major part in the RADHEAT-V4 code system and
has many processing subroutines, 5o that the module is divided into three steps. The ultra—fine group cross
sections are produced in the begin'riir'lg stage of the FATR—CROSS step 1. The fine—group cross sections
and Bondarenko—type self-shielding factors of each reaction are generated in the later stage of the FAIR
~CROSS step 1. Scattering matrices including up-scattering and atomic displacement cross sections are
also produced in this step. Secondary gamma-ray production cross sections are produced by the
TWOWAY module using the ultra—fine group cross sections and nuclear data libraries, ENDF/B or
POPOP4. Effective neutron and gamma-ray coupled macroscopic cross sections for a homogenized
mixture are produced in the FAIR—CROSS step 2. Gamma-ray cross sections are generated by using an
empirical formula or DLC—15 library. Bremsstrahlung data can also be calculated at the step 2. Step 3
converts the cross sections of the discrete—type DAR form to the Legendre expansion one. Each stage for

generating the cross sections is described in the following sections.
2.1 FAIR-CROSS

FAIR—CROSS is a program which generates coupled neutron and gamma-ray cross sections for
multigroup transport calculations using evaluated nuclear data file such as ENDF/B or JENDL. Various
considerations have been taken into account to compute cross sections are éxact]y as possible. The features
of each step are as follows:
step I: 1) resolved resonance cross sections are reconstructed from resonance parameters given in the

ENDF/B or JENDL library to pointwise cross sections by using the same scheme as adopted
in the RESEND"" code and unresolved resonance cross sections are reconstructed to average
cross sections by using the same scheme as in the MC? code™,

2) temperature dependent cross sections associated with the Doppler broadening are computed
by using a kernel broadening technique adopted in the SIGMA1 code”,

3) the ultra—fine group cross sections which consist of 3829 groups are computed as the basic
data to generate scattering matrices, atomic displacement cross sections, energy deposition
factors, secondary gamma-ray production cross sections and the fine-group cross sections,

4) the Bondarenkotype self—shielding factors for each background cross section and tempe-
rature are computed for total, elastic scattering, fission and (n, 7) reactions with the fine-
group structure,

5) group—to—group scattering matrices for elastic, inelastic and (n, 2n) scattering reactions are
generated by using a new DAR method so that the angular distribution of the scattering
matrices is directly represented by a function of the scattering angle,

6) atomic displacement cross sections and energy deposition factors by the primary knock—on
atom are computed,

step 2: 1) the effective coupled neutron and gamma-ray cross sections are generated by using the
method of spline fitting to interpolate the self—shielding factors,

2) the secondary gamma-ray production cross sections are produced by using the effective

neutron cross sections and the data computed by the TWOWAY module,
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3) the gamma-tay cross sections and the energy-absorption coefficients are computed by using
an empirical formula or DLC-135 library,
4} the group to group transfer cross sections are represented as the functions of fixed scattering
angles defined by the user (the discrete-type DAR form),
5) Bremsstrahlung data are generated to estimate photon—electron—photon interactions,
step 3: 1) thecross section tables represented in each scattering angle are converted to the conventional
forms of Legendre expansion adopted in ANISN, DOT and MORSE codes.

The various models and the methods for numerical processing are adopted in the FAIR-CROSS
module. The descriptions of generating methods are shown in the following sections. The data generated
in the FATR—CROSS module are stored in the DATA-PQOOL in association with appropriate node names.
The record formats of the data are described in Appendix C.

ENDF/B type EOPOPd
MNuclear data library
-————|————
[
| Generation of pointwise
| cross sections 1+ o~ | __
| ) ! i —“
; [ ' | Generation of photon
| r Doppler broadenlnL] 1 TWOWAY | | group cross sections |
\ ) i | |
| Generation of ultra-fine | \ X
| group cross sections \ |
FAIR-CROSS i | FAIR-CROSS
step 1 Ultra-fine Seconc‘i:ary ganc'ltn_’la-rav step 2
| | gata fite  Qroup cross sections | ‘
\ I \_/ ! '
| Generation of fine i ) I
group cross sections | r— - 4 |
Generation of | | |
i self-shielding factors { Generation of
| 4‘ Self-shieldi | neutron and photon | Macroscopic group
| Genera_tlon of | tazleliilemg | coupled group cross sections J ‘ cross sections
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‘ T | _________ ]
‘ Generation of atomic e o S, DIAL,
I displacement factors and \ ] i ESPRIT,
energy deposition factors FAIR CF‘:;OSS | MCACE
| \ step = gross section
Infinite dilution :
L -~ file | _ FAIRCROSS _ _ _ | ANISN,
step 3 DOoT,
MORSE

Fig. 2.1 Flow chart of group cross section generation in the RADHEAT- ¥4 code system

2.1.1 Ultra—Fine Group Cross Section

The ultra-fine group cross sections are generated by processing the nuclear data of ENDF/B format.
The calculational process is divided into three parts of resonance treatment, Doppler-broadening and
weighting procedures.

In the energy region of resolved resonance, point-wise cross sections are generated from resonance
parameters in the nuclear data file by using the method adopted in a modified version'” of the
RESEND*? program. In the method, the following algorithm is used to reconstruct the resonances
exactly within some specified tolerance.

{a) Neighbouring two peak energies of resonances are selected as shown in Fig. 2.2 (points A and
B)

(b) The exact cross section value f; at the mid—point E, between two peaks is calculated using a
specified formula.

{¢) The approximate value }'1 at the E, is calculated by the linear interpolation and compared with
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the exact value. If the fractional difference at the mid—point is larger than the specified tolerance, a new
mid-point E, is appointed in the left half interval and the same process described above is repeated.
(d) When the fractional difference is attained smaller than the specified tolerance, the energy
interval is fixed and the process is repeated for the right side of energy interval.
To reduce the computing time, a linear interpolation scheme can be used for the tail of resonance in

the FATR -CROSS. The energy region of the tail is defined by the @ times of the resonance width 7%
E<E,—al and E>Ey+al 2. )

where F, is the peak energy of a resonance and a is given by the input data (AVERR in 10* array). The
use of this technique should be avoided by setting @ to zero even if the exact cross sections are desired.

For the energy region of unresolved resonance, the averaged cross sections are computed by the
method adopted in the MC? code. In this method, the infinite dilution cross sections and self—shielded

cross sections with Doppler-broadening are directly obtained.

alE) test of tolerance,

Fig. 2.2 Reconstruction procedure for resolved resonances

FAIR-CROSS adopts the subroutines that are modified ones of the SUPERTOG-JR3* code
(subroutine RESU et al.).

A special option has been added to the input instruction of LINK1=2 in 45 array. In this option, the
infinite dilution and unbroadened cross sections are computed by the same method adopted in the resolved
resonance region. The effects of the selfshielding and the Doppler broadening are considered by
multiplying the ratios of the effective cross sections to the infinite diluted and unbroaded ones calculated
in the RESU subroutine. In some nuclear data files, the discontinuity may appear in the boundary of the
resolved and unresolved resonance regions. For this case, this option is useful to hold the continuity at the
boundary.

Temperature dependence of the cross section is taken into account by the method*” of kernel-
broadening described below.

The change of cross sections caused by the thermal motion of a target nucleus at temperature T is

given by the following equation:

(v, H= %Sdu’-p- [v—v’ 1 ca( | v—v’|, T=0) P(v’, T), (2. 2)
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where o : density of a target nucleus,
v, v’ : velocities of a incident neutron and a target nucleus,
g( ,v-v' |, T=0): cross section for a static target nucleus (7=0 K)
P(v’, T) : velocity distribution function of a target nucleus in the laboratory system.
Assuming that the distribution function ‘s a Maxwell-Boltzmann distribution, this function is given by

following equation:

P(v’, T)dv’:(%)s"zexp( —gvHdv, 2.3
where
M
B= Skt

M is the mass of a target nucleus and k is the Boltzmann constant. Let’s define a relative velocity V=

| v+’ |, and Eq. (2.2) becomes
1 n(” -
a(v, D= ?(%)lﬂjo AVo(V, 0)Vlexp(—B(V-n? —exp{=B(V=v}1 . (2. )
Converting the velocity v to the energy E= mv’ /2, Eq. (2.4) becomes

o(E D)= (5] dEEp(E, 0)[expi- aVE~VEY)

—exp{—a(VEAVE)}], (2. 5)

where, @ = A/kT (Doppler width constant),
A= M/m (atomic mass ratio),
E,= mV’/2 (relative energy).
Now let’s define new variables x and p for a numerical calculation;

X =akE,,
y=akE.
Substitution of the variables into Eq. (2.5) yields,
o0 D= (0™ i Fotx 0)Texp (= (x—3) —ep =G, @26

Equation (2.6) is divided into two terms which are called Doppler broadening and Doppler thinning,

respectively.
oy, =0y N+ (—» 1), 2.7
where
* D U N1 e )2
ot D=3 () § " Xo(x, 0)exp (— (x=y)} dx. 2.8)
when | x-y | 1, the exponential term in Eq. (2.8) becomes near zero, SO that we have the following
equation:
* R IR T VY
0" D= 5" Fotx Oemp = (o)} dx RO 2.9
where

R(y)= if(%)”z {S:szo(x, 0yexp{— (x— ) dx+ Szﬂxlo(x, 0)

xexpl— (x—p)) dx} . (2. 10)

If we determine the value /1 to make the tolerance e > R(y)/0¥(y, T), Eq. (2.8) can be approximated by



RADHEAT-V4: A Code System to Generate Multigroup Constants and
Ig Analyze Radiation Transport for Shielding Safety Evaluation JAERI 1316

the following expression:
1 1 oy 2
o* (v T)= ?(;)‘*ﬂy_axzo(x, 0)exp{—(x— )’ dx . (2. 11)

In this procedure, 4.0 is set for 4. This condition is equivalent to set the tolerance £ = 1073, Assuming that
o(x, 0) is given by a linear interpolation with the point-wise data of (x; ¢,), Eq. (2.11) becomes simple

form described below:
o(x, 0)y=a,+5(F—x7) for x=Lx<xyy (2. 12)
where

§5= (U[—I_O_i)/(xiz'-&-l#x?) »

oy D= }L(%)"QZS:'HKU& (¥ —x7yexp{—(x— )} 1 dx. (2. 13)
Defining z=x—y, Eq. (2.13) becomes

o0, D= VRS e e sk s (- Pz

s {A (0~ Sx}H+BS} . (2. 14)
where
4= ;12_(%)1,2&??(# 2)%exp(— 2)dz (2. 15)
B:i(i)“zj"‘“”y( + 2)%exp(—2)dz (2. 16)
i yz o s y P . .

The above 4, and B; are computed as follows:
For a, b= 0 (a<(h)

A= Hy(a, by/y*+2H(a, b)/y+ Hya b) . (2. 17)

B.=H,(a, b)/¥+4H,(a b)/y—6Hy(a, b)~4yH (a b)+y Hy(a. b) . (2. 18)
For a, b<{0 (a> b)

A= Hy(a, bY/y'—2H\(a, b)/v+Hya b) (2. 19)

B.=H,(a, b)/y*—4Hy(a, b)/y~6Hy(a, b)—4yH,(a, b)+y'Hy(a, b) , (2. 20)
where the function H,(a, b) is defined below:

H(a, b)= (%) 1-*25:z"exp( —P)dz,

=F{a)—F(b), (2.21)
and
Fy(a)=erfc(a)/2, (2. 22)
Fi(@)= (1) exp(—a)/2 . (2.23)
F(a)= % {(n-1)Fn_2(a)+a”*1(%)”2exp(fa2)} , (nz2). (2. 24)

In Eq. (2.22) erfc(a) is the error function. The Doppler-broadening described above is calculated for
the energy range from 50 meV to 3 MeV. Reactions for which the Doppler-broadening is taken into
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consideration are total, elastic scattering, fission, (#, 7}, (1, p) and (n, a).
The ultra—fine group cross sections are produced by averaging the point cross sections generated as

above. A weighting function for average process is given by the following equation:

. BED
PE 0 D= o (E Dyt

JEexp(—E/T) 0.8205MeV' <E

¢ (E T)=1{1/E 0.125eV' < E<0.8205MeV' (2. 26)

Eexp(— E/kT), E<0.125¢V7

where 0, is the total cross section, k is the Boltzman constant and T, the neutron temperature of fission

spectram selected as T,=1.4 Mev'.
Group cross sections with the ultra-fine group structure are calculated by two equations as follows:

For outside of the unresolved resonance region,

§7 o0& D 9(E 0y DE

0;(009 D - £ ’
§. 8 (E 0, T)E

(2.27)

and for the unresolved resonance region,

U;(U(Js D:ULx(GO’ T)! (2 28)

where, g.: group cross section for the ultra—fine group i and the reaction type x,
o(E, T): Doppler broaded point-wise cross section,
o' (0, T) : averaged unresolved resonance Cross section for the ultra—fine group / and the

reaction type x,
$(E, o, T) : weighting function described above,
g, T: background cross section and temperature, respectively.
The number of group average neutrons per fission V' 1s calculated by the following way.

For outside of the resonance region,

{0 (EoAE T LE TodE

Jie E .
SETIOJ(E’ Tﬂ)qbs(E, To)dE
and for the resonance region,
Eﬂ |
§, vpp.. TaE
. J (2. 30)

6.k TaE

where g, is the fission cross section and 7pa standard temperature selected as 300 K.

The ultra—fine group structure consists of 3829 groups as shown in Table 2.1™. The reaction type
contained in the ultra-fine group cross sections are shown in Table 2.2.

The basic flow of generating the ultra—fine group cross sections is shown in Fig. 2.3.

+ These values can be changed by the user (7*array).

++ The energy group structure can be changed by replacing a subroutine GETFG.
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Table 2.1 Energy group structure for the ultra—fine group cross sections

JAERI 1316

Lower energy Lower velocity
Group No. Lower lethargy
(ev) {cm/sec)
1 2.6082E—5" 7.0640E+3 26.67236
an equi-velocity
width of 2700.0
326 4.0898E—1 8.8455E+5 17.01218
327 4.1399E-—1 8.8995E+5 17.00000
an equi-lethargy
width of 0.005
3727 1.0000E+7 0.0
an equi—lethargy
width of 0.005
3829 1.6736E+ 7% —0.515*

+) Read as 2.6082x107°

*) These values indicate the upper ones of the energy group.

Table 2.2 Reaction types and the identification numbers

for the ultra-fine group cross sections

Reaction type

Reaction I. D. No.

Total
Elastic scattering
Total inelastic scattering
Total (n, 2n) scattering
Excited {n, 2n) scattering
Fission
Neutrons per fission
(n, n'a) scattering
{n, n'3a) scattering
{n, 2na) scattering
(n, n'p) scattering
Absorption
Inelastic discreie level
Inclastic continuum level
n, 7
(o, p)
(n, d)
(n, t}
(n, *He)
n, @)
{n, 2a)

1
2
4
16
6-9, 46-49
I8
452
22
23
24
28
27
51-50

91
102
103
104
105
106
107
108
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Fig. 2.3 Calculational process of ultra—fine group cross sections

2.1.2 Infinite Dilution Cross Section
Infinite dilution cross sections of each reaction (0,=<0) are generated by using the following

equations:

)3 U;(Um DW(UOs D(E—E)

Aoy D= - ‘ , (2. 31)
Z Wiy TH(E 1, —E)

=)

?—_: ng}-(%, 1 )W(Uo » Ty WEiy — E)
Yl ‘ : (2. 32)
2 gl Ty) W0, To)(E: i E)

i=j
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where a suffix i shows a ultra—fine group number, j shows a fine-group number, i<j means the ultra—fine

group numbers included in a fine—group number j, and W'is given by the following equation:

§ (. 00 D
Wi, T)= : . (2. 33)
E. —E

i+

When the boundary energy of the fine-group structure is not equal to that of the ultra—fine group
structure, the ultra—fine group cross section is assumed to be constant in the fine—group in calculating Egs.
(2.31) and (2.32). If the both boundary energies are equal, the fine—group cross sections calculated by
Eq. (2.31) is exactly the same as the fine—group cross sections calculated directly from Eq. (2.27).

The fine—group cross section for total reaction is calculated from the total cross section given by the
nuclear data file, so that the elastic scattering cross section is modified to conserve the neutron balance.

The modification is performed by the fellowing manner:
F=0oy= o0, Ty) ~ 00y =2, Tp) — 00~ <, Ty)
— T T6=, To) = Pothers » (2. 34)
aX(ay TY=0loy, T)+& . (2. 35)

The & means the sum of residual cross sections which are not processed by the FAIR—CROSS module,
and is the error of calculation. Reactions contained in the fine-group cross sections are shown in Table
2.3

Table 2.3 Reaction types and the identification numbers for the fine—group cross

sections

No. Reaction Type

Total cross section
Elastic scattering cross section

Total inelastic cross section

16 (m, 2n) cross section

18 Total fission cross section

27 Absorption cross section

102 {(n, 7) radiative capture cross section

103 {n, p) cross section

107 (n, @) cross section

452 v, average total (prompt pius delayed) number of neutrons released

per fission event

2.1.3 Self-Shielding Factor

Temperature dependent self-shielded cross section o'(g, T) is calculated only for total, elastic
scattering, capture and f{ission reactions. For the other reactions, the infinite dilution cross sections for O
K are calculated except for (n, p) and (n, @) reactions. The (n, p) and (n, @) reaction cross sections are
calculated for a standard temperature, normally 300 K. Self-shielding factors are calculated from the fine

—group cross sections by using the following equations:

oy 1= o DD e Dt 2. 36)
| 0,0,
A D:Uﬁ% (2. 37)
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where the reaction type x means elastic scattering, fission and capture.

The data library of the RADHEAT-V4 code system contains these self—shielding factors at g;,=0, 1,
10, 100, 1000, 10000 and 1= 300, 560, 900 K. The data are utilized for generating the effective cross

section. The basic flow of generating the self—shielding factor and the fine—group cross section is shown

in Fig. 2.4.

Calculate resolved resonance
cross sections from FILE 2

Calculate unresolved resonance
cross sections from FILE 2

FILE2+ FILE3

Doppler broadening

S

Generate weighting spectra

oklog, T)

L 1tra-fine lib.

gaction type X

Wature T

ol {og, T)

Feaction type X

fi (0o, T)

background oo

temperature

Fine group lib.
Self-shielding lib.

Ultra-fine group cross sections

self-shielding factors

o (00, T)

fine group cross sections

Fig. 2.4 Calculational flow of self-shielding factors and fine—group cross sections
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2.1.4 Scattering Matrix
The angular distribution of neutron scattering cross section becomes anisotropic in the high energy

region. In the fine energy group structure, the anisotropy becomes much noticeable. Most of the codes for
generating multigroup cross sections such as SUPERTOG, AMPX and NJOY adopt the P/-approxima-
tion to represent the angular distribution. However, it is impossible to describe the anisotropy of angular
cross section accurately by the P,—approximation of the limited order in the fine energy group structure.

For this reason, FAIR-CROSS adopts a method to represent the angular distributions of the
scattering matrix named DAR (Direct Angular Representation). The processing method to generate the
scattering matrix has been developed and is described in this section.

The double differential scattering cross section is given by the following form:

o B, E P E) fB myg(E B | G 1 2. 38)

where E’: energy of the incident neutron,
E: energy of the scattered neutron,
¢ : cosine of a scattering angle in the laboratory system,
1 : cosine of scattering angle in the center of mass system,
g (E% : scattering total cross section,
AE’,n) : angular distribution of the scattered neutron,
g(E’, E, 77) : energy distribution of the scattered neutron.
The angular distribution f{ E’, 77) is taken from the nuclear data file. This form is defined by Legendre

expansion shown in Eq. (2.39) or a tabular representation:
1 N
RE,m= 3 1+ 2L~ DA(EYP(} {2.39)
£=1

where N : maximum order of the Legendre expansion,
Ji{E) :  Legendre coefficients,
P,(n) : Legendre polynomials.
The energy distribution g( £, E, 77) for the elastic scattering and the discrete part of the inelastic scattering

are given by the conservation laws of energy and momentum:

A+

* — . L X ' al
g(E, Er 77) 6(E (A+1)2 A+1 Qz AJ‘l 7 E
A P A A
where & : Dirac delta function,

Q,: Q-value of the i—th exited level
(for elastic scattering, ;=0),
A : atomic mass ratio.
The relation between the scattering angles in the center of mass system and the laboratory system 18

derived from the conservation law as,

_rTn
4= e b (2. 41)

where

1/ E
=4y E-(111/4)0, (2.42)

The conversion factor | dn/du | is obtained from Eq. {2.41) as,
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diy

2
/1 e (2. 43)

= dr [ R
| | 27’#47'\} 72 +u 1z /—1—? [
Jiees

The group to group transfer matrix used in the multi-group transport calculation is defined as follows:

N 4" no(E B )b (EVdE
Ug"g(/"') =] il ! . , (2 44)
§ gEyaE

where g’: energy group of the incident neutron (E ;= ESEy)
g: energy group of the scattered neutron (E, = E=E),

Og,(1) ©  group to group transfer cross section for the scattering from g'to gbya
direction cosine ¢ of a scattering angle, which is named as the cross section of
the DAR form,

n: pumber of scattered neutrons (n==1 for the elastic and inelastic scattering, n=
2 for the (n, 2n) scattering},
$(E’) : weighting function.
Because the energy distribution g(E’, E, 77) is given by the Dirac delta function, Eq. (2.44) becomes
o [P OSED py L AL e
Tl = o . (2. 45)
§, pErae

The integral boundaries @ and b indicate the limits of the incident energy E’in which it is possible to

scatter into group g with a direction cosine . These limits are obtained from Eqs. (2.40) and (2.41) as
a:Max{Eg‘—hh(Eg-{-b :U)} ] (2 46)
b= Min{E,, h(E, )}

where

WE, 1)~ E'= (A )ECAA= DO 2B A 1A DQ/E
' (4-1)’ '
(2. 47)

A special treatment is required to calculate Eq. (2.45) in the cases of inelastic and (n, 2m) reactions

af the vicinity of threshold energy. é} Q< E'< A—f 7 Q. The relation between E’ and E given by Eq.

(2.47) is shown in Fig. 2.5. In the energy range, v defined by Eq. (2.42) becomes greater than unity, so
that the integration of Eq. (2.45) should be divided into two regions at the minimum value of E’shown

in Fig. 2.5. The scattered neutron energy EBND at the minimum value of E’is given as follows:

dE’ _ dh(Eu)
JE JE =0, (2. 48)
where
2
EBND= AQr (2. 49)

(A1) (A+1)

The integration of Eq. (2.45) is computed in the following manner:
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(i) E, ;ZEBND (Region I shown in Fig. 2.5),
a=Max {E,.,, h(E 7S
b=Min {E,h(E, 1)} , (2. 50)
n=rl— D Au/TE =1,

(i) E,<EBND (Region 2 shown in Fig. 2.5)
a=Max (E,. |, h(E, )} .
b=Min {E,h(E,_ )} . (2. 51)
n=rt— 1) —uV/TH7 1) .

(i) Eg+]<EBND<Eg,
The integral boundary is divided into two regions of 1 and 2,
a=Max {E,,, h(EBND, o,

b=Min {E, h(E, 1)} . (Region 1) (2. 52)
n=r(’ =)+ T+7@ 1),

a=Max {E,.,, h(EBND, 1)} ,

b=Min {E, h(EgH,u)} . (Region 2) (2. 533)

=1 — D —uy/TH7 W@ —1) .

u==1.0
. u=0.0
wl
[ =
e
*é‘ u=005
b
g A REGION 1
= _A g
2 Al
5
& _
b u=1.0
A REGION 2
|
Q
A{A+1)

Energy of emitted neutron E

Fig. 2.5 Function E’=h(E, 1)

For the continuum parts of the inelstic and (n, 2r) reactions, the energy distribution g(£ VE R s
given in the nuclear data file. The form is given in an evapolation model, a tabular representation,
Maxwellian or Watt spectrum. This energy distribution is independent of the scattering angle. Therefore,

Fq. (2.44) can be approximated by the following equation:
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§ RE 0o (E)p(E)dE

gt

§¥ oEeE)dE

o

O‘g,g(,u) =

Si dE’5‘Z* dE n —‘B%El o(E’, EYP(E")
= - S (2. 54)

e
E,
X;_¢(EﬁdE’

With Egs. (2.45) through (2.54), we can compute the scattering matrix directly by the function of
the scattering angle. However, it is difficult to determine the fixed angular mesh to fit the function g (1)
accurately because the shape of this function differs for the kind of nuclides and the incident energy. For
action are calculated by using the following algorithm, and
“Direct Angular Representation” form

this reason, the scattering matrices of each re
a point—wise angular distribution is generated, which is named a
in the fine-group structure. The computation is performed as follows:

1) Selection of a scattered energy group & (E,_;<E=<E)

2) Determination of the bounds of the source energy E’in which it is possible to scatter to the energy

group g
i} For Eg;_;Z ;1(7AQ+_])7 ,
B =h(E, n=—1),
} (2. 55)
E’min:h(ngls fu:l) '
ii)ForE74<-HEf%jjf<E%,
E ~hE,p=—1),
g ) } (2. 56)
E,min:(A+1)Q/A "
Q9
i) For E,< AA+TD)
E = hE, p=—1),
} (2. 57)

Ew=h(E, £=1) .

min

3} Selection of a source energy group g E S E<Ey) in the above energy range.
4) Determination of the bounds of the scattering angle for the scattering from the energy group g’'to

g. The cosine of scattering angle i is obtained by Eq. (2.47):

1 [ E E AQ
' E’, _ A /- _ . L. 2 .
w(BL B =5 (441 5 —4-D F g (2. 58)
The boundary energy EBND in the integration range is given by Eqgs. (2.49) and (2.38).

_ A ATl
EBND(E") = 141 171 B, (2. 59)
i) For EZEBND(E,.,;), (Region 1)
=B Eg),
grr (2. 60)

Honin — K (Eg” Eg’+ J) ’
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ii}) For EXEBND(E,), (Region 2)
m U E il E -1/
H ax ( g™ 1 (4 1) (2 61)
fumin:'u(Eg” Eg) ¥
i) For EBND(E,) < EXEBND(E,._,), (Region 1 and 2)
,umax:Max M(Eg’+1’ Eg)’ ,U(Eg’-p], Eg*ll)} , } (2 62)

ﬂmin;M“"n {/-z(Eg'! Eg—'rls (Vi 71/7)} -

5) Calculation of the cross section from Eq. (2.45) or (2.54) at 5 angular points which divide the
range of the scattering angle into four. (In Fig. 2.6, cross sections denoted from ¢, to o, are

calculated at the cosine of scattering angles from z, to 1, respectively.)
6} Calculation of approximate integral of ¢ over the scattering angle by using the 4-th order Newton

—Cotes formula:

U(: Si Iog'g(lu ) d,d,

= % [14(0,+0,) +64(0, +0,) +240,) , (2. 63)

where m is the interval of the angular mesh.
7) Test of whether a linear interpolation can be applied between /£, and z,

U= ot 1}/2, (2. 64a)
o’=(o,+ta)/2, (2. 64b)

e,
i) test of relative error, (condition 1)

0 (=0
S & < g 2. 65
o | (2. 652)
i) test of integral error, (condition 2)
| Mot - &
o) o’ | 5 < 307 (2. 65b)

where & is a permissible tolerance specified by the user. The condition 2 becomes severe for a peak
of the cross section and loose for the part of small value. Therefore, this condition is useful to
decrease the number of the angular mesh in the part of small value.

8) When either condition is satisfied, no additional points are required between iz, and ;. Otherwise
the angular point &, is added and the step {(7) is repeated for the two intervals of (uy, 1,,) and (i,.,
/¢;). This iteration is executed until the either condition is satisfied.

9) For other intervals (&;, #£,), (2 #3) and (i3, 1,), the same process is executed.

"4
Ha H3 Mz M Hm o

Fig. 2.6 Algerithm to determine the optimum angular mesh
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The reaction types to be processed are shown in Table 2.4. The scattering matrices are summed up
with respect to three reaction types, elastic, inelastic and (n, 2n) scattering reactions, and are normalized
to the total scattering cross sections, respectively. The cross section to the scattering to the energy below
the lowest energy group is added to the cross section of the lowest energy group. Owing to the DAR
method, the angular distributions of cross sections do not take any negative value for all directions.

The FAIR-CROSS step 1 can take into account of the upscattering component of the thermal

scattering cross section by using the S(«, B, T) function as follows:

—
Po(EmE, 1) _ 5 Mpu, | B o
fdE Bk B¢ @D (2. 66)
where M, : number of the n—th type atoms in the molecule,

moderator temperature (K3,

k . Boltzmann constant {eV/K),
8 : energy transfer (E— E) /KT,
a: momentum transfer (E,+ E— 2uy EE/AkT),
A, : mass of the n—th type atom, 4, is the mass of the principal scattering atom in the

molecule,
7., : bound atom scattering cross section of the n-th type atom,

A,+1
Ubn:ofn( :14 )2’

ay, - free atom scattering cross section of the n—th type atom,
£ : cosine of the scattering angle in the laboratory system.
The S(a, 8, T) function is given by the following forms in the file 7 in the ENDI/B format,
(i) tabulated form:
the data for only the principal scattering atom are defined,

(i) free—gas scattering law:

S(a,B,T):—ﬂ%—ae @ (2. 67)

(ii) diffusion—motion scattering law:

2ad 1. one
Sa, 8, D= T(c2+ -‘f)e2 K (X)}/X, (2. 68)
where K, is the modified Bessel function, coefficients ¢ and d are given in the file 7 and X is
denoted as
X= [(02_1_ %)(Bzfmzdzﬂ 1/2 . (2 69)

Table 2.4 Reaction types in the scattering matix
to be calculated

Reaction type MT number

Flastic Scattering 2

(n, 2n) Scattering 6~9, 16, 46~49
{(n, n’ @) Scattering 22
(n, n’ 3a) Scattering 23

(n, 2nat) Scattering 24

(n, 1’ p) Scattering 28
Inelastic Scattering 51~91
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When the S(a, 8, T) is given by the tabulated form, the value exceeding the 5, is treated by the short
collision time approximation:

/ze 4aT @A
S(a, B, D—‘W—, (2. 70)
where Tz is effective temperature given as the input data. (TEFF in the 10* array). If the TEFF is set
to zero, the short collision time approximation is not adopted and S(a, 8, T) is also set to zero. The
calculation of the up—scattering is performed up to the limit of 5,,,=36.8 which means that the ratio
between the up—scattering component and the elastic one corresponds to 10.
The group to group scattering cross section corresponding to Eq. (2.66) is produced in the following

manner:

NOGTH \JOGTH
> W(E )AE’ d%ﬂ) JE,
i1 E
Ogallli) = NOGTE _ ’ 2. 71)
S W(E)JE,
i=1

where Eé, and E’é show the average energies of the sub—group i and j, and NOGTH is the number of the
sub—groups per each energy group which is given as the input data in the 13§ array.

Angular distribution is computed for angular meshes which are equally spaced from 0 to 7 and is
recomputed in order to reduce the number of angular meshes by using the linear interpolation. The
reduction process is terminated when the relative error in the interpolation becomes less than or equal to
the limit value given as the input data. (ERR2 in the 10* array) The normalization of the scattering

matrix is performed by using the integral value oe"‘"‘“

xact

Oelt) = mron Tg(i): (2. 72a)
R

where

A d'0(E—E,
jg',‘dE So dES-l‘i“z” dOdE S0y
O_cxact: ¢ s (2—. 72b)

SZ%dEw(Ev

Uz;?prux.: Z Zo.g_g(luk)zﬁ.dﬂk' (2 720)
gk

The highest energy group in the up-scattering is given as the input data (NGTH in the 138 array).
The maximum source energy for the up—scattering is set to the average one of the highest sub—group in
the group NGTH. If NGTH is set to zero, the boundary energy & for the static model in file 7 of ENDF
/B format is adopted.

Once the computation of the up-—scattering is performed, the total and elastic scattering cross sections
for the thermal groups are revised by using the values calculated from the thermal scattering law:

thermal
Tigtal = Omp=3, T OmF -7, Ovr=3. (2. 73a)
MT=1 MT=4 MT=12
thermal __
Telastic — Imr=7 +6! (2 73b)
MT=4

where values of MF and MT show the file number and the reaction number of ENDF/B format,
respectively, and & is the same as in Eq. (2.35).

2.1.5 Atomic Displacement Cross Section and Energy Deposition Factor
The atomic displacement cross section Fand the energy deposition factor H at the neutron energy E

are defined as follows:
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FBy=oB) | PE D -y [TE D] d. (2.74)

H(E)=C+ o(E)§_ P(E. ) T(E, m)dn. @.75)

where T is the kinetic energy in the laboratory system of the primary knock—on atom (PKA) which is
scattered by a center of mass angle B(,G:cosfjn), with the probability P(E, n). The v(7T) means the
number of secondary displacements produced by the PKA in coming to rest, which is calculated by using
the Lindhard model’” of slowing down for energetic atoms in solids. A constant C in Eq. (2.75) is the
conversion factor. The units of F(E) and H(E) are (barn) and (barn * watt * sec), respectively.

The number of displacement ¥(T) is defined as follows:

W(T)=08Tp2E,  (T>2E) (2. 76)
Tp=T/(1+- K.+ g (¢)), (2.77)
K, =0.13342"°/4'7, (2. 78a)
g(e) —¢ +0.40244¢ > +3.4008¢ ™, (2. 78b)
e =0.011517/Z2", (2. 78¢)

where E, is an effective displacement energy and 4 and Z are the atomic weight and atomic number,

respectively.
A general relation between T, E, 7 and E, (the energy of scattered neutron) in the center of mass

system is found from the conservation of momentum:
T:a|a2E+ (aﬁ/az)Ep*Zalﬁ‘v E . Ep ] (2 79)

where a@,= 1/(1+A4) and a,=A4/(1+A). The values of F(E) and H(E) are calculated for each ultra—fine

group and then converted to the fine-group structure in the following manner:

Fg:jf“F(E)qs(E)dE/j?'@(E)dE, (2. 80)

H= " e (BE/| $(B)dE, 2. 81)

where ¢ is weighting function retrieved {rom the ultra—fine group cross section library.

For elastic scattering reaction, the energy conservation law gives the following relation:
Ey=0alE. (2. 82)
Therefore Eq. {2.79) becomes
T=20,0,E(1—7), (2. 83)

The probability P(E, 7) in Eq. (2.74) is written as

PE D= e 2 84)

The differential scattering cross section do/d( is calculated with the ultra-fine group structure, so that
Eqgs. (2.74) and (2.75) are rewritten as follows:

o (e do(E ) 08 2eaB(m)
AB=2 2E, " 1+K, * gle)
_ L6ma@E (e do(E ) 177
g 7% <K, - g&) " (2. 83)
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1 do(E,
H(E)= 2§ LB dq B -y

-1
—C dna@E] f%ﬁ(l—ﬁ)drg, (2. 86)
where 7,,,, is defined as
E,
1 . .8
Mmas=17 G0 B (2. 87)

The inelastic scattering component is computed for the discrete and continuum parts separately.
The contribution from discrete levels to the atomic displacement cross section is computed as follows:

FE)=2LF(E), (2. 88)

where F(E) is the atomic displacement cross section due to the ith discrete level. The energy

conservation law for inelastic scattering gives the following relation:
Ep=a)(aE— Q). (2. 89)

where Q,is the nuclear excitation energy for the i-th discrete level. Substituting Eq. (2.89) into Eq. (2.79)
yields

T=2aa, {(E—nvE(E- Q/a,)t —a:Q; (2. 90)
Assuming that the angular distribution is isotropic, Eqgs. (2.74) and (2.75) are rewntten as follows:

rp= 28 (7 (B )

_ O{E) ¢+ 2aa, {E—nWE(E— @/} —a, @
=57, o [+ K, * 2(c) = dn, (2.91)

aE=c+ B TE may

=C+ a{E)(2a:E—a,Q). (2. 92)

For the continuum part, the energy E, of the scattered neutron is given by the energy distribution function
f(E, E,). The function fis calculated for each ultra—fine energy group in the computation of inelastic

scattering matrix. Using this function, Egs. (2.74) and (2.75) are rewritten as follows:

FE)= _ULZEJ_ S:;uf(E, EP)Siiv [T(E Ep )] dndEp

= .@_ & + §1azE+ (a1/a2)Ep_2a177\/ E '&
STd So f(E’ EP)S 1 1+KL . g(E) dndEp (2 93)

H(Ey=c 2B {7 jE Bp | (B B mdndEs

:C-J(E)S:mf(E, E) laaE+(@y/a)Es dEp (2. 94)

For the (n, 2n) scattering reaction, a model called “one-neutron model”** is adopted. In this model,

Eg. (2.79) is expressed as follows:

—1 = fa, — .
4_4 AL T SLTiE (2. 95)

where EI’, is the energy of the second neutron and ?, is the mean recoil energy after the emission of the first

neutron defined as follows:
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Ty=aa,E+{a/a;) En (2. 96)

Assuming E,= E,, Eq. (2.95) becomes
_ A1 A1 A
(A+1)° A (A+1)
The F(E) and H(E) are now obtained in the same manner as for the case of the inelastic continuum part.
For (n, 7) reaction, it is assumed that the kinetic energy of PKA is equal to the recoil energy in the

T E+EFIY* . (2.97)

N 2
B+, VEp— 0 [y |

(n, 7) reaction, ie.,

1 E
= A+
! . L (2. 98)

1.862x10°  A+D
where E, means the gamma-ray energy and Q means Q-value for the (n, 7) reaction.
For charged particle emission, Eq. (2.79) becomes

—_AL N Ap — ﬁéﬂﬁ
T= (A—rl)z E- A, Ep A+ 1) 7, (2. 99)

where 4,, and 4, mean atomic weights for a residual nucleus and an emitted particle, respectively. The
energy distribution function f{E, E,) is expressed by using the statistical model of nuclear reaction:

RE, Ep =+ Epo( 7 E+Q~ EnoclEp). (2. 100)

g AL
I- SD Epo( 4o B+ @ EDoEp)dEn (2. 101)

where p is the level density for all J states and ¢, is the compound nucleus formation cross section of an
inversed process which is calculated by ELITESE-3*® based on the optical model.

The o(u) at the excitation energy is given by the Gilbert-Cameron’s formula*’:

(i) For E*>E,

_ V7 1 1
pW)=p(W)= Ty T exp(2Vau)y 75— (2. 102a)
where u = E*— 4,
A
« — T {)—
Er= b0
E = 2.5+150/4+ 4,
o’ = 0.0888(aw)’4?",
and /] means pairing energy.
(ii) For E*E,
1
plw)=p,(E%= T ©XP [(E*—Ey)/1] , (2. 102b)

where yr= \/ui - Zi :
EO = Ex_Tlog [T-IOZ(ux)]!

u, = E,— 4,

and g is obtained from the appropriate correlation of a/A with the total shell correction S. The
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relation is defined as follows:

a/A=0.00917S +0.142(MeV ™), (for underformed nuclei) (2. 103a)

or
a/A=0.00917S+0.120(MeV !). (for deformed nuclei; 86 <A4— Z<122,
130<A—Z<182, S4<Z<78, 86<Z<122)

(2. 103b)

The calculations of F(E) and H(E) are now performed in the same manner as used for the inelastic

continuum part.

For fission reaction, the following energy deposition factor is calculated:

H(Ey=C+ Hy+ a{E), (2. 104)

where H;means the kinetic energy of fission fragments given as the input data of HFB in the 11* array.

The atomic displacement cross sections and energy depositon factors of each reaction are stored in

DATA-POOL with the reaction identification numbers shown in Table 2.5. The effective displacement
energy E, must be given by the user. Table 2.6 shows a list of some evaluations. The adopted value shown

in the table means that the value is used to generate the multigroup cross section library named JSD1000.

Table 2.5 Reaction types and identification numbers
for the energy deposition factor and the

atomic displacement cross section

No. Reaction Type

1002 Energy deposition by elastic scattering
1004 Energy deposition by inelastic reaction
1016 Energy deposition by (n, 2n) reaction
1018 Energy deposition by fission reaction
1102 Energy deposition by (n, 7) reaction
1103 Energy deposition by (n, p) reaction
1107 Energy deposition by (n, a} reaction
2002 Atomic displacement by elastic scattering
2004 Atomic displacement by inelastic reaction
2016 Atomic displacement by (n, 2n) reaction
2102 Atomic displacement by (1, 7) reaction
2103 Atomic displacement by (n, p) reaction

2107 Atomic displacement by (n, @) reaction
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2.1.6 FEffective Macroscopic Cross Section
The effective macroscopic cross section of neutron and gamma—ray coupled multi—group structure is
produced at the FAIR-CROSS step 2. At this step, the following 4 processes are executed:

Process—1: Calculate the effective neutron cross sections by using the infinite dilution cross sections and
the self—shielding factors and convert the group to group transfer matrices form into the
discrete-type DAR form.

Process—2: Calculate the effective secondary gamma-ray production cross sections.

Process—3:  Calculate the gamma-ray cross sections.

Process—4: Couple the neutron cross sections with the gamma-ray ones and generate the cross section
tables for coupled multi-group transport calculations.

In the process—1, the following quantities are calculated:

iz it (T T0) * T (2. 105)
1
Gp= }57 megeff. total, m ¢ (2 106)

where i: neutron energy group,
X : reaction type,
n: nuclide
o 1 atomic number density,
o, : infinite dilution cross section for the reaction type x,

Oy effective cross sectiomn,
AT, gy self-shielding factor.

It is necessary to compute Eqgs. (2.105) and (2.106) iteratively for total cross section in order to get
accurate g, The FAIR-CROSS module performes the computation of the effective total cross section
until the relative error between two successive iterations becomes less than 1.0 percent. The cubic spline
functions are used to interpolate given data points. In the case of 0,—0, the self-shielding factor can not
be calculated, so that 0,=0.01 is adopted approximately.

In the process—1, the angular distributions of the group to group transfer cross sections of the DAR
form are also converted into the form of the discrete-type DAR which is slightly different from that
adopted at the FAIR-CROSS step 1. The discrete—type Direct Angular Representation means that the
data are given for each of the fixed discrete angular points which correspond to those of the symmetrical
Sy—quadrature set. This form is suitable for applying the group cross sections directly to the S —transport
calculation. The number of the angular points can be chosen from 12 to 64 by the user.

In the process—2, the secondary gamma-ray production cross sections are generated by following

equation:
Opag=0n® Y, Py, (2. 107

where the notations are the same as those in Egs. (2.144) and (2.145) in Section 2.2.1.

In the process—3, the gamma-ray cross sections for photo-electric effect, compton scattering,
coherent scattering and pair—production are calculated. The calculational scheme is described in Section
2.1.7.

In the process—4, the neutron and gamma-ray cross sections are coupled. In this coupling, the gamma
—ray groups are positioned below the neutron ones and the secondary gamma-ray production cross
sections are treated as the down—scattering components from each of the neutron groups. The energy
deposition factor and the atomic displacement cross section are positioned at the top of the cross section
table as shown in Table 2.7. The detailed format of the cross section table is described in Appendix C.
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When the up-scattering components are included in the effective macroscopic cross section, the
length of cross section table is changed. The parameters IHT, IHS, NUP and THM shown in Table 2.7

are defined as follows:
for NUP=0 (down-scattering only),
THM =NOACT+3+ING +1GG,
ITHT=NOACT+3,
IHS=NOACT 4,
NOACT=0~2 (NHEAT +NDISP in the 295 array),

(2. 108a)

for NUP >0 (up-scattering included)

THM = NOACT +4 + ING + IGG + NUPIN,
IHT=NOACT+3,

IHS =NOACT + 5+ NUPIN, (2. 108b)
NUPIN=NUP,

NOACT =0~2(NHEAT +NDISP in the 298 array).

The maximum numbers of up-scattering groups for each nucleus are different from each other at the
FAIR-CROSS step 1. The length of the effective macroscopic ¢ross section is however fixed to NUPIN
which is defined by the input data in the 4§ array, so that the group to group transfer cross sections which
consist of NUP groups of up—scattering are transformed as follows:

for NUP < NUPIN,

o(I-1—1}=0.0, (NUP+1<J<NUPIN) (2. 109a)

for NUP >NUPIN,

NUF
o(I—=1—NUPIN) =¢(I-I—-NUPIN) + Y o(I—=1-D. (2. 109b)
J=NUPIN+1
The effective macroscopic cross sections for the conventional Legendre expansion form are produced
by using the FAIR-CROSS step 3. The conversion of cross section from the discrete—type DAR form to

Legendre expansion one is performed by the following process:

1PO

T — (2= D) X 2728 g m)f;k”Pz(u)du, (2. 110)
k=1 &

where / shows the order of Legendre coefficient, IPO is the number of discrete angular meshes and the

integration of Legendre function is perfomed by,

§Pl@= P~ Py} /(1. . 111)

When the up-scattering componnt exists in the P—type cross section, the table length and the position
of the total up scattering cross section denoted X7 in Table 2.7 for ANISN-JR are different from those
for DOT3.5. The difference is shown in Table 2.8. If the cross section consists of down-scattering only,

the total up—scattering cross section is omitted in the table.
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Table 2.7 Arrangemernt of the group cross section table for neutrons and

gamma-Tays*

. Neutron groups Gamma-ray groups
Positicn
(1<I<ING) (INGH+ 1< ING+ 1GG)
H,(I) H.(J)
2 S D 00
: (D) (D)
IHT—1 w21y 0.0
| P20 U - ¢ S
IHT+1' TEP([y** 0.0
IHS-— NUP ¥ (1+NUP—I) 0.0
ms T s sa-n
IHS+1 Za(I—1=1) L, (J-1=1)
(1= L, (ING+1-T)
00 SONG—T)
. L, (ING—1—=])
%, (1)
0.0
IHM : 0.0

t Omit this record when NUP=0.

* NG and [GG are respectively the numbers of neutron groups and gamma
—ray groups, and IHM is (IHT+ING—+1GG+NUP+1) (NUP>D) or
(IHT +ING+IGG) (NUP=0).

*x TU means the total cross section summed up the up-scattering cross
sections emitted from the energy group.

Table 2.8 Table length and the position of total up—scattering cross section

| ANISN-JR

I DOT3. 5
group independent form material-wisc
Forward Adjoint Forward Forward

Position of the

total up—scattering ITHM —1 [HM+1 none IHT+1
cToss section

Table length
] ‘ ITHM IHM IHM IHM +1
of cross section |
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2.1.7 Gamma Ray Cross Section and Bremsstrahlung Data

Gamma-Ttay cross sections and Bremsstrahlung data are calculated at the FAIR-CROSS step 2. The
gamma-ray cross sections for photo-electric effect, pair—production, incoherent scattering and coherent
scattering are generated by using the DLC-15 library or an empirical formula adopted in GAMLEG-
IR, The KERMA factor is also computed.

The way to generate the gamma-ray cross section by using the DLC-15 library is recornmended
when the low energy gamma-ray flux is relatively important (e.g., as in the phantom calculation) because
the gamma-rtay cross sections below 50 keV calculated by GAMLEG-JR have some errors due to the
empirical formula, The comparison between cross sections generated by using DLC-15 and the Klein—
Nishina formula® for Compton scattering is shown in Fig. 2.7. The comparisons between cross sections
generated by using DLC-15 and the empirical formula for each component are also shown in Figs. 2.8
~2.11.

The DLC-15 contains various cross section in the energy range from 1 keV to 100 MeV. The data
used at the FAIR-CROSS step 2 are reactions of MT =302 (coherent scattering), MT =504 (incoherent
scattrering), MT =516 (pair—production), MT =551 (energy absorption) and MT =602 (photo—electric
effect).

The angular distribution of the incoherent scattering (Compton scattering) is calculated by the Klein
~Nishina formula and represented in the DAR form. The angular distributions for the other reactions are
the same as in GAMLEG-JR.

The differential scattering cross section of Compton scattering is denoted as follows:

o(E’ 1y = Tﬁr(E’) W+ E(1—g)-+ 1+E(1—,,z)] (2. 112)
- B
E= R (2. 113)

where £’and E are the energies of the photon before and after the scattering, 4 is the direction cosine of
scattering angle. The units of energy and cross sections are the rest mass energy of an electron (mecz) and
the Thomson unit {87/3 (e’ /m,’y’=0.6656), respectively. The group to group transfer cross section from

group g’ to group g by the direction cosine x of scattering angle is given as follows:

§ otz mpEndE

Oya(it) = for 14 o — = <gsie =
3’8’(”‘) E, or Eg’ Eg\ . S ! Eg'\ X Eg-
o oEeE
=0  otherwise, (2. 114)
where 7'=Min(E,. 1), (2. 115a)
8’=Max(E, . B), (2. 115b)
E,
y= (2. 115c)
E,
A= (B<E),
=E(5) (2. 115d)
= E (B=E).

and ¢(E) is the weighting function. To compute Eq. (2.114), the direction cosine 1 is divided into 96
points used in the Gauss—Legendre integration.

The weighting procedure is performed by assuming the weighting function to be constant or linear.
In the case of the constant weight (KON=0 in the 17§ array), the numerator of Eq. (2.114) becomes
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'B' » 3
§otEs we(EYdE
3 1 1+u
= —_— - <L EF¥1—
Ter L m UHEU—0) + 10—y
1 £’
- : 17, 2. 116
20— (=B 7 @19
The other cross sections are averaged as follows:
ES
§ wpaE
g, =", (2. 117)

g
Eg— Eg+]

where the integration is performed analytically based on the interpolation scheme for y(E) defined in the
DILC-15 library. In the case of the linear weight (KON=1 in the 175 array), the numerator of Eq.
(2.114) becomes

§ o g EndE

:%EZ ‘I—i‘: [(1—)E+ (2 —2)In {1 +E(1—w)}

2
§=2 ‘ 1 E; 1 ,
S ‘ - . 1 E(1—
TR 2{1+E’(1—u)}2] P 1+ E(=m)
141 1 E,
o e — — : 2. 118
1—E(1—u) 2(1—;;){1+E’(1—;,;)}zj E., ( )
where
$(E)=a,E+b, for E_  <E<E, (2. 119)
The other cross sections are averaged as follows:
EE
§, ABWE)E
a,= . ,
§, fEE
N E—E.
Z_ {REYY(EY+ RE )y E ) J—ZQH'
= . Pk , (2. 120)
Z {f(E;)+f(E;T1)} J—zl;l
where E=E,.,+{(i—1)* Eg——lfgfl-, (2. 121)

N : number of meshes in an energy group (N in the 17§ array),
f(E) : interpolated value of the weighting function at E,
¥(E) : interpolated value of the DLC-15 library at E,
The energy deposition factor is also calculated in the form of KERMA factor as follows:

h,=1.6x10"" (u,,/0)E, (2. 122)

where , is the KERMA factor for energy group g, (12.,/0) indicates the energy—absorption coefficient
and E, shows the mean energy of energy group g The unit of the KERMA factor is {(barn * watt * sec).
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Bremsstrahlung effect for the gamma—ray penetration in heavy nuclei becomes important when the
high energy photon source enters the material. FATR-CROSS step 2 generates the cross sections of
photon—electran and electron--photon interactions. The secondary electron production cross sections for
Compton scattering, pair-production and photo—electric processes are considered. The photon spectrum
data for thick targets are adopted to estimate the electron- photon interaction. The data for C, Al, Fe, Cu,
Mo and W at the electron energies of 1, 3, 10 and 30 MeV are contained in the program as the block data
statement. The description of the materials is shown in Table 2.9

The secondary electron production cross section for Compton scattering is calculated as follows:

nt 1 F—-EF 2 F-E

E
sy — — D) (———— r—— —_— 1 B
I(EE) a‘EmOCZ{ (E’“—B‘E)'ai F aT( E )Ih. (2.123)
where  a,=E/ mocz,
o=/ myc, (2. 124)
¥ Z
0<E<E ZEVLmiT.
leE*/n%c‘
The group cross section is generated as follows:
5 A" o(F—EydEdE
o (E—E)=— - , (2. 125)

jj AEAE

s 5 g
S 1|7 o BBV RE LD 0B E)AE]
B e — T (2. 126)

N

" B AE, D)

n=
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where f{ E}) means the weighting function and

BB+ -y BB

N (2. 127)
The integral of o, in Eq. (2.126} can be expressed as
B

SF 0 E—EVdE
8 31 _a’ 1.2 1 2 b
= A 2 2 Jr(ai ar)a R ¥ o Dinal . (2.128)
where  a= E*/myc’; my: electron rest mass,

a=a,—a(E), (2. 129)

b=a,—a(k, ).

The total cross section calculated by the process is normalized to the value of MT=1504 in the DLC-15
library.

The secondary electron production cross section for pair—production process is calculated as follows:
o E—=EY =20 EYg(E—E"%, (2. 130)

where g, is retrieved from the value of MT=3516 in the DLC-15 library and g (E'—E") is the emitted

50)

electron spectrum for which the formulation™ of Bethe and Heitler is adopted. The group cross section

is generated as follows:
O E—E) =204 ED) g E—E), 2. 131)

¢(E, E)JE
gE—E)=——— , (2. 132)
§. e myar

where
Pyt Py
PpP,

7 &, PP 4
¢ (K, Eg)dEy= 37 ‘?)2 ?{f dEg{— 5 —2EoE+

2, €0k, e Ey  €.Ey

| K 8 EJE,
‘H.t( Pz) aE P POP,)TTP:)F+ \EzoE%..*PzOPZ_,. *? PZP+]ng

+

2
. MK EE. P, | EE P 2KE.E,
. 2P0P+[ 5 o et o ] log}, (2. 133)
Ey=E +u,
PO:'\' EQO_M27
K=E,+E_,
oop o (2. 134)
eo=In—-20 "0 =71y L0
0 E,— P, 7
. E.+P,
E+_21n7,u ,
E _F_._P € iR 2
tog—In =05 —Fo PPy, Folly T PP Tt
EoK— Py—PoP, 1K

and
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K : incident photon energy,
E, E. : emitted total energies of electron and positron, respectively,
P, P_: momenta of electron and positron, respectively.
i me” (0.511 MeV).
The secondary electron production cross section for photo—electric process is calculated as follows:

gph(ET%E;):Jph(E)ﬁ(Er—EBKi E%), (2. 135}

where Egy is the energy level of K—shell. The value of MT =602 in the DLC-15 library is adopted as g,

The group cross section is generated as follows:

(/) - ap(EDdE
O E—~E)= - : 2. 136)
Jo fmae

where fis the weighting function and

a=Max [E];!— 3 Ee +E ] ]
1 G+ 1 BK. ]r (2' 137)

b=Min [E, E+Eg .

The integration of Eq. (2.136) is performed by using the trapezoidal rule for N meshes in a gamma-ray
group. (N is given by the input in the 17§ array), If the constant approximation is assigned for the
weighting function, the integration is performed analytically corresponding to the assigned interpolation
scheme.

The photon spectrum data are obtained by the Monte Carlo code ETRAN*"2 which computes
electron—photon interations in the slab configuration as shown in Fig. 2.1 2. The data are given in the
tabular form for electron emergy, photon energy and angle and normalized by an incident electron.
Therefore, the data are transformed in the following manner and stored as the block data statements:

b d'n
P(ES, E)= { ot e (2. 138)

where N, is the atomic number density of target material (n/cm’), E° is the incident electron energy, F
is the emitted photon energy and n means the photon intensity per incident electron. The transformed data
P(E°, E') are shown in Table 2.10. The data are interpolated in the incident electron energy as follows:

P(F, EY=1+ P(E, E}), (2. 139)
where E : incident electron energy,
E': emitted photon energy ' =EE//E,
E:: incident electron energy in the block data, that is the nearest one to Y,
* . photon energy group boundary for the incident electron energy Ej,
I: normalization factor.

The normalization factor is defined in such a way as the integrated value of P(E’, E') over E agrees
with the interpolated one between the integrated value of P(E, E,yand P, (E,_,, E,_;)or Py AEiin
E7. ). The interpolation scheme in log-log is adopted in the calculation. The electron energy group
structure adopted in the computation is shown in Tabie 2.11. The data for 6 elements only are stored.
When the different material is assigned, the nearest high-Z element in the data is adopted. Therefore, the
Bremsstrahlung contribution is roughly estimated in this case.

The Bremsstrahlung data for each material are finally generated and stored in DATA-POOL with

a node name of BREM, as follows:

S(E—E) = SN, 0[E~E)+0,(E—~E) -0 B—E}, 2. 141)



RADHEAT-V4: A Code System to Generate Multigroup Constants and

38 Analyze Radiation Transport for Shielding Safety Evaluztion JAERI 1316
P(E—E)= Y NiPAE, E) * 4E, (2. 142)
SHE—E)= 2L LE—E) » KE—~E). (2. 143)

i

The method of Bremsstrahlung calculation is described in Section 3.4, where a benchmark result is

also discussed.

Table 2.9 Description of targets

Density Lojr Thickness
Element VA A
(g/cm’) (eV) To(MeV) g/em’
C 6 12.01115 2.25 78 1 4.895% 107"
3 1.704 % 10°
10 5.615x10°
30 1.501 % 10’
Al 13 26, 9815 2.70 163.0 1 5,508 x 107!
3 1.873 % 10°
10 5.899 < 10°
30 1.459% 10
Fe 26 55.847 7.86 285.4 1 6.066> 1071
3 2.01610°
10 6.036x 10°
30 1.364 X 10
Cu 29 63.54 £.98 314.1 1 6.250% 107!
3 2.066x 10°
10 6.118 < 10°
30 1.360%< 10
Mo 42 95.94 10.22 438.8 1 6.726 107"
3 2168 X 10°
10 6.149 % 10°
30 1.291 % 10!
W 74 183.85 19.3 748.2 1 7.658 %107
3 2.363 % 10°
10 6.219x10°
30 1.199 < 10!

* Ly Adjusted mean excitation energy
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Table 2.10 Results of the calculation for secondary photons generated by the electron Bremsstrahlung effect

Photon Energy I Incident Electron Energy (1 MeV)

Range (MeV) C AL FE cuU ‘ MO w
0.03—0.05 3.40E+0C 9.831E+00 3.36E+00 2.90E+00 2.24E+00 6.21E+00
0.05—0.10 1.50E+00 5.33E+00 5.03E--00 4.79E+00 4. 68E—~00 1.23E+01
0.10—0.15 6.49E—01 2.57E+00 3.32E+00 351E-00 5.05E+00 3.67E-Q0
0.15—0.20 3.59E—01 1L43E+00 1.99E+00 2.16E+00 3.69E+0C 3.64E+00
0.20—0.25 221E--01 8.81E—01 1.27E—00 1.40E+00 2.51E4+00 3.07E+00
0.25—0.30 1.46E—01 5.89E—01 8.59E—01 9.43E—01 1.76E+00 2.42E~+00
0.30—0.35 1.00E—01 4.03E—01 5.97E--01 6.59E—01 1.27E-+-00 1.87E-+00
0.35—0.40 7.10E—02 2.87E—-01 4.32E-01 4.79E—01 9.24E—01 1.45E--00
0.40—0.45 5.09E—02 2.11E—01 3.14E—01 356E—01 6.86E—01 1LITE+00
0.45—0.50 I69E-02 1.53E—01 2.34E—01 2.62E—01 5.14E—01 8.62E—01
0.50—0.55 2.76E—02 1.12E—01 1.76E—01 1.95E—01 3.94E—01 6.69E—01
0.55—0.60 1.99E—02 §.31E—02 1.29E—01 1.46E—01 2.98E—01 5.03E—01
0.60—0.65 1.40E—-02 6.04E—02 9.69E—02 1.08E—01 228E—01 3.92E—01
0.65—0.70 9.93E—03 433E—-02 6.94E—02 7.94E—02 1.65E—01 291E—01
0.70—0.75 6.93E—03 2.94E—02 4.90E—-02 5.85E—02 1.20E—0! 221E-01
0.75—0.80 4 80E—03 2.04E-02 3.62E—02 3.97E—02 8.32E—02 1.61E—01
0.80—0.85 2.T4E—03 1.20E—-02 2.30E—02 2.61E—02 5.67E—02 1.17E—01
0.85—0.90 1.48E—03 7.77E—03 1.40E—02 1.63E—02 3.52E-02 7.75E—02
0.90—0.95 8.61E—04 3.88E—03 7.78E—03 9.12E—03 2.00E—02 4,56E—02
0.95—-1.0¢ 2.30E—04 1.09E—03 2.64E—03 2.62E—03 6.48E—03 1.71E—02

TOTAL 1 2.29E—-01 8.18E—01 8.04E—01 8.20E—-01 ‘ 1.I7TE+0C 1.77E+00

Photon Energy Incident Electron Energy (3 MeV)

Range (MeV) C | AL FE Ccu MO | w
0.05—0.1¢ 6.07E+00 2.01E+01 1.02E—01 $.44E+00 5.21E+00 1.82E-+-01
0.10—0.20 2.48E+00 9.39E+00 1.07E+01 1.08E— 0] 1.24E+01 6.07E+00
0.20—0.30 1.13E+00 4.30E+00 5.72E+00 6.17E+ 00 9.95E 00 &45E+00
0.30—0.45 5.95E—01 2.27E+0Q0 3.07E4+00 - 3.35E+00 591E+00 7.01E+00
0.45—0.60 3.37E—01 1.27E+00 1.75E-00 1.90E+00 3.46E+00 4. 82E-00
0.60—0.75 2.13E-01 8.10E—01 1.11E+00 1.21E+00 2.24E+00 3.27E+00
0.75—0.90 1.44E—01 548E—0! 7.56E—01 8.39E—01 1.33E+0Q0 2.34E+00
0.90—1.05 [.03E—01 3.88E—01 5.33E—01 5.92E—01 1.08E+00 1.69E + Q0
1.05—1.20 7.35E—-02 2.82E—01 3.88E—01 4.34E—01 7.93E—01 1.27E+00
1.20—1.35 5.43E-02 2.07E—01 2.90E—01 3.17E—01 5.95E—01 9.25E—01
1.35—1.50 4.00E—02 1.553E—01 2.17E—-01 2.36E—01 4.51E—01 7.29E—01
1.50—1.65 305E—02 1.16E—01 1.62E—01 1.80E—01 3.40E—01 5.58E—01
1.65—1.80 2.17E—02 8.91E—02 1.27E—-01 1.32E—-01 2.63JE—01 4.30E—01
1.80—1.95 1.61E—02 6.46E—02 §8.88E—02 9.90E—02 1.90E—01 3.23E—01
1.95-2.10 1.13E—02 473E—02 0.94E—C(2 7.48E—02 1.38E—01 2.50E—01
2.10—2.25 8.38E—03 329E-02 4.81E—02 5.18E—02 1.03E—0! 1.87E—01
2.25—2.40 5.49E—03 2.31E—02 337E-02 365E-—02 6.98E—02 1.33E—01
2.40—2.55 3.03E—03 1.40E—02 2.09E—02 243E—02 4 47E—02 9.16E—02
2.55-2.70 1.77E—03 7.88E-03 1.29E-02 1.55E—02 3.10E—02 6.45E—02
2.70—2.85 9.37E—04 3.52E—03 5.76E—03 6.63E—03 1.68E—02 3.73E—02
2.85—3.00 2.17E—04 1.2SE—03 2.04E—03 2.33E—03 4.40E—03 1.33E—02

TOTAL 9.13E—01 3.32E400 345E+00 3.54E+-0C  S.08E+00 5.98E+00
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Table 2.10 (continued)
Photon Energy Incident Electron Energy (10 MeV)
Range (MeV) C AL FE ! CU MO w
0.30— 0.50 2.73E+ 00 9.66E+00 1.22E-+01 1.32E+01 2.10E+01 1.9CE+01
0.50— 1.00 1.24E+00 4.33E+00 5.52E—-00 5.98E+00 1.04E+01 1.37E+01
1.00— 1.50 5.80E—01 2.04E+00 2.54E+ 00 2.74E+00 4.68E+00 6.53E—00
1.50— 2.00 349E—01 1.22ZE+00 1.51E+00 1.63E+00 2.81E+00 3.95E+Q0
2.00— 2.50 2.30E—01 8.10E—01 1.01E+0C 1.10E+00 1.87E+00 2.64E4-00
2.50— 3.00 1.61E—01 5.71E—01 7.12E—01 7.71E—-01 1.31E400 1.83E+00
3.00— 3.50 1.17E—01 4.17E—-01 5.20E—01 5.60E—01 9.49E—01 1.33E+00
3.50— 4.00 8.76E—02 3.15E-01 3.92E—01 4.25E—-01 7.11E—01 9.90E—01
4.00— 4.5¢ 6.61E—02 2.36E—01 2.94E—-01 3.22E—01 5.39E—01 7.53E—01
4.50— 5.00 5.08E—02 1.84E—01 2.30E—01 2.50E—01 4.22E—01 5.76E—01
5.00— 5.50 3.82E—02 1.43E—01 1.78E—01 1.88E—01 3.24dE—01 437E—01
5.50— 6.00 2.96E—02 1.LOSE—01 1.37E—01 1.46E—01 2.46E—01 3.46E—01
6.00—- 6.30 223E-02 8.40E—02 1.07TE—01 1.14E—01 1.89E—0I 2.67E—01
6.50— 7.00 1.62E—02 647E—02 8.00E—02 8.45E—02 1.46E—01 2.02E—-01
7.00— 7.50 1.26E—02 4.40FE—02 5.70E--02 6.34E—02 1.08E—01 1.52E—01
7.50— 8.00 8.55E—03 3.15E—02 4,06E—02 4.43E—02 7.34E—02 1.10E—01
8.00— 8.50 4. 80E—03 1.73E—-02 242E—02 2.68E—02 4.61E—02 7.47E—02
8.50— 9.00 2.90E—03 1.09E—02 1.38E—02 1.56E—02 2.65E—02 4.76E—-02
9.00— 9.50 1.57E—03 5.63E~03 7.95E—03 8.40E—03 1.34E—02 2.53E—02
9.50—10.00 4.74E—04 1.88E—03 2.19E—03 2.70E—03 5.38E—03 9.82E—03
TOTAL 2.06E+00 7.25E4+00 9.12E-+00 9.87E+00 1.66E +01 | 2.08E+01
Photon Energy Incident Electron Energy (30 MeV)
Range (MeV) C AL FE CU 1‘ MO W
0.50— 1.00 3.95E+00 1.30E+01 1.58E+01 1.69E+01 2.85E+01 3.40E+01
1.00— 2.00 1.72E+00C 549E+00 6.15E+00 6.53E+00 1.05E+01 1.34E+01
2.00— 3.00 8.95E—01 2.85E+00 3.14E+00 3.31E+00 5.27E+00 6.58E+00
3.00— 4.50 5.29E—-01 1.68E+00 1.83E+00 1.92E400 2.99E+00 3.61E+00
4.50— 6.00 3.27E—01 1.03E~+00 1.L1I0E—-0Q0 1.I6E+00 1.78E+00 2.09E+00
6.00— 7.50 2.23E—01 6.97E—-01 737E—01 7.73E—01 1.17E+0C 1.34E+0Q0
7.50— 9.00 1.59E—01 5.00E—01 5.26E—01 5.44E—01 8.14E—01 9.25E-01
9.00—10.50 1.1I8BE—01 3.68E—01 3.87E—01 3.98E—01 6.02E—01 6.60E—01
10.50—12.00 8.95E—02 2.79E—01 2.89E—01 3.0sE—01 4 47E—01 4.94E—01
12.00—13.50 7.07E—02 2.16E—01 2.24E—01 2.30E—01 343E-01 3.80E—01
13.50—15.00 5.43E—02 1.68E—01 1.77E—01 1.82E—01 2.68E—01 2.97E—01
15.00—16.50 429E--02 1.35E—01 1.36E—01 1.43E—01 2.07E—01 2.25E—01
16.50—18.00 3.38E—02 1.03E—01 1.09E—01 1.10E—01 1.64E—01 1.79E—01
18.00—19.50 2.6lE—02 8.45E—02 8.38E—-02 B.91E—02 1.31E—01 1.39E—01
19.50~21.00 1.99E—02 6.37E—02 6.53E—02 6.72E—02 9.95E—02 1.09E—01
21.00—22.50 1.50E—-02 4.68E—02 4.94E—02 S.04E-02 7.42E—02 7.95E—02
22.50—24.00 1.05E—02 3.34E—Q2 3.48E—02 3.67TE—02 5.75E—02 5.82E—02
24.00—25.50 6.43E—03 2.14E—02 223E-02 2.40E—02 3.49E—-02 3.61E—02
25.50—27.00 4, 16E—03 1.38E—02 1.37E—-02 1.46E—02 1.86E—02 2.04E—02
27.00—28.50 2.05E—03 7.13E—03 7.39E—03 7.46E—03 1.20E—02 1.25E—02
28.50—30.00 6.20E—04 2.31E—03 2.68E—03 2.75E—03 3.83E—03 4.95E—03
TOTAL 7.19E+00 2.30E4+D01 2.59E—01 2.74E+01 4.39E—-01 ‘ 5.29E+01




JAERI 1316

2. Module for Generating Multigroup Cross Sections

Table 2.11 Energy group structure for electrons in the

Bremsstrahlung calculation

Group Electron Energy (eV) Mean Energy

1 250 — 350 300

2 200 — 250 22.5

3 150 — 20.0 17.5

4 20 — 150 13.5

5 10.0 — 120 11.0

6 80 — 10.0 9.0

7 65 — 80 7.25
8 50 — 6.5 375
9 40 — 5.0 4.5
10 30 — 40 35
11 25 — 30 2.75
12 20 — 2.5 2.25
13 1.66 — 2.0 1.83
14 133 — 1.66 : 1.495
15 1.1 — 133 1.215
16 09 — LI 1.0
17 | 00 - 09 (.45

| Electron
To
] A Target

FASSNSSAANNONMARNA N Y

Photon

\

Fig. 2.12 Configuration for computation of Bremsstrahlung
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2.1.8 Input Instruction

Input data to FAIR-CROSS are written in the FIDO format except for title cards and a unit
assignment card for DATA-POOL.

In the following, a size of data arrays is given in square brackets, and the condition under which the
data array is to be specified is given in parentheses. The data array without the condition must always be

specified.

1. Main title card Format (20A4)

Arbitrary commenis are given.

2. DATA-POOL assignment card

Logical unit numbers for each cross section library are written in this card whose format is a Name
list input described below:

&UNIT ULTX=nl, INFX=n2, FTBL=n3, SGXL=n4, FXSN=n3, SELF=n6t &END

‘& UNIT’ should be written from 2nd column. Unit names, ULTX, etc., indicate following libraries.

ULTX : Ultra—fine group cross section library

INFX : Infinite dilution cross section library

FTBL : Self-shielding factor library

SGXL : Secondary gamma-ray cross section library

FXSN : Effective macroscopic cross section library

SELF : Self-shielding factors for each composition

The logical unit numbers (n1~n6) are desired to be chosen from 91 to 99.

3. Control parameters for Main routine

1§ Main parameters [8]

1. ISTEP : Selection of the calculational step.
1=step 1 (generate micro cross sections)
2:==step 2 (generate macro cross sections)
3=step 3 (convert to P, cross sections)

2. NMAT :  Number of nuclide or material.
For step 1, NMAT means number of nuclides to be processed.
For step 2, it means number of nuclides included in a mixture and means number

of materials to be convert to P, cross sections for step 3.

3. ING :  Number of neutron energy groups.
IGG :  Number of gamma-ray energy groups.
5. TIPO :  Number of angular meshes.

This has no effect for step 1.
This should be selected from the values of 16, 24, 32, 48, 64 and 96 for step 2 and
step 3.
6. NODEEG : Nodename for the energy group structure (4-characters). This data is specified by
a form of 4HXXXX, where XXXX shows a node name.
7. ITYPE . Selection of the neutron energy group boundary.
O=use the data with the node name of NODEEG
1=input by cards (2* array)
2=use the default values (same as the JSD1000 library)
§. JTYPE :  Selection of gamma-rtay energy group boundary.
O=use the data with the node name of NODEEG
1=input by cards (3* array)
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2 —use the default values (same as the JSD1000 library)
T Termination of this data block.

2% Neutron energy group boundary [ING+1] (ITYPE= D
3% Gamma ray energy group boundary [IGG— 1] OTYPE=1)

T Termination of this data block.
If both of ITYPE and JTYPE are not equal to 1, skip the above data block.

4. Input data for step ] (ISTEP=1)
Repeat this input data by the number of nuclides to be processed (NMAT).
a. Title card Format (20A4)
This title is used for the comment of a nuclide in the cross section library.
4% Integer parameters [16]
1. MATNO :  Material number in a nuclear data file.
2. NDFB . Logical unit number for a nuclear data file.
Negative number indicates that the processed nuclear data file is ENDF/B-V.
3. ISTART :  Restart option.
0=not restart
1= generate the ultra—fine group cross section only
2==restart from the ultra—fine group library

3=restart from the fine—group library

4. NTMP :  Number of temperature.
NSIG . Number of background cross sections, including the infinite dilution cross section.
Iw :  Option for the weighting function.
1=1/E

2=constant

3=arbitrary weighting function (read in the 8% and 9* arrays)

4 == Maxwell - I /E+fission spectrum
(joint energies are given in the 7* array)

7. NI . Parameter for the arbitrary weighting function.

0=no effect

N = number of interpolation regions used to specify this function defined as n
ENDF/B-IV (IW=3)

g8 N2 . Parameter for the arbitrary weighting function.
0=no effect
N =number of energy point in this function (IW=13)
9. LINKI1 . Calculation of resonance parameters.
0O=no

1 =vyes, infinite dilution cross sections for the unresolved resonance region are
calculated by the method used in the MC? code
2 =vyes, infinite dilution cross sections for the unresolved resonance region are
calculated by the same method adopted in the resolved resonance region

10. LINK2 . Caleulation of scattering matrices.
O0=mno

=yes
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12.

13.

14.

15.

16.

5*

6*

7*

8%

g%

10*
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LINK3 . Calculation of atomic displacement cross sections and energy deposition factors.
0=mno
1=yes

LINK4 . Calculation of thermal scattering cross sections from the scattering law data given

in the nuclear data file.
0=no
1=yes
NGOUT :  Output of the ultra—fine group library.
0=no
1=output of the infinite dilution cross section for a standard temperature {first
temperature in the 5* array)
2=output of cross sections for all background cross sections and temperatures

NPRTI . Print of point—wise cross sections in the resolved resonance region.
0=no
1=vyes

NPRT2 : Print of the ultra—fine group cross sections.
0=no

1 =yes, number of reaction type to be printed. Reaction types are specified in the

12§ array.
NPRT3 . Print of scattering matrices.
0=no

1 =yes, print of group—to—group matrix
2=vyes, print of the double differential cross sections

T Termination of this data block.

Temperature in Kelvin [NTMP]

At first a standard temperature should be inputted.

Background cross sections in barns [NSIG]

At the first, 10° for the infinite dilution cross section should be inputted.

Parameters for the weighting function [3] (IW=4)

EB . Boundary energy in eV between Maxwellian and 1/E.
TC :  Temperature in eV for a fission spectrum.
EC : Boundary energy in eV between 1/E and a fission spectrum.

Interpolation schemes for the arbitrary weighting function [2¥N1] (IW=3)

Last point numbers and interpolation schemes in the interpolation region are inputted alternately.
This form is the same as that in the ENDF/B file.

Energies and weights for the arbitrary weighting function [2*N2j (IW=3)

Energies should be given in the increasing order in eV, Energies and weights are given alternately.

Reconstruction tolerance [4]

ERR . Permissible relative error in resolved resonance cross sections.

AVERR . Specification of a resonance tail for the approximation method in the resolved
resonance calculation. If zero is set, this option is neglected.

ERR2 . Permissible relative error in double differential cross sections.

TEFF . Effective temperature (Kelvin) in the short collision time approximation for

thermal scattering calculation. If zero is set, this approximation is not adopted.
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11#

Ll o b

12%

13%

Constants for the caleulation of atomic displacement cross sections and energy deposition factors
[5] (LINK3=1)

ED . Effective displacement energy in eV.

QNG . (Q-value for the (», 7) reaction in eV.

QNP :  Q-value for the (n, p) reaction in eV.

ANA . Q-value for the (n, &) reaction in eV,

HFB . Kinetic energy of the fission fragment in eV.

If a Q-value is set to zero, the value in ENDF/B File 3 is used for each reaction type.

Reaction types to be printed in the ultra—fine group cross sections [NPRT2] (NPRT2+0)
Reaction types are specified by the MT numbers in the ENDF/B library.

Data for thermal scattering calculation [4] (LINK4=1)

MATNO?2 : Material identification number of the nuclear data file, including thermal scatter-
ing law. .

NDSL . Logical unit number for the nuclear data file.

NGTH . The energy group number of the upper limit for source energy of thermal up—
scattering.

If the value is set to zero, the appropriate value given in the File 7 of ENDEF/B
format is set.
NOGTH . Number of meshes per each energy group to be calculated.

T Termination of this data block.

5. Input data for step 2 (ISTEP=2)

a.

4%

5%

Title card Format (20A4)
This title is used for the comment of a material in the cross section library.
Selection of modules [6]
MATID . Node name for the macroscopic cross section in the library (4—characters).
This data is specified as 4HXXXX, where XXXX is a node name.
1I0PT1 . Execution of FACTOR that calculates effective microscopic neutron cross sec-
tions.
0=no
1 =yes
I0PT2 . Execution of SGRX that calculates secondary gamma-ray production cross
sections.
O=no
1=vyes
1I0PT3 . Execution of GAMMA that calculates gamma-ray cross sections.
0=no
1=yes, an empirical formula is adopted.
2=yes, DLC-15 library is adopted.
3=yes, DL.C-15 library is adopted and Bremsstrahlung data are also generated.
10PT4 . Execution of TCUP that couples neutron and gamma-ray cross sections and
output to a library.
0=no
1 =yes
NUPIN . Number of energy groups for up-scattering.
Data identification numbers in the fine-group library for each composition. [NMAT]

MATNO specified in the 45 array of step 1 must be assigned here.
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7% Data identification numbers in the selfshielding library for each composition. [NMAT]
(IOPT1=1)
MATNO specified in the 4§ array of step 1 must be used for this number. For a composition which
is not given in the self-shielding library, put zero to the number.
The order of the numbers should be the same as that in the 3% array. Also in the following data
arrays (8*~10%), the same order in required.

8* Atomic numbers for each composition [NMAT] (IOPT2=1 or IOPT3=1)

9% Atomic number densities for each composition [NMAT]
The unit is [atom/barn * cm]

10* Temperatures in Kelvin for each composition [NMAT]

T Termination of this data block.

b. Input data for the FACTOR module (IOPT1=1)
12§ OQutput options  [2]

1. NPUN : Qutput of the self-shielding factor for each composition to the DATA-POOL.
0=no
1 =yes

2. IPRI1 . Print of the effective neutron cross sections for each composition.
0=no

1 =yes
T Termination of this data block.
c. Input data for SGRX module (IOPT2=1)
Repeat the 13§ and 14§ arrays for each composition.

The order of input compositions is arbitrary.
13§ Contrel parameters [4]

1. MATNO :  Data identification number specified in the 3% array.

2. NMATLS : Number of the reaction type to be processed.
If there is no reaction, put zero.

3, NXSEC . Selection of the interaction cross sections for the nonresonance reaction.
0=S8econdary gamma-ray cross section library
1=Infinite dilution cross section library

1. LOOK . Print of the secondary gamma-ray production cross sections.
0=no
1 =print for tetal reaction
2=print for each reaction type

T Termination of this data block.

14$ Data identification numbers in the secondary gamma-ray library for each reaction type
[NMATLS] (NMATLS#0)

T Termination of this data block.
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d. Input data for the GAMMA module (IOPT3=1)
17% Control parameters [6]
1. N . Number of fine energy meshes per group.
2. KON . Option for the weighting function.
0=constant
| =input the weighting function in the 21%, 22* arrays

3. IF . Number of energy points for the weighting funcrion.
For KON=0, put zero.
4, LOOK . Print of the gamma-ray cross section.
0=no
1=yes
5. IPRTO . Print of absorption and coherent scattering cross sections.
O=no

1 =print for each group

2=vprint for each fine energy mesh
6. IPRJI . Print of the energy deposition factor

0=no

I =print for each group

2=print for each fine energy mesh

T Termination of this data block.

21* Energy points for the weighting function. [IF] (KON=1)
Energies should in given in the descending order by MeV.
22%* Weights for the weighting function. [IF] (KON=1)
These data should correspond to the 21* array, and a linear interpolation is used between the

energy ponts.
T Termination of thie data block.

e. Input data for the TCUP module (IOPT4=1)
29% Control parameters [4]

1. NPUN . Qutput of macroscopic cross sections to a library.
O=yes
1=mno

2. IPRT . Print of macroscopic cross sections.
0=no
1=print
2=print with the DAR form

3. NHEAT . Incorporation of the energy deposition factors into the cross sections table.
0=no
1=yes

4. NDISP . Incorporation of the atomic displacement cross sections into the cross section
table.
0=no

1=yes

T Termination of this data block.
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6. Input data for step 3

30§ Control parameters [3]
1. LOR . Maximum order of the Legendre expansion to be generated.
2. LIB : Output form of the cross section library.

1=ANISN-JR material-wise
2=DOT material-wise
3=ANISN-JR forward—group—wise (group independent)
4=ANISN-JR adjoint-group—wise (group independent)
3. IPG :  Print of cross sections
—1=oprint cross sections by each energy group
0=no print
N =print cross sections for the energy groups defined in the 33§ array

T Termination of this data block.

31§ Node names of materials contained in the cross section library [NMAT]
32§ Material identification numbers for each material defined in the 313 array [NMAT)]
33% Energy groups to be printed [IPG]

T Termination of this data block.

2.1.9 Input/Qutput File Assignment

FAIR-CROSS requires various direct—access devices during the execution. Table 2.12 shows the
names of the data sets. The logical unit number marked with a circle in the table is required to exccute the
job. The logical unit number which is marked with a condition in parentheses is required when the

condition is satisfied. The value for the first space estimation changes with the various conditions of

computation, so that it is roughly estimated.

2.1.10 Job Control Language
The job control languages for FAIR-CROSS step 1, step 2 and step 3 are shown in Figs. 2.13(a),

(b} and (c), respectively.
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Table 2.12 Requirements for external data sets in FAIR-CROSS
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1st. Space |

group
independent )

Files required in FATR-CROSS DCB Information
Logica!l Unit Contents Estimation
step 1 step 2 step 3 (Tracks) LRECL | BLKSIZE | RECFM
ULTX O ]
INFX C* Oo* ‘
FIBL or Q* | DATA-POOL - 3600 3600 F
SGXL =
FXSN O* *
SELF O |
NDFB O Nuclear Data (ENDF/B format)
NDSL (LINK4=1) Thermal Scattering Law Data (ENDF/B format) FB
FTOSFO0! (IOPT322) DLC-15 Library
FTO1F00] C ® Scratch | 30
FTOZF001 Q O Scratch 30
FTO3F001 O O Scratch 30
FTO4F001 O Scratch 30 19064 19068 VBS
FT10F001 O Scratch 30 (13030} {13034)
FT11F001 O O Scratch 30
FT12F001 I~ Scratch 30
300
FT13F00] O O Scratch for S;OEP ! 16304 16804 F
for step 2
FT14F001 O . Scratch 30
FT15F0C¢] ] Scratch ki
FT16F0D1 Q Seratch 0
FT17F001 O Scratch 30 19064 19068 VBS
FT18F001 @] Scratch 30 (13030) (13034)
FT21F001 Scratch
~ Ot for each 30
FT29F001 nueleus
FT40F00] O P, X.-sec. 100
{material wise)
FT50F001 (LIB=3) P, X.—sec.

* Logical unit numbers are defined by the unit assignment card.

+ Number of scratch files is equal to the number of nuclei to be processed.
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HESNH,DRDER, CSTTL, CSNGRP,JTEST, RODEX, CCBY
CSAA,CSRM,CSUNRT, CSUNR2,LSY,FLLTFC, GHRL, FHTERF, IHTER]
INVERS,RDAA,RDEW1,ROFLL2,RONORP,ROUKRY, ROUNRZ, ROV, UKFAL
SEG310

PROF3,COMBR, FIKUR,STORS, LOADR

SEGI10

DOPFLR,DOPCAL , CHKRNG ERF,ERFC,FUNKY HUNKY, INP,LOPAGE
LINRiZ,S1GRAR,SGARDN, SGTHIN, FINDX, STORS1,C2ERD
SEG200

SMOOTH,GEYW, MAXWEL ,GENT1,GPAVES, FETCH, STORE,DELETE
COMB, COMBP, IPDS,FPDS,LRIDS,ADD,SUD, KULT, DIV, LIBOUT
RESU,FJ,DLAG, INTER

DENS

SEGZ00

ROFGX,CROS,STORX,PRFTL,OUTI, ROSHT, VDIKEN

SEG200

FCHTRG,GALT,EXTPO
TRAKCE,CALNW,ERRLST,EYASIG, GFLMAX,GDASKA, INLST1,GZERC, OCHAG
LNTEG,OFLOW,PICARD, PREP,WELPDT,HOSEL,GNUES

SEG200

SMAT, INSCAT,NORMAT, INTGLN, SPOSIT,REDUC, LNTGSY

FiLES

SEGISO

TRANS, ARNG,CLELS,CONVME,DCS1G,ERR1, EXPRS, GETEN, INTRP
HURAG,RELX,SENGY,SETEM, THF4, XTARL,LEGDDK
FCNTR1,GNUE,FCHTRI, GRUEY

$EG350

INELAS, IKAT, THFS5,INF5,LFONE, [NPROB, SUKLEY
FCNTR2,GRUE2, GNUES

SEG3S0
PROFT,PRE7,CKERY, CKER2,FEINT, FEINA FKC,GNC,GNCR
KERA,KERC,K1F,REATS REKON, TERP2,TERP]

SEG100

SKOGT,FLNOUT

EXEC LMGO,LM=’J9646 . FCSTEP1X*,0B512E=337, ORECFH=FA
DISK,DDN=FTDIF0O0Y,SPC="100,20"
DISK,DDK=FT02F001,5PC=7100,20"
DISK,DOK=FTO3FO01,5PC="100,20°
DISK,DDN=FI04FQQ1,SPL=-100,20"
DISKTO,DDN=FTOBFCO1,D5M= 31615 . ENDFBA0B’ , DISP=5HR
DI1SK,DDK=FI10F0Q1,5P{=100,20"

D1SK,DDN=FT$1F0D1,SPC="100,20"
DI1SK,DON=FT12F001,$PC="100,20"
DISK,DON=FTL3F001,8PL="200"
DISK,DON=FT34F001,8PC="100,20"
DISK,DON=FTISFO01,5PC="100,20"

QISKTO, DDN=FT191F001,DSN="J9646.PO0L77 " , NODE=DULT
D=

ROSS STEP1

IKFX=91, FTEL=91 LEND

1 100 20 0 4HEGRP 2 2 1%

{1276 0-16 FROM ERDF/B-1V

4Y¥ 12

76 B0 1T400110000071 T

LD 30G.0

Gxu 1.0+ 0.0
1

Txx 1.

10== ¢.01 o0.C

+4
i

1.0 10.0 100.0 1000.0 19000.0
LA B.208+5
0.03 0.0

25-1

(a) For step 1

00000100
00000200
90000300
00000400
00000500
00060600
60000700
C000GBOO

00000900
0000510
Qo0Q1000
000601100
00001200
00001300
00001400C
00001500
00001600
00001700
00007600
00001500
00002000
Qeoozic0
Quo02200
00002300
o0c02400
000062500
00002600
00002700
00002800
00002900
00003009
00003100
00003200
00003309
00003400
00003500
000036090
Go003700
cooo3ang
0o003900
C0004G00
00C04100
00004200
00004300
00CD4400
00004500
00004600
00C04700
00004800
60004900
00G05100C
00005200
00005300
opeosa00
00005500
00005600
00006000
0006100
0Q006 700
00004300
00006400
00006500
00006600

QoppeTOL
00c0&R200
00C065900
00007000
Gooo7100
00007700
06007800
00007900
00008000
ocooal00
ooo08zo0
0000B300
0C0O8400Q
00008500
00008600
GOC0aTAD
00008900
00009000
00009100
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Fig. 2.13 Job control cards and input data for FAIR-CROSS for use on the FACOM M-380
computer at JAERI
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2. Module for Generating Multigroup Cross Sections

J1JCLG  JOB
ff EXEC JCLG
{ISYSLN DD DATA,DLH='++"
/4 SUSER 81929646, KA. HIKANI, 0954,100
T.2 C.1 W.2 1.3 P.O SRP
OPTP PASSWORD=X MOT1FY=J964b
/1 EXEC FOR1T7,S0=°J3679.FCSTEP2X’ A='ELH(x} KOS5’ 0=" FORT’
J7 EXEC LKED??,PRVLIB="J9645.0DPOOLZ’
/1 EXEL GO
J7 EXPAND DISK,DDN=FT11F001,SPC="50,20"
/¢ EXPAND D1SK,DDN=FT13F0G1,SPC="50,20"
/1 EXPAND DISK,DDN=FT14F001,8PC="50,20"
/1 EXPAND DLSK,DDN=F116F001,8PC="50,20"
/¢ EXPAND BISK,DDN=FT17F001,8PC=’50,20"
/¢ EXPAND DLSK,DDN=FT18F001,5PC="50,20"
/1 EXPAND DLSK,DDN=FT21F001,5PC=/50,20"
/¢ EXPAND DISK,DDN=FT22F001,SPC="50,20"
/¢ EXPAND D1SK,DDN=FT23FOC1,5PC='50,20"
fi EXPAND DISK10,DBN=FT91F001,DSN="J3679 RADHDPOZ’
/1 EXFAND DISKTO,ODN=FT92F001,D5N="19646.POOL7E" HODE=OUT
/7 EXPAND DISKTO,DDN=FTO3FOCT,D5N="J3679.CROSSY”
JISYSIN DB =
CXCCUTION GF FALR-CROSS STEP?
SUNLT INFX=92,FTHL=92,56XL=91,FYXSN=92 LEND

1%¥ 2 1 100 20 16 4HEGRP O O T

D-16 <ENDF/B)

4Y¥ 4HO16 1 1 1 1 0

5¥¥ 1276

7Y 1276

Bxx 8.0

FES )] 1.0
H LS 300.0

T
12¥¥ 0 4] T

13v¥ 1276 4 [} ¢ T
14y 108 &08 208 308 T

1T¥¥ 10 5RO T
29¥¥ 1 1 0 i
T
LR
1
(b) For step 2
F1JCLG . JRB,

14 EXEC JELG
JISYSIN DD DATA, DLM="++¢
Jf JUSER B1929646,KA.MINAK],0954.100
T.5 C.4 w.3 1.4 P.O SRP
OPTP PASSWORD=K,NOTIFY=J964f
{1 EXEC LHGO,LM='J3679.FCSTEP2X’
/i EXPAHD DISK,D0N=FTO1FO0Q1,SFC="100,20"
J! EXPARD DISK,DDN=FTQ2F001,SPC="100,20"
{4/ EXPAND DISK,DON=FTC3IF001,8PC="100,207
{7 EXPAND DISK,DDN=FT40F001,8PC="100,20"
{1 EXPAND DlSKPSN,DDH=FTSDF001,DSN=GRP1H,SPC='100,?0'
1 EXPAKD DISKTO,DSN=49646,P00L797,DON=FT91F001
[1SYSIH DD =
CGNYERSION TO PL XSEC
LUNIT INFX=G1,FXSN=91 &END
1¥¥ 3 2 300 20 16 4HEGRP 0 O T

3oy 3 3 O T
J1¥¥  4HAIR 4HCONC
J2¥¥ 100 200
T
4
il

{¢) For step 3

00000070
00000080
00000090
00000100
0000110
00000120
00000140
00000160
0e0oe17e
00000150
00000200
00000210
00600270
00000230
00000240
00000250
0000260
60000279
00000280
80090250
00000291
00000300
00000310
00000320
60000330
00000340
00600350
06000360
00000370
£0000380
00000390
00000400
00000410
00000420
00000430
00000440
00000450
09000460
00000470
00000480
00000430

00000018
0o0G0020
00000030
00600040
00000050
00000060
00000070
00000080
00000090
00000100
00000110
ooooQ120
00000130
Q0000140
pocooiso
00000160
0goog17e
0000018C
00000150
D000 200
00000210
00000220
00000230

51
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2.1.11 Data Notes for FAIR-CROSS
Limitations and Notes for using FAIR-CROSS are described in this section.

52

Note 1}
Note 2)
Note 3)
Note 4)
Note 35)
Note 6)
Note 7)
Note 8)
Note 9)
Note 10}

The maximum number for the ultra—fine groups is 4000, and the value for the fine-groups of
neutron is 200. The maximum number of gamma—ray groups is 50.
The energy range between 16.736 MeV and 2.6082 X 1077 eV can be processed for neutrons.
The gamma-ray energy less than 1 keV can not be treated when the DLC-15 library is
adopted.
The maximum number of nuclei in a homogenized mixture is limited up to 20.
The maximum number of the background cross sections in a computation is limited to 10.
The number of the fixed angular meshes is restricted to amaong the 16, 24, 32, 48, 64 and 96.
The macroscopic cross sections for neutron are generated by using the infinite dilution cross
sections and the self-shielding factors of each nucleus, so that the table of self-shielding
factors should be produced before the calculation of homogenized mixture. When the self—
shielding factors are calculated, NSIG in the 4§ array must be given a number more than one
in the computation of FAIR—CROSS step 1. If NTMP in the 48 array is set a number greater
than one, the shielf—shielding factor becomes temperature dependent. The first data in the 5%
array must be 10° which indicates the infinite dilution approximation because that the
denominator in the calculation of the self—shielding factor is set to the first cross section in the
5* array (background cross section) and the 6* array (temperature). If NSIG and NTMP are
set to one, only the self~shielded cross section is generated and the selfshielding factor is not
produced.
FAIR-CROSS step 1 may require too long computation time for the nucleus which has many
resonance, e.g., ~-U or *’Pu. In this case the step 1 can be divided into three parts. The
processes are i ) the production of the ultra—fine group cross sections, ii ) the production of
the fine-group cross sections and the self-shielding factors, and ii) the production of the
scattering matrices, the atomic displacement cross sections and the energy deposition factors.
These parts can be executed separately by using the restart option, as shown in Table 2.13.
When the secondary gamma-ray production cross section is computed, the interaction cross
section can be selected from that in the fine—group library (NXSEC=1) or the secondary
gamma-ray production library (NXSEC=0) for the nonresonance reaction. The interaction
cross sections for all excited levels of inelastic reactions are given in the fine—group library.
The secondary gamma—ray production cross sections may be overestimated when the yield
data corresponding to the interaction cross sections are given only for some excited levels and
NXSEC is set to 1. For this case, the interaction cross sections in the secondary gamma-ray
production library should be used by setting NXSEC to zero.
The numbers of up—scattering groups for each nucleus are different from each other in the
process of FAIR—CROSS step 1. The numbers are normalized to NUPIN in the process of
FAIR-CROSS step 2. In the FAIR-CROSS step 3, the length of cross section table for
ANISN-JR or DOT3.5 is changed according to whether the up—scattering exists or not, so
that the user should be attentive in using the data set.
The parameters for the calculation of up—scattering are limited by the following conditions:

NUPIN <100,

NOGTH X NUPIN <200,

NOGTH X NUPOQUT = 180,

NUPIN x NUPQUT <2500,
where NUPIN is the number of thermal groups (ING —NGTH—+1) and NUPOUT is the
number of up—scattered groups.
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Table 2.13 Usage of the restart option in FAIR-CROSS

ISTART | NGOUT | LINK1 LINK2 LINK3 Calculated part
] ‘ 0/1/27 L2 1 AN All parts
| ! T T

1 2 | 1/2 0 0 Ultra—fine group cross section
2 0 a 0 ¢ Fine—group cross section and Self-shielding factor
3 ‘ 0 0 ‘ 1 | 0/1 ‘ Scattering matrix

I I I
0 1/2 ! 1/2 0 ! 0 Ultra--fine and fine-group cross sections and self—shielding factor
3 0 0 1 0/1 Scatiering matrix

% This indicates that the variable is set to 0, 1 or 2.

2.2 TWOWAY

TWOWAY module converts secondary gamma-ray production data given by a nuclear data file to
the arbitrary neutron and gamma-ray energy group structure for the coupled neutron and gamma ray
transport calculation. This module can process two type of nuclear data file, the ENDE/B and POPOP4
library. Tn this module, neutron interaction cross sections are retrieved from the ultra-fine group cross
section library produced at the FATR-CROSS step 1, and the secondary gamma-ray production data
calculated by this module are processed at the FAIR—CROSS step 2 to produce coupled neutron and
gamma—ray cross sections.

In the secondary gamma-ray production data, yields and gamma-ray spectra are stored separately
for each reaction type. This form is useful to compare and estimate the secondary gamma-ray production
data of the ENDF/B and POPOP4 library. This module has two techniques which convert the given
energy spectra to the required gamma-ray group structure. These techniques are (1) a constant weighting
and (2) an energy weighting. The latter technique conserves the total release energy, so that, this is

preferable for the computation with the broad energy group structure.

2.2.1 Secondary Gamma-Ray Production Cross Section
Data generated in the TWOWAY module are the neutron interaction cross section g,, the gamma—
ray vields ¥, and the probabilities P, ., for each reaction. The relations with the three quantities are as

follows:
Y, = 220,/ O (2. 144)

Proy=0y -/ Y0 (2. 145)

e

Secondary gamma-ray (Photon) production data are stored in the ENDF/B File by the following

forms:
File 12 Multiplicities for
continuous photon energy and discrete photon energy.
Transition probability arays.
File 13 Photon production cross section for
continuous photon energy and discrete photon energy.
File 14 Photon angular distributions.
File 15 Continuous photon energy spectra.
File 16 Photon energy—angle distributions.

TWOWAY cannot calculate the angular distribution of the secondary gamma-ray production cross



RADHEAT-V4: A Code Svstem to Generate Multigroup Constants and
34 Analyze Radiation Transport for Shielding Safety Evaluation JAERI 1316

sections in this version. This module calculates secondary gamma-ray production cross sections for a

required neutron and gamma-ray energy group structure by the following three schemes.

(1) Multiplicities

Yields, Y(E), at the midpoint energy of the ultra—fine energy group are calculated by interpolating
the tabulated multiplicities (File 12).

The yields for the ultra—fine energy groups are multiplied by the neutron interaction cross section, o,
(E), and weighting function, ¢(E), retrieved from the ultra—fine group cross section library:

§ v, (He(E)dE
o(n—>E)=— SF -, (2. 146)
T $(B)E

where E(E,. ;< E.<E,) is a discrete phjoton energy.
When yields are given for a discrete photon energy, the secondary gamma-ray production cross

sections for the gamma-ray group g from a neutron interaction in the neutron group n, &, ., are

calculated according to the specified weighting option.

(A) Constant weighting
0,..—a(n—=E), 2. 147a
4 T

(B) Energy weighting
2E

O™ 1 o “0(n=E), (2. 147b)

s E+E,

When the yield is given by a continuous photon emission probabilty P(E—E,) at the neutron energy E,
the probability is integrated in the energy interval for each gamma—ray group g according to the specified

weighting option:
{A) Constant weighting
Epe:
P(E)= SE P(E—~E)dE,, (2. 148a)
{B) Energy weighting

Eg+1
2" P(E~E) » B4,
P(E)=—— . (2. 148b)
Eg+ Eg“l

Then the secondary gamma-ray production cross sections are caleulated as follows:

(" VB0, (E)b(E)PE)dE
e (2. 149)

§ epyaE

Opry

(2y Transition probability arrays
The secondary gamma—ray production cross section is given according to transitions between specific
levels. The photon energy in a transition from the level j to the level i is given by,

E,=ES,— ES, (2. 150)

where ES, is the energy of level i The secondary gamma-ray production cross section at the photon

energy F corresponding to a transition from the level j to the level i is given as



JAERI 1316 7. Module for Generating Multigroup Cross Sections 35

(o (me(BaE
o(n—>E)=TP(. i) » GP(. ) —— - -, (2. 151)
§, semax

where TP(j, i) is the probability of a direct transition from the level j to the level i in the File 12 of the
ENDE/B library, GP(j, i) is the probability of a photon transition from the level j to the level i (i.e., the
conditional probability of photon emission), and 0,( E) is the neutron cross section for inelastic scattering
to the level j. The secondary gamma-tay production cross section o(n—E,) is converted to the group cross

section in the same manner as used in the preceding section.

(3) Photon production cross section

The photon production cross sections are given by the same form as the multiplicities. A conversion
technique for this form is the same as that for the multiplicities except that the photon production cross
sections are not multiplied by neutron interaction cross sections.

In the POPOP4 Library, the photon production matrices are given not for point energies but by
group cross sections. To convert this matrices with the same technique used for processing the ENDF/
B file, the photon production matrices are separated into yields and probabilities, and these probabilities
are converted to energy spectra by using the energy weighting of the gamma-ray energy group. The latter
process is the same as used for processing the ENDF/B fiile.

The output cross sections in the DATA-POOL are named by new reaction type numbers. The data
of each reaction are identified by the three digits. The first digit indicates the reaction channel defined in
Table 2.14. In this table, the code number 3 includes the inelastic scattering (MT —=4or 51-9), (n, na)
reaction (MT=22), (n, n’3a) reaction (MT =23), and (#n, n'p) reaction (MT ==28). The code number 4
includes the (#, 2n) reaction (MT=16) and (n, 2na) reaction(MT=24). The second and third digits
indicate the atomic number of the nuclide. For processing the ENDF/B library the second and third digits
are given by the input data (NSEQ in card 4), and for the case of the POPOP4 library, three digits are
given by the input data (card 7).

Table 2.14 Identification number of the reaction
channel in the secondary gamma-ray
production cross section

. ENDF/B
Ceode No. Reaction channel
MT number
(n, 7) non—fission 102
2 (n, ar) 107
3 (n, n' 7) 4,22, 23, 28,
51-91
4 (n, 20" 7) 16, 24
5 {(n, 30" 7) 17
6 (n, p7) 104
7 not used —
g (n, 7) fission 18
9 . non—elastic 3
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2.2.2 Input Instruction
Input data for TWOWAY are described below.

Title card FORMAT (18A4)
This title is used for the comment of a nuclide in the cross section library.

DATA-POOL assignment card
Logical unit numbers for each cross section libraries are written in this card whose format is a Name
list input described below:
&UNIT ULTX =nl, SGXL=n2, INFX-=n3 &END
‘& UNIT’ should be written from the 2nd column. Unit names, ULTX, INFX and SGXL indicate
following libraries:
ULTX : Ultra—fine group cross section library
SGXL : Secondary gamma-ray production cross section library
INFX : Infinite dilution cross section library
The logical unit numbers (nl, n2, n3) are desireble to be shosen from 91 to 99.

Main control parameters Format (A4, 1X, 51I5)

1. NODE . Node name of the energy group structure for neutron and gamma ray. (4—
characters)

2. ING . Number of the neutron energy group.

3. 1IGG : Number of the gamma-ray energy group.

4. ITWO . Selecton of the secondary gamma-ray dafa.
1=ENDF/B-1V or ENDF/B-V (File 12~15)
2=POPOP4 library

5. ICON :  Weighting option for energy spectrum.
O=constant weighting
1=energy weighting

6. IPRT :  Print option.
0=print brief information

1=rprint detailed information

Control data for the path to ENDF/B library (ITWO=1) Format (315, A8)
1. MATNO :  Material number in ENDF/B library.
2. NDFB : Logical unit number for the ENDF/B tape.

Negative number indicates that the processed nuclear data file is ENDF/B-V.

3. NSEQ : Data identification code number. (0<<NSEQ<99)
4. NAME :  Material name.

Control data for the path to the POPOP4 library (ITWO=2) Format (2I5)
1. MATNO  : Material number of ENDF/B-IV.
2. NMATLS : Number of the reaction type to be processed.

Control data for the path to the POPOP4 library (ITWO=2) Format (7I10)

Data numbers for reactions in the POPOP4 library to be processed.
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7. Control data for the path to the POPOP4 library (ITWO=2) Format (7110)
New identification code numbers for reactions sh
these code numbers should be the same as the above data array.

2. Medule for Generating Multigroup Cross Sections

2.2.3 Input/QOutput File Assignment

TWOWAY requires various data sets during executio

data sets.

Table 2.15 Regquirements for external data sets in TWOWAY

37

ould be written on the DATA-POOL. The order of

n. Table 2.15 shows the specification of the

" 1st. Space DCB Information
Logical Unit Contents Estimation
(Tracks) LRECL BLKSIZE | RECFM
ULTX
INFX DATA-POOL — 3600 3600 F
SGXL
NDFB Nuclear Data in ENDF /B form — — — —
FT10F001 POPOP4 library — — — —
FT01F001 Scratch (ITP1) for broad—group 30
cross section
FT02F001 Scratch (ITP2) for broad—group 30
yield data
FTO3F001 Scratch (ITP3) for fine—group 30 19064 15068 VBS
yield data or broad-group pro-
bability
FT04F001 Scratch (ITP4) for fine—group 30
yield data
FTO8F001 Scratch (ITP8) for broad-group a0
photon production ¢ross section

2.2.4 Job Control Language

Figure 2.14 shows a typical job control language for TWOWAY execution.

{4JCLG JOB
14 EXEC JELG

JISYSIK DD DATA,DLK='++’
f1 JUSER 75173679, NA. YAHANG,0951.200

7.5 C.4 ¥.2

1.4 P.O OFN NLP

OPTP PASSWORD=ACCORD,HOTIFY=43679

it EXEL LMGD,

LM=*J3679.TWOWAY ', Q=" LOAD.K’

/! EXPAHD DISK,00N=FT01FO01
t1 EXPAND DISK,DON=FTC2F001
t1{ EXPAND DISK,DDN=FTG3FQO1
{1/ EXPAND DISK,DDN=FTG4FOO]
{{ EXPAND DISK,DDH=FTQBFCQO1
{! EXPAND DISKTO,BDN=FT10F001,08N="J1615 . ENDFB4GS”
/) EXPAND DISKTO,DDM=FT91F001,D8N="J3678.CROSS2’

/i EXPAND DISKTO,DDN=FT92F001,DSH="J3679,.LR0SSY’

J{ EXPAND DISKTO,DDH=FT93FGO1,DSN="J3679.RADHDPO2’

11SYSIN DD =

TWOWAY ENDF/B-EV TI ( 300 K )

LUNLIT ULTX=
EGRP 100
1193 10
4

Iy

91, INFX=92,86XL=93 LEND
20 1 00
32 22-T1 ENDF/B-iv ( 300 K )

00000100
00001100
00002100
00003100
00004100
00005100
00007100
00GOE100
00009100
00010100
00611100
00012100
00013100
06014100
06015100
00016100
00054100
00055100
0o056100
060056110
00056120
00057100
00058100

Fig. 2.14 Job control cards and input data for TWOWAY for use on the FACOM M-380
computer at JAERI




RADHEAT-V4: A Code Svstem to Generate Multigroup Constants and
58 Analyze Radiation Transport for Shielding Safety Evalvation JAERI 1316

2.2.5 Data Notes for TWOWAY
Notes for using TWOWAY are described in this section. The user should pay attention to these notes
before execution.

Note 1) TWOWAY uses the neutron and gamma-ray group structures stored in the infinite dilution
cross section library, so that these group structures should be generated previously in that
library.

Note 2) Ultra—fine group cross sections used by TWOWAY are those at the temperature of 300 K and
the first background cross section computed in FAIR-CROSS step 1 (normally the infinite
dilution cross section). The node name is ULTX-matno-TMPI-SIG1.

Note 3) Processed reaction code numbers for POPOP4 library are 1, 2, 3, 4. 5, 6and 8 in Table 2.14.

2.3 FDEM

FDEM generates cell-averaged few—group cross sections and collapsed response functions for
ESPRIT and MCACE calculations. The module is also prepared to store arbitrary response data in the
DATA-POOL. The processing method can be chosen from 5 options. The effective microscopic and
macroscopic cross sections are collapsed by using one of the three options. The response function is
produced by using one of the two other options. The cell-averaged effective cross sections are computed
by using spatial dependent fluxes calculated by DIAC. The response data to be collapsed are chosen from
sequential data sets prepared by the user and the microscopic cross sections contained in the DATA-
POOL. The flow diagram of FDEM is shown in Fig. 2.15.

2.3.1 Collapsed Few—group Cross Section

Collapsing energy groups to few groups can be performed by choosing one of the two procedures
described below:

i} Macroscopic cross section is used. (ICAL=2)

(ii) Infinite dilution microscopic cross section and self-shielding factor are used. (ICAL=1 or 3)
When the former process is selected, the collapsed macroscopic cross sections with the same angular
meshes as those in the fine—group cross sections are generated. On the other hand, the number of angular
meshes can be arbitrary defined if the latter process is selected. The weighting procedure is performed in
the following manner:

{7 amoEYRED

T ’ (2. 152)
§7 apney
g 5
SEHdE’L“dEos(E’%E)f(Ev
SR fjr ’ (2. 153)
§7 amnm
) dE { jldEos(E —E, ) (E)
) ' 2. 154)
E;LdE’f(E’)
f(ngrgﬁ(’ﬂ Eydr (2. 155)

where g, indicates the collapsec cross section of the reaction X, »&< R means that the spatial interval ris
included in @ zone R and the other notations are conventional.
The effective microscopic cross section is also generated by using the latter procedure described
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self-shielding
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effective microscopic
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above. The format of the effective microscopic cross section is the same as that of the infinite dilution

cross section except that the fixed angular meshes are adopted. The cell-averaged response data can be

also computed.

2.3.2 Input Instruction

Input data for FDEM are written in the FIDO format except for a title, 2 unit assignment for DATA
—POOL, node name assignment and response data. In the following, a size of the array is given in square
brackets, and the condition under which the data array is to be specified is given in parentheses. The data

array without the condition should always be specified.

1. Title card Format (20A4)

Arbitrary comments are given.

2. DATA-POOL assignment card
Logical unit number for each cross section and the flux data are written in this card whose format is
a Name List input described below:
&UNIT INFX=nl, SELF=n2, FXSN=n3, SFLX =n4, NFEW =n5, EFFX—n6,
RESD=n7 &END

where INFX : infinite dilution cross section
SELF : self-shielding factor library
FXSN : macroscopic cross section
SFLX : scalar fluxes generated by DIAC
NFEW : collapsed few—group macroscopic cross section [ibrary
EFFX : collapsed effective microscopic cross section library
RESD : response data library.
When the number is set to zero, the access to the DATA-POOL is prohibited.
1$ Control parameters [19]
1. ICAL . few—group collapsing scheme.
1 =few—group macroscopic cross sections are generated by using infinite dilution
cross sections and self—shielding factors
2 =few—group macroscopic cross sections are generated by using fine—group
MAacroscopic cross sections
3="few—group effective microscopic cross sections are generated by using infinite
dilution cross sections and self—shielding factors
4 =few—group response data are generated by using infinite dilution cross sections

5="few—group response data are generated by using data given by the user

2. ING . number of neutron energy groups before collapsing.

3. 1GG :  number of gamma-ray energy groups before collapsing.

4. NODE} : node name for the energy group structure before collapsing.
5. INGF . number of neutron energy groups after collapsing.

6. IGGF . number of gamma-ray energy groups after collapsing.

7. NODE2 : node name for the energy group structure after collapsing.
8. IFLX : option of weighting function.

1=neutron and gamma-ray fluxes calculated by DIAC

2=-1/E for neutron

3=Maxwell distribution+ 1/ E+fission spectrum for neutron (6* array)
4=arbitrary weighting function (7%, 8*, 9%, 10* arrays)
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IFLX =2 or 3 is adopted, the weighting function for gamma-ray is given by the 9§ and the 10*

number of materials or responses to be inputted.

number of materials or responses to be outpatted.

number of zones in the DIAC calculation.

When IFLX# 1, IZM should be set to zero.

option for cell averaging.

0=mno effect

1=cell weighting

When ICAL =3, ICEL should be set to zero.

input format of response data. (ICAL=3)

1=data are given in the DATA-POOL

5=data are given by cards

n—data are given by a sequential data set on the logical unit FTnF001 (n=30)
When ICAL+#5, TRESPI should be set to zero.

output format of response data. (ICAL=4 or 3)

0= only print

1=data are stored in the DATA-POOL

7=punch cards

n—data are stored in a sequential data set on the logical unit FTnF001 (n>=30)
When ICAL <3, IRESPO should be set to zero.

print option for collapsed cross section.

0=mno effect

1 =print group cross sections

2=print group cross sections and angular distributions
parameter of the arbitrary weighting function for neutron.
0=no effect

N =number of interpolation regions used to specify this function
parameter for the arbitrary weighting function for neutron.
0=no effect

N =number of energy points in this function

parameter of the arbitrary weighting function for gamma-ray.
0=no effect

N =number of interpolation regions used to specify this function
parameter of the arbitrary weighting function for gamma-ray.
0=no effect

N =number of energy points in this function

T Termination of this data block.

Parameter for generating effective cross section  [4] (ICAL==1o0r 3)

JAERI 1316
when
arrays.

9. MTP
10. MTPO
11. IZM
12. ICELL
13. IRESPL
14. IRESPO
15. IPRT
16. NNI
17. NN2
18. NG1
19. NG2
2%

1. IPN

2. NUP

3. NHEAT

number of fixed angular meshes to be outputted.

(16, 24, 32, 48 to 64 is allowed)

table length for up-scattering component in the collapsed cross section table.
incorporation of energy deposition factor.

0=no

1 =yes

This option is valid for ICAL=1.
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NDISP : incorporation of atomic displacement cross section.
0=no
1 =yes
Few—group structure for neutron [ING] (ING+0)

The few—group number corresponded to the fine-group one is assigned.

Few—group structure for gammaray [IGG] (IGG#+0)

The few—group number corresponded to the fine—group one is assigned.

Node names for fluxes calculated by DIAC [3] AFLX=1)

The first node means the energy group structure, the second node name means the identification of
the problem. The third node name is the fixed name of SFX0. These names must be given by the
form of 4HXXXX.

Parameters for weighting function [4] (IFLX=3)

TB : temperature of Maxwell distribution. (V)

EB . boundary energy in eV between Maxwellian and 1/E.

TC . temperature of fission spectrum. (eV)

EC : boundary energy in eV between 1/E and fission spectrum.

Interpolation schemes for the arbitrary weighting function of neutron [2¥*NN1] (IFLX=4)
Last point numbers and interpolation schemes in the interpolation region are inputted alternately.
Five interpolation schemes can be selected as follows:
1=7Y is constant
2= Yis linear in X
3—=7Yis linear in InX
4=InY is linear in X
5=InY is linear in InX
Energies and weights for the arbitrary weighting function of neutron [2¥NN2] (IFLX=4)
Energies should be given in the increasing order in eV.
Energies and weights are given alternately.
Interpolation schemes for the arbitrary weighting function of gamma-ray
[2*NG1] (IGG#0 and IFL.X71)
Data are given in the same manner for neutron.
Energies and weights for the arbitrary weighting function of gamma-ray
[2*NG2] (IGG# 0 and IFLX# 1)
Data are given in the same manner for neutron.
Node names of materials or response functions to be collapsed in the DATA-POOL
[2+MTP] (omit if ICAL =5 and IRESPI+1)
Node names are assigned as follows:
In the case of ICAL=1 or 3;
The first node name is the energy group structure, the second node name is SELF and the
following is the node names of each material.
In the case of ICAL=2;
The first node name is the energy group structure, the second node name is FXsn and the
following is the node names of each material.
In the case of ICAL=4;
The first node name is the energy group structure, the second node name is INFX and the
following is the node names of each material.
In the case of ICAL =23 and IRESPI=1;
The first node name is the energy group structure, the second node name is RESD and the

following is the node names of each response function.
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128 Identification number of the reaction type to be collapsed [MTP] (ICAL=4)
The identification mumber is given by the form of MT number in ENDF/B and used to retrieve the
cross section from the infinite dilution cross section library. The order should correspend to the
data given in the 113 array.
13§ Identification number of material to be collapsed by each zone
[IZM] (IFLX=1 and ICAL=1, 2 or 3)
The zones correspond to those in the DIAC calculation.
The identification number is assigned by the order of materials given in the 11§ array. When zero
is assigned, the flux for the zone is not used.
148 Identification number for cell-weighting [1ZM] (IFLX=1 and ICELL=1)
The cell numbers are assigned in each zone. When zero is assigned, cell-averaged collapsing is not
performed.
15% Number of cell regions or zones to generate response data
[MTP] (IFLX=1 and ICAL=4 or 3)
The number is given for each response function.
16% Identification numbers for cell regions or zores to generate response data
[MTPO] (IFLX=1 and ICAL=4 or 5}

The cell numbers or zone numbers are assigned for each response function.
T Termination of this data block.

3. Node name assignment cards [MTPO] Format (A4, 19A4)
A node name and an arbitrary comment to be outputted are given for each material or respornse
function,
When IFLX =1, the order is as follows:
In the case of ICAL=1, 2 or 3;
The order is the same as that for data given in the 13§ array. (1f ICELL = 1, the order is the same
as that for data given in the 14§ array.)
In the case of ICAL=4 or 5;
The order is the same as that for data given in the 16S array.
When TFLX # 1, the order is the same as that for data given in the 11% or 12§ array.

4. Response data cards (ICAL=35 and IRESPI=35)

4a NELM: number of response functions. Format (I5)

4b TITLE: title for the response function. Format (20A4)

4c  (DR(I), I=1, IGM): values for response function. Format (6E12.4)
Cards 4b and 4c are repeated by NELM times.
When IGG #0, cards from 4a to 4c are repeated for gamma-ray response data.

2.3.3 Input/Qutput File Assignment

FDEM requires various direct-access devices during execution. Table 2.16 shows the names of the
data sets. The logical unit number marked with circle in the table is required to execute the job. The logical
unit number which is marked with by a condition in parentheses is required when the condition is satisfied.
The value for the first memory space estimations is changed according to the various conditions of

computation, so that it is roughly estimated.
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| Option of Computation [ st Space DCB Information
Logical Unit I Estimation °
ICAL=1 ICAL=2 | ICAL=3 | ICAL=4,5 (Tracks) LRECL|BLKSIZE RECFM

INFX' O O (ICAL=4) —

SELF' O O —

FXSN' O —

SFLX' |(IFLX=1) (IFLX=1)|(JFLX=1)| (IFLX=1) — 3600 3600 F

NFEW' O 9] _

EFFX' O —

; ( IRESPI=1 )
RESD _
IRESPO=1
IRESPI' (IRESPI#5) 5 80 800 FB
IRESPO™ (IRESPO#0) 5 80 800 FB
FTO1F001 @ 50
FTO2F0C1 O 50
FTO3F0D1 @) O 50
FTO4F001 O ®; Q) 50 19064 19068 VBS
FTOSF001 O ®; 50
FT10F001
~ Ok 50

FT29F001 |

t Logical unit numbers are defined by the unit assignment card.

t1 Logical unit number is defined by data in the 1% array.
* Number of scratch files is equal to the maximum number of nuclei contained in each material.

2.3.4 Job Control Language

FDEM includes five kind of processing scheme. The typical job control languages with each input
data are shown in Figs. 2.16{a), (b), {c), {d) and (e).
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//JCLG  JOB
// EXEC JCLG
//SYSIN DD DATA, DLM="++'
// JUSER 22997272, XK. XXXXXX, YYYY.ZZZ
T.X C.X ¥.X 1K
OPTP PASSWORD=7?
// EXEC  LMGO,LM='J1446.FDEMX’
/7 EXPAND D1SK, DDN=FT01F001,SPC="50,10°
// EXPAND DISK, DDN=FT02FQO01,5PC="50,10"
/7 EXPAND 0[Sk, DDN=FT03F001, SPC="50, 10
//  EXPAND DiSK, DDN=FTO4F001, SPC="50, 10’
// EXPAND D1SK,DON=FTO8§FCOI,SPC="50,10"
// EXPAND DISK,DDN=FT10F001,SPC="50,10
// EXPAND DISK, DDN=FT11FOO1,8PC="50, 10’
//  EXPAND D1SK,DDN=FT12F001,SPC="50, 10"
// EXPAND D1SKTO, DON=FT91F00,DSN="J3679.CROSS1"
//  EXPAND DISKTO,DDN=FT92F001,DSN="42925.SBPOOLD’
//  EXPAND DISKTO, DDN=FT93F001, DSN="J8765.POOL’
//SYSIN DD =
TEST DATA 1 (ICAL=1, [FLX=1, [CELL=0)
SUNIT INFX=91,SELF=92,SFLX=92,NFEf=0 &END
1$¥ | 100 0 4HEGRP 28 O 4HsBz8 1 2 4 9 O 0 0 2 4RD T
2% 16 0 0 O
2¥¥ GR1 4RZ 3R3 3R4 2R5 3R6 3R7 2R8 9 3BRID 3RI1 3R12 3RI3
3R14 3RI6 3RIB 3RI7 2RI B8R19 5R20 BR21 6R22 6R23 G5R24
3R25 2RZB 9R27 2R28
5¥¥ 4HEGRP 4H 1 d4HSFXO
11¥¥ 4HEGRP AHSELF 4HOFEE 4HOAIR
13%¥ 0 1 1 L 0 0 0 0 2
T
FEEZ IRON (ENDF/B) GOLLAPSED BY ZONE Z
FEE3 IRON (ENDF/B) COLLAPSED BY ZONE 3
FEE4 [RON (ENDF/B) CGLLAPSED BY ZONE 4
AR AIR (ENDF/B) COLLAPSED BY ZONE 9

++

!

Fig. 2.16(a) Job control cards and input data for collapsing infinite dilution cross sections with

FDEM on the FACOM M-380 computer at JAERI

/1JCLG  JOB
// EXEC JCLG
//SYSIN DD DATA, DLM="++'
7/ JUSER 79927927, XX. KXXXXX, YYYY.Z2Z
T.X C.X WX 1.X
OPTP PASSHORD=?7?
// EXEC  LMCO,LM="J1445, FDENY’
7/ EXPAND DISK,DDN=FTO1F00L,SPC="100, 10’
// EXPAND DISK,DDN=FTO2F001,SPC="100,10’
7/ EXPAND DISK,DDN=FT03F001,SPC=’100, 10
/7 EXPAND DISK,DDN=FT04F001,SPC="100, 10’
77 EXPAND DISKTO,DDN=FT81FGO1,DSN="J2925.SBPOOLO’
//SYSIN DD *
SHIELDING BENCHMARK TEST OF ORNL
GUNIT FXSN=81,SFLX=91,NFEF=91 &END
¥ 2 100 O AHEGRP 23 0 4HSB28 1 2 8 9 0 0 0 1 4RO T
3¥Y BRI 4R2 3R3 3R4 2R5 OR6 SRT 2RB 9 3RI0 3RIl 3RIZ 3RI3
aRi4 B8RI5 3RI6 3RL7 2RI8 3RI9 BR20 6R21 BR2Z BR23 GR24
3R25 2R26 9R27 2R28
5¢¥ 4HEGRP 4H 1 4HSFXO
|1¥¥ 4HEGRP AHFX16 4HOFEE dHOAIR
|B¥ 0 111 11112
T
FEEZ [RGN (ENDF/B) COLLAPSED BY ZONE
FEES [RON (ENDF/B) COLLAPSED BY ZONE
FEE4 IRON (ENDF/B) COLLAPSED BY ZONE
FEEG IRON (ENDF/B) COLLAPSED BY ZONE
FEEE IRON (ENDF/B) COLLAPSED BY ZONE
FEE7 [RON (ENDF/B) COLLAPSED BY ZONE
FEES IRON (ENDF/B) COLLAPSED BY ZONE
ARS AIR CENDF/B) COLLAPSED BY ZONE

++

1

O Co =1 O O b SO N2

Fig. 2.16(b) Job control cards and input data for collapsing macroscopic cross sections with

FDEM on the FACOM M-380 computer at JAERI
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//JCLG  JOB

// EXEC JCLG

//SYSIN DD DATA,DLM="++’

// JUSER 22272777, XX. XXXXXX, YYYY.2ZZ

T.X C.X W.X I.X

OPTP PASSWORD=7?

// EXEC  LMGG,LM='J1446.FDEMX’

// EXPAND DISK,DDN=FTO1F00E,5PC="50,10"

// EXPAND DISK,DDN=FTOZF0OI,SPC="50,10"

// EXPAND DISK,DDN=FT03F00I,SPC="50, 10’

// EXPAND DISK,DDN=FTO4F00I,SPC="100, [0’

// EXPAND DISK,DDN=FTO8F00L,S5PC="200,20°

// EXPAND DISK,DDN=FT10F0CL,SPC="50,10’

// EXPAND DISK,DDN=FT11F0CG1,5PC="50,10’

// EXPAND DISK,DDN=FT12F001,8PC="50,10’

// EXPAND DISKTOQ,DDN=FT9IFO0!,DSN="J3679.CROSSI’

// EXPAND DISKTO,DDN=FTS2FO00L,DSN="J2925.SBP00LO’

// EXPAND DISKTO,DBN=FT93FO00t,DSN="J9765.P00L’

//8YSIN DD x
TEST DATA 3 (ICAL=3,IFL¥=1, ICELL=0)

&UNIT INFX=91, SELF=92, SFLX=92,EFFX=0 &END

1¥¥ 3 100 0 4HEGRP 28 O 4HSB28 1 2 2 9 0 0 O 2 4RO T

2¥¥ 18 0 0 0O

3¥Y¥ BRT 4R2 3R3 3R4 2R6 3R6 3R7 2R8 9 3R10 3RI11 3R1Z2 3RI3
3R14 3R15 3RI6 3RI7 ERI8 3RI9 5LR20 6R21 GR2Z 6RE3 bHR24
3R25 2R26 SR27 2R28

5¥¥ 4HEGRP 4H 1 4HSFX0

11¥¥ 4HEGRP 4HSELF 4HOFEE 4HOAIR

13% ¢ {1 0 0 0 0 O O 2

T
FEE  1RON (ENDF/B) COLLAPSED BY ZONE 2
AIR  AIR (ENDF/B)} COLLAPSED BY ZONE ¢

++
/
Fig. 2.16{(c) Job control cards and input data for collapsing effective microscopic cross sections
with FDEM on the FACOM M-380 computer at JAERI

//JCLG  JOB
// EXEC JCLG
//SYSIN DD DATA,DLM="++'
// JUSER 22922727, XX. XXNXXX, YYYY.ZZZ
TXC.X X 1.X
OPTP PASSKORD=7?
/ EXEC  LMGO,LM="JI446.FDEMX’
// EXPAND DISK,DDN=FTOLF001,5PC="100, 20"
// EXPAND DISK, DDN=FTO2F001,5PC="100, 20"
/f/ EXPAND DISK,DDN=FTO3F001,5PC="100, 20’
// EXPAND DIiSK,DDN=FT04F001, SPC="100, 10’
//  EXPAND DISKTQ,DDN=FT91FQC1,DSN="J3679.CR0OSS1’
// EXPAND DISKTO,DDN=FTS2F001,DSN="J2925.SBPOOLO’
//SYSIN DD %
SHIELDING BENCHMARK TEST OF ORNL
&UNIT [INFX=91,SFLX=92 &END
1¥¥ 4 100 0 4HEGRP 28 O 4HSB28 [ 2 2 9 0 0 O 0 4RO 1
3¥¥ GRI 4B2 3R3 3R4 2R5 3R6 3RYT 2ZR8 9 3RI0 3RI1 B3R1Z 3R13
3R[4 3RI5 3RIG 3RI7 ZR18 3R!9 5R20 6R21 6R22 6BR23 5HR24
3RZ56 2R26 9R27 2R28
5¥¥ AHEGRP 4% [ 4HSFXO
LIY¥ 4HEGRP 4HINFX 4H1192 4H1192
12¥% 1 2
15¥¥ 1 |
18¥¥ 2 3
T
2601 |RON TOTAL C.S.
2602 IRON ELASTIC C.S.
++

1/

Fig. 2.16(d) Job control cards and input data for generating response functions by collapsing
infinite dilution cross sections with FDEM on the FACOM M-380 computer at
JAERI
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//JCLG JOB
// EXEC JCLG
//SYSIN DD DATA,DLM='s®+’
/7 JUSER 27272727, XK. XXXKXX, YYYY.ZZ2
T.X C.X ®.X 1.X
OPTP PASSWORD=27
// EXEC  LNGO,LM="J1446.FDENX’
// EXPAND D1SK,DDN=FTOLF001,SPC="100, 20’
// EXPAND DISK,DDN=FTO2FO0L,SPC="100, 20’
7/ EXPAND DISK,DDN=FT03F001,5PC="100, 20’
// EXPAND DISK,DDN=FT04FC01,SFC= ’lUO 10’
// EXPAND DISKTO,DDN=FT91F001,DSN="J2925. SBPOOLO’
J//SYSIN DD *
SHIELDING BENCHMARK TEST OF ORNL
&UNIT INFX=91,SFL¥=81 &END
1¥# 5 100 0 4HEGRP 28 0 4HSB28 t 1 2 8 0 5 0 0 4RO T
3¥§ Rl 4R2 3R3 3R4 2R5 3R6 3RT ZR8 9 3R10 3RI11 3R12 3RI3
3Ri4 3R15 BRI6 3R17 2Ri8 BRI BR20 BRZL 6R2Z BR23 5R24
3R25 2R26 SR27 2Rz
5¥¢¥ 4HEGRP 40 1 4HSFXO
15¥¥¢ 2
16¥¥ 2 3
T .
B032 BONNER BALL 3.09INCH AT ZONE 2
B032 BONNER BALL 3.081NCH AT ZONE 3
1
RESPONSE FUNCTION FOR 3.09INCH BONNER BALL

4.03560-3  4.70537-3  5.41792-3  8.31045-3 7.29520-3  8.44028-3
9.62593-3  1.16664-2  1.36336-2  1.43930-2 1.86156-2  1.92740-2
2. 91567-2 2.54026-2  2.80587-2  3.31404-2 3.76543-2  4.24742-2
4.78692-2 5.37193-2 6.01985-2  B6.71505-2 7.47266-2  8.28308-2
g.10476-2 9.97097-2  1.09037-1  1.18038-1 1.29032-1  1.83039-1
1.49038-1 1.59864-1  1.70357-1  1.80945-I 1.91594-1  2.02105-1
2.12186-1 2.23141-1 2.33038-1  2.43041-1 2.52731-1  2.62205-1
5 71700-1 2.80918-1 2.89939-1 2.98954-1  3.08008-1 3.16975-1
3.25920-1  3.34902-1  3.43952-1  3.52924-1 3.61870-1  3.70811-1
3.80064-1 3.89122-1  4.02888-1  4,22348-1 4.41655-1  4.81589-1
4.81705-1 5.02825-1 5.25528-1  5.48783-1 5.73968-1  6.00536-1
§.26431-1 6.54713-1 6.81566-1  7.04638-1 7.42348-1  7.72834-1
8.04130-1 8.40747-1  8.60950-1  8.14149-1 7.08517-1  7.68286-1
§.23388-1 B8.57677-1 B.81667-1 8.86713-1 9.50461-1  9.89825-1
1.02084+0 1.05092+0  1.08092+0  1.11090+0 1.13954+0  1.16054+0
1.17918+0  1.18830+0  1.18712+0  1.16315+0 1.09986+0  9.78544-1
7.89513-1 4.22222-1  2.92407-2  5.08269-6

++

//

Fig. 2.16(e) Job control cards and input data for collapsing response functions given by cards
with TDEM on the FACOM M-380 computer at JAERI
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2.3.5 Data Notes for FDEM

FDEM has some limitations to computing collapsed cross sections and response functions. The
limitations are noted below in this section. The notes for using the FDEM module are also presented. The
user should pay due attention to the information.
Note 1) Number of the output materials or response functions (MTPO in the 1§ array) is determined

according to the following:

ICAL IFLX ICELL Value of MTPO
1/2/3 1 0 no. of region assigned non-zero material number in the 13§ array. i
1/2 1 1 no. of cell region in the 14% array

4/5 1 0/1 total value in the 15§ array i
any 2/3/4 - ~ same number as MTP in the 1§ array

Note 2) Material number and cell number in the 13S$ and 14§ arrays are assigned in the following

manner.
For example, input data to collapse the cross sections of the following configuration are as

follows:

AlIR IRON IRON IRON
T |
WATER WATER
11% 4HEGRP 4HFX16 4HIRON 4HH20
13% 0 1 2 1 2 1
To compute the cell averaged cross section for the iron and water regions, the following data

array should be added.
14% 0 1 1 2 2 3
Note 3) In the cell averaging calculation, the maximum number of compesitions in a cell region is 50.
Note 4) When arbitrary reaction cross sections including infinite dilution cross sections are stored in
the DATA-PQOL without collapsing, the user can omit some input data such as follows:
In the case of ICAL=4 or 5 in the 13 array;
INGF=ING, IGGF=1GG,
NODEI1 =node name for input energy group structure,
NODE2 = node name for output energy group structure,
MTP =number of response functions,
MTPO=MTP,
IRESPI— form of input response function and IRESPO =1 are assigned.
2$~10%* arrays can be omitted.
11§, 12§ array node names and reaction identification numbers in the
infinite dilution cross sections are assigned when ICAL=35.
13§~16% arrays can be omitted.
card 3 node names and comments to be outputted
card 4 response data are given when ICAL =35 IRESPI=5,
The node name for input energy group structure must be the same as that contained in the
INFX DATA-POOQL, that the unit assignment for INFX is always needed.
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3. Module for Analyzing Neutron and Gamma—Ray Transport

To perform precise evaluation of radiation shield, a method named DAR has been developed to
describe the angular distribution of cross sections exactly. A new transport method has also been
developed to be consistent with the cross section of the DAR form. The method uses a probability
function P to eliminate fitting errors due to the finite Legendre expansion. The fitting error ordinarily
appears in angular fluxes are negative values or oscillations when the strong anisotropic source exists.

Three calculation modules names DIAC, ESPRIT and MCACE have been developed to calculate
neutron and gamma-ray transport by using the new method mentioned above and these modules have
been introduced into the code system RADHEAT-V4.

The DIAC module adopts the new one-dimensional Sy—transport method. The fundamental test
calculations and the verification for the new method have been carried out by using the module. The
DIAC module is an improved version of ANISN-JIR, so that the functions available in DIAC are the same
as in ANISN-JR.

The ESPRIT module introduces the new two-dimensional Sy—transport method. The method
adopted in ESPRIT is the extended method used in DIAC. For two—dimensional configuration containing
a strong streaming pass, the remarkable error associated with use of the finite Legendre expansion appears
in the evaluation of leakage current. The accuracy of leakage angular flux estimation has been improved
extensively by using the ESPRIT module. The ESPRIT module is an improved version of DOT3.3, so that
the functions available in ESPRIT are the same as in DOT3.5.

The MCACE module is three—dimensional Monte Carlo code and a modified version of MORSE-
CG. The procedures to calculate cumulative probabilities and to determine a scattering angle by a random
number are changed for adopting directly the group cross section of the discrete—type DAR form. Many
kind of surface crossing estimators have been added. A bootstrap calculation can be performed by
utilizing the surface crossing estimator.

The BREM module has been prepared to compute secondary gamma-ray productions by the
Bremsstrahlung effect. The BREM module generates the secondary gamma-ray source by using the
gamma-ray fluxes computed by DIAC and the Bremsstrahlung data calculated by the FAIR-CROSS step
2. The secondary gamma-tay transport is calculated by DIAC and then the contribution of the
Bremsstrahlung effect to the gamma-—ray flux is also computed by the BREM module.

The functions and the input instructions for each module are described in this chapter. The validity

of the new methods adopted in these modules is also discussed.

3.1 DIAC

The DIAC module introduces a method using the probability function 7, .., ;..;described below to
represent the angular distribution of the scattering integral precisely. The scattering integral Q using the

Legendre expansion in the Sy—method is generally given as follows:
Q. 1 B) = DR PGZIC, BB Ep). (3. 1)
In the DIAC module, howeverj, the scattering integral is defined as follows:
Q. s ) = ZE W (r, 1 Ep)
.

X Pt gyl e B> B, (3.2)
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where W, is the weight for angular mesh and
. 1 PN L
P(P’, Mo E}‘)E}) o W jmmgmmjgzs(r! E;,:‘:’E}, W)dgb diu dﬂ!

=probability which a particle having energy E. and direc-
tion cosine &t ,is scattered to energy E; and direction cosine

i, at position r.

The integration in the function P is performed with respect to the cosine of the scattering angle by
rotating the coodinates from (¢, 2" to (¢, ¢) related to the direction of the scattering source:

. 1 B
P(r, ity B E) = szmng(r’ E~E, nk)jmk_gwdgbdndu, (3. 3)

where
o R 1 U S VLY S T
Swdqb—cos A —eos L A ] G
7= (1= (1—i)} ' cosg+up,, (3. 4b)
cosgp=(,m—u)/ (A=) (1=m}"* (3. 4c)

where, i¢* is the boundary value of the angular mesh and the other notations are conventional.

In order to grasp the characteristics of the method, some test calculations were carried out and
compared with exact solutions.

The uncollided scalar flux from a plane source with a cosine angular distribution was calculated in
an infinite medium. As shown in Fig. 3.1, a good agreement is obtained betecen the DIAC results and the
exact solution. The difference between these results is only 0.5% relatively.

As another problem which can be solved exactly, the one—group scalar flux in an infinite medium
with an isotropic peint source was calculated as a function of a parameter C which is the ratio of the
scattering to the total cross section. The result obtained from DIAC agrees very well with the exact
solution at distances farther than about 0.3 mfp from the center, as shown in Figs. 3.2(a) and (b). The
difference between these results is not more than 10% at the distance of 10 mfp. However, the difference
is rather large in the range up to 0.3 mfp, because the source geometry is approximated by the volume
source with a redius of 0.1 cm in the DIAC calculations.

The next problem deals with an iron—paraffin-iron configuration with uniformly distributed sources
in the iron slabs of both sides. In this configuration, the currents in right and left directions are balanced
at the center of the paraffin. Therefore, as shown in Fig. 3.3(a), the angular fluxes calculated by DIAC
and ANISN-JR (in P.S,; approximation) are exactly the same. For a paraffin slab with a plane
unidirectional source incident normally to the left surface of the slab as shown in Fig. 3.3(b), the angular
flux is not symmetric due to a strong anisotropy of the source. The angular flux calculated by ANISN-
JR in the PsS,; approximation takes negative values in some angles due to the fitting error of the scattering
source by the finite Legendre expansion. The angular flux calculated by DIAC, however, does not take
any negative value for all directions.

From the test calculations noted above, it is shown that the method applied to DIAC is effective for
eliminating negative values and oscillations of the angular flux in anisotropic Sy—transport calculations.
The input instruction for DIAC is described in the next section. Input/output file assignments and the Job
Control Language for executing DIAC are noted in the Sections 3.1.2 and 3.1.3, respectively. The

limitations and the notes to operation are shown in the Section 3.1.4.
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Fig. 3.3 Comparison of angular fluxes at the center of paraffin calculated by DIAC and ANISN-JR

3.1.1 Input Instruction

Input data to DIAC are written in the FIDO format except for title cards, a unit assignment card for
DATA-POOL and detector response cards.

In the following, a size of data arrays is given in square brackets, and the condition under which the

data array is to be specified is given in parentheses. The data array without the condition should always

be specified.
1. Title card Format (12A4)

2. DATA-POOL assignment card
Logical unit numbers for a cross section library and flux DATA-POOL are written on this card
whose format is a Name list input described below:
&UNIT FXSN=nl, FLX1=n2, FLX2=n3, RESD=n4 &END
*&UNIT should be written from the 2nd column. Unit names, FXSN etc., indicate following
libraries:
FXSN : Region-wise macroscopic cross section library
FLX1 : Scalar flux file
FLX2 : Angular flux file

RESD : Response or detector file
The logical unit numbers (nl~n4) are desirable to be chosen from 91 to 99. For an unused library,

the assignment to this library should be omitted or the unit number n should be set to zero.

14% Integer parameters (Additional option) [11]
1. ING :  Number of neutron energy groups.
2. IGG ¢ Number of gamma-ray energy groups.
3. NREACT : Calculation of reaction rates.
0=no

1=calculate and print reaction rates for neutron and gamma-ray with the

response functions given by cards (card 3)
2 =calculate with the response function given in a sequential data set on FT31F001
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4. NNELM
5. NGELM
6. IIANLL
7. IIBOUD
8. ISPTM
9. NACTPR

11.
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3=calculate with the response functions given in a DATA-POOL (logical unit is
given by RESD)

Number of neutron response functions.

Number of gamma-ray response functions.

Output option of angular flux.

O=print and output angular fluxes at all interval meshes controlled by ID1 in the
15% array.

N=print and output angular fluxes at only required meshes. N indicates number
of interval meshes to be outputted and the interval numbers are given by the
29§% array.

Fluxes print option by every interval.

O=print fluxes at the midpoint of each mesh intervai

1 =print fluxes at the boundary of each mesh interval

Fluxes print option.

O=print fluxes ¢, at each mesh interval

1=print fluxes ¢ ,/AE, at each mesh interval

2—print fluxes ¢,/Ju, at each mesh interval

Activities print option.

O=print activities summed over energy group

1 =print activities by each energy group

If the printing of activities is required, ID3=N and/or ID4=1 in the 15% array must be entered.
10. NRESAT

Restart option.
0=no

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

Fluxes are written on the logical unit FT15 and read from FT14. For the first run, NRESAT=1 and
IFN=0or 1 (in the 15% array) should be specified, and for the following run, NRESAT =1 and IFN
=3 (in the 153 array) must be given.

NPLOT

Generation of plotting data file.

O0=no

1 =output plotting data of scalar fluxes on FT30F001

— 1 —same as above but the plotting data are boundary fluxes

—2=same as above but the plotting data are j. (right boundary leakage currents)
—3=same as above but the plotting data are J (right boundary total currents)
—4=same as above but the plotting data are right leakage

—5—same as above but the plotting data are 47/ J/MeV

—6=same as above but the plotting data are 4z+/J/Au

if the above additional options in the 143 array are not used, the 14$ array can be omitted.

15$ Control parameters [36]
1. ID : Problem ID number. (1D <9999)
This number is also used as a node name of the flux DATA-PQOOL.
2. ITH O=forward solution
1=adjoint solution
3. ISCT Number of angular meshes in the cross section library,
4. ISN Order of the angular quadrature.
5. IGE 1=slab
2=cylinder

3=sphere
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10.

11.
2.
13.
14.
15.
16.
17.
18.
19.

20,

21.

22

23.
24,
25,

26.
27.

28.

29.
30.

IBL

IBR
I7ZM
M
LEVT

IGM
IHT
Ias
IHM
MS
MCR
MTP
MT
IDFM

IPVT

QM

IPM

IPP
I
ID1

ID2
ID3

ID4

ICM
IDATI1
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Left boundary condition.

0-==vacuum (no reflection)

1=reflection

2 =periodic

3=white/albedo

Right boundary cendition, the same options as IBL.

Number of zones or regions.

Number of mesh intervals.

Eigenvalue type.

0=fixed source

1=k calculation

2=the Rossi ¢ calculation

3=concentration search

4=yzone width search

5= outer radius search

6=nbuckling search

Number of energy groups.

Position of g, in the cross section table.

Position of g,, (self-scatter) in the cross section table.
Length of cross section table.

Not vsed.

Not used.

Number of cross section sets to be read from DATA-PQOL. (13§ array)
Total number of cross section sets. (MT=MTP)

0=density factors (21* array) not used

1 =density factors used

0=no effect

1 =enter k,as PV (16* array)

2=enter a,as PV

O=no effect

1=enter distributed source (17* array)

2 =enter distributed source from an external file (FT20F001)
0=no effect

1 =enter shell source by group and angle (18* array)

IM =enter shell source by interval, group and angle

Interval mesh number which contains shell source is IPM = 1; 0 otherwise.
Inner iteration maximum.

O=no effect

1 =print angular flux

2=punch scalar flux

3=both 1 and 2

1 =use specially prepared cross section library. ID2=1 should always be specified
0=no effect

N=compute N activities by zone where N is any positive integer
0=no effect

1 =compute N activities by interval where N refers to ID3
Outer iteration maximum.

IDATI1=2 should always be specified.
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3l

32,
33

34.

35.

36.

*

16

e I

10.
11.
12.
13.
14.

6*
7*

13%

IDAT2 : 0=no effect
1 =execute diffusion solution for specified groups (24§ array)
IFG : IFG =0 should always be specified.
IFLU . 0-—step model used when linear extrapolation yields negative flux (mixed mode)

1=use linear model only
2=use step model only
IFN :  O=enter fission guess (2% array)
1 =enter flux guess (3% array)
2 —=use fluxes from previous case
3=use restart fluxes on FT14F001
IPRT :  O=print cross sections

1 =do not print cross sections

IXTR ¢ Spare
Floating point parameters [14]
EV : First guess for eigenvalue.
EVM . Eigenvalue modifier.
EPS :  Epsilon—accuracy desired.
BF :  Buckling factor, normally 1.420892.
DYy ¢ Cylinder or plane height for buckling correction.
DZ :  Plane depth for buckling correction.
DFM1 : Transverse dimension for void streaming correction.
XNF : Normalization factor.
PV : 0.0, kyor a, according to IPVT=0, 1 or 2.
k; or o, means desired eigenvalue for search problems.
RYF 1/, relaxation factor, normally 0.5. (see Note 9)
XLAL . Point flux convergence criterion if entered greater than zero.
XLAH : Upper limit for | 1.0-4; | used in linear search. (see Note 12)
EQL :  Eigenvalue change epsilon for search calculations, zero otherwise. (see Note 12)
XNPM :  New paranieter modifier for search calculations, zero otherwise. (see Note 12)

Termination of this data block.

Angular quadrature weights [MM]®
Angular quadrature cosines [MM]

Termination of this data block.

Cross section library [MTP+2]

Node names for the macroscopic cross section in the library. (4—characters)

This data is specified using 4HXXXX, where XXXX is a node name, The first name should be the
same as the first node name of the cross section library. The second name should be the same as the
second node name of the cross section library. The following MTP entries indicate the third node

names of each material.

Termination of this data block.

a)

MM =I8N-+1 for plane or sphere, MM = (ISN X (ISN ~4})/4 for cylinder.
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17* Distributed source [IGM XIM] (IE¥T=0 and IQM=1)

18* Shell source [IGM X IPM X MM] (IEVT =0 and IPM >0)

T Termination of this data block.

2* Fission density [IM] OFN=0)

3* Flux guess [IM] (IFN=1)

T Termination of this data block.

1* Fission spectrum [IGM]

4* Radii by interval boundary [IM 1]
5* Velocities [IGM]

8% Zone numbers by interval [IM]

9% Material numbers by zone [IZM]

20* Radius modifiers by zone [IZM] (IEVT=4)

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 - right boundary [IGM] (IBR=3)

26* Albedo by group — left boundary [IGM] (IBL=3)

27% Node names for neutron response functions [NNELM+2] (NREACT =3)
First name is that of the energy group structure, second name is RESD and remainders are node
names of each response function.

28% Node names for gamma-ray response functions [NGELM=2] {(NREACT=13)
Input form is the same as neutrons.

29% Interval numbers to print/output angular fluxes [IIANLL] (IIANLL #0)

T Termination of this data block.
3. Response function {(NREACT=1)
This data set should be given respectively for neutrons and gamma-rays.
Card a Format (20A4)

DXCM: Title of a response function

Card b Format (6E12.5)

Response function in descending order of energy

Note: Cards a and b are repeated NNELM and NGELM times.

3.1.2 Input/Output File Assignment
DIAC requires various direct—access devices during execution. Table 3.1 shows the names of the

data sets. The logical unit number marked with circle in the table is required to execute the job. The logical

unit number which is marked with a condition in paretheses is required when the condition is satisfied.

The value for the memory space estimation is varied according to the various conditions of computation,

so that it is roughly estimated.
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Table 3.1 Requirements for external data sets in DIAC

Ist. Space DCB Information
Logical Unit Condition Contents Estimation
(Tracks) LRECL | BLKSIZE | RECFM
FXSN* ®) Cross section library —
FLX1* (FLX1*0) Scalar flux output — 3600 3600 F
FLX2* (FLX20) Angular flux output —
RESD* (RESD=0) Response data input —
FTO1F001 O Scratch 300
FT02F001 O Scratch 300 19064 19068 VBS
FTO3F001 O Scratch 300
FTO08F001 O Scratch 300
FTI12F001 O Scratch 300
(NRESAT=1
FT14F001 and Restart file input —
IFN=3)
(NRESAT =1
FT15F001 and " Restart file output 50
IFN=00rl}
FT20F001 (IQM=12) Distributed source input —
FI30F001 | (NPLOT=0) Plotting data output 3
FT51F001 |(NREACT=12) Response data input — 80 3120 B
* Logical unit numbers are defined by the unit assignment card.
3.1.3 Job Control Language
Figure 3.4 shows a typical job control language for executing DIAC,
{1JCLG 108 00001000
11 OEXET JCLG 000062000
JISYSIN DD DATA,DLM="++’ 00003000
f1 JUSER 75173679, HA.YAMAND, 0951, 200 00004000
C.5 7.6 W.2 1.5 OPN 00005000
OPTPF PASSWORD=ACCORD,MSGLEVEL=(1,1),NOTIFY=J3670 Q0006000
f/DIAC EXEC LMGO,LM="J3679,DIACY ,ORECFN=FA, 0BSIZE=137,5Y50UT=% GoooTo00
/7 EXPAND DISK,DENM=FTO1FO001,5PC="300,200", 00008000
e DCB~"BLKSIZE-15068, LRECL=19064 RECFH=v¥BS,DS0RG=PS" 00009000
/¢ EXPAND D1SK,DDN=FT02F001,5PC=/300,200", 00010000
H DCH="BLKSIZE=19068, LRECL=19064,RECFK=VES, DSORG=PS’ 00011000
/1 EXPAND DISK,DDN=FI03F001,5PC=300,200", 20012000
1 DCB=BLKSI2E=19068, LRECL=19064 RECFM=VBS DSORG=PS” 00013000
/1 EXPAND D}SK,DDN=FTORFO0Y,SPC="'300,200", 00014000
¥ BCB="BLKSIZE=19068,LRECL 19064, RECFH=VBS,DSORG=PS" 00015008
It EXPAND DISK,DDN=FT12F001,8PC="300,200", 00016000
i DCB="BLKSIZE=19068,LRECL=19064,RECFMN=VBS, DSORG=PS" 00017000
//«EXPAND DISK,DON=FT20F001,8PC="300,200" 00018000
Iix FT30 1S LOGICAL UNIT FOR PLOTTING DATA FILE 0001500C
HrOEXPAND TG1SKTO,DDN=FT30F001,D58N="J3679.XFK1" 0co20000
{7 EXPAND DISKTO,DDN=FT91F001,D8N="J3673.FNSPOOL*,DISP=SHR 00021000
PI*EXPAND DISKTO,DON=FT92F001,DEN="J2772%,227727729/ DISP=SHR 000622000
{/XEXPAND DISKTO,DDN<FT93FO01,D8N="47177,222222227,D15P=SHR 00023000
TISYSIN oo DSN=J2925,LLLDATA, DATACFEL101) ,015P=8HR 00002800
+ 000D2900
LK oCco03000

Fig. 3.4 Job control cards for DIAC for use on the FACOM M-380 computer at JAERI
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3.1.4 Data Notes for DIAC
DIAC adopts a variable dimension technique to allocate core memories. The maximum size of
memories is set to a default value of 100000. The value is set when the load module is generated, so that
it may be insufficient for the large—size problems. In the case, the user must compile a next program to
extend the maximum size and generate a new load module.
COMMON/BULKBU/D(1), LIMI, D(XXXX)
LIM1=XXXX
CALL DTLIST
CALL CONTRL
STOP
END
where XXXX means the maximum size of memory.
Notes for using DIAC are described below. The user should pay attention to these information before

execution.

Note 1) Number of neutron and gamma-ray group — ING, IGG, IGM
IGM must be equal to the sum of neutron group, ING, and gamma-ray group, IGG, and the
maximum numbers for ING and IGG are 200 and 100 respectively. A computation for only
neutren or gamma-tay group is possible even if the coupled neutron and gamma-ray cross
sections are used. In that case, the length of cross section table IHM in the 15§ array must be
equal to that of the cross section library.

Note 2) Material node names and material numbers — 135, 9§, 225%
An example of material node names in the 13§ array is shown as follows:

13% 4HEGRP 4HFX16 4HIRON 4HCONC

where the first node name shows the energy group structure which is given in FAIR-CROSS
step 1, the second node name shows the macroscopic cross sections whose angular mesh is 16
and after that, material node names which are given in the cross section library follows as the
third node names. Material numbers used in the 9% and 22% array are chosen from I to MTP
according to the material order specified in the 13§ array.

Note 3) Density factors — IDFM, 21*
All cross sections appropriate to an interval are multiplied by the density factor for that
interval. Thus one may easily and efficiently describe a void or a density variation by interval.

Note 4) Distributed source — IQM, 17*
The distributed source is entered by group and interval as follows: group 1, interval 1 through
IM; group 2, etc.

Note 5) Shell source — IPM, IPP, 18%
If IPM =1, the shell source is entered by group and angle for interval 1PFP as follows: group
1, angle 1 thgouth angle MM, group 2 etc.
If IPM=1IM, the shell source is entered by group, interval and angle as follows: groupl,
interval 1, angle 1 through angle MM; interval 2, etc.

Naote 6) Angular fluxes — IIANLL, ID1, 29%
If ID1 is specified as 1 or 3, angular fluxes are printed. When FLX25%0 in the DATA-POOL
assignment card is specified, angular fluxes are outputted to the DATA-PCQOL. In this
process if ITANLL is specified as zero, angular fluxes for all intervals are processed, but if
IIANLL is not zero, angular fluxes for the intervals specified in the 29§ array are processed.

Note 7) Activities — NACTPR, D3, ID4, 22§, 23§
Activities may be computed by zone and interval as specified in ID3 and ID4 and also
computed by each energy group as specified in NACTPR. The zone activity is a total reaction
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Note 8)

Note 9)

Note 10)

Note 11)

Note 12)

3. Module for Analyzing Neutron and Gamma—Ray Transport 79

rate and the interval activity is that per unit volume. The following table illustrates the use of

activity specifications.

225 238
1. 1 3
2. —5 1
3. 7 —1
4, —3 —1

1. Compute activity for material 1, cross section position 3 in the intervals and/or zones in
which material 1 appears.

2. Compute activity for material 5, cross section position 1 in all intervals and/or zones.

3. Compute activity for material 7, position 1 in appropriate intervals and/or zones and
multiply interval activities by a geometry factor 1.0, 2zr, or 4z for slab, cylinder, or
sphere, respectively,

4. Compute activity for material 3, position 1 in all intervals and/or zones and multiply
interval activities by a geometry factor.

Note: The position ¢, must be non—zero for all groups if activity in position 1 is desired.

Starting guess — IFN, 2*, 3*

If IFN is specified as zero, DIAC will execute a diffusion calculation for the first outer

iteration. Since this is undesirable in fixed source calculations where one normally desires a

zero flux guess, one may set IFN =1 and enter no guess. Simply enter a card with a T in the

column three for that section of data.

Convergence — EPS, XLAL, RYF

The inner or flux iteration is considered converged when both the integral self—scatter error

and the integral removal error are less than EPG or when the maximum flux deviation is less

then EPS. EPG is related to EPS by a normalization factor, the total source divided by IGM.

Since the integral tests are sometimes easily satisfied, a point flux convergence may be

specified. If XLLAL is greater than zero, the inner iterations are not considered converged until

the maximum flux diviation is less than XLAL.

The outer or power iteration is considered converged when the total source ratio between

successive iterations differs from 1.0 by less than EPS, the total scatter ratio differs from 1.0

by less than EPS/RYF and the upscatter ratio differs from 1.0 by less than EPS/RYF.

Buckling correction — BF, DY, DZ

DIAC computes a correction factor of the DB? form for finite transverse dimensions. The

correction is applicable only with “transport corrected” P cross section set where the position

IHT is occupied by the transport cross section.

Void streaming correction — DFM1

Since the DB? term is not applicable to a void region, DIAC computes a simple correction’”

which effectively removes the transverse component of each angular flux in the void region.

This correction term is not included in the calculation of the abserption reaction rate as the

DB’ loss. This omission causes the neutron balance to differ from 1.0. The quantity DFM1 is

the height or extent of the void region in centimeters. 1f DFEM1 is zero, or if the total cross

section is non—zero for the void regions, no correction is computed for the void regions.

Searches —XLAH, EQL, XNPM

When the absolute value of the difference between two successive lambdas (4,) is less than

EQL, the eigenvalue, EV, is changed. The first EV change is the result of adding or

subtracting the eigenvalue modifier, EVM. The second EV change is the result of a linear

extrapolation. To prevent large changes early in the calculation, the absolute value of the

difference between 1.0 and A; is not allowed to exceed XLAH. To prevent oscillations when
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using the linear search, the extrapolation is limited by XNPM. The third EV change is the
result of the quadratic search. The quadratic search is used unti] the absolute value of 1.0-4,
is Tess than EQL. At this point, the linear search is used to complete the problem. XLAH is
normally 0.05 and XNPM is normally 0.75. EQL should be larger than 0.001 and three times
EPS.

3.2 ESPRIT

The ESPRIT module adopts the method using the probability function P (r E’%E L ) to
express the angular distribution of the scattering integral. The scattering source Q for two—dimensional

calculation is generally given by the following form:

Q. B, ¢)= {dE [ de .7 B ~E, 807 B0’ ¢, )
where 77° and 7 are cosines of polar angles before and after scattering, and ¢’ and ¢ show azimuthal angles
before and after scattering, respectively, and £ indicates direction cosine between (777, ¢ and (77, ¢) as
given by

E=mp 41— V1= Yeos(¢— ). (3. 6)
We obtain the scattering source for energy £ and solid angle Q! from Eq. (3.5) by using the probability

function P

-~ t .
Q7 E G)= gm_dnjmdgag(r, E 7. ¢).

{aE }jqub(?. E, @)W,I'WJ §,,nf, @08, @ a5 B —E b,

ﬁjdEZWqﬁ(r E’, G)P(r, E—E, G—0), (3.7)
where W, is the weight for solid angle &

W= Ln_dnjm_dgb. (3. 8)

The integration in the definition of the functlon P1n Eq. (3.7) can not be performed in an analytical

form, so that we define the following function G{ Q o, 8):
v ool F2) o ,
o a*cos { o+6, (6 60)} 0., <0<8, ..
G(Q—=Q, &)= : (3.9
0 otherwise

The function G( QJ,-%:Q,-, g} is a distribution function for the scattering angle # from a solid angle !% toa
solid angle £, and named Geometrical Form Function. The Geometrical Form Function holds the

following relation:
{6—d, gydo=1. (3. 10)

In Eq. (3.9), angles 8,, 6, 8, 6,,,, and 8,,,,, corresponding to those in Fig. 3.5 are obtained by the Sy~

quadrature weights and cosines:

cos By =t~ 1=y (1 — 12— ) (1~ =), (3. 11a)
cos B,=1—W,, (3. 11b}

cos B,=1—W, (3. 11c)
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Bpin=Max [0, 8,—0,—6] . (3. 11d)

Qmax:Min TE! €0+9;+9J; r (3 118)

From Eq. (3.10), we obtain the coefficient a in Eq. (3.9} as follows:
2r

a: (Q:J-gj) (amax_amin%»Sinamax#Sinam:’n) ’ (3 12)
where
Fis
ax W(Qmu*‘%):
(3. 13)
=T 4. —6)
amm 61——9]( min 0J-
Using Eq. (3.9), we define the probability function P as follows:

P(r, E=E, Q)

=22 (GG~ 6)+GT>T, )y L(r E. —E 6)db,

— Frer - - - -
—2 Y5 (7. E'~E, 9k)j9 [6(G~-8, 0) + GG~ ) d. (3. 14)
k £

where EJ is the solid angle symmetric to Z?)J with respect to the R—Z plane.

The integration of the probability function P by using the geometrical form function G is able to
perform in an analytical form, and the results of integration shows a good approximation compared with
that of the numerical integration of the probability function P, which spends much time on the

computation.
The scattering source given by Eq. (3.7) is normalized by using the following relation:

SWO E G)= {307 E=Ee(r BYaE, (3. 15)
where

5(r By=2a{2(7 E'~E, ), 1
- L (3. 16)
$(r Y= We(r B G). J

For applying this method to the conventional Sy—transport code using the Legendre expansion, any
change in the algorithm is not needed. We have introduced the present approach to the Sy—transport code,

DOT3.5 and the improved version is named ESPRIT.

By my)

Fig. 3.5 Relation between incident and emitted solid angles in ESPRIT



RADHEAT-V4: A Code System to Generate Multigroup Constants and
82 Analyze Radiation Transport for Shielding Safety Evaluation JAERI 1316

In order to grasp the characteristics of the method, a test calculation was done for a strong anisotropy
problem. The problem deals with a water slab with a plane unidirectional source incident normally to the
left surface of the slab, as shown in Fig. 3.6. The angular flux at the center of the slab calculated by DOT
3.5 in the P5-S96 approximation takes negative values in some angles due to the error of fitting the
scattering source by using the finite Legendre expansion. The negative values are marked with [X] in this
figure. The angular flux calculated by ESPRIT (in $96 approximation), however, does not have any
negative value or oscillation for all directions. The same problem is also computed by DIAC (in S12
approximation). The angular flux calculated by DIAC is shown in Fig. 3.6, where the results are marked
with +. A good agreement is obtained between angular fluxes calculated by DIAC and ESPRIT. From
this test calculation, it is shown that the method applied to ESPRIT is effective for eliminating negative
values and oscillations of the angular flux in anisotropic Sy—transport calculations and the reliability of the
method is the same as the method applied to DIAC. In the following section, the input instruction for
ESPRIT is described. The data set requirement and the job control language to execute ESPRIT are
shown in Sections 3.2.2 and 3.2.3, respectively. The limitations and the notes to operation are described

in Section 3.2.4.

100_ Energy Group | =017 ¥
(6.5 - 14.6 MeV)
©
2 0 —e— ESPRIT (596)
3 10 —
NG -=x=-- DOT 3.5 (S596P5) /4
= ) £/
= negative value /
@« -2
210 — —
c
3
"
E -3
L 10 — —
c
3
= -4
w0 — —
-
2
-]
c s
<10 ‘ —
Anisotropic
Boundary
Source
166 PR N R S NS S S N N
-0.98 -087 -063 -0.!'7 046 076 097
f.L

Fig. 3.6 Comparison of angular fluxes calculated by ESPRIT and DOT3.5

3.2.1 Input Instruction

Input data to ESPRIT are written in the FIDO format except for information of a title, a unit
assignment for DATA-POOL and additional data for detector responses. In the following, a size of data
arrays is given in square brackets, and the condition under which the data array is to be specified is given

in parentheses. The data array without the condition should always be specified.

1. Title card Format (12A4)
The title is used for the comment of the calculation and the first 4 characters are used for the 2nd
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node name of scalar and angular fluxes in DATA-POOL,

2. DATA-POOL assignment card

Logical unit numbers for the cross section library, the calculated scalar and angular fluxes, and the
detector response data are written on the card whose format is a Name List input described below:
&UNIT FXSN=nl, RESD=n2, FL.X1=n3, FLX2=n4 &END
“SUNIT® should be written from the 2nd column. Unit names are the same as the input of DIAC. The
logical unit numbers nl~n4 are desirable to be chosen from 91 to 99,

The following data arrays are specified in the FIDO format.

603 ESPRIT additional option [6]
1. ING :  Number of neutron energy groups.
2. 1IGG :  Number of gamma-ray energy groups.
3. NRI1 :  Calculation of reaction rates.
0=no

1 =yes, response functions are given by cards (Cards 3 and 4)
2 =yes, response functions are given by a tape on the logical unit of FT51F001
3 =yes, response functions are given by the DATA-POOL

4. NR2 . Number of axial intervals to print reaction rates. The axial interval numbers are
given by the 35% array.

5. NR3 :  Number of neutron responses used in the calculation of reaction rate.

6. NR4 . Number of gamma-ray responses used in the calculation of reaction rate.

If these additional options in the 60% array are not used, this 60§ array can be omitted.

61§ Control parameters [61]
1. A02 ¢ O=forward solution
1=adjoint solution
2. AO03 . Number of angles in macroscopic cross section.
3. IZM :  Number of material zones.
4. T™M :  Number of radial intervals.
5. IM :  Number of axial intervals.
6. 1IGM : Number of energy groups.
7. IHT :  Position of the total cross sectiomn.
8. IHS . Position of the self-scatter cross section.
9. ITL . Cross section table length per group.
10. MO1 : Not used.
11. MCR : Not used.
12. MTP :  Number of materials from DATA-POOL.
13, MT . Total number of materials.
14. IP5 . O=fluxes and moments are stored in core
1 =fluxes and moments are stored externally
15. A04 : Maximum number of angles in angular quadrature.
16. IGE : Two~dimensional geometry type.

0=X~Y geometry (rectangular)
1=R-Z geometry {cylindncal)
2=R-f geometry (circular)
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17. BO1
18. BO2
19. B0O4
20. BO3
21. D03
22. S04
23. GO7
24. FXT
25. 104
26. 1P1
27. 802
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Left boundary conditions. (see Note 3)

0=vacuum (no reflection)

1=reflection (mirror symmetry)

2=periodic (repeating)

4 =input boundary source from cards (18%)

6=input boundary source from tape on the logical unit NBSO

Right boundary condition. (see Note 3)

O0=wvacuum

1 =reflection

2 =periodic

3=white (isotropic incoming flux, total incoming flux equals to the total outgoing
flux)

4 =input boundary source from cards (18*)

5 =albedo boundary condition (the same as the white except for the total incoming
flux is a fixed fraction of the total outgoing flux)

6=input boundary source from tape on the logical unit NBSO

Bottom boundary condition, the same as for BO2.

Top boundary condition, the same as for BOZ.

Outer iteration maximum.

Initial inner iteration maximum, used until ABS (LAMBDA-1.0). LT.10*EPS.

Inner iteration maximum per group. (if negative, limit is in the 28% array)

Flux calculational model. {see Note 4)

0=mixed linear—step (use linear equations and recompute negative flux with step
equations)

[ =linear mode

2 =step mode

3=weighted difference mode

4 =mixed linear—weighted (use linear equations and recompute negative flux with
weighted difference equations)

Problem type.

0=fixed, volume distributed source

1=k (multiplication factor) calculation

2=the Rossi-a (time absorption) calculation

J=concentration search

4 =zone thickness search

5=fixed, exterior or interior boundary source

6-=use the first collision source on the logical unit NPSO

7 =calculate the analytic first collision source, and write on the logical unit NPSO

Acceleration technique.

O=space-independent scaling

I =over—relaxation

2=space—dependent scaling (the WWESOL subroutine is used)

Type of parametric eigenvalue search.

0=no effect

1 =search for specified &

2 =search for specified o
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28. 1IZ
29. JZ
30. IZC
31. IB4
32, IsC
33. IZ3
34, MO7
35, MO6
36. 1Z1
37. 172
38. IBS
39. IB6

3. Module for Analyzing Neutron and Gamma—Ray Transport &85

Number of radial zones for zone thickness search.

Number of axial zones for zone thickness search.

Zone convergence. (see Note 2)

O0=no effect

N=number of zones specified in the 32§ array

Not used.

Theory selector.

0=no effect

1 =enter number of quadrature angles by group in the 2953 array, zero for diffusion
theory

The first collision source input.

0=no effect

N =length of source angular distribution table in the 33* and 34* arrays (Used if
104=—6)

Flux input.

0=A(G); enter a single 3* array containing IGM values. Input flux is uniform in
space, and is energy dependent.

1=[N(I, D]G; enter IGM 3* arrays, each containing IM*IM values. Flux is
space and energy dependent.

2=A(G)*N(I, I); enter two 3* arrays: IGM values in the first and IM*JM values
in the second. Flux is separable in space and energy.

3=A(G)*B(I)*C(J); enter three 3* arrays: IGM values in the first, IM values in
the second, and JM values in the third. Flux is separable in all variables.

4=[B()*C(J)]G; enter two 3* arrays for each group: IM values in the first and
JM values in the second. Flux is only separable in spatial variables.

5=ESPRIT expects restart fluxes from the logical unit of FT30F001. In this case,
the data block of 3* must be omitted.

Distributed source input.

0, 1, 2, 3, and 4, the same as for NO7 except for the array is designated by the 17%

5 =source on the logical unit NBSO

Radial interior boundary source input.

O=no effect

N =source for radial boundary <N <1M entered on cards (15%)

—N=source for radial boundary 1<.N<IM entered on the logical unit NBSO

: _ Axial interior boundary source input.

0, N, —N, the same as for IZ1 except for axial boundary 1<<N=JM.

Radial interior boundary angular flux output.

0=no effect

N=write angular fluxes for angles with positive mu’s at the radial boundary N on
the logical unit NBFT

—N=write angular fluxes for angles with negtative mu’s at the radial boundary N
on the logical unit NBFT

Axial interior boundary angular flux output.

0=no effect

N=write angular fluxes for angles with positive eta’s at the axial boundary N on
the logical unit NBFT

—N=write angular fluxes for angles with negative eta’s at the axial boundary N
on the logical unit NBFT
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40.

41,

42.

43.

44,

45,

46.

47,

48,

49.

50.

51

52.

53.

54,
33,

174

1B2

MO5

IB1

1P3

IAFT

IP4

152

IS3

175

176

IMG

1P2

IB3

IT1
IFLUX
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Final total scattering source output.

0=no effect

N=final total scattering source is written on the logical unit N

Cross section and scalar flux print.

0=no effect

1=no cross section print

2=no scalar flux print

3=both 1 and 2

Activity calculation. (see Note 6)

N =calculate N zone and point activities

— N=calculate N zonewize activities

Zone balance tables.

O=no effect

N=number of zones specified in the 30$ array for which zone balance tables are

desired

Fission density output.

0=no effect

1=fission distribution is outputted on the logical unit FTO7F001

Angular flux output.

0=no angular flux output

1=angular fluxes are outputted on the logical unit NAFT

2=angular fluxes are printed

3=both 1 and 2

(if DATA-POOL output is assigned, TAFT>>1 is required)

Angular flux output.

0=no effect

1 = output angular flux without doing extra outer iteration (used with l—-iteration

problems)

Not used.

Not used.

Lower iteration limit for the WWESOL subroutine which solves for the space—

point scaling factors.

(if O, default=8)

Upper iteration limit for the WWESOL subroutine.

(if 0, default =100)

Number of inner iterations before a space—point rescaling which is performed in

the WWESOL subroutine.

(IMG =2 is recommended)

Number of inner iterations between successive the space—point rescalings.

(IP2—1 is recommended)

Damping constant for the space—point rescalings.

(IB3=4 is recommended)

Not used.

Flux guess preparation control.

0=no effect

INN=prepare a flux guess from the logical unit NN as specified by I, write on
NFLUX1
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56. IGMI Number of groups for the flux guess input.
57. 1A031 Order of scatter for the flux guess input.
58. 1A041 Number of angles for the flux guess input.
59. ISRCE Source copy.
O0=no effect
N=copy source from the logical unit N to NBSO for 104 =5, to NPSO for 104=16
60, IGIXS Cross section copy.
0=no effect
N=copy group-organized cross-sections from the logical unit N to the logical
unit NCR1
61. IPRT Print option.
O=no effect
1=print uncollided flux, mus and etas
2 =print uncollided flux, mus, etas, and the first collision source
62% Logical unit parameters [14]
1. NCRI1 Data set ref no., scratch. (if 0, default==2)
2. NFLUXI Data set ref no., scratch. (if 0, default=3)
3. NSCRAT Data set ref no., scratch. (if 0, defanit=4)
4. NBSO Data set ref no., boundary or volume—distributed source input.
(if 0, default=14)
5. NPSO Data set ref no., first collision source input.
(if 0, default=15)
6. NFLSV Data set ref no., scalar flux and moments output.
(if 0, default=9)
NAFT Data set ref no., angular flux output. (if 0, default=10)
NBFT Data set ref no., interior boundary angular flux output.
(if 0, default=11)
9. NGAM Data set ref no., activity output. (if 0, default=12)
10. NZBT Data set ref no., search for zone balance tables.
(if O, default=13)
11. NLIB Not used.
12. NBUF Not used.
13. JBRL Angular flux output.
O=no effect
N=lower axial interval for the angular flux output
14. JBRU Angular flux output.
0=no effect
N =upper axial interval for the angular flux output
63* Floating parameters [18]
1. 801 Source normalization factor. (see Note 8)
2. EPS General convergence criterion.
(integral inner iteration, LAMBDA and fission density)
3. GO6 Pointwise flux error criterion.
(integral inner iteration test is used if G06-0.0)
4. G035 Maximum CPU time for this problem.
5. 803 Parametric eigenvalue for search. (k or «)
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6. EV First eigenvalue guess.
7. EVM Eigenvalue increment to be added to EV.
8. LAL Linear extrapolation used when converged closer than LAL.
9. EPSA Convergence criterion for changing EV in search.
16. LAH Upper limit on ABS(LAMBDA-1.0) in linear search.
(0.05 is recommended)
11. POD Parameter oscillation damper. (0.75 is recommended)
12. SH Height of point source. (see Note 7)
13. HSA Cosine of angle with Z axis into which source is emitted.
{see Note 7)
14. SF Source magnitude. (see Note 7)
15. ZEXC Exclusion radius. (see Note 7)
16. ORF Not used.
17. SFE Not used.
18. SPE Space-point rescaling convergence criterion.
(if 0, default=1.E—4)
T Termination of this data block.

Data Block 1:

Array Name Data

7* Direction cosines: mu and eta. The mu’s precede the eta’s. [2*A04 entries]

T Terminator

Data Block 2:

Array Name Data

6* Quadrature weights [A04 entries]

T Terminator

Data Block 3: (omit this block if IFLUX1*+#2 or 3)

Array Name Data (If IFLUX1=2) Data (If IFLUX1=3)

64% Old group number for each new group 0Old group number for each new group
[IGM entries] (Default: old group= [IGM entries| {Default: old broup=
new group) new group)

05* New total flux by group, arbitrary unit Radial flux by interval, then by group,
[IGM entries] (enter only if 66* is followed by the axial flux [IGM*(IM
also entered) +JM) entries] (Default: flux=0)

66* Old total flux by group, arbitrary unit Old total flux by group, arbitrary unit
[IGMI entries] (Default: old flux= [IGMI entries] (Default: old flux
new flux) taken from the first spatial interval or

radial flux)

T Terminator Terminator

*Note: TFLUX in the 61§ array is prepared by the equation:

IFLUX=IFLUX1*100+ NN, where NN indicates the logical unit number of flux guess input.
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Data Block 4:
Array Name
13%

T
Data Block 5:
Array Name

17*

T

Data Block 6:

Array Name
18%

T

Data Block 7:
Array Name
15%

T

Data Block 8:
Array Name
3*

T

Data Block 9:
Array Name
1*

2*

4%

S*

8%

9%

19%
20%
21%
22%
23%
24*
25%
26*
27*
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Data

Material identification node name for cross sections from DATA-POOL on the
logical unit FXSN in the unit assignment card. (MTP+#0) [MTP+2 entries] (see
Note 5)

Terminator

Data
Fixed, volume—distributed source. When more than one 17* array is required, each
must be followed by a “T”. (I04=0 and M06=0, 1, 2, 3, 4)

Terminator

Data
Fixed exterior boundary source. (I04=35 and BO1=4 or B02=4 or B03=4 or B04
=4) (see Note 3)

Terminator

Data
Fixed interior boundary source. (IZ1+0 or IZ2+#0) (see Note 3)

Terminatolr

Data
Initial flux. When more than one 3* array is required, each must be followed by a
“T”. (M07=0,1,2,3, 4)

Terminator

Data

Fission spectrum [IGM entries] (see Note 10)

Axial (Y, Z, #)) interval boundaries {JM+1 entries] (see Note 9)

Radial (X, R, R) interval boundaries [IM +1 entries]

Velocities (if 1045 —6) of source (if 104= —6) by group [IGM entries]
Zone number by interval, starting at the lower left corner of mesh, sweeping from
left to right, then from bottom to top [IM*JM entries]

Material number by zone [IZM entries] (see Note 3)

Material numbers for activity print (see Note 6) (M055#0) [ MOS5 entries]
Cross—section table position for activity print (M05+0) [MO3 entries]
Radial search zone numbers (I04=4) [IM entries]

Radial zone modifiers (I04=4) [1Z entries]

Axial search zone numbers (I04=4) [IM entries]

Axial zone modifiers (104=4) [JZ entries]

Right boundary albedo (B02=35) [JM*IGM entries]

Top boundary albedo (BO3=35) [IM*IGM entries]

Bottom boundary albedo (B04=15) [IM*1GM entries]
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28% Inner iteration maximum by group, overrides S04 and G07 (IMG=1) [IGM
entries]
29% Number of quadrature angles by group. Zero entry for diffusion theory; otherwise
A04 (ISC=1) [IGM entries]
30% Zone numbers for zone balance tables (IB1#0) [IBI entries]
32% Zone numbers for zones of convergence (IZC#0) [I1ZC entries] (see Note 3)
33* Direction cosines, eta’s, for source input for uncollided flux calculation. (I04= —6)
[IZ3 entries] (see Note 7)
34 Source magnitude: f{%), for uncollided flux calculation (I04= —6) [IZ3 entries]
36% Axial interval numbers to print reaction rates (NR1#0) [NR2 entries]
37% Node names for neutron response functions (NR1=3, NR3#0) [NR3+2 entries]
(see Note 5)
38% Node names for gamma-ray response functions (NR1=3, NR470) [NR4+2
entries] (see Note 3}
T Terminator
3. Neutron response data (NR1=1, NR3+#0)
TITLE Identification name of the response function (20A4)
RESP Data of response function (6E12.5)

The set of response data are repeated by NR3 times.

4, Gamma-tay response data (NR1=1, NR470)
TITLE : Identification name of the response function (20A4)
RESP : Data of response function (6E12.5)

The set of response data are repeated by NR4 times.
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3.2.2 Input/Output File Assignment

ESPRIT requires various direct—access devices during execution. Table 3.2 shows the names of the
data sets. The logical unit number marked with circle in the table is required to execute the job. The logical
unit number marked with a condition in parentheses is required when the condition is satisfied. The value

for the memory space estimation is varied by the various conditions of computation, so that it is roughly

estimated.
Table 3.2 Requirements for external data sets in ESPRIT.
1st. Space | DCB Information
Logical Unit | Ceondition Contents Estimation i
(Tracks) LRECL = BLKSIZE | RECFM
FXSN* O Cross section library —
RESD* (RESD==0) Response data input — 3600 3600 F
FLX1# (FLX1=0) Scalar flux output —
FLX2* (FLX2=0) Angular flux output —
NCR1' C Scratch 100
NFLUX1' O Scratch 300
NSCRAT' O Scratch 300
NBsO' O Boundary source 100
NPsof O First collision source 100 18632 18636 VBS
NFLSV' o Scalar flux output 100
NAFT! O Angular flux output 100
NBFT' O Boundary angular flux 100
NGAM' O Pointwise activity 100
NZBT' O Scratch 100
FT30F00l1 O Scratch 500
FT350F001 (MQO7=5) Flux guess input ! —
FT51F001 (NR1=2} Response data input ‘ — 80 3120 FB

* Logical unit numbers are defined by unit assignment card.
t Logical unit numbers are defined by the data in the 62% array.
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3.2.3 Job Control Language
Figure 3.7 shows a typical job control language for executing ESPRIT.

FrJcee  JOB

i EXEC JCLG

HISYSIN DD

DATA,DLM="4 4"

1i JUSER CARD
€.5 7.6 v.3 1.5 UPN

H{FORT  EXEL FORTHE
SUBROUT!HE ALOCATC(LOC,5UB)
COMMON/DCOMMNZD(200000)
IF(LOC.GT.0) GO TO 10

LoC=

200000

CALL DTLIST

GO TO 999
10 CONTIRUE

CALL SUBC(D,LOLC)
999 RETURR

E

N i

fILINE EXEC LKEDIT,LM="J3679.ESPRIT’,CHTL=NO
REPLACE DCOMMN

EKTRY MALH

INCLUDE OLDLHM(TEHPNAHME?

NAME TEMPNAME (R)
/YESPRIT EXEL GO,DRECFM=FA,0BS1ZE=137,5Y50UT=x

{iFTO1F001
it
fIFTO2F001
Iy
1IFTO3IFO001
X
1IFT04FO01
i
JIFTO8FO01
H
FIFTO9FO01
I
1IET30F001
¥
1IFT11FGO01
i
{1FT12F001
Iy
[IFT20F001
I
HIETZ1FG01
I
{IFT3DF001
Iy
1= FT181

[I8YSIN

DD DSHN=RLFTO1,0CB=(RECFK=VYBS,LRECL=6208,BiKS]ZE=6212),
SPACE=(TRK,(30,10)) ,UNIT=WK10,DISP=(NEW,DELETE)

DD DSN=24FT02,0CB=(RECFM=VBS, LRECL=6208,BLKS1ZE=6212),
SPACE=(TRK, {30,100 ,UNIT=wK10,0]I5P=(NEW,DELETE?

D DSK=&3F703,0CB8=(RECFM=Vv8S,LRECL=6208,BLKS1ZE=6212),
SPACE=(TRK, (30,100}, UR]T=WK10,DIS5P=(NEW,DELETE)

DD DSK=4&FT04,0CB=(RECFH=VBS, LRECL=6208,BLKEjZE~6212),
SPACE=(TRK, (30,10)),UNIT=wK10,0I8P=(NEW, DELETE)

DD DSW=&LFTQR,DCB=(RECFM=VYBS,LRECL=6208,8BLKSjZE=6212),
SPACE=(TRK,(30,10)),UNIT=WK10,0I8P=(NEW,DELETE)

DD DSN=BLFT09,DCB=(RECFK=VBS, LRECL=6208,BLKSIZE=6212),
SPACE={TRK, (30,10, UNIT=WK10,D]1EP=C(HEW,DELETE)

DD DSN=K&FT10,DCB=(RECFM=VBS, LRECL=6208,BLKSLZE=6212),
SPACE={TRK,(200,50)) ,UN1T=WwK1{0,DISP=(NEW,DELETE?

DD DSN=8&FT11,DCE=(RECFH=VBS,LAECL=6208,BLKS1ZE=6212),
SPACE={TRK, (200,50))  UNLT=WK10,BISP=(NEW,DELETE)

DD DSN=L&FT12,DCR=(RECFM=VBS,LRECL=6208,BLKSIZE=6212),
SPACE={TRK, (30,102, UNIT=WK10,D]15P=(REW,DELETE)

OD DSW=3LFT20,DCB=(RECFM=YBS,LRECL=6208,BLRSIZE=6212),
SPACE=CTRK,(30,10)),UNIT=wK10,0D18P=(NEW,DELETE)

DD DSN=8LFT21,0CB=(RECFM=VBS,LRECL-6208,BLKSI1ZE=6212),
SPACE=(YRK,(30,10)) ,UNIT=WK10,D]ISP=(REW,DELETE}

DD DSN=2RFT30,0CB=(RECFH=VBS,LRECL=6208,BLKS1ZE=6212),
SPACE=CTRK, (200,500 ,UNlT=wWK10,D18P=(NEW,DELETE)

1§ LOGICAL UNIT FOR CROSS SECTIGN LIBRARY

Do L

IIll*l*"!llllttk‘lKillKSI'!!IKIIKlst!xllxl‘ll'll‘l‘l'l

fix

tre INPUT DATA FOR E S PRI T x

tix
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40000010
00000020
00000030
00000040
000600050
Q0000060
00090070
00000080
00000090
00000100
000001140
00000120
0000130
Go0000140
¢aooois0
00000160
060000170
00000180
00000190
00000200
00000210
00060220
00000230
00000240
00000250
00000260
00000270
00000280
00000280
00000300
00000310
00000320
00000330
00000340
00000350
00000360
06000370
00000380
00000390
00000400
00000410
00000420
00000430
90000440
Q0000450
00000460
00000470
Q0000480
00000490
Q0CQo0500
00000510
00000520
00000530
00000540
00000550
Q0000560
Q0000570

Fig. 3.7 Job control cards for ESPRIT for use on the FACOM M-380 computer at JAERI
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3.2.4 Data Notes for ESPRIT
ESPRIT adopts a variable dimension technique to allocate core memories. The maximum size of
memories is set to a default value of 200000. The value is set when the load module is generated, so that
it may be insufficient for the large—size problems. In the case, the user must compile a following program
to extend the maximum size and replace the old load module.
SUBROUTINE ALOCAT (LOC, SUB)
COMMON/DCOMMN/D (XXXX)
IF (LOC.GT.0) GO TO 10
LOC=XXXX
CALL DTLIST
GO TO 999
10 CONTINUE
CALL SUB (D, LOC)
399 RETURN
END
where XXXX means the maximum size of memory.
Notes for using ESPRIT are described below. The user should pay attention to these information

before execution.

Note 1} Number of neutron and gamma-ray group

IGM must be equal to the sum of neutron group, ING, and gamma-ray group, IGG. A computation
for only neutron or gamma-ray group is possible even if the coupled neutron and gamma-ray cross
sections are used. In such case the length of cross section table ITL in the 61% array must be equal to that

of the cross section library.

Note 2) Convergence
There are three levels of iteration in ESPRIT. The first is the inner iteration for within—group

scattering. The second is the fission—source iteration, and the third is the iteration for searches.

Inner Iteration Convergence — Inner iterations are necessary for within—group scattering, because

neutrons may scatter from any angle to any other angle, and the flux at all angles is unknown at the
beginning of an iteration. The iterations are continued until the scalar flux converges according to one of

the following criteria:
a. If G0O6=0.0 and IZC=0, an integral iteration test on all zones is used with EPS as the criterion.

Convergence is achieved when

__111
v’j| ——Lﬂ—————l—l | dr< EPS,

where the mtegratlon is over the entire system volume V.
b. If GO6+#0.0 and FZC—0, a pointwise scalar flux criterion is used on all zones with G06 as the
criterion. Convergence is achieved when
MAX{iﬂ_nlﬁl| < 606
B"(r)
¢. IfTZC>01in the case of a or b above, the criterion is applied only to material zones listed in the
32% array.
d. If IMG—=0and | LA—1.0! =10.0%EPS, then the iteration is stopped after SO4 cycles. This
criterion is also used for a 1 iteration problem. (LA is the ratio between successive estimates.)
e. IfIMG=0and | LA—1.0 | <10.0*EPS, then the iteration is stopped after GO7 cycles.
If IMG+{, then the iteration is stopped after cycles of the number indicated for the group in the
285 array.
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g. Iteration is stopped when the time limit, TMAX, has been exceeded.

Fission Source and Search Convergence — In a given power iteration, the fission source is determined

by the flux in the previous iteration. The iterations are continued until
| 1.0—58"/S"" | <EPS.

In a k. calculation, S is given by

5= ; { vz praar.

In a search, §" is given by the above integral with k" of unity. In a fixed source calculation with fissions,

5" is given by
s'—{ {(so—vzgmyaEar,

where SO is the fixed source. In the k calculation and search, the §"' is always normalized to the
normalization factor $01. In fixed source calculations, the fixed source, SO, is so normalized.

It has been observed that, for some systems, the fission source iteraticn is either nonconvergent or
slowly convergent. Many of these problems have been solved by applying a pointwise flux criterion, G06
#0. Recommended values are from 0.001 to 0.005. For most other problems, the integral inner iteration
criterion is adequate. For fission source iteration, an EPS of 0.001 is usually used. (Convergence beyond
0.00001 is probably not useful on FACOM M380 machines.)

Note 3) Boundary Conditions and Boundary Sources

The boundary conditions may deserve comment. In the white boundary condition, the incoming flux
is isotropic, and is adjusted in magnitude to effectively zero net current. in the albedo (or gray) boundary
condition, the incoming isotropic flux is set to a fixed fraction (the albedo) of the outgoing flux. In the
periodic condition, the incoming flux is set to the value of the outgoing flux in the same direction at the
opposite boundary. This can be used for certain cell problems and in the RS geometry.

The periodic boundary condition is generally used at the top and bottom sides of a 360° RE problem,
insuring that flux match at the two boundaries is obtained.

In general, vacuum and reflective condition problems more easily converge than white or periodic
ones. The reflective condition is often used at the left side of RZ and R problems, as well as at the right
side of cylindrical “cell” problems. The white condition is sometimes used for both these applications,
although it can sometimes cause serious errors,

A boundary source on either the left, right, top, and/or bottom boundary is inputted to ESPRIT by
specifying the angle, space, and energy dependent inward boundary flux which emerges from the source.
The source may be entered by cards or an external data set located on the logical unit NBSO. The
following rules are applied to either method of input:

a. The data for each group comprise a separate data block for input from cards, or a logical record

for input from external data set.

b. If more than one boundary source is specified, they are entered in the order of the parameters
BO1, BO2, BO3, and B04, i.e., for a right and bottom boundary source, the right is entered first
followed by the bottom. The choice between cards or external data set must be made only once
and used for all boundary sources present. In the case of cards, the data for all boundaries within
a group fall within one 18*% block. In the case of an external data set, data for each boundary
within a group comprise a single record.

The angular fluxes are entered in order of angle, interval, and then group.

For the left and right boundaries, the interval sweep is from bottom to top.

For the top and bottom boundaries, the interval sweep is from left to right.

For the left boundary, a total of MMRT*JM*IGM entries are required where MMRT is the

- 0o o o
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number of directions having g >>0.0. The entries by angle are ordered as specified by the
quadrature direction set (7%),

g. For the right boundary, a total of MMLT*IM*IGM entries are required where MMLT is the
number of directions having £ < 0.0. The entries by angle are ordered as specified in the 7* array.
Initializing directions (weight=0} are included.

h. For the top boundary, a total of MMDN#*IM*IGM entries are required when MMDN is the
number of directions having % <0.0. The entries by angle are ordered as specified in the 7% array.
Inittalizing directions are included.

i. For the bottom boundary, a total of MMUP*IM*IGM entries are required where MMUP is the
number of directions having » >0.0.

Interior boundary scurces are entered in a similar fashion, except that the data for each group are

identified as 15* block. If IZ1#0 and 172 =0, MM*JM entries are read for each group where MM is the
total number of directions. If 1Z2+0, MM?* IM enteries are read.

Note 4} Flux Calculation Model

Given a non—negative source, a sufficient angular quadrature set, and enough spatial intervals, one
would achieve positive fluxes in most problems of practical interest. The economics of storage and
computing time, however, often requires treating problems with more coaresly defined form. The linear
difference equation, which is most accurate in adequately meshed problems, overextends to negative
fluxes, especially in zones of large g, These negative values, of course, are physically meaningless, and

may cause error which propagate to adjacent regions.

Note 5) Material Assignment
ESPRIT assigns storage space for MT sets of cross sections, called “materials”. The cross section data

are stored in the order indicated by the 13§ array. The materials can be specified by the 9% array for use
in a zone. The assignments for the node names stored in DATA-POOL are as follows:

135% 4HEGRP 4HFX32 4HCORE 4HAIR 4H1389 ——

37%% 4HEGRP 4HRESP 4HSNNP 4HDOSE 4HALNA —

383%% 4HEGRFP 4HRESP 4HAIPKM 4HCUKM —
The first entry of each array is the first node name in DATA-POOL that means the energy group
structure. The second entry shows the second node name in DATA-POOL. From the third entry,
material identification names are defined. The first number specified in the 9% array corresponds to the

third entry in the 135 array.

Note 6) Activities
Activities can be computed by spatial interval and zone (if M05>>0) or by zone only (if M05<0).

The zone activity is a total reaction rate, and the pointwise activity is that per unit volume:

Al 2T Z¢H 112, j— 12, gU; ,

g
A= Z Al 12, j+ 112 Viriz, o110
i

where

Aly i i p=n™  pointwise activity for the interval (i+1/2, j+1/2)

Af=n" zonewise activity for the zone k,

Vi1, j+1p= volume of the interval (i+1/2, j+ 1/2)

Birp, i, g [Ux at the point (4, j), the group g,
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a, —cross section for the group g for the material and the table position specifled by the

n™ elements of the 198 and 20§ arrays, respectively.
If the 19% entry is negative, the activity is calculated for all intervals; but if it is positive, it is

calculated only if the material is assigned to that interval by the 9§ array. The following table illustrates

the used of activity specifications:

195 208
1. 1 3
2. —5 1

1. Compute activity for material 1, cross—section position 3 in the intervals and zones in which
material 1 appears;
2. Compute activity for material 5, cross—section position 1 in all intervals.

Note 7) Analytic First—Collision Source

If 104= —6, the uncollided flux due to a point source located anywhere on the Z axis of an RZ
problem will be calculated. The uncollided flux at any point is
Sfin) e’y

9351'—1,-‘2. =12, g 471’[R?+1!2+ (ZJ,. m—h)z] »
where
Bi—12 ;1 172, ¢ — uncollided flux for the group g in the interval
Ri<R<R,, , Zi<ZIZ,
R..,,, = midpoint of the i radial interval,
Z.. ,,; = midpoint of the /" axial interval,
h = source height (SH),
S = source magunitude (SF),
¥, — source yield in g™ group (5* array),
i=1T Z;,r dr along the ray from the source location to (R;_;,5 £, x),
1 = cosine of the angle between the ray and the Z axis,
S() = angular distribution function from the table formed by the 34* array vs. the 33*
array.
The tabulated f{7) is normalized by the integration using the trapezoidal rule, and the table is interpolated

using linear interpolation, so that the total source is obtained effectively as
total source=S2> p, .
g

If HSA #0, the uncollided flux will be nonzero only at the points where 72 >HSA? and 7*HSA >0. Thus,

a source—filled cone can be directed either upward or downward.

Note 8) Normalization
Multiplication factor k calculations are normalized such that

NF= 1 [ {507 B9 Bydr dE,

where NF is normalization factor, and the integration is over all energy and space. For searches, the
normalization is given by the above equation with k= 1.0. For problems with fixed volume distributed

source, the normalization is
NE={{s(r B) draE,

For problems with a fixed surface flux condition, the normalization 1s
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NE={{6(r, & B)S W ds dE

where ¢ is the angle and energy dependent flux specified at the surface », and n is normal to the

differential surface element ds.

Note 9) Units
The units of X, ¥, Z, and R in ESPRIT are consistent with the units of the cross sections, usually

centimeters. The output fluxes and other data in XY or Rf problems are normalized as if the missing Z
dimension were unity. In R problems, the § variable is entered in rotations, 360° to the rotation.
Velocities are normally in units of centimeters/second. Scalar fluxes are in particles/second/centimeterz.
Boundary sources and angular fluxes are in units of particles/second/centimeterz, per unit sphere. (to
convert to the angular flux per steradian, one must divide by 47) Volume—distributed sources are in

particles/sec ond/centimeter”.

Note 10) Fixed—Source solutions with Multiplication

Fixed—source problems are normally run with putting the fission spectrum data 1* as 0. If 1* is non
—zero, a system with both fixed and fission sources is implied. If the system is subcritical, a special
acceleration technique will be used to provide rapid convergence. If the system is supercritical, even

slightly, such a problem will probably fail.
3.3 MCACE

MCACE adopts a method which computes directly the cumulative distribution function by using
cross sections of the discrete-type DAR form and determines the scattering angle by a random number.
The cumulative distribution function is generated by using the cross section of the discrete—type

DAR form as follows:

Zzi-»m
E_ m=1
Pi=—xe : (3. 17a)
Z Zi—’n
n=1
k
Zrziﬂj(lum)&ﬂm
P = : (3. 17b)

i
Z E‘f—*’j(un)ﬂf’ln
n 1
where MAXG means the lowest energy group scattered from the group i, NSCT is the number of angular
meshes and Az, shows the interval from g, to &, ;. Then a random number R with uniform distribution
from O to 1 is generated to determine the scattering angle and the scattered energy as follows:

a) determine the scattered energy group j by using the following condition,

P <R<PL, (3. 18a)
b) determine the cosine of scattering angle u by using the following interpolation,
R—P
p=p A (et 1) (3. 18b)
k1 Pfj — Pfj o ETHE L
where k is determined by the following condition:
Pfj_.kf|<R<Pfj,k- (3. 19)

We have introduced the method intc MORSE-CG in order to use the cumulative distribution
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function without using the finite Legendre expansion, so that the scattering angle can be determined more
correctly in the bounds of angular mesh intervals.

MCACE has the point and the surface crossing estimators to compute scalar and angular fluxes. The
surface crossing estimators for real crossing and expected crossing have also been introduced. The
surfaces for sphere, cylinder, (R, ) plane and (X, Y) plane are allowable. The scoring is available for
scalar flux, leakage current (J' and J~ ) and angular flux. These estimators are illustrated in Fig. 3.8. The
surface crossing estimator is also utilized to the bootstrap option by computing arbitrary boundary fluxes.

The point detector estimation is performed by computing uncollided flux densities from each collision

site to the detector as follows:

MAXG
1 Z ngm(:uk) P
¢P= > “WATE ———— ¢ =7, (3. 20)
x7

i

where WATE means the particle weight, »is the flight length from each collision site to the detector, Ej
is the total macroscopic cross section of the scattered particle. The scattered energy group j is determined
in the following manner. The cumulative distribution function for the incident energy group i, the cosine

of scattering angle 1z, and the scattered energy group j, as shown in Fig. 3.2 is produced as follows:

Z!:‘Ziﬂm(-uk)
T E— (3. 21)

MAXG

Z' Ei'-"m'(au k)

Then the random number R which is uniformly distributed from O to 1 18 generated to determine the

o collision point

f

/ expected crosting

real history

———— imaginary history

real crossing

~

~
- ‘---—AJ point detector
lexpected arrival)

Fig. 3.8 Schematic representation for various estimators in MCACE

Fig. 3.9 Point detector estimation scheme in MCACE
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scattered energy group j by using the following condition:
PP < R<F. (3. 22)

The surface crossing estimation for spherical geometry is performed by the following procedure. We
assume that the latest collision point and the crossing point are 4 and B in Fig. 3.10, respectively The

coordinates (x, y, z,) at the point B satisfy the following equations:

X, =Xy~ ut,
P,=p T VL

e (3. 23)
=zt wi,

(xt 7x0)2+ (y:AyO)z_._ (Zz_' 20)2: 729

where u, v and w are the direction cosines of the incident particle, t means the pass length to the surface

and r is the radius of the sphere. From the above equations, we obtain

t=— {(x;~x)ut (i —p)v+(z-z)wl =VD, (3. 24)
whrere

D= {(x—x)utpm—yw)v+(z—z)w’ —d+7, (3. 25)

d*= (0 —x)’ + (=)’ + (21— 2", (3. 26)

The solution for t exists under the following conditions,

D>0 and t=0, (3.27)
and

cos B,<cos @<cos 6, {3.28)

where cosf, and cosf), mean the boundaries of the spatial division, as shown in Fig. 3.10, and cos? is

given by the following equation:

6= __(xrixo)ul—i_ (yz_yo)vl+ (Z:*,Zo)wl . (3_ 29)

¥

cOs

Then we obtain the flux density by using the following equation:

B
¢*=WATE - exp(—LETdt)/ {277 | cosn | (cos 6, —cos 6,)} (3. 30)
where cosn is the direction cosine to the normal vector given as
cosy= (X, = x)u+ (yﬁryo)v+(lﬁzo)w, (3. 31)

and the other notations are the same as those for the point detector estimation.
In the case of cylindrical geometry, the coordinates (x, y, z,) in Fig. 3.11 satisfy the following

equations:
X, =Xy uf,
=yt
(3. 32)
Z,— 25+ wi,

(%= %)+ (=) =7,

where ris the radius of the cylinder. Note that the axial direction of the cylinder is parallel to the z-axis

of the systemn coordinates. From the above equations, we obtain
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Detector Surface

{ur,va,wq)

Fig. 3.10 Surface crossing estimation scheme for spherical geometry in MCACE
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Fig. 3.11 Surface crossing estimation scheme for ¢ylindrical geometry in MCACE
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Wty %) 00— yu)) =D
xS

=
where
D= (& +v¥)F — (%~ x,) —u(— y)}’
The solution for ¢ exists under the following conditions:
t>0,
and

Z . <L <L

‘min — &t — “~max »

(3. 33)

(3. 34)

(3. 35a)

(3. 35b)

101

where Z,_ . and Z, . are the lower and the upper limits of the cylinder. Then we obtain the flux density

by using the following equation:
z
@ =WATE » exp {—SAZTdI} S R2aH(Z = Zi) * | cosTi |},

where cosy is the direction cosine to the normal vector given as

(X, Xp) V(P I)
F

cosy=

(3. 36)

(3. 37)

When the axial direction of the cylinder is parallel to the x or y axis of the system coordinates, the

following transformation of coordinate system is performed.

a) In the case of parallel to the x—axis:
iz
y—x ,
>y
b) In the case of parallel to the p-axis:
=y

y—z

Z—X

(3. 38)

(3. 39)

In the case of plane geometry, the coordinates (x, y, z,) in Fig. 3.12 satisfy the following equations:

X, =%+ ut,
=yt
=2zt w,

From the above equations, we obtain

W (%= x) (=)t wi(zm—2z)
uuy+ v+ ww, ’

==
The solution for t exists under the following conditions:
t=0,

and

{
=<y (4= x0) + (1) H(Z ) <

(3. 40)

(3. 41)

(3. 42a)

(3. 42b)

where 7, and r, means the inner and the outer radii of the detector surface, as shown in Fig. 3.12. Then
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we obtain the flux density by using the following equations:

#*=WATE » exp {—jjzfdr} /{7l cos 61 (A=A, (3. 43)
where cosf is the direction cosine to the normal vector given as

cos 8= uu, + vy + wwy, (3. 44)

and the other notations are the same as those for the point detector.

The estimators mentioned above are defined as the expected estimators called the next event surface
crossing estimators. We can also use the real crossing estimation. The judgment whether the event is the
real crossing or not, is made by te following conditions:

i< (: no real crossing,

t=( real crossing,

2> 0 real crossing if’ 72> ¢ (see Fig. 3.13)
The computation of the real crossing is performed by using the value of the expected crossing at the point
A inFig. 3.13. Note that the number of the crossing counts is twice when the estimation geometry is

sphere or cylinder. (see Fig. 3.14)

(g, v, wil

(%0, Yo, 2o}

{x1,¥1,21}
Detector Surface

0 Y
Surface
x Fig. 3.12 Surface crossing estimation scheme for
plane gecometry in MCACE B
/(Ox-[ Y1, 29 )
A t
T
(x0.Ya, 20}

Fig. 3.13 Condition of real crossing estimation in MCACE
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B
W

+ surface crossing point

Fig. 3.14 Schematic tepresentation of surface crossing in MCACE

The values for flux density, leakage current and angular flux are computed by using the following
equations:
a) expected crossing

(1) flux density

- 1y 1 WATE _(%r
Feo Bg e | SAZ i (3. 45)
(i) leakage current
_ 1.7 WATE (s
F= g e | §'sman (3. 46)
(ii) angular flux
_ 1 ldn WATE (A
anzSQ 1 exp 1 SAEd’}’ (3. 47)

b) real crossing

(i) flux density

_ 1 .1 WATE
F_nzSi.n‘ . (3. 48)
(ii) leakage current
_ 1.7 WATE
F nzS EIE (3. 49)
(i) angular flux
1 .1 47 WATE
F=—=—LXs——"7, 3.50
n”SQ |nl (3. 30)
where n: number of particles,

§: area of scoring,

Q. solid angle of scoring,
and the other notations are the same as those for the point detector. The summation is done for particles
which cross the surface.

MCACE has various biasing methods to prevent wasteful computations. The particle splitting, the
Russian roulette, the exponential transform and the energy biasing techniques are the same as those in
MORSE-CG.

Three biasing techniques are newly developed for the MCACE module. The one of these is named
“Region Penetration Biasing”, which is a method coupling the splitting and the path length stretching
techniques. The biasing is only set when the particles are collided in the arbitrary region defined by the
user. When the scattering event occurs within the region, the particle is splitted. The path length for the
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one of the splitted particles is stretched when the next collision site is outisde of the region. The other
splitted particle is not applied the biasing. The weight of the stretched particle is modified as folows:

ETA=3 527, l
BIASX=ETA/EXPRNF(0), (3. 51)
BIASX—1 J
I— & * J— - —
WATE' = WATE*BIASX *exp(—ETA + —2os—),

where S; is the pass length of the particle in the region i, £/ means the total macroscopic cross section of
the region i, EXPRNF indicates a random number with exponential distribution and WATE is the
previous weight for the particle. The Region Penetration Biasing is useful to apply deep penetrating

problems.
The “Collision Times Biasing” technique has been prepared for duct—streaming problems. The

random walk process is cut off forcedly when the following condition is satisfied:

ez | e (3. 52)

where R” means the fluence by the scattering of n—times and € is the relative difference defined by the user.

The third of the new biasing techniques is called “Automatic Russian Roulette Biasing”. The Russian
roulette is frequently used in the ordinary Monte Calro calculations. However it is not easy to set adequate
values to the weights for playing and surviving by each energy group and zone. The Automatic Russian
Roulette Biasing is prepared to avoid the difficulty mentioned above. The automatic procedure is achieved
as follows:

1) compute random walk processes with or without ordinary Russian roulette until the number of

batches assigned by the user.

ii) compuie the average coniributions j_; of each collision to the fluence of the point detector using
the results obtained in the preceding process. If the number of detectors is more than one, the
minimum contributor is selected.

iii} the Russian roulette is played when the collision has the smaller value than }é*FVR. The particle
survives on the condition that the weight is more than WAV, (see Sections 3.3.1 and 3.3.4 in
detail)

To verify the biasing techniques described above, two problems shown in Figs. 3.15 and 3.16 have
been computed and the results are summarized in Table 3.3 and 3.4. For the straight cylindrical duct
problem, the Collision Times Biasing with ¢ =0.01 can reduce the collision times about 30%, as shown in
Table 3.3. The next problem deals with a gamma-ray skyshine problem for a concrete silo. The
experiment was performed at Kansas State University. In this configuration, the concrete silo is assigned
to the penetrating region. Table 3.4 shows the MCACE results by using the Region Penetration Biasing
and the Collision Times Biasing. A good agreement has been obtained between the MCACE result and the
experimental value. However, the MCACE result in the same histories without using these biasing
techniques shows the poor agreement with the experiment. Table 3.4 also shows the MCACE result by
using the Automatic Russian Roulette Biasing. The computation time was reduced about 70% by using
the new biasing techniques implemented in the MCACE.

The computational flows of these biasing methods, the program notes and limitations are shown in
Section 3.3.4. The input instruction of MCACE is described in the following section. Input/output file
requirements during execution and the job control language for MCACE are shown in Sections 3.3.2 and

3.3.3, respectively.
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Table 3.3 Calculated results of the cylindrical duct problem by

105

MCACE
Coliision Times Biasing*
Detector Estimation**
Without With
Total Flux 2.1064x 106 2.0962>107%
(F. 8. D) (0.010) (0.011)
D Uncollided Flux 1.9281<10°¢ 1.9281x10°¢
] (F. 8. D) (0.0) (0.0)
Ratio of Total
o 1.0 0.66
Collisions
6792 x 1078 . x 1077
Total Flux 9.6792 X 10 1.2299 < 10
(0.151) (0.162)
2.0085x107° 2.0085x 1077
D, Uncollided Flux 083
(0.0) (0.0
Ratio of Total
o 1.0 0.74
| Collistons

* Relative difference ¢ =0.01 is adgpted.
t F. 8 D. means Fluence Standard Deviation.
** The unit of the flux is arbitrary unit.

Table 3.4 Comparisons between experimental and calculated results for the gammaray skyshine

problem.
{ MCACE results
b Experiment
etector , Region Penetratio d Automatic Russian
{mR/hr/Ci) no biasing technique egl.o'n ) n ?n N .u.
Collision Times Biasing Roulette Biasing
D, 1.83x 10
(F.S. D)* (0.13)
D, 767 10~ 420107 5.62x107" 502107
(F. S. DO)* ' (0.22) (0.11) {0.15)
D, [455 10! 8.60x10 * 1.55x 107!
(F. $. Dy* (0.31) (0.16)
D, 371 % 10-2 5.01x 1072 3.73x 1072
(F. 8. D.)* ' (0.64) (0.22)
CPU .
i 4.0 2.9 1.8
fime — . . . . . .
(min.) {3000 histories) (3000 histories) (6000 histories)
min.

Note a) In the Collision Times Biasing, £ =0.01 is adopted.
Note b) In the Automatic Russian Roulette Biasing, FVR=0.1, WAV =13.0 for Region 1 and 2, WAV =0.0 for

the other regions are adopted.

* . 8. D. means Fluence Standard Deviation.
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3.3.1 Input Instruction
Input data to MCACE are similar to those of MORSE-CG. The FIDO input format is not adopted,
so that data must be specified in the fixed formats given in parentheses. The condition under which the

data are to be specified is given in square brackets.

Random Walk Input Instructions

The input read by subroutine INPUT is as follows:

CARD A

Title card.

Format (20A4)

(Any character other than a blank or alphameric in column one will terminate the job.)

CARD B
1. NSTRT
2. NMOST
3. NITS
4. NQUIT
5. NGPQTN*
6. NGPQTG*
7. NMGP*
8. NMTG*
9. NCOLTP
10. IADJM
11. MAXTIM
12. MEDIA
13. MEDALB
14. IREST

CARD C
1. ISOUR

Format (1413)

number of particles per batch.
maximum number of particles allowed for in the bank(s); equal to NSTRT if no
splitting, fission, and secondary generation.
number of batches.
number of sets of NITS batches to be run without calling the subroutine INPUT.
number of neutron groups to be analyzed.
number of gamma-ray groups to be analyzed.
number of primary particle groups for which cross sections are stored; should be
the same as NGP (or the same as NGG when NGP=0) on Card XB read by the
subroutine XSEC.
total number of groups for which cross sections are stored; should be the same as
NGP—-NGG on Card XB read by the subroutine XSEC.
set greater than zero if a collision tape is desired; the collision tape is written by the
user subroutine BANKR.
set greater than zero for an adjoint problem.
maximum clock time in minutes allowed for the problem to be on the computer
(FACOM M380 ¢c.p.u. time); e.g., 4.5 entered here allows 4 and 1/2 minutes.
number of cross-section media; should agree with NMED on Card XB read by the
subroutine XSEC.
if NSCT on Card XB in negative, number of materials to be read from DATA-
POOL.
albedo scattering medium is absolute value of MEDALB.
if MEDALB=0, no albedo information to be read in,
MEDALB <0, albedo only problem — no cross sections are to be read,
MEDALB >0, coupled albedo and transport problem.
restart option.
if IREST =0, no effect
IREST =1, restart calculation is done.

Format (415, 5E10.5)

source energy group if >0,
if ISOUR <C0 or if ISOUR =0 and NGPFS+0, SORIN is called for input of Cards
El and E2.

* See Table 3.5 for sample input.
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2. NGPFS : number of groups for which te source spectrum is to be defined; if ISOUR<Q,
NGPFS=2.

3. ISBIAS . no source energy biasing if set equal to zero; otherwise the source energy is to be

biased, and Cards E2 are required.

4, NOTUSD : an unused variable.
5. WISTRT : weight assigned to each source particle.
6. EBOTN : lower energy limit of the lowest neutron group (eV) (group NMGP).
7. EBOTG : lower energy limit of the lowest gamma-ray group (eV) (group NMTG).
g8 TCUT . age in sec at which particles are retired; if TCUT =0, no time kill is performed.
9. VELTH : velocity of the group NMGP when NGPQTN >0; i.e., thermal-neutron velocity
(cm/sec).
CARD C1 Format (I5)
1. IBOOT : bootstrap option.
if IBOOT =0, no effect,
IBOOT =1, bootstrap calculation is performed.
CARD D Format (7E10.4) [Omit if IBOOT =1]
1. XSTRT
2. YSTRT coordinates for source particles.
3. ZSTRT
4. AGSTRT: starting age for source particles.
5. UINP
6. VINP source particle direction cosines; if all are zero, isotropic directions are chosen.
7. WINP

Source data on Cards C and D will be overridden by any changes in the subroutine SOURCE.

CARD E1 Format (7E10.4) [Omit if ISOUR on Card C>0 or if IBOOT=1 or
if ISOUR=NGPFS—-0]
NGPFS values of FS, where FS is equal to the unnormalized fraction of source particles in each

group.

CARD E2 Format (7E10.4) [Omit if ISOUR >0 or if IBOOT=1 or
if ISOUR <0 and ISBIAS=0]
If ISBLAS >0, NGPFS values of BFS, the relative importance of a source in group I, are required.

CARD E3 Format (315, E10.3, I5) [Omit if IBOOT=0]
1. JTYPE :  selection of boundary source.
if JTYPE=t1, plane (R, £) source from MCACE,
{ —/+ =real/expected surface crossing)
JTYPE= =2, plane (X, ¥) scurce from MCACE,
{ —/+ =real/expected surface crossing)
JTYPE =23, axial boundary source from DOT/ESPRIT,
JTYPE =4, radial boundary source from DOT/ESPRIT.
2. IDIST :  spatial distribution function of total flux for JTYPE==1 or 2.
if IDIST =0, read from tape,
IDIST =1, assume constant,

IDIST =2, assume cosine disribution,
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IDIST = 3, assume (cosine)? distribution.
3. IDIST : angular distribution function for JTYPE=*1 or 2.
if IDIST =0, read from tape,
JDIST =1, assume constant,
JDIST =2, assume cosine distribution,
JDIST =3, assume (cosine)” distribution.
4. FNORM : normalization factor (n/sec); if zero is set, the value is normalized to the total
leakage current.
5. NSURF : plane identification number (stored in the bootstrap tape) to be connected.
(JTYPE==1, 2)

CARD E4 Format (6E10.3) [IBOOT=1 and JTYPE==1, 2]
1. X00
2. YO0 center coordinates of a bootstrap surface,
3. Z00
4, U000 I
5. VOO direction cosines of a normal vector to the bootstrap surface.
6. Z00 J
CARD E3 Format (3E10.3) [IBOOT=1 and JTYPE==1, 2]
1. Ul
2. Vi1 direction cosines of the R or X axis at the bootstrap surface to X, ¥ and Z—axes.
3. Z11
CARD E6 Format (3E10.3) [IBOOT=1 and JTYPE=4]
1. ROO radius of the surface"L,
2. THMIN
range of angle. (—z<#<x)
3. THMAX
#=0 means on the line of X axis.
CARDF Format (7TE10.4)

NMTG values of ENER, the energies (in eV) at the upper edge of the energy group boundaries.
NOTE: The lower energies of groups NMGPF and NMTG were read on Card C.

CARD G Format (215, 5X, 3611, §X, 1311) [Omit itf NCOLTP on Card B<0]
NHISTR : logical tape number for the first collision tape.
NHISMX : the highest logical unit number that a collision tape is assigned.
NBIND(J) : J=1, 36 - an index to indicate the collision parameters to be written on tape.

NCOLLS(J): J=1, 13 - an index to indicate the types of collisions to be put on tape.
(See Tables 3.6(a) and 3.6(b) for information concerning NBIND and NCOLLS.)

CARD H Format (Z12), on FACOM M380
RANDOM : starting random number,

CARD 1 Format (91I5)

+ This value means the radius of surface in DOT/ESPRIT calculation.
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NSPLT . index indicating that splitting is allowed 1f >0.

2. NKILL . index indicating that Russian roulette is allowed if > 0.

NPAST . index indicating that exponential transform is invoked if >0 (subroutine DIREC
required).

4, NOLEAK : index indicating that non-leakage is invoked if >0.

5. IEBIAS : index indicating that energy biasing is allowed if >0.

6. MXREG : number of regions described by geometry input (will be set to one if <0).

7. MAXGP . group number of the last group to which Russian roulette or splitting or ex-
ponential transform is to be applied. For adjoint, set=NMTG or overstoring
results.

IREGX . number of regions used for the region penetration biasing. (IREGX <100)
NITSO : number of baiches to calculate mean fluence fg for automatic Russian roulette

biasing technique.

CARD 1A Format (1215) [IREGX >{]
1. INREG . region numbers used for the region penetration biasing. (JREGX entries)
CARDJ Format (615, 4E10.5) [Omit if NSPLT +NKILL+NPAST =0]
1. NGPI
2. NDG from energy group NGP1 to energy group NGP2 inclusive in steps of NDG and
3. NGP2 from region NRG1 to NRG?2 inclusive in steps of NDRG; if NGP =0, groups | to
4. NRGI MAXGP will be used; if NRG1=0, regions 1 to MXREG will be used (both in
5. NDRG steps of one). Usually NDG=1 and NDRG=1.
6. NRG2
7. WTHIH1 : weight above which splitting will occur.
8. WTLOW1 : weight below which Russian roulette is played.
9. WTAVE!l . weight given to those particles surviving Russian roulette.
10. PATH . path-length stretching parameters for use in the exponential transform

{usually 0<PATH<1).

CARD JA Format (30X, 2E10.5) [Omit if NITSO—=0]
1. FVR . fluence below which Russian roulette is played for automatic biasing technique.
(Fror =FVRXJ))
2. WAV . weight given to particles surviving Russian roulette for automatic biasing techn-

ique. If the value is set to zero, Russian roulette kill or survival is not played.

The above information is repeated until data for all groups and regions are inputted.

End Cards J with negative value of NGP1 (e.g., —1 in columns 4 and 5).

CARDK Format (7E10.4) [Omit if IEBIAS on Card 1<0]
((EPROB(1G, NREG), IG=1, NMTG), NREG=1, MXREG)
Values of the relative energy importance of particles leaving a collision in the region NREG.

NOTE: Input for each region must start on a new card.

CARD L Format (413)
1. NSOUR : set<<0 for a fixed source problem; otherwise the source is from fissions generated
in a previous batch.
2. MFISTP . index for fission problem; if <0, no fissions are allowed.
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3. NKCALC : the number of the first batch to be included in the estimate of k; if <0, no estimate
of k is made.

4. NORMF : the weight standards and fission weights are unchanged if <0; otherwise fission
weights will be multiplied, at the end of each batch, by the latest estimate of k and
the weight standards are multiplied by the ratio of the fission weight produced in
the previous batch to the average starting weight for the previous batch. For time
—dependent decaying systems, NORMF should be >0.

CARD M Format (7E10.4) [Omit if MFISTP on Card L <0]
(FWLO(D), I=1, MXREG)
Values of the weight to be assigned to fission neutrons.

CARD N Format (7E10.4) {Omit if MFISTP on Card L <(]
(FSE(IG, IMED), 1IG=1, NMTG), IMED =1, MEDIA)
The fraction of fission—induced source particles in the group IG and the medium IMED.

NOTE: Input for each medium must start on a new card.

CARD O Format (7E10.5) [Omit if NGPQTN=0 or NGPQTG=0, i.e., include if
coupled neutron—gamma-ray problem]
((GWLO(IG, NREG), IG=1, NMGP or NMTG - NMGP), NREG= 1, MXREG)
Values of the probability of generating a gamma-ray. NMGP groups are read for each region in a
forward problem and NMTG-NMGP for an adjoint.
NOTE: Input for each region must start on a new card.

Combinatorial Geometry Input Instuctions
The combinatorial geometry {CG) describes general three dimensional material configurations by

considering unions, differences intersections of simple bodies such as spheres, boxes, cylinders, etc. In
etfect, the geometric description subdivides the problem space into unique zones. Each zone is the result
of combining one or more of the following geometric bodies:
. Rectangular Parallelepiped (RPP},
. Box (An RPP randomly oriented in space) (BOX),
. Sphere (SPH),
. Right Circular Cylinder {RCC),
. Right Elliptical Cylinder (REC),
. Truncated Right Angle Cone (TRC).
. Ellipsoid (ELL),
. Right Angle Wedge (WED),

9. Arbitrary Cenvex Polyhedron of 4, 5, or 6 sides (ARB).
The body types 2~9 are arbitrarily oriented with respect to the x, y, and z—axes used to determine the
space. The basic technique for the description of the geometry consists of defining the location and shape
of the various zones in terms of the intersections and unions of the geometric bodies. A special operator
notation involving the symbols (+), {—), and (OR) is used to describe the intersections and unions.
These symbols are used by the program to construct information relating material descriptions to the body
definitions. The details for the CG input are the same as those in the MORSE-CG, and are quoted in
Appendix C.

= BN B SR T L VS T o e

CARD CGA Format (215, 10X, 10A6)
1. IVOPT : option which defines the method by which region volumes are determined;
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if IVOPT =0, volumes set equal to 1,
IVOPT =1, concentric sphere volumes are calculated,
IVOPT =2, slab volumes (1-dim.) are calculated,*
IVOPT =3, volumes are inputted by card.
2. IDBG - if IDBG >0, the subroutine PR is called to print results of combinatorial geometry
calculations during execution. Use only for debugging.
3. JTY : alphanumeric title for geometry input {columns 21-80).

CARD CGB Format (2X, A3, 1X, I4, 6D10.3)
One set of CGB cards is required for each body and for the NED card (see Table 3.6(d)). Leave

columns 1-6 blank on all continuation cards.

1. ITYPE . specifies body type or END to terminate reading of body data (for example BOX,
RPP, ARB, etc.). Leave blank for continuation cards.
2. TALP : body number assigned by the user (all input body numbers must form a sequence

set beginning at 1). If left blank, numbers are assigned sequentially. Assign either

all or none of the numbers. Leave blank for continuation cards.

3. FPD(I) . real data required for the given body as shown in Table 3.6(d). This data must be
in cm.
CARD CGC Format (2X, A3, 15, 9(A2, 15))

Input zone specification cards. One set of cards required for each input zone, with input zone

numbers being assigned sequentially.
1. TIALP :  IALP must be a nonblank for the first card of each set of cards defining an input
zone. If IALP is blank, this card is treated as a continuation of the previous zone

card.
IALP — END denotes the end of zone description.
2. NAZ : total number of zones that can be entered upon leaving any of the bodies defined

for this input region (some zones may be counted more than once). Leave blank
for continuation cards for a given zone. (If NAZ <C0 on the first card of the zone
card set, then it is set to 3). This is used to allocate blank common. Alternate
IIBIAS(I) and JTY(I) for all bodies defining this input zone.

3. TIBIAS(I)} : specify the “OR™ operator if required for the JTY(I) body.

4. JTY(I) . body number with the (=) or (—) sign as required for the zone description.
CARD CGD Format (1415)
MRIZ(I) : MRIZ(]) is the region number in which the “I-th” input zone is contained (I=1,

to the number of input zones). Region numbers must be sequentially defined from
1.

CARD CGE Format (1415)
MMIZ(I) : MMIZ(I) is the medium number in which the “I-th” input zone is contained (I=
1, to the number of input zones). Medium numbers must be sequentially defined
from 1.
CARD CGF Format (7D10.5) [Omit if IVOPT #3]

* Not operational.
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volume of the “I-th” region (I=1 to MXREG, the number of regions).

MORSEC — Cross—Section Module Input Instructions

CARD XA

CARD XB
1. NGP*
2. NDS
3. NGG*
4. NDSG
5. INGP*
6. ITBL
7. 1SGG
8. NMED
9. NELEM
10, NMiIX
11. NCOEF
12. NSCT
13. ISTAT

CARD XC

IRDSC!
ISTR'
IFMUT
MoM!
IRRIN'
IPUN'
IDTE'
IXTAPE

Format (20A4)
Title card for cross sections. This title is also written on tape if & processed tape is written; therefore,
it is suggested that the title be definitive.

Format (131I5)

number of primary groups for which there are cross sections to be stored; should
be the same as NMGP input in MCACE.

number of primary downscatters for NGP (usually NGP).

number of secondary groups for which there are cross sections to be stored.
number of secondary downscatters for NGG (usually NGG).

total number of groups for which cross sections are to be inputted.

table length, i.e., the number of cross sections for each group (usually equal to
number of downscatters -+ number of upscatters + 3).

location of within—group scattering cross sections (usually equal to number of
upscatters + 4).

number of media for which cross sections are to be stored; should be the same as
MEDIA input in MCACE. If NSCT<0, number of materials to be read from
DATA-POOL.

number of elements for which cross sections are to be read.

number of mixing operations (elements times density operations) to be performed
{must be=1).

If NSCT < 0, not used.

number of coefficients for each element, including Py

If NSCT <0, not used.

number of discrete angle (usually NCOEF/2;,....).

If NSCT<¢, | NSCT means number of discrete angles stored in DATA~-
POOL.

flag to store Legendre coefficients if greater than zero. If NSCT <0, not used.

Format (1115)

switch to print the cross sections as they are read if >0,

switch to print cross sections as they are stored if > 0.

switch to print intermediate results of 1’s calculation if >0.

switch to print moments of angular distribution if >0,

switch to print angles and probabilities if > 0.

switch to print results of bad Legendre coefficients if > 0.

switch to signal that input format is of DTF-IV if >0; otherwise, the ANISN
format is assumed.

logical tape unit for a binary cross section tape; set equal to 0 if cross sections are
from cards. If negative, then the processed cross sections and other necessary data
from a previous run will be read; in this case (IXTAPE <0} no cross sections from

* See Table 3.5 for sample input.
T Switches are ignored if IXTAPE<0.
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cards and no mixing cards are inputted. The absolute value of IXTAPE is the
logical tape unit.
If NSCT <0, set equal to O.

IXTAPE : logical tape unit of a processed cross—section tape to be written. This processed
tape will contain the title card, the variables from COMMON LOCSIG and the
pertinent cross sections from blank COMMON.

14. TO6RT . logical tape unit of a point cross—section tape in the O6R* format. {not operable)
15. IGQPT : last group (MORSE multigroup structure) for which the O6R point cross sections
are to be used (<XNMGP).

CARD XCA DATA-POOL assignment card [Omit if NSCT =0]
&DPUNIT NLIB=n! &END
where nl is the logical unit number for DATA-POOL that stores cross section data.

CARD XD Format (1415) [NSCT=0] or Format (12(1X, A4)) [NSCT<0]
[Omit if IXTAPE <0 and NSCT>=0]
Element identifiers for the cross—section tape. If element identifiers are in the same order as elements
on tape, the efficiency of the code is increased due to fewer tape rewinds. If NSCT <0, node names
of the materials to be read from DATA-POOL are assigned as follows:

EGRP FX32 IRON H20 AIR -

CARD XE [Omit if IXTAPE+0]
If cross sections are in free—form, a card with ** in columns 2 and 3 must precede the actual data.
ANISN format if IDTF =I0; otherwise, DTF-1V format. Cross sections for INGP groups with a table
length ITBL for NELEM elements each with NCOEF coefficients.

CARD XF Format (215, E10.5) [Omit if IXTAPE<Q, or if NSCT < 0]
NHIX (see Card XB) cards are required.
KM : medium number.
KE : element number occurring in the medium KM (negative value indicates last

mixing operation for that medium). Failure to have a negative value causes the
code not to generate angular probabilities for that media (LEGEND and ANGLE

are not. called).

RHO . density of the element KE in medium KM.
CARD XG Format (I5} [Omit if IOGRT <0]
NXPM : number of point cross-section sets per medium found on an O6R*® tape;

if NXPM =1, total cross section only,
NXPM =2, total + scattering cross section,
NXPM =3, total scattering, and »*fission cross section.

SAMBO Analysis Input Instructions
The following data are read from cards by SCORIN:

CARD AA Format (20A4)
Title information is immediately outputted.
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CARD BB Format (915, E12.4)
ND : number of detectors (set=1 if <0).
NS :  number of surface detectors.
NNE : number of primary particle (neutron) energy bins to be used (must be <NE).
NE : total number of energy bins (set=0if <1}.
NT . number of time bins for each detector (may be negative, in which case | NT |
values are to be read and used for every detector) (set=01if | NT <1).
NA : number of angle bins (set=0 if <1).
NRESP : number of energy—dependent response functions to be used. If NRESP >0, the

response functions are read by cards EE and EF. If NRESP <0, these are read
from DATA-POOL.
NEX . number of extra arrays of size NMTG to be set aside (useful, for example, as a

place to store an array of group—to—group transfer probabilities for estimator

routines).
NEXND . number of extra arrays of size ND to be set aside (useful, for example, as a place
to store detector—dependent counters)
EPS . relative difference for collision times biasing technique.
CARD S8 Format (3E10.4) (ND cards will be read)
XY, Z . detector location. (If other than point detectors are desired, the point locations

must still be inputted and can be combined with additional data built into the user
routines to define fully each detector.)
Note that the distance between the points (X, Y, Z) and (XSTRT, YSTRT, ZSTRT) and the initial
age, AGSTRT, will be used to define the lower limit of the first time bin.

CARD DD Format (20A4)
Title or units for total responses for all detectors; will be used in columns 54 through 133 of the title

for the print of these arrays.

CARD EE Format (20A4) [NRESP > 0]

Title or units for each total response for all detectors.

CARD FF Format (7E10.4) [NRESP >0]
Response function values. NMTG values will be read in each set of FF cards. Input order is from

energy group 1 to NMTG (order of decreasing energy).
NOTE: Cards EE and FF are read in the following order: EE, FF1, --- FEN, EE, FF1, .- FFN, etc,
NRESP sets of EE, FF cards will be read.

CARD EEA DATA-POOL assignment card [NRESP< 0]
&DPUNIT RESD=n &END
This card defines the logical unit number for DATA-POOL which stores the response data.

CARD FFA Format (12(1X, A4)) [NRESP < 0]
Node names of the response functions. The first entry is the first node name which defines the energy
group structure. The second entry is the second node name ‘RESD’. Remainders are the third node

names of each response function. ( | NRESP | entries)
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CARD GG Format (20A4) [Omit if NE<1]

Units for energy—dependent fluence for all detectors.

CARD HH Format (14I5) [Omit if NE<1]
Energy group numbers defining lower limit of energy bins (in order of increasing group number).
The NNE (if >>0) energy must equal NGPQTN; the NE entry must be set to NMGP + NGPQTG
for a combined problem, or else NGPQTG or NGPQTN.

CARD 1I Format (20A4) [Omit if ;| NT | <1]
Units for time—dependent total responses for all detectors.

CARD 1J Format (20A4) [Omitif | NT | <1 or NE<1]

Units for time and energy—dependent fluence for all detectors.

CARD KK Format (7E10.4) [Omit if A NT | <1]
NT wvalues of upper limits of time bins for each detector (in order of increasing time and detector
number). The values for each detector must start on a new card. NT | values only are read if NT

is negative. They are then used for every detector.

CARD LL Format (20A4) [Omit if NA<1]

Units for angle— and energy—dependent fluence for all detectors.

CARD MM Format (7E10.4) [Omit if NA <1]
NA values of upper limits of angle bins (actually cosine bins, the NA~th value must equal one).
Following the input for the SAMBO analysis module, input cards for user-written routines INSCOR,,
SQURCE, and ENDRUN.

The following data from the card NN to the card VV are used for surface crossing estimator. If NS>0
on the card BB, the records from the card NN to the card SS are repeated by NS times and the records
from the card TT to the card VV are used only if the scoring of angular flux is performed. If NS —0, the

records are omitted.

CARD NN Format (A3, 2X, 11I5)
1. ITYPE :  selection of surface,
SPH =sphere,

RCC=cylinder,
RRT=plane(R, &),
PXY =plane (X, Y).
2. IREAL : real crossing estimator.
0=no,
1=yes.
3. IEXP :  expected crossing estimator.
0=no,
1=vyes.
4. IFLUX : scoring of flux.
0=no,

1=yes.
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5. ILEAK
6. IANG
7. 10UT
8. MESHI
9. MESH2
10. IETA
11. IPHI
12. IPRT
CARD 0O
1. X0
2. YO
3. Z0
4. U0
5. VO
6. WO

3. Module for Analyzing Neutron and Gamma-Ray Transport 117

scoring of leakage current.
0=no,
1=yes.
scoring of angular flux.
0=no,
1=yes.
output data for bootstrap calculation.
0=no,
1=yes. {data are written on the logical unit FT42F001)
number of meshes for the first axis.
if ITYPE=SPH, the first axis is £,
ITYPE=RCC, the first axis is Z,
ITYPE=PRT, the first axis is R,
ITYPE=PXY, the fixst axis is X.
number of meshes for the second axis.
if ITYPE=PRT, the second axis is &,
ITYPE=PXY, the second axis is Y.
MESH?2 means the total section number.
number of meshes for the polar angle 7. (IANG=1)
number of meshes for the azimuthal angle ¢b. IPHI means the total number for
angular meshes (IANG=1).
print option.
if IPRT =0, print all informations,
IPRT=1, meshwise values are not printed,
IPRT =2, angular fluxes are not printed.

Format (6E10.3)

center positions of the surface,

direction cosines of the normal vector on the surface.

If ITYPE=SPH, X0=Y0=Z0=U0=VY0=W0=0.0. If ITYPE=RCC, X0, Y0, Z0 are defined as
the center points of bottom surface, U0, VO, W0 are defined as the directions of center axis and either
U0, VO or WO should be parallel to the one of X, Y or Z-axis.

Format (4E10.3)

direction cosines of R(PRT) or X(PXY)—axis of the surface,

radius of the sphere or cylinder.

If ITYPE=SPFH, the direction of the R—axis should be set to 1.0; ITYPE=RCC, Ul, V1, W1 should

CARD PP
1. Ut
2. Vi
3 Wl
4. RADIUS
be set to 0.0.
CARD QQ

Format (7E10.3) [MESH1+1 entries]

Mesh boundaries of the first axis (& for SPH, Z for RCC, R for PRT and X for PXY). Unit is radian

for # and the others are cm.
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CARD RR Format (12I5) [MESHI entries and omit if ITYPE-=SPH or RCC]
Number of meshes for the second axis (& for PRT and Y for PXY) in a mesh of the first axis.

CARD S8 Format (7E10.3) [MESH1 + MESH?2 entries and omit if ITYPE=S5PH or
RCC]

Mesh boundaries of the second axis. Unit is radian for # and cm for Y.

CARD TT Format (7E10.3) [IETA — 1 entries and omit if IANG=0]
Mesh boundaries of the polar angle. The values are given by the descending order. (1.0=%20.0)

CARD UU Format (12153} [IETA entries and omit if IANG=0]

Number of meshes for the azimuthal mesh in a polar mesh.

CARD VV Format (7E10.3) [IETA +1PHI entries and omit if IANG=0]
Mersh boundaries of the azimuthal angle. The values are given by the descending order. (2z22¢ =2 0)

SOURCE - Source Condition Input Instructions
[Omit if the bootstrap option is used. ]

CARD S1 Format (10X, 315, 2E10.3, I5)
1. NSORCE : source condition and spatial distribution.
if NSORCE=1, point source,
NSORCE=2, rectangular source and uniformr distribution,
NSORCE =3, rectangular source and cosine distribution,
NSORCE =4, cylindrical source and uniform distribution,
NSORCE =35, cylindrical source and cosine distribution,
NSORCE =6, spherical source and uniform distribution,
NSORCE=17, circular plane source and uniform distribution,
NSQRCE=38, annular plane source and uniform distribution.
2. NEMIS . source angular distribution.
if NEMIS =1, uni—directional distribution,
NEMIS =2, isotropic distribution,
NEMIS =3, cosine distribution,
NEMIS=4, arbitrary distribution defined by the user,
NEMIS=S3, biased isotropic distribution.
3. NSPEC ; source energy distribution.
if NSPEC=0, arbitary spectrum defined by the SORIN subroutine,
NSPEC =1, fission spectrum,
NSPEC=2, arbitrary spectrum defined by the user,
NSPEC=3, mono—energy distribution.

4. ETOP : the highest source energy (eV).
EBOT : the lowest source energy (eV).
6. JDIREC :  rotation of the direction cosines for angular distribution.

if JDIREC =1, no effect,
JDIREC=2, rotate Xto ¥, Yto Z, Z to X,
JDIREC=3, rctate Zto ¥, Yio X, X toZ.



JAERI 1316 3. Module for Analyzing Neutron and Gamma—Ray Transport 119

CARD 82 Format (10X, 3F10.3)
1. X0
2. YO center coordinates of the source.
3. 20
CARD §3 Format (10X, 6F10.3)
1. XL
2. XK
3. YL left and right coordinates that X, ¥ and Z-axis cross the source region. Needless
4. YR data are set to zero. (see Fig. 3.2DB)
5. ZL
6. ZR
CARD 84 Format (10X, 3F10.3} [NEMIS=1]
1. UINP
2. VINP direction cosines of uni—directional source, UINP*~VINP*+~WINP*=1.
3. WINP
CARD §5 Format (10X, 2F10.3) [NEMIS=35]
1. U0 : direction cosines with X axis where source is biased.
2. VO : importance of particles.

When the biasing axis is not X—axis, use JDIREC option on the card S1.

CARD S6 Format (I5) [NSPEC=2, 3]
1. IMAX1 : number of energy points.

CARD §7 Format (2E10.3) [NSPEC=2, 3]
1. E() : upper energy of the energy group (eV),
2. FE(I) . source energy spectrum (n/cm’/sec/eV).

Card 87 is repeated by IMAXI times.

CARD S8 Format (2I5) [NEMIS=4]
1. IMAX : number of energy points,
2. IMAX . number of angular points.
CARD S9 Format (8E10.3) [NEMIS=4] (IMAX entries)
. E(D : upper energy of the energy group (eV).
CARD 510 Format (8F10.4) [NEMIS=4] (JMAX entries)
1. DEG(I) : cosines of angular meshes.
CARD 811 Format (8E10.3) [NEMIS=4]

1. ANGDIS(I) : energy and angular distributions of source (n/cm?’/sec).
The data are given by angle and then group.
[(IMAX—1) X (JMAX—1)] entries are required.
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Table 3.5 Sample group input numbers for some representative problems*

Case A: Neutron Cross Sections (22 groups)

Case B: Gamma—Ray Cross Sections (18 groups)
Case C; Neutron—Gamma—Ray—Coupled Cross Sections (22-18 groups)

Problem Type

&
=
= 2
ER
o3
& & Z& & ELE
= = = = a3 E
e 2 %8 =8 J23
& 2 2 = & 1Z2C
<Y af vg¥ ovED uveEh
2o %8 23a 8o 2San
Input & &2 828 8E&&8 g288
Variable
MCACE Input:
NGPQTN 14 0 14 17 14
NGPQTG 0 17 0 0 17 CARD B,
NMGP 22 18 22 17 22 Variables
NMTG 22 18 22 17 40
NGP 22 18 22 0 0!
NGG 0 0 0 17 18 CARD XB
INGP 22 18 40 40 40  Variables

* For cross sections with full downscatter, NDS=NGP, NDSG=NGG, INDS=
INGP, and ITBL =number of downscatters + number of upscatters + 3. Usually,
ISGG=number of upscatters ~ 4; i. e., NUS + 4.

t Must be equal to the total number of neutron groups in the data—otherwise it picks up

gammas from wrong location.
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Table 3.6{a) Variables to be written on tape (NBIND)

¥ Yariable* I Variable*
1 NCOLL 19 WTBC

2 NAME 20 ETAUSD
3 1G 21 ETA

4 u 22 AGE

5 v 23 OLDAGE
6 A4 24 NREG

7 X 25 NMED

3 Y 26 NAMEX
9 Z 27 WATEF
10 WATE 28 BLZNT
11 1GO 29 BLZON
12 UOLD 30 VEL (IG})
13 VOLD 31 VEL (IGO)
14 WOLD 32 TSIG
15 XOLD 33 PNAB
16 YOLD 34 NXTRA
17 ZOLD 35 EXTRAI
18 OLDWT 36 EXTRA2

JAERI 1316

#* These variables are defined in Table 3.6(C).

Table 3.6(b) BANKR arguments (NCOLLS)

BANKR .
Called from Laocation of call in Walk
argument
—1 MORSE After call to INPUT-to set parameters for new problem
-2 MORSE At the beginning of each batch of NSTRT particles
-3 MORSE At the end of each batch of NSTRT particles
—4 MORSE At the end of each set of NITS batches—a new problem is about to
begin
I MSOUR After a source event
2 TESTW After a splitting has occurred—commented in column 1
3 FPROB After a fission has oceurred
4 GSTORE After a secondary particle has been generated
5 MORSE After a real collision has occurred-post—collision parameters are
available
6 MORSE After an albedo collision has occurred-post——collision parameters are
available
7 NXTCOL After a boundary crossing occurs (the track has encountered a new
geometry medium other than the albedo eor void media)
8 NXTCOL After an escape occurs (the gemetry has encountered medium zero)
9 MORSE After the post—collision energy group exceeds the maximum desired—
commented in column 1
10 MORSE After the maximum chronological age has been exceeded—commented
in column 1
11 TESTW After a Russian roulette kill occurs—commented in column 1
12 TESTW After a Russian roulette survival occurs—commented in column 1
13 GSTORE After a secondary particle has been generated but no reom in the bank

is availablecommented in column 1
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Table 3.6(c) Definition of variables described in Table 3.6(a)
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Variable name

Definition

NCOLL

NAME
IG
UV, w
X, W,2Z
WATE
IGO
UOLD, VOLD,
WOLD
XOLD, YOLD,
ZOLD
OLDWT
WTBC
ETAUSD
ETA
AGE
OLDAGE
NREG
NMED
NAMEX

WATEF

BLZNT

BLZON
VEL

TSIG
PNAB
NXTRA
EXTRAI1
EXTRA2

A type of event:

(1) sources generated

(2) splittings cccurring

(3) fissions occurring

(4) gamma-rays generated

(5) real collisions

(6) albedo scatterings

(7) boundary crossings

(8) escapes

(%) energy cutoffs
(10) time cutoffs
{11) Russian roulette kills
(12) Russian reulette survivals
(13) gamma-rays not generated because bank was full
Particle’s first name
Current energy group index
Current direction cosines
Current locations
Current weight

Previous energy group index
Previous direction cosines

Previous locations

Previous weight

Weight just before current collision

Flight path in m. f. p. (mean free path), which has been used since the last event
Mean free path between collisions
Current age

Previous age

Region number at the current location
Medium number at the current location
Particle’s family name

(Note: particles do not marry)

Weight of fission neutron tc be banked
Current block and zone number (packed)
Previous block and zone number (packed)

Velocity corresponding to the mean energy for neutron groups and the speed of light for

gamma-ray groups (in cm/sec)

Macroscopic total cross section provided by the NSIGTA subroutine
Non—absorption probability

Not used

Not used

Not used
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3.3.2 Input/Output File Assignment

MCACE requires various direct—access devices during execution. Table 3.7 shows the name of the
data sets. The logical unit number marked with a circle in the table is required to execute the job. The
logical unit number which is marked with a condition in parentheses is required when the condition is

satisfied. The value for the memory space estimation changes with the various conditions of computation,

so that it is roughly estimated.

Table 3.7 Requirements for external data sets in MCACE

1st. Space DCB Information
Logical Unit |  Condition Contents Estimation
| (Tracks) LRECL | BLKSIZE | RECFM
NLIB* | (NSCT<0) Cross Section library —
) 3600 3600 F
RESD* (NRESP<0) Response data input —
IXTAPE! (NSCT >0) Cross Section library —
(with Legendre expansion)
FT16F001 o Scratch 100
FT40F0C1 (IBOOT =1) Bootstrap data input —
FT41F001 O Restart data output 100 19064 19068 VBS
FT42F001 (IOUT=1) Bootstrap data output 50
FT51F001 (IREST=1} Restart data input —
NHISTR™
~ (NCOLTP>>0) Collision data cutput 50
NHISMX"

* Logical unit numbers are defined by the unit assignment card.
t Logical unit number is defined by IXTAPE in the card XC.
+t Logical unit numbers are defined in the card G.

3.3.3 Job Control Language
Figure 3.17 shows a typical job control language and data for executing MCACE.
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IHJCLG 0B
It EXELC JCLG
JISYSIH DD DATA,DLH="++"
{1 JUSER B2469686,KA.MINANL,0341.200

1.5 C.a w1 1.1 PO SRP

OF'TF PASSWORD=K
{/*EXELC FORTYI?,50="J367%.HLACE" ,A="ELM(*)"
{/*EXEC LKED?7,PRVLIB="J3679.DPODL2"’
II=EXEC GO
{1 EXEC LMGO,tM="J367%,MCACEX"
/4 EXPAND DISK,DDN=FT16FO0C1,S8PC='100,20"
/1 EXPAND DISK,DDN=FT41F001,5PC="100,20"
f7 EXPAHD DISKIC,DON=FT92F001,DSN="J3679.POOLT?",Q=",DATA N’
1I5YSIN 00 =

GAMMA-RAY SKY-SHONE

200 240 60 1 § 0 9 ] 0 0 10 2 0 0
0 1 0 0 1.0 0.02 +h 0.0 0.0 2.2 +5
]

0.0
1.0
1.33 t6 1.0 +6 0.8 +tb 0.6 6 0.4 t6 0.3 +6 0.2 6
0.1 t6 0.05 +6
0123456789
0 1 0 o 0 4 9 0

1 1 9 i 1 4 100,0 1.0 -3 1.0 =2 0.0
-1
[¢]
1] 0 SKY-SHINE PROBLEH
RLC i 0.0 0.0 0.0 0,0 0.0 T.6 +2
4.1 +2
RCC 2 0.0 8.0 0.0 0.0 c.0 T.8103+2
7.1 +2
RPP 3 -6.0 +4 6.0 +4 -§.0 +4 6.0 +4 0.0 6.0 +4
RPP 4 -6,01 +4 6.01 v4 -6.01 +4 B6.01 +4 -10.0 6.01 +4
END
ALR +1
WAL +2 -1
AlR +3 -2
viD t4 -3
END
1 2 3 §
1 2 1 0
CROSS SECTIGN FROM DATA POOL
o] 0 g 9 9 12 4 2 2 0 0 -16 0
0 0 1) 0 o] 0 -1 0
LDPUNIT NLIB=82 &END
G099 fFXxi6 AIR CONC
SANBD INPUT TOTAL FLUX AMND DODE RATE
3 1 9 g G 0 -1 1 1
1.0 4 0,0 1.5 +2
2.0 t4 0,0 1.5 +2
3.0 4 0.C 1.5 +2
RESPONSE FUNCTION (MR/HR)
LDPUNIT RESD=92 LEND
G099 RESD DOSE
FHOTON/SEC/CH®*x2/EV
1 2 3 L] 5 b 7 8 ]
FRT 1 1 1 0 G 1} g 9 G 0 Q
0.0 g.0 1.5 +2 0.0 0.0 1.0
1.0 0.0 .
70.0 12 90,0 +2 110.0 +2 340,0 +2 180.0 +2 220.0 +2 250.0 +2
280.0 +2 320.0 +2 380.0 +2
1 1 i 1 1 1 1 1 1
0.0 65,283 0.0 6.283 0.0 6.283 0.0
6.283 c.0 6.283 0.0 6.283 0.0 6.283
0.0 6,283 0.0 6.283
SOURCE 1 5 3 1.33 +6 0,87 16 3
0.0 0.0 560.0
0.0 0.0 0.0
0.273 6.0
1
1.25 6 1.0
++
i

00000020
00000030
00000040
00000050
00000060
00000070
c0000080
00000090
0c000100
00000101
00000110
00000120
00000150
00000360
00000170
00000180
00000190
00GH0200
00000210
00000220
00000230
G0o000240
00000250
00000260
00000270
00000280
00000290
00000300
00000310
000G0320
00000330
00000340
00000350
00000360
00000370
00000380
00000350
6o00C400C
00000410
00000420
00000430
00000440
GO00BD450
00000460
00000470
00000480
00000490
00000500
00000510
00000520
0G00053G
0G000549
00000550
00000560
00000570
00000580
G00CD590
00000591
00000592
06000593
0000G594
00000595
00000596
00000597
00060598
00000599
0GOO0600
00000610
00C¢00620
0000CH30
000G0640
00000650
00000660
00000670

Fig. 3.17 Job control cards and input data for MCACE for use on the FACOM M-3%0
computer at JAERI
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3.3.4 Data Notes for MCACE
The notes and the limitations to execute MCACE are described in this section. The descriptions
consist of the estimators, the biasing techniques, the source option, the restart option and the bootstrap

option. The information is useful to execute MCACE effectively.

Note 1) Estimators

The surface crossing estimator for spherical geometry is allowable when the center of sphere is set to
the origin of the system coordinates. The scoring is available by each angular mesh of the direction cosine
to the x—, y— or z-axis defined by the card PP. The number of the angular meshes is defined by MESHI
on the card NN. The angular flux is scored by each the direction cosine to the normal vector. (see Fig.
3.18)

The surface crossing estimator for cylindrical geometry is allowable when the axial direction of the
cylinder is set to parallel to x-, y- or z-axis defined by the card OO. The scoring is performed by each axial
mesh of the cylinder. The number of the axial meshes is defined by MESH1 on the card NN. The scoring
is only available for the side of the cylinder. The angular flux is scored by each direction cosine to the
normal vector. (see Fig. 3.19)

The surface crossing estimator for the (R, ) plane geometry can be divided by the radius and the
angle from the R—axis defined by the user. The direction cosine of the R-axis to the system coordinates
is defined by the card PP. The number of the radial meshes and the number of the angle meshes are
defined by MESH1 and MESH2 on the card NN, respectively. Note that the MESH2 should be the total
number of the sectors and the assignment of the angular mesh should be started from zero by each radial
level on the card SS. The scoring for the angular flux is performed by each direction cosine 77 and ¢ to
the normal vector of the plane. (see Fig. 3.20) The angular mesh boundaries of ¢ are given by each 7
mesh on the card VV.

The surface crossing estimator for the (X, Y) plane geometry is assigned by the x™-axis and the
normal vector. The x™axis iS defined by the card PP and ytaxis is automatically set to the vertical
direction to the x*axis. The number of meshes for x—axis and y*axis are defined by MESH1 and MESH2
on the card NN, respectively. The MESH2 should be the total number of the sectors. The mesh boundaries
for y™axis should be given by each level for x™axis on the card 88. The scoring for the angular flux is
performed by each direction cosine of 7 and ¢ to the normal vector of the plane. (see Fig. 3.21) The

angular mesh boundaries of ¢ are given by each 7 mesh on the card VV,

history

Fig. 3.18 Surface crossing estimation scheme for spherical geometry
in MCACE
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Fig. 3.19 Surface crossing estimation scheme for cylindrical geometry in MCACE
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Fig. 3.20 Surface crossing estimation scheme for circular plane geometry in MCACE
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Fig. 3.21 Surface crossing estimation scheme for plane geometry in MCACE
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The maximum number of the surface crossing estimators is 5. The surface crossing estimator for the
(R, 8 or (X, Y) plane is also utilized for the bootstrap option. The particle scoring is performed by each
surface, spatial mesh and energy group. The leakage current scoring is also available to compute J* and
J . The angular flux scoring is performed by each angular mesh for » and ¢

The following surface crossing estimations are performed and printed out by each surface.

a) reaction rate and scalar flux

% Zg:f;z;’sngf, g (mean value)

258 (meshwise value)
b} energy gspectrum

% Z{Sﬂb; ZAY (mean value)

$io/ By . (meshwise value)

c) leakage current

2 Z ST, 2 Z 8.3, (total leakage)
e g i

281y, 287 (mean value)
21 2T, (meshwise value)
. £

AN i (meshwise and groupwise value)

ig-
d) angular flux

Dok (meshwise, groupwise and anglewise value)

The number of response function to compute the reaction rate on the surface is only one which is the
first response function on the cards FF. In scoring of angular fluxes the angular mesh structure given by
the cards TT, UU and VV should be the same for all surfaces.

The way to partition the space and angle is very flexible. For example, any number of ¥ meshes is

possible for each X mesh, as shown below.

Y
20 5 Input data for this surface:
ITYPE =PXY
2 7 MESH1=3
MESH2=7
0 4 X Card QQ = 20, -10, 10, 20
Card RR=2, 3,2
1 6 Card §$ = -20, 0, 20, -20, -10,
3 10, 20, -20, 0, 20
—20
=20 —10 10 20

Fig. 3.22 A sample input for the PXY surface crossing estimator
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Note 2) Biasing techniques

The Collision Times Biasing technique is effective in the case that a few collision components from
source mainly contribute to the fluxes at the detector position. The biasing effect in computing the fluxes
may be influenced by detector locations and the other biasing techniques (splitting or russian roulette
kill), so that the user should confirm the merit of the biasing technique by using the other biasing
techniques jointly. The process of the Collision Times Biasing technique is shown in Fig. 3.23.

The Region Penetration Biasing technique is effective in the case that a deep penetrating region exists
between sources and detectors. The biasing technique gives good estimations when the Collision Times
Biasing technique is also used, as shown in Section 3.3.1. The process flow of the Region Penetration
Biasing technique is shown in Fig. 3.24.

The Automatic Russian Rouletie Biasing technique can be ordinarily used as a standard biasing
technique, however, the biasing effect in computing the fluxes is sensitive to the values of FVR and WAV
defined by the user. When WAV is set to the relatively small value (for example WAV =0.1), any
improvements from the biasing technique used may not be expected because many particles are survived
and much computation times are needed. To improve the estimation effectively, some extra detectors may

be also located in the configuration, such as I, shown in Fig. 3.16.
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Fig. 3.23 Calculational flow of the Collision Times Biasing in MCACE
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Note 3) Source option
MCACE has many options corresponding to various source conditions. The subroutines SOURCE
and SDATA have been newly added to treat the options. The following geometry and spatial distributions
of the source are available in the MCACE module:
a) Source geometry and spatial distribution. (see Fig. 3.25)
(i) point: (NSORCE—1)
(ii) rectangular with the uniform distribution: (NSORCE=2)
(iii) rectangular with the cosine distribution: (NSORCE=3)

— 7
p(x)dx=cos( 20 x)dx.
(iv) cylinder with the uniform distribution: (NSORCE=4)
2
p(r)rdr= 7&% rdr,
X=rcos f,
y=r sin &,
p(z)dz=dz/L .
(v) cylinder with the cosine distribution in z only: (NSORCE=35)
2
p(r)rdr= ?% rdr,
X=r1cos G,
y=r sin 4,
T
p(z) dz-'vcos(ﬂ Z)dz.
(vi) sphere with the uniform distribution: (NSORCE=6)

p(r)rzdr: ;{; Pdr,

x=r(20,— 1),
y=r1(20, 4p7) "cos {n (20, 1)},
z=r(20,—407)’sin {z(20,— 1)}.
(vii) circular plane with the uniform distribution: (NSORCE=7)
p(rdr= ;(2) rdr,
X=r1cos f,
y=1r sin &.

(vii) annular plane with the uniform distribution: (NSORCE=8)

2r
p(r)rdr= ﬂ dr, R,<r<R,
X=r cos G,
y=r sin &.

In these distributions p; and p, are random numbers with the uniform distribution from 0 to 1. The
sinf and cosf mean the distributions with uniform the distribution in & from 0 to 2z, respectively, and
these values are given by calling the subroutine AZIRN(SIN, COS).
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b) Angular distribution of source.
(i) pencil beam. (NEMIS=1)
(i) isotropic emission, (NEMIS=2)

u=2R,—1,

v:y’/mcos {m(2R,— 1)},

w=y 1 usin{z(2R,— 1)}
(i) cosine emission, (NEMIS=3)

u=+R,,

v=+1—ucos {m(2R, — 1)},

w =y 1 —iPsin m(2R,—1)}.

(iv} P(u) emission. (NEMIS=4)
In the above expression, K; and R, mean random numbers with the uniform distribution from 0 to 1.
¢) The uncollided fluences for these angular distributions of sources are computed as follows:

(i) pencil beam,
Bar
¢~ WATE *exp{— | 7di} .

(i) isotropic and cosine emissions,

~ WATE [Bar
b= gz *oxp(~§ TTdi) .
(ii) P(u) emission,

_ WATE i {7,
Pun= ;: * P(u) * expf J-A.»_, dt} .
In the above expression WATE 1s the particle weight, r means the pass length from the source at A
to the detector B. L' is the total macroscopic cross section and P(y) is the angular distribution

function of the source.

Note 4) Restart option

To use the restart option the restart tape which was generated as FT41F001 should be assigned to
FT51F001 and the input data should be the same as that of the previous job excepting that the number of
batches; NITS on the card B should be changed to the number of total batches including the previous one
(The starting random number on the card H is changed automatically to the next random number of the

previous batch).

Note 5) Bootstrap option

MCACE can perform the bootstrap calculation using the leakage current on a surface detector of the
plane geometry in the previous job. To use this option the bootstrap tape which was generated as FT42F
001 by specifying ILEAK =1 and IOUT=1 on the card NN should be assigned to FT40F001. The plane
identification number, NSURF on the card E3, is the same as the sequence number of surfaces in the

previous job. There are following limitations for a bootstrap surface.

Number of energy groups <25
Number of total sections {MESH2 on card NN) <100
Number of meshes for polar angle (IETA on card NN) <3
Number of total angular meshes (IPHI on card NN) =24

The bootstrap tape is written in the unformatted form and contains following information:
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1st rec. (TITLE(]), I=1, 20)
2nd rec. N, ITYPE, IREAL, IEXP, MESH1, MESH2, IETA, IPHI, IANG, NE
3rd rec. X0, Y0, Z0, U0, Vo, W0, Ul, V1, W1,

(R(I), I=1, MESH1+1), (T(I), 1=1, MESH1 —MESH?2),
(NR(I), 1==1, MESHI +1)
4th rec. (ETA(D), I=1, IETA+1), (PHI(1), I=1, IETA+1PHI),
(NETA(I), I=1, TETA)
This 4th record is omitted if IANG=0.
5th rec. (RLEAK(I), I=1, MESH2) for the group 1
6th rec. ((RFLUX(I, I, I=1, IPHI), J=1, MESH2) for the group 1
This 6th record is omitted if IANG=0
Repeat 5th and 6th records until the group NE.
7th rec. (ELEAK(I), I=1, MESH2) for the group 1
8th rec. ((EFLUX(I, ), I=1, IPHI), J=1, MESH2) for the group 1
This 8th record is omitted if JANG=0,
Repeat 7th.and 8th records until the group NE.

where, N : sequence number of the surface
R(I), T(D) :  mesh boundaries for R and & axes or X and Y axes
NR(I) : number of meshes of the second axis on a mesh of the first axis
ETA(I), PHI(I) : mesh boundaries for polar and azimuthal angles
NETA(D) : number of meshes for the azimuthal angle on a polar mesh

RLEAK, RFLUX : leakage and flux for the real crossing estimator
ELEAK, EFLUX : leakage and flux for the expected crossing estimator
Other notations are the same as those in the input instruction.
The above data records are for a surface detector, therefore, these data records are repeated by NS times.
In order to use the boundary sources generated by DOT/ESPRIT, the following information on a

tape are required:

Ist rec. IGM, IGE, MM, IM, IM, IB3, IB6, MMUP, MMRT,
(TITLE(D), I=1, 18)
2nd rec. (XNUD), I=1, MM), (XETA(D, I=1, MM), (WT(D), I=1, MM),
(R(I), I=1, IM—- 1), (Z(I), I=1, IM+1)
3rd rec. ((FLUX(M, I, M=1, N1), J=1, N2) for the group I
Repeat this record until the group IGM.
where, IGM : number of groups
IGE 1 type
MM : number of angles
M, IM :  number of radial and axial intervals
IBS5, IB6 : interval number for radial and axial boundary
MMUP, MMRT : number of up—ward and right-ward angles
XNU, XETA, WT : Snconstants (¢, 7 and weights)
R, Z : radial and axial interval boundaries
FLUX : boundary flux at the position IBS or IB6

NI=MMUP, N2—IM for IB5+#0
N1=MMRT, N2=TM for IB6+0
The information after the 3rd record is the same as the interior boundary angular flux data set written on
the logical unit NBFT by DOT/ESPRIT.
The boundary fluxes obtained by DOT/ESPRIT for the radial or axial interior boundary of the (R,

Z) geometry are allowable in using the bootstrap option. In the case of the radial interior boundary, the
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system coordinates for the bootstrap calculation should be the same as those for the DOT/ESPRIT

calculation. The source angular biasing which means angular fluxes oriented between &, and 0,

erﬂin

8"’13)(

W

Fig. 3.26 Source biasing option used in the bootstrap calculation

indicated as shadow in Fig. 3.26 arc only treated as the source for MCACE, is also available by using
THMIN as &_,, and THMAX as 6, on the Card Eé6.

3.4 BREM

BREM computes secondary gamma-ray contributions due to the Bremsstrahlung effect. The
gamma-ray transport calculation is performed by DIAC. The BREM has two processing options named
“source option” and “edit option”. The source option generates secondary gamma-ray sources by using
gamma-ray fluxes calculated by DIAC and the Bremsstrahlung data. The edit option adds the primary
gamma ray fluxes and the secondary gamma-ray ones generated by the Bremsstrahlung effect, and
computes total gamma-ray fluxes and arbitrary reaction rates. The flow of calculations is shown in Fig.
3.27.

In the source option, secondary gamma-ray sources by each energy group and spatial interval are
generated in the form of volume distributed sources used in the DIAC calculation. The calculation of the
secondary gamma—ray transport is also performed by DIAC with the source data generated in the source
option of BREM (IQM =2 in the 15% array should be specified in this calculation).

In the edit option, the primary gamma-ray fluxes and the secondary gamma-ray ones are edited. The
total gamma-—ray fluxes, spectra and reaction rates for arbitrary response functions are computed in this

edit option. The total gamma-ray fluxes can be also stored in the DATA—POOL.
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3.4.1 Input Instruction

Input data to BREM are written in the FIDO format except for a title, a DATA-POOL unit
assignment and response functions data. In the following, a size of data arrays is given in square brackets,
and the condition under which the data array is to be specified is given in parentheses. The data array

without the condition should always be specified.

Title card

Format (18A4)

Arbitrary comments are given.

DATA-POOQOL assignment card
Logical unit numbers for DATA~-POOL used in computation are assigned.

The input format is a Namelist statement described below:
&UNIT FLX1=nl, FLX2=n2, FLX3=n3, BREM=n4, RESD=n5 &END
‘&UNIT’ should be written from the 2nd column., Unit names, FLX1 etc., indicate following

libraries:
FLX1

FLX2

FLX3

BREM
RESD

scalar fluxes generated in the primary calculation with DIAC (include no Brems-
strahlung effect)

scalar fluxes generated in the second calculation with DIAC (contributions of the
secondary gamma-ray sources due to the Bremsstrahlung effect)

total scalar fluxes including the Bremsstrahlung effect to be outputted
Bremsstrahlung data

response functions for gamma-ray

The numbers from nl to n3 correspond to those of the logical unit for DATA-POOL. When the number
is set to zero, the access to the DATA-POOL is prohibited.

1$ Control parameters [8]
1. ID problem identification number, The number is used as a node name for total scalar
fluxes to be outputted.
2. MODE computational option.
1 =source option
2=cedit option
3. IM number of spatial mesh intervals in the primary DIAC calculation.
4 MT number of materials in the primary DIAC calculation.
5. IDFM density factor flag.
0=density factor is not used in the primary DIAC calculation
1 =density factor is used in the primary DIAC calculation
6. IISPTM print option for the gamma-ray flux.
0=no print
1=¢/AE
2=¢/Au
7. NREACT reaction rate calculation.
O=no effect
1 =response data are given by cards
2=response data are given by a sequential data set on FT30F00I
3=response data are given by DATA-POOL
8. NGELM number of response functions. (MODE=2 and NREACT#0)

T Termination of this data block.
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2%

3%

138

21%

288

Node names for scalar fluxes to be inputted [2] (MODE=1)
The node names of the first and the second levels are assigned.
Neode names for scalar fluxes to be inputted [3] (MODE=2)

The node names of the first level (energy group structure) and the second level. (problem

identification numbers for the primary and the secondary DIAC calculations)

Node names for materials of Bremsstrahlung data [2+-MT] (MODE=1)

Node names and the sequence are the same as the data in the 13% array in the primary DIAC
calculation.

Density factors [IM] (IDFM=1)

The values are the same as the data in the 21* array in the primary DIAC calculation.

Node names for gamma-ray response functions [2+NGELM] (NREACT=3)

The first node name shows the energy group structure. (e.g., 4HEGRP)} The second node name is
4HRESD and the following are response names to be used.

T Termination of this data block.

Gamma-ray response data (NREACT=1 and NGELM #0)
a) title of response data Format (20A4)

b) response data Format (6E12.4)

The above data are repeated by NGELM times.

3.4.2 Input/QOutput File Assignment
BREM requires various direct—access devices during computation. Table 3.8 shows the names of the

data sets. The logical unit number marked with a circle in the table is required to execute the job. The

logical unit number which is marked with a condition in parentheses is required when the condition is

satisfied.
Table 3.8 Requirements for external data sets in BREM
MODE in the 1% array
Logical Unit Contents
1 2
FTO1F001 O Secondary gamma-ray source output
FT50F001 (NREACT=2)" Response data input
FLX1* @] ] Gamma-ray fluxes generated by the Primary DIAC calcula-
tion
FLX2* O Gamma-ray fluxes generated by the Secondary DIAC cal-
culaticn
FLX3* (FLX3=0) Total gamma-ray fluxes output
BREM* O Bremsstrahlung data input
RESD#* (NREACT=3)| Response data input

* Logical unit numbers are defined by the unit assignment card.
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4. Module for Data Base Management

The RADHEAT-V4 system has to treat and manage various data sets of cross sections, secondary
gamma-ray yield data, neutron and gamma-ray fluxes, response data and reaction rates. Each of data set
is large in data size, and there are various data forms which are used to store data sets on files. In order
to retrieve and manage these data set easily, a direct access data base “DATA-POOL” has been
developed. In this chapter, the structure of DATA-POOL and the functions of DATA-POOL. utilities,
POOL and VISUAL, are described. The DATA POOQOL is a kind of structured data base with a tree
structure characterized by a chain of nodes. Data belonging to the same category are assigned to a level
of node structure. An information retrieval is performed by assigning a specific combination of node
names directly from a data input or output routine. The DATA-POOL adopts a fixed and an unblocked
record length of 3600 bytes and consists of three sections. The structure of the DATA-POOL and
descriptions of the access package are described in Section 4.1.

A maintenance utility POOL is prepared for the management of the DATA-POOL. The utility has
14 functions such as copy, delete, condense, backup and rename. The utility POOL can be utilized by
conversational operations with TSS terminals or batch jobs. The maintenance operations including repairs
of DATA-POOL. can be mainly performed by using the utility POOL. The usage of POOL is described
in Section 4.2.

Tt is not an easy task for users to analyze and evaluate the huge data in the DATA-POOL, so that
a plotting utility VISUAL has been developed to plot the data on a display system using TSS terminal of
TEKTRONIX T4014. The VISUAL can plot a graph of the two-dimensions, contour—line map and three
—dimensions by conversational operation. Various commands are defined in the program and the default
values are mainly set to the input data so that the user’s operations can be confined to the minimum. The
data contained in the DATA-POOL can be plotted as an arbitrary graph. The usage of VISUAL is

described in Section 4.3.
4.1 DATA-POOL

Data sets used in RADHEAT-V4 are stored in a form of DATA-POOL. The basic concept of this
DATA-POOL was based on the concept of the “DATA-POQL” which*’ was designed by the JAERI
Nuclear Code Committee. The DATA-POOL code* was developed at the JAERI Computing Center in
1980. In the DATA-POOL code, arbitrary relations of node names can be defined by the user and large
information retrievals can be performed. However, the DATA-POOL code must pass a pre—compilation
process to compile specific command statements to the ordinary FORTRAN statements.

The data used in shielding calculations are large in size, but the classified node names are not so
many. The data base which is designed to allow the large directory retrieval, is not required to treat the
cross sections or radiation fluxes in shielding calculations. Therefore, a new DATA-POOL has been
developed to treat effectively the cross sections and the other related data.

The DATA-POOL access package is a simplified version of the DATA-POOL code and has a
feature that the number of I/Q accesses can be reduced to a half in comparison with the DATA-POOL
code to retrieve the same data. The difference is due to the use of a simple and appropreate form of
directories. The minimum retrieval procedure is achieved to find the specified node name and data. The
access package consists of several subroutines written in the FORTRAN 77 language. An ASSEMBLER
subroutine of GETDCB is only used in the access packages to get the DCB information in the DD
statement of the job control language. The structure of the DATA-POOL is described in Section 4.1.1.
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| The node names and the structures adopted in the RADHEAT-V4 code system are shown in Section
4.1.2. The description of the DATA-POOL access package is given in Section 4.1.3.

4.1.1 Structure of DATA-POOL

The DATA-POOL consists of three sections named a “Contro} Section”, a “Directory Section” and
a “Data Section”, as shown in Fig. 4.1. Arbitrary data are stored/retrieved in the DATA-POOL by using
a standardized format, so that the management of the data can be easily achieved.

In the DATA-POOL, the data are labelled by a combination of arbitrary node names which consists
of 4-characters defined by the user, and stored in the Data Section. A node name is related to the others
and a tree structure is generated as shown in Fig. 4.2. In this figure, EGRP means an energy group
structure commonly used in the data. SGRX means an attribution of secondary gamma-ray production
cross sections. INFX means an attribution of infinite dilution cross sections. ELA means an attribution
of elastic scattering matrices. The node name frequently referred in the system is located at the upper level
of the tree structure, and the order of assigned node names to identify a data set is essential to improve
the efficiency of data retrieval.

The tree structure and the node names are stored in the Directory Section together with the direct-
access record addresses. The data retrieval is carried out from the node of the first level to that of the
Jower levels, so that the most suitable tree structure is essentially needed according to the property of the
data.

The data retrieval for the DATA-POOL is carried out by setting a series of the node names in
PFIND/PSET subroutines, and then the data access is carried out by PREAD/PRITE subroutines.

An exclusive control is adopted for writing access in order to prevent the destruction of DATA~
POOL from multiple job access. In the period between PWSTAT subroutine and PWEND subroutine, the

writing access by the other jobs is prohibited. These functional subroutines are described in Section 4.1.3.

a) Control Section

The Control Section is located at the first record of DATA-POOL and has a size of 40 words. The
veriables in the section are used for the control of DATA-POOL. The record structure of the Control
Section is shown in Fig. 4.3. The initialization of the Control Section is carried out by calling the PINIT

subroutine.

b) Directory Section

The Directory Section takes an important role which determines the relation between the node name
and the record address of the data, and keeps the information of the lower nodes in the tree structure. The
Directory Section consists of the several sub—directories. The sub—directory has the information of the
node name, the head address of the data section associated with the node name, the data of creation and
control variables defined by the user. The structure of the Directory Section is shown in Fig. 4.4. A sub
—directory takes 12 words in the Directory Section and directory holds a physical record length, so that

the maximum number of nodes associated with the same level is limited to the next value:

r (1 physical record length (words) —_ﬂ]

N 12

The DATA-POOL of RADHEAT-V4 has a fixed physical record length of 3600 bytes (900 words),
so that the value of N, is 74. The DATA-POOL has a feature that the information for the nodes of the
lower levels can be obtained at once by referring a directory. The DATA-POOL will not be suitable,
however, for systems with a tree structure consisting of many lower nodes and levels. In the sub—directory,
up to 3 information can be recorded by the user. The record area is prepared to specify the property or
the condition for the many kinds of data associated with the node condition, for the many kinds of names,
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hether data are existent or nonexistent in the Data Section. The needless

and will be used as control flags w
access to the Data Section is prevented by utilizing the information in the sub—directory.

¢) Data Section
The Data Section consists of several sub—data set

The writing is carried out by calling a subroutine of PRITE~
the comments of the node. The data of one—dimensional array ar
DATA4 by calling subroutines of PRITE] to PRITE4, respectively, as shown in Fig. 4.5.

. A sub-data set is created by executing a writing.
PRITE4. The subroutine PRITE only creates
e written in the regions from DATAL to

The Control Section {1 record)

title, control variables
of DATA-POCL
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002

 E—
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linkage information
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Fig. 4.1 Siructure of DATA-POOL
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Fig. 4.2 Fundamental node tree structure
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No. Variable
1 TITLE(1)
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20 TITLE{20)

21 NA1

22 | NA2

23 NA3

24 KEY1

25 | KEY2

26 LREC

27 | MAXT_|

28 MAX2

29 MAX3

30 NREAL1

31 | NREALZ

32 -

)
40
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Data Information

Title of the DATA-POOL

data set name, revised date,
contents of the DATA-POOL et al.

address for the directory of the first level node

head address of the vacant directory section
head address of the vacant data section
write flag for the exclusive control

read flag for the exclusive control (not used)

length of a physical record (words)
maximum number of the same level nodes
size of the directory section

size of the data section

number of used records in the directory section

number of used records in the data section
for future use

(
N

!
for future use

dummy {not used)

Fig. 4.3 Record information of the Control Section in DATA-POOL

Data Information

No. Variahle
1 | NODE _ |
2 DUMMY
3 NAUP
_ 4 ITEM |
A § NODE1
8 NRECS1
7 NADWN
8 NADAT
9 NDASET
z 10 NDATE(1) |
% 11 | NDATE{2) |
£ 12 INFOM{1}
2 13 INFOM{2)
3 14 INFOM({3)
15 INFOM (4)
i 16 INFOM{5)
T 17 | NODE2 |
~ 18 | NRECS2
&
Q
g 9
E
z
£
3
LREC

node name

for future use
address of the upper node directory
number of the sub-directories
node name of the first lower node
number of the physical records
address for the directory of the lower node

{zero means not exist}
address for the data set associated with
this node {zero means not exist}
number of the sub-data sets

{zero means not exist}
date of creation (YY-MM-DD}

Y'Y :year, MM:month, DD:day
information defined by the user
information defined by the user
information defined by the user
information defined by the user
information defined by the user

node name of the second lower node
number of the physical records associated
with the second node

Fig. 4.4 Record information of the Directory Section in DATA-POOL
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No. Variahle Data Information
1 NODE node name
2 DUMMY for future use
| 3 ICM(1)
‘ S S comments of the node

22 ICM(20})

23 NA1 address for the sub-directory of the node

24 NSUBDS the order of the sub-data set in the data section

gg NOA number of the data arrays
T 25+NOA B NDATA size of each data array
s ¥
T NDATA ;

data of the first arra
2 m DATA1 ° Y
N[‘J_xATA data of the second array
[;} DATAZ
NDATA

[ (3)
3 NODE
o™ DUMMY
g
=
-}
-
=
F

Fig. 4.6 Record information of the Data Section in DATA-POOL

4.1.2 Node Structure

Data sets processed in the RADHEAT-V4 code system are classified according to a specific chain of

nodes, as shown in Fig. 4.6. The node names and the node structure in the tree structure are described

in this section. The data are mainly associated with the nodes of the last level, so that the data are classified

and stored in the forms described below. In the following description, the node name with capital letrers

in the classification is used as the fixed name, and lower case letters mean that the name may change for

each of data.

a) ULTX Data Form
ULTX-matno—TMPi-SIGj

This form contains the ultra—fine group cross section. The identifications for the node names are as

follows:

Jevel 1: ULTX indicates the ultra—fine group data. The energy group structure is stored in the node.

level 2: “matno” indicates the nuclide number. The numbers in RADHEAT-V4 correspond to those

of ENDF/B-IV.

level 3: TMPi indicates the temperature. The index i indicates the temperature of 1. In RADHEAT
-V4,i=1, 2, 3, 4 and 5 means 300, 560, 900, 1200 and 2100 K, respectively.

level 4: SIGj indicates the background cross section. The index j indicates the g, value. j= 1 means
10° in RADHEAT-V4.

b} SMT Data Form
EGRP-INFX-matno-SMT

This form contains the smooth cross sections, SMT, with the fine-group structure. The identifica-
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tions for the node names are as follows:
level 1: EGRP indicates the fine-group data. The energy group structure is stored in the node.
level 2: INFX indicates the infinite dilution cross section.
level 3: “matno” indicates the nuclide number. The numbers in RADHEAT-V4 correspond to those
of ENDF/B-IV.
level 4: SMT indicates the smooth cross section.

¢) FTB Data Form
EGRP-INFX-matno—FTB
This form contains the self-shielding factors for each dg value. The identifications for the node names
from level 1 to 3 are the same as in the SMT data form. The node name FTB indicates that the self-

shielding factors are stored in the node.

d) ELA Data Form
EGRP-INFX-matno—ELA
This form contains the scattering matrix of elastic reaction. The identifications for the node names
from level 1 to 3 are the same as in the SMT data form. The node name ELA indicates that the scattering

matrix of elastic reaction is stored in the node.

¢) INS Data Form
EGRP-INFX-matno-INS
This form contains the scattering matrix of inelastic reaction. The identifications for the node names
from level 1 to 3 are the same as in the SMT data form. The node name INS indicates that the scattering

matrix of inelastic reaction is stored in the node.

f} N2N Data Form
EGRP-INFX-matno—N2N
This form contains the scattering matrix of (n, 21) reaction. The identifications for the node names
from level 1 to 3 are the same as in the SMT data form. The node name N2N indicates that the scattering

matrix of (n, 2n) reaction is stored in the node.

g) H+D Data Form
EGRP-INFX-matno-H+D .
This form contains the energy deposition factor and atomic displacement cross section. The
identifications for the node names from level 1 to 3 are the same as in the SMT data form. The node name
H-D indicates that the energy deposition factor and the atomic displacement cross section are stored in

the node.

h) SGRX Data Form
EGRP-SGRX-matno—ncode
This form contains the secondary gamma-ray production cross sections of each reaction. The

identifications for the node names are as follows:

level 1: EGRP indicates the fine-group data of the SMT data form.

level 2: SGRX indicates the secondary gamma-ray production cross section.

level 3: “matno” indicates the nuclide number. The numbers in RADHEAT-V4 correspond to those

of ENDF/B-IV.
Jevel 4: ncode indicates the reaction channel.
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i) FXsn Data Form
EGRP-FXsn-—matid
This form contains the effective macrosc opic cross section. The identifications for the node names are
as follows:
level 1: EGRP indicates the fine—group data of the SMT data form.
level 2: FXsn indicates the effective macroscopic cross section and the number of angular points.

level 3: “matid” indicates the material name.

i} SELF Data Form
EGRP-SELF-matid-matno
This form contains the self-shielding factors of each nuclide in the material defined by the “matid”

in the FXsn data form. The data are utilized for generating the effective macroscopic cross section. The
identifications for the node names are as follows:

level 1: EGRP indicates the fine-group data of the SMT data form.

level 2: SELF indicates that the self—shielding factors of each nuclide are defined in the FXsn data

form.
level 3: “matid” indicates the material name defined in the FXsn data form.
level 4: “matno” indicates the nuclide number contained in the material.

These record formats are described in Appendix C.

k) SFX0/SFXI1 Data Form
EGRP—problem no.—[*SFXO
SFX1
This form contains forward scalar fluxes (SFX0) and adjoint scalar fluxes (SFX1) calculated by the
one—dimensional Sy—transport code DIAC. The data are used for generating few—group cross sections and
for calculations of reaction rates. The identifications for the node names are as follows:
level 1: EGRP indicates the fine—group data of the SMT data form.
level 2: problem no. indicates the problem identification number specified by the first value of the
15% array in the input data of DIAC.
level 3: SFX0 means forward scalar fluxes from DIAC.
SFX1 indicates adjoint scalar fluxes from DIAC.

1) SFX2/8FX3 Data Form
EGFG problem no. SEFX2
—ESFXB
This form contains forward scalar fluxes (SFX2) and adjoint scalar fluxes (SFX3) calculated by the
two—dimensional Sy—transport code ESPRIT. The data are used for calculations of reaction rates. The

identifications for the node names are as follows:
level 1: EGFG indicates the energy group structure used in the ESPRIT calculations.
level 2: problem no. indicates the problem identification number of the name (4-characters)
specified by the first data in the title card of ESPRIT.
level 3: SFX2 indicates forward scalar fluxes from ESPRIT.
SFX3 means adjoint scalar fluxes from ESPRIT.

m) AFXQ/AFXI] Data Form
EGRP

problem no.—EAFXO
AFX1
This form contains forward angular fluxes (AFX0) and adjoint angular fluxes (AFX1} calculated by
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the one—dimensional Sy—transport code DIAC. The identifications for the node names are as follows:
level 1: EGRP means the energy group structure of the SMT data form.
level 2: problem no. is the same as in the SFX{/SFX1 data form.
level 3: AFXO0 indicates forward angular fluxes from DIAC
AFX1 means adjoint angular fluxes from DIAC.

n) AFX2/AFX3 Data Form
EGFG

problem no.——EAsz
AFX3
This form contains forward angular fluxes (AFX2) and adjoint angular fluxes (AFX3) calculated by
the two—dimensional Sy—transport code ESPRIT. The identifications for the node names are as follows:
level 1: EGFG is the same as in the SFX2/SFX3 data form.
level 2: problem no. is the same as in the SFX2/5FX3 data form.
level 3: AFX?2 indicates forward angular fluxes from ESPRIT.
AFX3 means adjoint angular fluxes from ESPRIT.

o) RESD Data Form
EGRP-—RESD—detector name
This form contains response functions to calculate reaction rates. The identifications for the node
names are as follows:
level 1;: EGRP indicates the energy group structure.
level 2: RESD means the response data.
level 3: detector name indicates identification names of the detector response functions.

p) EFsn Data Form
EGRP——EFsn

matno——SMT
irep
— ELA
P INS
— N2N

This form contains the effective microscopic group cross section generated by FDEM. The identifica-

matid

tions for the node names are as follows:

level 1: EGRP means the energy group structure. The energy group structure is stored in the node.

level 2: EFsn indicates the effective microscopic cross section. The sn means the number of angular
meshes.

level 3: matid indicates the material identification name.

tevel 4: matno indicates the nuclide identification numbers contained in the material. The names are
ordinarily the same as the material numbers in the ENDF/B file.

level 5: SMT, H+ D, ELA, INS, and N2N indicate reaction types of smooth cross section, energy
deposition and atomic displacement, elastic scattering matrix, inelastic scattering matrix and

(n, 2n) scattering matrix, respectively.

q) BREM Data Form
EGRP-FXsn—matid—-BREM
This form contains the Bremsstrahlung data. The secondary gamma-ray production data generated
by the FAIR-CROSS step 2 are stored in the node. The identifications for the node names are as follows:
level 1: EGRP indicates the energy group structure, The energy group structure is contained in the

node.
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level 2: FXsn indicates the macroscopic cross section.
level 3: matid indicates the material identification name.
level 4: BREM indicates the Bremsstrahlung data. The secondary gamma-—ray production data by

the Bremsstrahlung effect are stored in the node.

ULTX —matno— TWMPN — SIGN

EGRP-||-—§G,F_{X7— MATNO— NCODE
— SMT
- FTB

—INFX-matno— ELA

- N2N

- H+D
—FXsn —matip— BREM

FSELF-MATID — MATNO

—re.ip T SFX0
— SFX1
— SFX2
— SFX3
— AFX0
—~ AFX1

=
m |
[

z |>
S @

w N

|:|>
T

- RESD - pEeTID |

T
*
jw)

EGFG — EFsn —MATID—MATN

Fig. 4.6 Hierarchy of node names in DATA-POOL adopted in the
RADHEAT-V4 code system

4.1.3 Access Package
The access for DATA-POOL is carried out by using access subroutines and common tables described
in this section. The user can easily treat data in the DATA-POOL by calling the access subroutines in the
user’s program written in the FORTRAN language. Only a subroutine GETDCB is written in the
ASSEMBLER language. The 29 access subroutines are as follows:
(1) PINIT . initialize DATA-POOL and clear the Control Section,
{2) POPEN : declare the access of DATA-POOL and open the data set,
(3) PWSTAT : declare the start of writing into DATA-POOL and set the write flag on in order to
prohibit the writing access by the other jobs,
{4y PWEND : declare the end of writing into DATA-POOL and reset the write flag,

(5) PSET : set the node name and the record address to the Directory Section in order to write
the data,

(6) PFIND : retrieve the node name and the record address from the Directory Section in order to
read the data,

(7) PRITE~PRITE4 : write data into the Data Section,

(8) PREAD~PREAD4  : read data from the Data Section,
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(9) PDELT : delete node name and data,
(10) PAGET : retrieve the next record address to be read or write,
(11) PDGET : retrieve the directory information,
(12) PASTO : set the record address to be read or write,
(13) PSKIP . skip arbitrary logical records,
(14) NODEER : error check,

(15) CATLST : display the Directory Section.
The other subroutines are supplementary ones to the subroutines described above, so that the descriptions

are omitted. The functions and usage these subroutines are described in a report of DATA-POOL. The

detailed information may be referred to in the report.

4.2 POOL

DATA-POOL is a special direct—access data base, so that the management utility POOL has been
prepared to maintain the data set. POOL has 14 operation commands and can be used from TSS terminals
or by batch jobs. The commands and these operands are listed in Table 4.1. Input instructions for
conversational operations and batch jobs are described in Section 4.2 1. Input/Output file assignments
during execution are noted in Secton 4.2.2. The job control language and the cataloged procedures for
executing POOL are shown in Section 4.2.3 The detailed information for the utility POOL may be also
referred to in the report of DATA-POOL.

Table 4.1 Commands and the functions in POOL.

Command A.bb.r < Operand Function of the Command
viaiion
HELP — —_— Command names and the functions are displayed.
INIT — DSN' DATA-POOL initialization
UNIT PARAMETER
SPACE, UNIT
Directory size
Comments
FLAG F DSN Reset exclusive control
DELETE DEL DSN Delete node name and data
Node names
TREE T DSN Display tree structure
CATL C DSN Display Directory information
LIST L DSN Display record information
Node names
RENAME RE DSN Rename node names
Old node names
‘ New node nomes
COPY — Ist. DSN Copy data from DATA-POOL
2nd. DSN
CONDENSE COND DSN Condense a DATA-POOL
TSS/Batch
MEND — DSN Mend a DATA-POOL
CONT/DIREC/COM
MTSAVE —_— Backup a DATA-POOL to a Magnetic Tape
MTCOPY — —_ Restore a DATA-POOL form a Magnetic Tape
END i — EE— Terminate the utility POOL

 DSN means Data Set Name.
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4.2.1 input Instruction
On the TSS terminals, the following operations is necessary to utilize the utility PCOL. The statement

with underline indicates the user’s input on the TSS terminal. CR means a carriage return.

READY
EX 13679 TSSMAC.CLIST(POOLXY CR

The “TSSMAC.CLIST” is a default data set name consisting of user’s cataloged procedures in the JAERI
computing center. The user who has a data set named TSSMAC.CLIST(POOLX) can execute POOL by
a simple operation:

READY

POOLX CR

When the cataloged procedure has been executed, the following display appears:

READY
POOLX
FILE B NOT FREED, 1S NOT ALLOCATED
FILE DCB NOT FREED, IS NOT ALLOCATED
FILE FTO1F0OOI NOT FREED, 1S NOT ALLOCATED
FILE FTO2FOO1 NOT FREED, 1S NOT ALLOCATED
FILE FT91F00! NOT FREED, 1S NOT ALLOCATED
xxxxk STARTS RADHEAT-V4 DATA POOL UTILITY ¥xxix
ENTER COMMAND NAME ===>

The 14 functions in the utility POOL can be selected by the user with entering a command name.
HELP command is prepared when the user forgets command names. END command is used for

terminating the execution. When HELP command has been entered, the following display appears:

ENTER COMMAND NAME ===> HELP

COMMAND CONTENTS

CATL PRINT OF CONTROL AND DIRECTORY SECTIGN

CONDENSE CONDENSE OF A DATA POOL

coPY COPY OF A NODE DATA

DELETE DELETE OF A NODE DATA

FLAG CHANGE OF 4 WRITE FLAG

INIT INITIALIZATION OF A DATA POOL

L1ST LISTING OF A NODE DATA (SUB-DIRECTORY AND FORM OF DATA ARRAYS)
MEND MENDING OF A CONTROL, DIRECTORY AND DATA COMMENT

KTCOPY LOAD OF A BACK-UP TAPE TO A DATA POOL

MTSAVE MAKING OF A BACK-UP TAPE

RENAME RENAME OF A NODE

TREE PRINT OF ALL NODE NAMES IN A DATA POOL BY A TREE STRUCTURE
ENTER COMMAND NAME ===>

Some commands have the abbreviated forms such as follows:

FRAG F
DELETE DEL
TREE T
CATL C
LIST L
RENAME RE

CONDENSE COND

The functions and usages of these commands are described below.
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a) INIT Command
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DATA-POOL is initialized by using the INIT command.
The initialization is executed by the conversational operation with on TSS terminals. The initialization for
the cataloged data set means erasing all of data in the DATA-POOL. The sample procedure is given as

follows:

ENTER COMMAND NAME ===> INI

ENTER DSN

OF DATA POOL ===> J3B79.DATAPOGL.DATA

ALLOCATION OF DATA SET (NEW/OLD) ====> NEW
UNIT PARAMETER =======sz===z=> TSSHK

SPACE PARAMETER (1-ST SPACE)
SPACE PARAMETER (INCREMENT) Ss====>
SPACE PARAMETER (SPACE UNIT T/CY) ===>

ENTER DIRECTORY SIZE

01106 ?

20

ENTER TITLE (B4 CHARACTERS)

01500 ?

RADHEAT-V4 DATA-POOL FOR CROSS SECTIONS STORAGE

xxx WESSAGE FROM PINIT xxx
NO. OF INITFALIZED RECORD IS 1000

AXXXXKEKK
COL.
1-18

CONTROL SECTTI1 0N skxdxkkxs

TITLE ¢
RADHEAT-V4 DATA-POOL FOR CROSS SECTIONS STORAGE

ADDRESS FOR THE DIRECTORY OF FIRST LEVEL NODE P
HEAD ADDRESS FOR THE VACANT DIRECTORY AREA : 3
HEAD ADDRESS FOR THE VACANT DATA AREA 22
WRITE FLAG : 0
READ FLAG {NOT USED) : 0
LENGTH OF THE ONE PHYSICAL RECORD T 900
MAX IMUM NUMBER OF THE SAME LEVEL NODE : 74
SI1ZE OF THE DIRECTORY SECTION : 20
S1ZE OF THE DATA SECTION I879
REAL NUMBER GF THE DIRECTORY RECORDS : 1
REAL NUMBER OF THE DATA SET RECORDS : 0

ERROR SUMMARY (FORTRAN77)
ERROR NUMBER ERROR COUNT

232

001

In the sample, the UNIT PARAMETER means the unit name defined in a DD statement such as
D0950B, TDS, TSSWK, MSS. The SPACE means the allocation space and the UNIT of T (track=19 k
bytes) or CY (cylinder =250 k bytes) can be specified. After the specifications for the data set, two input

data for a directory size and a comment (64—characters) are required. When the initialization is

completed, the Control Section is displayed and the initialized records can be known. An error of the error

number 232 is prearranged, so that it is not necessary to pay attention. The data set name must be specified

as a full name because the abbreviated form may cause an error. Note that the volume number and the

group number are required when the allocation for MSS is specified. The allocation space for MSS is a

multiple of cylinders, e.g.,

ENTER COMMAND NAME ===> INIT

ENTER DSN OF DATA POOL ===> J3B79.MSSDPOOL,DATA
ALLOCATION OF DATA SET (NEW/OLD) ====> NEW
UKIT PARAMETER zz=zz=z====s= NSS

SPACE PARAMETER (1-ST SPACE)

SPACE PARAMETER (INCREMENT) 2
SPACE PARAMETER (SPACE UNIT T/CY) ===> CY
KSS GROUP —==z==============z===> M§504

MSS VOLUME NUMBER z=z==m========> HAD(QT2
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b} FLAG Command
The control flag for the exclusive access of DATA-POOL in the Control Section is set to zero by

using the FLAG command such as follows:

ENTER COMMAND NAME ===> FLAG

ENTER DSN OF DATA POOL ===> J3679,DATAPOCL.DATA
CURRENT STATUS OF WRITE FLAG = 0
NO¥ CHANGE WRITE FLAG TO O

¢) DELETE Command
The node name and data are deleted by using the DELETE command. A sample follws as

ENTER COMMAND NAHE ===> DELETE

ENTER DSN OF DATA POOL ===> J3879.TESTOQ.DATA
ENTER NODE NAME
00800 ?

HA92.SELF.FEE4
NORMAL RETURN xxx NODE NAKE = HASZ.SELF.FEE4.

ENTER NODE NANE
00800 *?
BAD . NODE.NANE
ABNORMAL RETURN xxx NODE NAME = BAD .NODE.NAME.
ENTER NODE NAME
00900 ?
ix

The node name to be deleted must be specified by the form such as “NOD1. NOD2. NOD3. NOD
4” from the first column. A period between two node names must be specified. The all lower nodes and
data including the last node name, NOD4 specified by the user are erased. When the process is succ essfully
ended, “NORMAIL RETURN” is displayed. However, the process is not ended completely,
“ABNORMAT. RETURN" is displayed. To terminate the process, /¥ CR or CR should be entered.

d) TREE Command
The TREE command displays tree structures of node names as follows:

ENTER COMMAND NAME ===> TREE

ENTER DSN OF DATA POOL ===> J3673.TESTCOD.DATA

NODE TREE

TITLE OF A DATA POOL xxx
RADKEAT-Y4 DATA-POOL FOR SKYSHINE CALCULATION
LENGTH OF A RECORD EXK 300
MAXIMUM NUMBER OF THE SAME LEVEL NODE *x¥x 74
SIZE OF THE DIRECTORY SECTION EXX 40 (USED RECORDS 10)
SIZE OF THE DATA SECTION £33 928 (USED RECORDS 391}
REMAINS OF THE DIRECTORY SECTION ¥XXK 29
REMAINS OF THE DATA SECTION 23 534
LEVEL 1 2 3 4 5 8 7 8

NAGE : ENERGY GROUP STRUCTURE
f-==—=- INFX :INFINITE DILUTION CROSS SECTION LIBRARY
[-———- 1276 :1276 0 FROM ENDF/B-1v (300K}
|====- SMT : SMOOTH CROSS SECTIONS
== FTB : F-TABLE LIBRARY

|-—== ELA : ELASTIC SCATTERING MATRIX
| R [NS : INELASTIC SCATTERING MATRIX
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G09 : ENERGY GROUP STRUCTURE
[-===—=~ TEST :TEST GAMMA-RAY SKYSHINE
I

[-===- SFE2 :TEST GAMMA-RAY SKYSHINE
fmm==- AFX2 :TEST GAMMA-RAY SKYSHINE

HA92 : ENERGY GROUP STRUCTURE

[-———~- SELF : SELF-SHIELDING FACTOR
| it FX16 : ANGULAR MESH

[-=--- FEE4 :IRON ENDF/B-IV MACRO X-SEC. 92G

{-——-- 1010 :NO.101 IRON (0.9MFP)} SPHERE (B0DEG)

[-—==- SFX0 :NO.101 IRON (0.9MFP) SPHERE (30DEG)

¢) CATL Command

153

The CATL command displays the information of the Directory Section. The sample shown below

corresponds to the node structure displayed by the TREE command shown above. In the sample,
“INDEX” means the address of physical record. The node name shown as “////” means that the

directory is erased. The other variables are referred to Section 4.1.

ENTER COMMAND NAME ===> CATL

ENTER DSN OF DATA POOL ===> J3679.TEST00, IATA

DIRECTORY LIST

XX KRR CONTROL SECTION 1XAK KAk
CoL.
1-18 TITLE

RADﬁEAT-V4 DATA-POOL FOR SKYSHINE CALCULATION

91 ADDRESS FOR THE DIRECTORY OF FIRST LEVEL NODE P
22 HEAD ADDRESS FOR THE VACANT DIRECTORY AREA 13
23 HEAD ADDRESS FOR THE VACANT DATA AREA 438
24 WRITE FLAG 0
25 READ FLAG (NOT USED) 0
26 LENGTH OF THE ONE PHYSICAL RECORD 900
27 MWAXIMUK NUMBER OF THE SAME LEVEL NODE 74
28 SI1ZE OF THE DIRECTORY SECTION 40
29 SIZE OF THE DATA SECTION 928
20 REAL NUMBER OF THE DIRECTORY RECORDS 10
4] REAL NUMBER OF THE DATA SET RECORDS 351
E3$333 3332 DERECTORY SECTIOKR Xk KACKK A K
xxx [NDEX = 2 kxx
NODE NAME =
ADDRESS FOR THE UPPER NODE DIRECTORY = 0
NUMBER OF THE LOYER NODE = 3
NO. NODE NRECS NAD®N NADAT NDASET DATE
1 NAGE | 3 42 1 84-01-20
INFOM(1) INFOM(2) INFOM(3) INFOM(4)
102 0 0 0
ND. NODE  NRECS NADWN NADAT NDASET DATE
2 G09 1 i} 134 1 84-0F-24
INFOMCD) INFOM(2) INFOM(R) INFOME4)
0 9 0 0
NO. NODE  NRECS NADWN NADAT NDASET DATE
3 HA92 1 8 231 I 84-01-26
INFOK(1) INFONMC2) INFOM(3) INFOM{4}
92 0 0 i]
*xx [NDEX = 3 kxx
NODE NAME = NAGE
ADDRESS FOR THE UPPER NODE DIRECTORY = 2
NUMBER OF THE LOWER NODE = 1
NG, NODE NRECS NADWN NADAT NDASET DATE
1 INFX 1 4 43 1 84-01-20
INFOM{ 1) INFOM(2) INFOM(3) INFOM(4)
0 0 0 0

INFOM(5)
0

INFON(E)
0

INFOM(E)
0

INFOM(5)
0
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xkk |NDEX = 4 xxx
NODE NAME = INFX

ADDRESS FOR THE UPPER NODE DIRECTORY = 3
NUMBER OF THE LOWER NODE = 1
NO. NODE  NRECS NAD®N NADAT NDASET
1 1276 1 5 44 1
INFOM(1) INFOM(2) INFOM(3)
1276 0 0
xxx [NDEX = B XX
NODE NAME = [276
ADDRESS FOR THE UPPER NODE DIRECTORY = 4
NUMBER OF THE LOWER NODE = 4
NO. NODE  NRECS NADWN NADAT NDASET
1 SMT 3 0 45 2
INFOM(1) INFOM(2) INFOM(3)
0 0 0
NOD, NODE  NRECS NAD¥N NADAT NDASET
2 FTB 4 0 48 2
INFOM(1) INFOM(2) INFOM(3)
0 0 0
NG, NODE  NRECS NADWN NADAT NDASET
3 ELA 57 0 52 12
INFOM( 1) INFOM(2) INFOM{3)
18 0 0
NO. NODE  NRECS NADWN NADAT NDASET
4 INS 25 0 109 12
INFOM(1) INFOM(2> INFOM(3)
0 0 0
*xx [NDEX = B *x%x
NODE NAME = GD9
ADDRESS FOR THE UPPER NODE DIRECTORY = 2
NUMBER OF THE LOWER NODE = 1
NO. NODE~ NRECS NADEN NADAT NDASET
! TEST 2 7 135 1
INFOM{1) INFOM(2) INFOM(3)
5 41 29
xxx [NDEX = T xxx
NODE NAME = TEST
ADDRESS FOR THE UPPER NODE DIRECTORY = 6
NUMBER OF THE LOWER NODE = 2
NO. NODE  NRECS NADYN NADAT NDASET
1 SFX2 18 0 137 9
INFOM(1) INFOM(2) INFON(3)
0 g 0
NO. NODE  NRECS NADWN NADAT NDASET
2 AFX2 136 0 [55 46
INFOM(L) INFOM(2) INFOM(3)
0 9 0
wxx INDEX = 8 xxx
NODE NAME = HASZ
ADDRESS FOR THE UPPER NODE DIRECTORY = 2
NUMBER OF THE LOWER NODE = 3
NO. NODE  NRECS NADWN NADAT NBASET
1 SELF I g 292 1
INFOM( 1) [NFOM(2) INFOM(3)
0 0 1]
NO. NODE  NRECS NAD¥N NADAT NDASET
2 FX16 1 11 298 1
INFOM(1} INFOM(2) INFOM{3)
16 0 0
NO. NODE  NRECS NADWN NADAT NDASET
3 1010 1 12 434 1
[NFOM(1) INFOM(2) INFOM(3)
3 9 1
xxx [NDEX = 9 xxx
NODE NAME = SELF
ADBRESS FOR THE UPPER NODE DIRECTORY = 8
NUMBER OF THE LOYER NODE = 0
xxx [NDEX = 10 x*x
NODE NAME = ////
ADDRESS FOR THE UPPER NODE DIRECTORY = 9
NUMBER OF THE LOFWER NODE = 2

DATE
84-01-20
INFOM(4)
0

DATE

B4-01-20
INFOK(4)
0

DATE

84-01-20
INFOM (4)
0

DATE

84-01-20
INFOM(4)
0

DATE

84-01-20
INFOR(4)
0

DATE
84-01-24
INFOM(4)
2

DATE
84-01-24
INFOM(4)
0
DATE
84-01-24
INFOM(4)
48

DATE
84-01-26
INFOM(4)
0
DATE
84-0i-26
INFOM(4)
0
DATE
84-01-26
INFOM(4)
2
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INFOM(5)
]

INFOM(5)
0

INFOM{B)
0

INFON(5)
0

INFOM(5)
0

INFOM(5)
48

INFOM{5)
0

INFOM(5)
5

TNFOM(5)
0

INFOM(B)
0

INFOM(E)
18
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NO. NODE  NRECS NADYN NADAT NDASET DATE
1 1192 1 0 294 1 B84-01-26
INFON(1) INFOM(2) INFOM(3) INFON(4) INFOM(5)
FEE4 2 4 0 0
NO. NODE  NRECS NAD®N NADAT NDASET DATE
pA 1274 I 0 295 I 84-01-26
INFOMCD) INFON(2) INFOM(3) INFOM{(4) INFOM(B)
FEE4 2 4 0 0

xxx [NDEX = 11 xxx
NODE NAME = FX18

ADDRESS FOR THE UPPER NODE DIRECTORY = 8
NUMBER OF THE LOWER NODE =1
NOD. NODE  NRECS NADWN NADAT NDASET DATE
1 FEE4 137 0 297 93 84-01-26
INFOM(1) INFOH{2) INFOM(3) INFOH(4) INFOM(5)
FEE4 4 3 95 0
xxx [NDEX = 12 *xx
NODE NAME = 1010
ADDRESS FCR THE UPPER NODE DIRECTORY = 8
NUMBER OF THE LOWER NODE = 1]
NO. NODE  NRECS NADWN NADAT NDASET DATE
i SFX0 1 0 435 1 84-01-26
INFORC1) INFOM(Z) ENFON(3) INFOM{4) INFON(5)
92 0 0 0 0

f) LIST Command
The LIST command displays the record information for the node name specified by the user. A

sample follows as

ENTER COMMAND NAME ===> LIST

ENTER DSN OF DATA POOL ===> J3B79.TEST0O0.DATA
ENTER NODE NAME
00960 7
NAGE. INFX. 1276
RECORD INFORMATION FOR NGDE NAME NAGE. INFX. 1278,

ITEM CONTENTS

1 NODE NAKE = 1276
2 TOTAL LENG. OF DATA SET = 1
3 ADDRESS OF A LOWER NODE = 5
4 ADDRESS OF A DATA SET = 44
5 NO. OF SUB-DATA SETS = 1
6 DATE OF CREATION =84-01-20
8 DATA I = 1278

9 DATA 2 = 0

10 DATA 3 = 0
11 DATA 4 = 0
12 DATA & = 0

xx [NFORMATION FOR SUB-DATA SET 1 x
i276 0 FROM ENDF/B-1V (300K)
NO. OF DATA ARRAYS = 1
LENGTH OF DATA 1= 10 LENGTH OF DATA

g) RENAME Command
The node names can be renamed by using the RENAME command. The renaming is performed to
the last node name specified by the user. To terminate the process, /* CR or CR should be entered. A

sample follows as
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ENTER COMMAND NAME ===> RENAME

ENTER DSN OF DATA PODL ===> J3679,TEST00.DATA
ENTER A OLD NODE NAME
00900 ?
HAS2. SELF
ENTER A NEW NODE NAME
00900 ?
HA92,CO0P
RENAKE IS FINISHED SUCCESSFULLY
ENTER A OLD NODE NAKE
00900 ¢
/*

h) COPY Command

The copy from DATA-POOL to the other data-sets can be performed by using the COPY
command. When “*ALL” is entered as a node name, all of data contained in DATA-POOL are copied.
If the node names are entered, data with the last node and the lower levels of the node are copied. When
the node name already exists in the second data—sets, the copy will not be executed. The second data-sets
should be initialized when the data-sets is newly created. To terminate the process, /* CR or CR should

be entered. A sample follows as

ENTER COMMAND NAME ===> COPY

ENTER DSN OF DATA POOL ===> J3679.TEST00.DATA

ENTER DSN OF 2-ND DATA POOL ===> J3679.DATAPOOL.DATA
ENTER NODE NAME. IF xALL IS ENTERD, ALL DATA IS COPIED
00800 ?
NAGE. [NFX. 1276

xxx [NFORMATION OF DATA POOL USAGE *xx

LOGICAL UNIT NO. = 92
DATA SET NAME = J3B79.DATAPCOL. DATA
NO. OF WRITTEN RECORDS = 92
REMAINS RECORDS = 887

DATA COPY WAS FINISHED SUCCESSFULLY
ENTER NEXT NODE NAME

0603900 ?
GO9 .TEST
xxx [NFORMATION OF DATA POOI USAGE *xx
LOGICAL UNIT NO. = 92
DATA SET NAME = J3B79.DATAPOOL. DATA
NO. OF WRITTEN RECORDS = 157
REMAINS RECORDS = 730

DATA COPY WAS FINISHED SUCCESSFULLY
ENTER NEXT NODE WAME
00900 ?

/¥

i} CONDENSE Command

The area for directories and data erased by the DELETE command remains as the unusable area, so
that the release of the area can be performed by using the CONDENSE command. The condense
procedure with TSS or a batch job can be chosen. In the case of TSS procedure, a sample is shown as

follows:
ENTER COMMAND NAME ===> CONDENSE

EXECUTION OF CONDENSE COMMAND (TSS/BATCH) ===> 188
ENTER DSN OF DATA POOL ===> J3679.TESTO0.DATA
BACK-UP DATA SET J3679.CONDENSE WAS CREATED
xxx INFORMATION OF DATA POOL USAGE *xx

LOGICAL UNIT NO. = 91
DATA SET NAME = J3B79.TESTOQ.DATA
NO. OF WRITTEN RECORDS = 390
REMAINS RECORDS = 538

ENTRY (A) J2679.CONDENSE DELETED
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In the case of batch job, the next Job Control Language is displayed. A TSS terminal with FSO (Full
Screen Option) or a full screen editor such as IBM-SPF is needed. to use the option for the batch job. The

sample JCL is shown as follows:

ENTER COMMAND NAME ===> COND
EXECUTION OF CONDENSE COMMAND (TSS/BATCH) ===> BATCH
EDIT-FSO (V01/L06) —-- J3679.8PO0LJCL.CNTL

==>
RO¥ SCROLL ==> PAGE COLUMN SCROLL ==> 40 NONULLS 50
e P S S al Ehe St

0010 //JCLG JOB
0020 [ /XXEEXEROCERIRIORKKE KK KK E I KRE KRR LKL IELRL KT L X

0030 //x JOB CONTROL LANGUAGE FOR CONDENSE COMMAND *
0040 //x ¥
0050 //* PLEASE CHANGE JUSER CARD, PASSKORD, DATA POOL NAME AND x
0080 //x BACK-UP FILE NAME *
0081 //x AT END OF CHANGE PLEASE ENTER SUBMIT COMMAND X
0070 //x X

x

0080 //xxxxxxxxx*x*xxxxxxxxx*x*xxxxxxxxxxxxxxxxxxxxxxxx*xxxxx*x*xxxttx*

0090 // EXEC JCLG
010G //SYSIN DD DATA,DLM="++’

0120 T.4 C.1 F.0 1.5 P U 0PN

0130 OPTP PASSWORD=7?

0140 // EXEC LKGO,LM="J3678.POOLX’, PNM=COND

0150 //x  DATA POOL

0160 //x CHANGE DSN:DATA SET NAKE

0170 // EXPAND DISKTO,DDN=FT91F001,DSN="JXXXX. 227922277, MODE=0UT
0180 //x  BACK-UP FiLE

0190 //* CHANGE DSN:DATA SET NAME

0220 // EXPARD DISKTN DDOR=FTOIF001, DSN="JXXXX.@8BACKUP” ,UNIT=TSSHK,

0230 // SPC='500, 360"

0240 // EXPAND DISK,DDN=FT02F00L
0250 ++

0280 //

xxx END OF DATA SET *xx

The condensation starts after the backup data-set is created. When the condensation is abnormally
terminated and the data-set is destroyed, the recovery of the data can be performed by using a MTCOPY
command. The description of the MTCOPY command is shown later.

i) MEND Command

The MEND command has been prepared for reconstruction of DATA-POOL when the data set is
destroyed. The user can directly change data in the Control, the Directory and the comment of the Data
Sections, so that the revision of tree structures, information in the sub—directory and control variables are
also possible. The user should search the structure of data-linkage by using the CATL command before
the MEND command is executed.

At the first stage of MEND execution, 3 options can be selected by the user. The option names are
CONT, DIREC and COM that must be entered from the first column. The CONT option is used for the
revision for the Control Section of DATA-POOL. A sample is shown as follows:

ENTER COMMAND NAME ===> MEN

ENTER DSN OF DATA POOL ===> J3679.DATAPOOL.DATA
++ DATA POOL INFORMATION ++

TITLE :
RADHEAT-V4 DATA-POCOL FOR CROSS SECTIONS STORAGE
[ST. RECORD NO. OF DIRECTORY @ 2
LAST RECORD NO. OF DIRECTORY : 7
REAL RECORD NO. OF DIRECTORY 1 6
WRITE PERMIT OF THE DATA POOL 0

ENTER OPTION NAME CONT/DIREC/CUM/END
00320 ¢



RADHEAT-V4: A Code System to Generate Multigroup Constants and

158

Analyze Radiation Transpert for Shielding Safety Evaluation

CONT
xixxxxxxx CONTROL SECTION (338582384
ITEX
1 TITLE

21 ADDRESS FOR THE DIRECTORY OF FIRST LEVEL NODE
22 HEAD ADDRESS FOR THE VACANT DIRECTORY AREA
23 HEAD ADDRESS FOR THE VACANT DATA AREA
24 WRITE FLAG
26 READ FLAG (NOT USED)
26 LENGTH OF THE ONE PHYSTCAL RECORD
27 MAXIMUM NUMBER OF THE SAME LEVEL NODE
28 SI1ZE OF THE DIRECTORY SECTION
29 SIZE OF THE DATA SECTION
30 REAL NUMBER OF THE DIRECTORY RECORDS
31 REAL NUMBER OF THE DATA SET RECORDS
EKTER [TEM NO. TO MEND. IF ENTER O, END TO PROCESS

00550 ?
1

TENTER NEF TITLE

00630 ?

DATA-POOL COPIED FROM_J3679.TESTO00,DATA

ENTER ETEM NO. TO MEND. IF ENTER O, END TO PROCESS

00550 ?
0

“END OF MENDING A CONTROL SECTION SUCCESSFULLY
$3333 5833 CONTROL SECTI1ON f33333 ¢34

[TEM

I TITLE

DATA-POOL COPIED FROM J3BT9.TESTOO.DATA

21 ADDRESS FOR THE DIRECTORY OF FIRST LEVEL NODE
92 HEAD ADDRESS FOR THE VACANT DIRECTORY AREA
29  HEAD ADDRESS FOR THE VACANT DATA AREA

24 ¥WRITE FLAG

25 READ FLAG ¢(NOT USED)

26 LENGTH OF THE ONE PHYSiCAL RECGRD

27 MAXIMUM NUMBER OF THE SAME LEYEL NODE

28 SIZE OF THE DIRECTORY SECTION

23 SIZE OF THE DATA SECTION

30 REAL NUMBER OF THE DIRECTORY RECORDS

31 REAL NUMBER OF THE DATA SET RECORDS

RADﬁEAT-Vd DATA-POOL FOR CROSS SECTIONS STORAGE

2
8
2171
t

0
900
74
20
79
B
249

JAERI 1316

The user selects items to be changed from the item No. (1~3). The new value or title is entered next.

These entries are given by a free format. The sequence is repeated untilla CR or a 0 CR entry. The revised

Control Section is displayed at the end of processing, and a next option is required. To terminate the

MEND command, enter an END command.
The DIREC option is used to change the Directory Section. The user can change the sub—directory
(SUB) and the head information defined in the directory (HEAD). A sample is shown below for the case

of revision of the sub—directory.

ENTER OPTION NAME CONT/DIREC/COM/END

00320 ?
DIREC

ENTER NODE NAME. IF ENTER KOTEING, END TO PROCESS

00300 ?
NAGE. INFX. 1276

. SHT

ENTER OPTION NAME SUB/LOW

01040 ?
sUB
[TEM CONTENTS

| NODE NAME = SHT
2 TOTAL LENG. OF DATA SET = 3
3 ADDRESS OF A LOER NODE = 0
4 ADDRESS OF A DATA SET = 25
5 N0. OF SUB-DATA SETS = 2
6 DATE OF CREATICN =84-0[-20
8 DATA 1 = 0
$ DATA 2 = 0
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10 DATA 3
11 DATA 4
12 DATA B
ENTER ITEM NO. TO MEND OR DEL 70 DELETE THIS SUB-DIRECTORY
IF ENTER 0, END TO MEND THE SUB-~DIRECTORY
01210 ?
11
ENTER NEW VALUE
01430 ?
71
INPUT VALUE WAS INTEGER TYPE 777
ENTER ITEM NO. 10 MEND OR DEL TO DELETE THIS SUB-DIRECTORY
IF ENTER 0, END TO MEND THE SUB-DIRECTICRY

now

0
0
0

pLzio ¢
0
END OF MENDING A SUB-DIRECTORY SECTION SUCCESSFULLY
ITEM CONTENTS

1 NODE NAME = SHT
2 TOTAL LENG. OF DATA SET = 3
3 ADDRESS OF A LOWER NODE = 0
4 ADDRESS OF A DATA SET = 25
5 NO. OF SUB-DATA SETS = 2
8 DATE OF CREATION =84-01-29
8 DATA 1 = 0
9 DATA 2 = 0
10 DATA 3 = ]
11 DATA 4 = 777
1Z DATA 6 = ]

In the option, the node names to be revise must be entered such as “NOD1. NOD2. NOD3. NOD4”
from the first column. The user selects items to be changed from the item No. (1~12) or enters a DEL
command from the first column to erase the sub—directory. When the item No. is entered, the new value
must be entered next. The format is free but a real quantity should be less than 13 digits including a
decimal point. The process is repeated unitil CR or 0 CR is entered.

A sample is shown below when the option of “HEAD™ is entered.

ENTER OPTION NAME CONT/DIREC/COH/END
00320 ?
DIREC
ENTER NODE NAME. IF ENTER NOTHING, END TO PROCESS
00900 ?
NAGE, INFX. 1276
ENTER OPTION NAME SUB/HEAD
01040 ?
HEAD
DIRECTORY HEAD
iTEM CONTENTS
I NODE NAME ! 1276
2 NODE NAME 2
3 UPPER DIRECTORY ADDRESS 4
4 NO. OF SUB-DIRECTORY 4
NODE NAMES FOR EACH SUB-DIiRECTORY
SKT  FTB  ELA NS
ENTER ITEK NO, TO MEND OR DEL TO DELETE THIS DIRECTORY HEAD
IF ENTER 0, END TO MEND THE DIRECTORY
01890 ?
DEL
DIRECTORY HEADI276 WAS DELETED
ENTER OPTION NAME CONT/DIREC/COM/END
00320 ?
ERD
END OF KEND COMMAND
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The directory has the node names and the linkage information consisting of 4 variables at the first
part of each record. The user can change the tree structures of node names by using the “HEAD” option
and setting 3 or 4 to the item No. If the user enters “DEL” from the first column, the directory and the

linkage of the lower sub—directories are erased.
When the option of “COM” is selected, the commands of the sub—data sets are displayed. The user

selects the sub—data set No. and enters a new comment (80 characters). The sequence is repeated until 0

CR or CR is entered. A sample is given as follows:

ENTER OPTION NAME CONT/DIREC/COM/END
00320 ?
COM
ENTER NODE NAME. IF ENTER NOTHING, END TO PROCESS
00900 ?
NAGE. INFX
NO. OF SUB-DATA-SET 1§ 1
DAT NO. COMMENT
1 INFINITE DILUTION CROSS SECTION LIBRARY
ENTER DAT KO. TO MEKD. IF ENTER O, END TO PROCESS
02470 ?
1
ENTER NEW COMMENT
02540 ?
INFINITE DILETION CROSS SECTIONS
ENTER DAT NO. TO MEND. IF ENTER 0, END TO PROCESS

0z470 7
0
END OF MENDING DATA COMMENTS SUCCESSFULLY
DAT NO. COMKENT
1 INFINITE DILUTION CROSS SECTIONS

The MEND command requires the complicated data entries, so that the user should take care to enter

exact values. The operations flow of the MEND command is shown in Fig. 4.7.

k) MTSAVE Command

The MTSAVE command generates a Job Control Language for deposit the data in DATA-POOL
with a backup tape or a sequential data—set. The user specifies the data—set names of DATA-POOL and
of MT, the volume serial No. and the position, then enters an EDIT-mode command of “SUBMIT”. A
TSS terminal with FSO is needed to use the command. A sample JCL is shown as follows:

ENTER COMMAND NAME ===> MTSAVE
EDIT-FS® (V01/L06) --- J3679.@POOLJCL.CNTL

==>
RO SCROLL ==>  PAGE COLUMN SCROLL ==> 40 NONULLS 50
e e S B et e e Rt

0010 //JCLG  JOB
D020 //¥EREFHKXRFEK KX E A EH K HEXXEHOOR IR OK KKK KOO0 OO R ROk

0030 //* JOB CONTROL LANGUAGE FOR MTSAVE COMMAND ¥
0040 //x ¥
0050 //x PLEASE CHANGE JUSER CARD, PASSWORD, DATA POOL NAME AND *
0080 //x BACK-UP TAPE NAME X
0061 //x AT END OF CHANGE PLEASE ENTER SUBKIT COMMAND *
0070 //* X

b 4

D080 // %A K3 KAH0K 3 0K KKK HOK K KRR KO3 X 0O OK KKK 0K JO ¥Rk KKK X KR4k

00890 // EXEC JCLG

0100 //SYSIN DD DATA,DLM="++’

0110 // JUSER 27927022, XX. XXXXXX, YYYY. 222

0120 T.4 C.1 .0 [.5 P.0 OPN HTU

0130 OPTP PASSWORD=17%

0140 // EXEC LMGO,LK="J3879.POOLX’, PNH=MTSAVE

0150 //*  DATA POOL

0160 //* CHANGE DSN:DATA SET NAME

GL70 // EXPAND DISKTO,DDN=FT91FGO1, DSN="JXXKK, 2279?2792’
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0180 //x  BACK-UP TAPE
0190 //x CHANGE DSN:DATA SET NAME

0200 //x MTV:VOLUME NUMBER OF A TAPE

0210 //* POS:DATA SET POSLTION ON A TAPE

0220 // EXPAND TAPE.DDN=FTUIF001,USN:’JXXXX.????????’.MTV:??????,HTU:TAPE.
0230 // P0S=?,D1SP="NEW,FASS’

0240 // EXPAND DISK,DDN=FTO2F001

0250 ++

0ze0 //

xxx END OF DATA SET x*xx

1) MTCOPY Command

The MTCOPY command is prepared to recover data from a MT or a sequential data—set deposited
by using the MTSAVE command. The user specifies the data—set names of DATA-POOIL and of MT, the
volume serial No. and the position, then enters an EDIT-mode command of “SUBMIT”. A sample JCL

is shown as follows:

ENTER COMMAND NAME ===> MICOPY
EDIT-FSO {(¥0I1/L08) --- J3679.@POOLJCL.CNTL

==>
ROW SCROLL ==> PAGE COLUMN SCROLL ==> 40 NONULLS 50
A SR, SR B e R i A e

0010 //JCLG  JOB
0020 //xxxuxxxuxxz*xxxxxxnxmxxu*x*xxx*uxxuxxxumxuuxuxxxnxx*

0030 //* JOB CONTROL LANGUAGE FOR MTCOPY COMMAND £3
0040 //* *
0050 //x PLEASE CHANGE JUSER CARD, PASSWORD, DATA POOL NAME AND b3
0060 //* BACK-UP TAPE NAME *
oogt //x AT END OF CHANGE PLEASE ENTER SUBMIT COMKAND X
0070 //x x

*

0080 //xxx**x**xxx**x*x*xxxx***xtxxx***t**xx*xx*x*xxxx*****x*x****x*x**

0090 // EXEC JCLG

0100 //SYSIN DD DATA,DLM="++’

0110 // JUSER 27977777, KX. XXXXXK, YYYY.2ZZ
0120 T.4 C.1 ¥.0 [.5 P.0O OPN MTU

0130 OPTP PASSHORD=7?

0140 // EXEC LMGO,LM='J3679.POOLX’, PRM=MTCOPY
0150 //x  DATA POOL

0160 //% CHANGE DSN:DATA SET NAME

0170 // EXPAND DISKTO, DDN=FT91F001, DSN="JXXXK, ?2222277" , MODE=0UT
0180 //x  BACK-UP TAPE

0190 //% CHANGE DSN:DATA SET NAME

0200 //x MTV:YOLUME NUMBER OF A TAPE

0210 //* POS:DATA SET POSITION ON A TAPE

0220 // EXPAND TAPE,DDN=FT01F001,DSN:’JXXXX.????????'.MTV=??????.MTU:TAPE.
0230 // P0S=7

0240 ++

0250 //

xxx END OF DATA SET xx¥

Note that excess data more than 30000 words in the sub-data set can not be treated by using the
MTCOPY and the MTSAVE commands. When the recovery of DATA-POOL is performed by using the
MTCOPY command, the DATA-POOL should be initialized before the batch job is submitted. The title
in the Control Section will be replaced to the title in the backup tape.
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Fig. 4.7 Schematic flow in the utility POOL




JAERI 1316 4. Module for Data Base Management

()
HEAD
SUB/HEAD
SUB

PRSUB

item No.
or DEL input
item
No./DEL

item No.

erase the sub-
directory ICCONV

CVDAT

)
modify the sub-

directory

i

-

replace the sub-
directory

DEL

:

read the directory

l

erase the directory

v

item No.

new value
input

163

replace the directory

Fig. 4.7 (continued)



164

a

RADHEAT-V4: A Code System to Generate Multigroup Constants and

Analyze Radiation Transport for Shielding Safety Evaluation

JAERI 1316

COM/END

COM

NODINP

I

PFIND

%

A 4

store the record address
of the sub-data set

reset the exclusive
access control

v

PREAD

I

display comments

Yes
data set No.
input

ICCONV

-\

>0

new comment
input

replace the record

|

Fig. 4.7 (continued)




JAERI 1316 4. Module for Data Base Management io5

4.2.2 Input/OQutput File Assignment _

The utility POOL requires various direct-access devices during execution. Table 4.2 shows the
names of the data sets. The logical unit number marked with a circle in the table is required to execute the
job. The value for the first memory space estimation is changed by the various conditions of computation,
so that it is roughly estimated. On the conversational operation with a TSS terminal, scratch data sets are
automatically allocated, so that the user is required only to set the data set name of DATA-POOL

according to prompt messages displayed on the TSS terminals.

4.2.3 Job Control Language

When the utility POOL is to be executed by a batch job, the following operation is required,

The load module of POOL is generated by each command name, so that the executions are performed
by specifying the program name (PNM name).

// EXEC LMGO, LM="J3679. POOLX", PNM = program name
Table 4.2 shows the program names. The input data for each program are the same as the data entries
described in Section 4.2.1. The entry of carriage return can be replaced by a blank card.

The cataloged procedure using the conversational operation described in Section 4.2.1 is shown in
Fig. 4.8.

Table 4.2 Requirements for external data sets in POOL

Scratch DATA-POOL J3679. J3679.
Commands POOLX. TSSMAC.
FTO1F001 FTO2F001 | FT9LFOC1 | FT92F001 LOAD CNTL
HELP O
INIT O O
FLAG @) @
DELETE O O
TREE O O
CATL O O
LIST @] O
RENAME C O
COPY O o @ o O
CONDENSE O O O O O
MEND O O
MTSAVE O O O 9
MTCOPY O O O @
END O
dat dat
rent fa 4 fa 2 used as used as load JCL
;. [s)
contents or or Ist. DSN | 2nd. DSN module file
backup directory
1st.
e shaee 500 10 — — 168 1
estimation (tracks)
g LRECL 19064 6400 3600 3600 0 80
g £ | BLKSIZE 19068 6404 3600 3600 13030 3120
(o]
E RECFM VBS VBS F F U FB
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4.3 VISUAL

The utility VISUAL has been prepared to plot various data generated by the RADHEAT V4 code
system. The VISUAL is executed by conversational operations with a TSS terminal of TEKTRONIX
T4014. It can be also executed by batch job stream to plot graphs on digital graphic equipments, COM
(Computer Output Microfilm) and NLP (Nihongo Laser Printer). The hierarchy of VISUAL in the
RADHEAT-V4 code system and the general flow are shown in Figs. 4.9 and 4.10, respectively.

To achieve simplified conversational operations, a concept of Conversational Management Mode
(CMM) is adopted in VISUAL. The CMM consists of 28 commands and controls the plotting procedure.

The graphic patterns plotted with VISUAL are of three types that are two-dimensional graph (f{x);
x), contour-line map (f{x,»);x,») and three-dimensional graph as the bird’s eye view (f(x.y);x,y). These
patterns are defined as MODE~1, MODE-2 and MODE-3 in the CMM operation. Parameters and
variables to determine the plotting forms for each mode can be fixed to default values defined in the
program. The values can be eastly altered by the user.

This flow diagram of CMM is shown in Fig. 4.11 and the functions of the commands are described

below:

(a) Command to enter into the MODE—x

MOD1 Entry command for MODE-1.
MOD2 Entry command for MODE-2.
MOD3 Entry command for MODE=3.
END Terminate the execution of the MODE.

(see Table 4.3~4.5 for the variables)
(b) Command to set the default values

DEFAULTC Set the default values for the common variables.
DEFAULT! Set the default values for MODE~1.
DEFAULT2 Set the default values for MODE-2.
DEFAULT?3 Set the default values for MODE-3.

(see Table 4.3~4.5 for the default values)
(c) Comand to display the executing variables

LISTC Display the executing common variables,

LIST1 Display the executing variables for MODE-1.
LIST2 Display the executing variables for MODE-2.
LIST3 Display the executing variables for MODE-3.

(d) Command to describe the functions of the executing variables
TABLEC Describe the functions of the common variables.
TABLEI] Describe the functions of the MODE-1 variables.
TABLE? Describe the functions of the MODE-2 variables.
TABLE3 Describe the functions of the MODE-3 variables.

(e) Command to update the executing variables

UPDATEC Update the executing common variables.

UPDATEI] Update the executing variables for MODE-L.

UPDATE?2 Update the executing variables for MODE-2.

UPDATE3 Update the executing variables for MODE-3.

ENDU Terminate the updating of the executing variables. This command must be used

after UPDATEC, UPDATE], UPDATE?2 and UPDATE3 commands.
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(f) Command té execute plotting

RUNI1 Execute MODE-1 plot.
RUN2 Execute MODE-2 plot.
RUN3 Execute MODE-3 plot.
(&)
HELP Display the functions of all commands.
(h)
TIME Show the used CPU time.
(i)
NLPW Write the executing data in the sequential file on logical unit FT50F001 for plotting
with NLP.
)
BYE Terminate the execution of VISUAL.

Captions and comments inserted in the graph are processed by the Text Management Mode (TMM)
which enables the user to display capital, lower case and special letters including super— or sub—script form
by using simple indicators.

The input instruction for the utility VISUAL is described in the following section. The requirement
for data sets during execution is described in Section 4.3.2. The Job Control Language for VISUAL is
shown in Section 4.3.3. The detailed information is also referred to in the report of VISUAL™.

4.3.1 Input Instruction

The input data for VISUAL are given in the free form. In the CMM and TMM operations, variable
names are defined for each mode. The value for each variable is given by the following notation:

variable name = value;.
The variable names and the definitions for each mode are shown in Tables 4.3, 4.4 and 4.5, respectively.
In these tables, “Size” means the number of array and “Default” indicates that variable has been given the
default value. If the variable size is more than one, the variable names are written as follows:

variable name (1)=value 1; variable name (2)=value 2;
In the case that the variable size is of two—dimensions, data are given as

variable name {1)=value 1 value 2 value 3 — ———,

variable name (2)=value 4 value 5 value 6 — —— —.
The arbitrary form is allowable to set the value as follows:

1.236+3, 1.236E+3, 1.236E3, 1236.0 or 1236,
In the TMM operation, captions and comments are given as follows:

variable name=document;.
The input fields from the column 1 to 80 are usable and the semicolon (;) must be given as the partition
of the data. The notation can be set in succession and in arbitrary order.

In the TMM operation, the VISUAL can be to plot the main title, the captions of the X-, Y—and Z
—axes, the legend using Greek characters and the other special symbols according as the following
procedure. The text consists of the character control command and the character lines. The plotting
symbols written with capital and lower case letters treated by TMM are shown in Tables 4.6(a) and 4.6
(b), respectively.

The character control commands control the form of the character lines. Usually, the text are written
with lower case letters of English and numerals used in the FORTRAN language. The character control
command changes the character form of the following character lines. The character control commands

are used as follows:
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(i) 8
The character lines after this command are written with capital letters until “?” command
appears.

(ii) 7

After this command, the functions of all commands are reset and the character lines are written
with lower case letters of English and numerals.
Moreover, this is used to reset the function of super—/sub-script.

(ii) @

After this command, all of the character lines are plotted as the super—script until “?” command

appears.

(iv) ”
After this command, all of the character lines are plotted as the sub—script until “?” command
apears.

(v) !

This command is used to plot Greek letters or the other special characters that are defined by
the code number written in three digits. After this command, the code number of the three
digits is given as a character line. The code numbers of the special characters are described in
Tables 4.6{a) and 4.6{b}.

Examples:

“sN?7EUTRON YIELDS OF @239?$P?US$-B?E$(?10421077N§) ?SOURCES” is displayed as “Neutron

yields of **Pu-Be(a, n) sources”, and

“$B?0OUCHER@26)? DETERMINED THIS TO BE $1.2310237§0.05?FOR $C?M”27307"37" is dis-

played as

“Boucher’® determined this to be 1.23£0.05 for Cm,0,”.

As shown in these examples, the character control command can be written in succession. It is noted

that the user should not write a blank after the command “Y”, because it causes an error.
Examples:
(1) $@
After these commands, the character lines are plotted as super-script with capital letters.
(i) 771035

After these commnds, 7 is plotted as sub—script with a lower case Ietter.
(i) $@!1034061043
After these commands, ¢ X & is plotted as super—script with capital letters.

Once a character control command is given, the function continues until the reset command “?”
appears.

The user can execute the utility VISUAL effectively by using various operation commands in the
CMM and TMM. A sample input operation is shown below to demonstrate the usage of these commands.
In the description, the sentence with underline shows the user’s input, <re> means carriage return and
“b” indicates a blank space. When the execution of VISUAL is started, the message for functions of each
mode is displayed. One of these commands should be entered subsequently and then the message is

displayed that the default values are set to the executing variables. Operations are shown as follows:

#++ PLEASE KEY IN COMMAND ***
(1) 7?7 LISTC <re>
##% PLEASE KEY IN COMMAND ***
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(2) ? UPDATEC <re>
++% PLEASE KEY IN UPDATE STRING (UPDATEC) ***
(3) ? XTITL=SN?EUTRON $E’NERGY S(?E$V); <re>
? YTITL=$C?ROSS $S?ECTION $(?BARN/SR/$M?E$V); <re>
(4) 7?7 UNIT(1)=9LUNIT(2) =9L,UNIT(3)=91; <re>
(5) 7 NODE(1)=EXPbbbbb0000bbbbbb92; < re >
? NODE(2)=102G; <re>
7 NODE(3) = 102G bbbbDDXbbbbb1001bbbbbb33; <Ire >
(6) ?CODE(1)=0b7b7b7b7; <{re>
? CODE(2)=0blb2b3b4; <re»
7 XW=150.0;YW=130.0; <re>
(7) ?7ENDU <re>
< The screen is cleared automatically >
+++ PLEASE KEY IN COMMAND ***

These operations correspond to the following executions:

(1) : The table for the common variables is displayed. (see Table 4.3)

(2) : The command to update the executing data for the common variables is entered.

(3} : This indicates to update XTITL.

(4) : This indicates a update string.

(5) : The variable name NODE is declared double-precision, so that & characters are entered in a word.
(6) : A blank space is inserted in the type of two—dimensional array.

(7) : This indicates the end of updating.

After these operations, the user can enter “RUN1” command to plot a graph. After plotting a graph,
when XN =0.0 and YN=0.0 (see Table 4.3) has been given, hair-line cursors are displayed. The user
can set them to the arbitrary initial X- ¥ coordinates and key in the carriage return after a space entry.
Then the comment and the sub—title are plotted on the graph.

If the hair-line cursors are set on the X and Y axes within 5 millimeters and key in the carriage return
after a space entry, the plotting graph is cleared. Then, the comment and the sub—title are plotted. If the
user enters “NLPW” command, XN and YN are given negative values, then the plotting data is stored in
a work file on logical unit FTSOFQ01. If XN and YN are less than 0.0, the comment and the sub—title are
plotted on the next page of the graph.

Command “END” is used to execute the other mode. After plotting a graph, if the user inputs the
command “END”, the system urges him to enter the modal option.

Example:

< Plot a graph of MODE-1 >

*#: PLEASE KEY IN COMMAND #**
? END <re>>
#++ PLEASE KEY IN MODAL OPTION ***

?MOD2 <re>
#xx DEFAULT VALUE SET FOR COMMON DATA #%¥
#x* DEFAULT VALUE SET FOR MODE-2 DATA **#
*%% PLEASE KEY IN COMMAND ***
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It is posible that the user sets the default values for the common variables, MODE-1, MODE-2 or
MODE-3 variables anytime by using the command DEFAULTC, DEFAULTI1, DEFAULT2 and
DEFAULT3, respectively.

4.3.2 Input/Output File Assignment
VISUAL requires various direct—access data sets during execution. The logical unit numbers for the
data sets depend on the conditions of input data. They must be allocated before the execution. Table 4.7

shows the minintum requirements for the data sets.

4.3.3 Job Control Language
The Job Control Language of VISUAL for TSS operation and for batch job at JAERI are described
below. In the description, sentences with underline indicates the user’s input and <‘re>> means a carriage

return.
1) TSS Operation

PLEASE LOGON
(a) LOGON TSS J$$86/277? $(1024) <re>

Session open messages are displayed.
READY

(b) .PTSIO <t1e>
(¢) .DISKTO DD(FT91F001) DSN( ‘I$§$5.AAAA.DATA’ ) <re>

(d) < Key in the procedures to allocate DATA-POOL in the same way as above. >

(e) ALLOC F(FTS0F001) DA(_‘7$$$$.BBBB.DATA’ ) <re>

(f) < Key in the procedures to allocate the work files according to MODE option. (Logical umits
are described in Table 4.7) >

READY
(g) CALL T9338.VISUAL.LOAD' <re>

VISUAL START
(h) A screen for PTS is displayed.

< VISUAL opening messages are displayed. >>
(i) *** PLEASE KEY IN MODEL OPTION *#**
< A message for functions of each MODE is displayed. >

? MOD1 (or MOD2 or MOD3) <re>
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#x* DEFAULT VALUE SET FOR COMMON DATA ***
##% DEFAULT VALUE SET FOR MODE-1 DATA ***

(i) *** PLEASE KEY IN COMMAND ##*
(k) ? UPDATEC <re>

(1) *** PLEASE KEY IN UPDATE STRING (UPDATEC) ***

(m)

(n) ? ENDU <re>
*** PLEASE KEY IN COMMAND #*#*
(0) ? UPDATE!] <re>>
#%% PLEASE KEY IN UPDATE STRING (UPDATE]) ***

\

) ‘

? ENDU < re>
#%% PLEASE KEY TN COMMAND ***
(q) T LISTC <re>

(r) ? LIST1 <re.>

*+x PLEASE KEY IN COMMAND ***
(s) ? RUNI <re>

ON
|
*** PLEASE KEY IN COMMAND ***

(u) ? NLPW <{re>
*+* PLOTTING COMMON DATA ARE WRITTEN IN THE FILE ***
*+x PLOTTING MODE-! DATA ARE WRITTEN IN THE FILE ***
*+* PLEASE KEY IN COMMAND *#*#*

(v) 7 HELP <re>

*++ PLEASE KEY IN COMMAND *#*
(w) ? TIME <re>
|

*¥* PLEASE KEY IN COMMANTID ***

JAFRI 1316
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(x) ? END <re>
(v) *** PLEASE KEY IN MODAL OPTION ***

(z) 2 MOD2 (or MODI or MOD3) <re>
*¥* DEFAULT VALUE SET FOR COMMON DATA ***
*#% DEFAULT VALUE SET FOR MODE-2 DATA ***

++x PLEASE KEY IN COMMAND ***
(@) ? BYE <re>

)

READY
(ry LOGOFF <re>

The input procedures shown above are described in the following:

{a) : Open the user’s ssession.

(b) : Assign logical units for PTSLIB*’ on TSS.

(c) : DATA-POOL is allocated on the logical unit FT91F00L.

(d) : Allocate another DATA-POOL in which plotting data are stored.

(e) : The logical unit FT50F001 must be assigned as a work file to store the executing data for NLP or
COM.

(f) : The logical units (shown in Table 4.7) must be assigned as temporary files.
(g) : Enter VISUAL execution.

(h) : Display the open message of PTS screen.

(i) : Select plotting MODE.

(i) : Message urges a user to key in a Command.

(k) : Command to update the common executing variables.

(1) : Urging to key in the updating terms.

(m) : Key in the updating terms for commeon variables in succession. (see Section 4.3.1 for detail)
(n) : Terminate the updating mode for common variables.

(0) : Command to update the executing variables for MODE-1.

(p) : Key in the updating terms for MODE-1 in succession.

(qQ) : Command to diaplay the executing values for common variables.

(r) : Command to display the executing values for MODE-1 variables.

(s) : Command to execute the plotting for MODE-1.
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(t) : Plot graph.
(u) : Command to store the executing values in a work file for NLP.
(v} : Command to diaplay the functions of all Commands.
(w) : Command to display used CPU time.
{x) : Command to select the other MODE.
(y) : Same as (i}.
(z) : Command to execute the plotting for MODE=2.
(@) : Command to terminate VISUAL.
(8) : Display a farewell massage.

(v) : Close the user section.

2) Batch Job
Job control language of VISUAL for FACOM M-380 with NLP or COM equipment at JAERI is

described as follows:

//ICLG JOB

// EXEC JCLG
(a) //JUSER ok s ok 3k ok ok ok o s e R g ok ok ok sk ok ok sk kol ok ok ok
(b) C.4 T.n1 L.n2 W.n3 OPN GRP

(¢) OPTP PASSWORD=22?, NOTIFY =J$$5%
(d) // EXEC LMGO, LM= ‘19338 VISUALNL'
(e) // EXPAND GRNLP
// EXPAND DISKTO, DDN =FT91F001, DSN= J$$35.AAAA’ , Q= "DATA’

("

(g) // EXPAND DISKTO, DDN:=FT50F001, DSN= ‘J$3§$.DATA’ , Q= "DATA’

(h)
//SYSIN DD *
() RUN1
()
|
(k) BYE
O A
++
//

Descriptions of the JCL cards of VISUAL are given in the following:
(a) : User’s job card.
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(b

(c)
(d)
(e)

()
(8)
(h)
(1)
)
(k)
M

. System’s resources of the job. Usually, C.4(1536 KBytes) and GRP must be set for NLP and C35

for COM.,

. Description of optional parameters. Usually, PASSWORD must be written.
. Specify the load module name to execute VISUAL.

: Assign the graphic library for NLP.

In the case of COM, GCOM35 is assigned.

. Allocate the data set of DATA-POOL in which plotting data are stored.

. Allocate the data set of work file in which executing data are stored.

. Allocate the logical unit according to the MODE.

. Input data to execute MODE-1.

. Specify the RUN (RUN1, RUN2 and RUN3) command in order to plot a graph.
: Terminate VISUAL execution.

. Indicate the end of input data.

A sample is shown in Fig. 4.25. When the user will execute the commands shown in Section 4.3.1

on the batch job, the user inputs the procedures from (i})-modal option to (a)-terminate command shown
in Section 4.3.3. A example is shown in Fig. 4.26. In this case, if XN and YN are greater than 0.0, the
comment and the sub—title are plotted from these coordinates, and if less than 0.0, they are plotted from

the absolute values of XN and YN coordinates on the next page.
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Fig. 4.9 Hierarchy of VISUAL
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OPTP PASSWORD= ,NOTfFY=

/! EXEC LMGO,LM='JO338 . VISUALNL®

{1 EXPAND GRMLP

/7 EXPAND DISKTO,DON=FT91FCO1.,DSN='J 3479 . RADHDPOG' ,Gix' [ DATA"
// EXPAND DISKTO,DDN=FTSOFOOL1,DSN="J9338 VWORKL', Q="' _DATA'
//S5YSIN DD s
RUN1

LISTC

LIST1

TIME
RUN1

TIME
LISTC

LISTY

BYE
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++

I8

Fig. 4.25 Job control cards and input commands for VISUAL for use of the FACOM M-380
computer at JAERIT
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//JELG JOB
/f EXEC JCLG
f/SYSIN DD DATA,DLM='++'
/7 JUSER
T.1 C.4 W.&4 1.3 OPN GRP HLP
OPTP PASSWORD=?777,NOTIFY=JXXXX
I/ EXEC LMGO,LMe'JF3I3B.VISUALNL'
f/ EXPAND GRNLP
/{ EXPAND DISKTO,DDN=FTR1FQO1,DSNu"JXXXX.5588 ,Qm" DATA'
//SYSIN 00 =
MOD1
UPDATEC
XTITL=SN?EUTRON SETNERGY S(7ESV);
YTITL=5C?7ROSS SSTECTION S{7BARN/SR/SHTIESV);
UNIT(13=91;UNIT(2)=P41;UNIT(3)=91;

NODE(1)=EXP 0000 92
NGDE(23=102G;
NODE(3)=102G DDX 9204 33:

CODE(1)=0 7 7 7 7;

CODE(2)=0 1 2 3 &;

ENDU

UPDATE

NPL=5;

COMT=SDDX 7TAT $13¢ ?DEGREE;

SUBY{1)= CALCULATED TOTAL VALUE;
SUBT(2)= CALCULATED INELA. VALUE:
SUBT(3)= CALCULATED INS. CONY. VALUE;
SUBT(4)>= CALCULATED (N.S27N) VALUE;
SUBT(S)= EXPERIMENTAL DATA SN?0.54%9;
TPO=H;ECODE(1)e906,;55I2E=3.0;YSCALE=L;
XN==-10G0.0;

YN=-180.0;

ENDU

RUNY

LISTL

LIST1

TIKE

BYE

fe

++

/i

Fig. 4.26 Job control cards and input data for VISUAL for use of the FACOM M-330
computer at JAERI
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Table 4.3 Variables used in MODE—1 of VISUAL

Variable : Size . Defauit - Description of the Data

TITLE : : :  Main title of the graph.

XTITL : : :  Caption of X-axis,

YTITL : : . Caption of Y—axis.

ZTITL : : : Caption of Z—axis.

UNIT : (10) : 0 :  Logical unit number of DATA-POOL.

NODE c (10, 10y - : Node structure of data in DATA-POOL.

CODE (10, 1) - 0 :  Code number of the plotting data.

XwW : ;2200 X-axis length (mm).

YW : ;1900  : Y-axis length (mm).

NPL : : 1 : Number of the plotting lines in a graph.
(£15)

Number of lines for calculation data is limited to 10 and number of
lines for experimental data is less than 3.
TRANS : : A :  Tansformation type of the plotting data.
=A: absclute representation
=C: alpha—transformation

=0Q: —, — or / transformation

ALPHA : : 1.0 :  Transform constant. If TRANS is set to C, the plotting data are
multiplied by ALPHA.

OPERA : : / :  Transformation operator of the plotting data.
If TRANS=0Q, enter next Operands.
= +: add; = —: subtract; =/: divide.

COMP : : 1 . Data number for the denominator.
If TRANS =0, then enter.

EUNIT ; (5 : 0 : Logical unit number (from 41 to 45) of sequential data sets for
experimental data.

COMT : : :  Common comment for all data.

SUBT : (10) : :  Comment for each data.

TPO : : L : Option for line form.

=H: step-line form
=L: linear—line form
(see Fig. 4.12 for detail)
PAT : : S :  Graphic pattern.
=38: single graph; =D: double graph.
(see Fig 4.13 for detail)

SYMBOL : 0 :  Plotting option of symbeol for calculation data.
=0: not plot
=N: plot symbols to every N+ 1 data points
SCODE : (10) : 0 :  Symbol code of the calculation data.

(see Fig. 4.14 for detail.)
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Table 4.3 (continued)

Variable : Size . Default Description of the Data
ECODE : (5) : 0 Symbol code of the experimental data.
(see Fig. 4.15 for detail.)
EID : (5) : 0 Plotting identification number of the experimental data in the
sequential data set.
ESIZE : : 2.0 Height of symbol for the experimental data (mm). Enter as ESIZE
=3. 5.
SSIZE : : 4.0 Height of character for the legend {mm). Enter as SSIZE=4. 5.
XN : : 0.0 Starting position on X-axis to plot the legend (mm).
YN Starting position on Y—axis to plot the legend (mm).
GRID : : 0 Option for grid patten,
=0, 1,20r3
(see Fig. 4.16 for detail.)
XSCALE : 0 Scaling opiion for X—axis.
=0: linear scaling; =1: log scaling
YSCALE : 0 Scaling option for Y—axis.
(Same as XSCALE)
SCALE : : 0 Method of scaling type.
=0: automatic scaling
=1: manual scaling
XMIN : : 0.0 Minimum value for the X—axis.
If SCALE=1, enter it as XMIN=1. 0E-6.
XMAX : : 0.0 Maximum value for the X—axis.
(Same as XMIN.)
YMIN : : 0.0 Minimum value for the Y-axis.
(Same as XMIN.})
YMAX : : 0.0 Maximum value for the Y—axis.
{Same as XMIN.)
YDMIN : : 0.0 Minimum value for the Y—axis in the double graph.
When SCALE=1 and PAT=D are given, enter this value.
YDMAX Maximum value for the Y-axis in the double graph.

(Same as YDMIN.)
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Table 4.4 Variables used in MODE—2 of VISUAL

JAERI 1316

Variable : Size : Defanlt Description of the Data
10P : : 1 Option of the screen size.
=1: A4; =2: B5; =3: A3 =4: B4
(Except for these, the size is defined by XSC and YSC.)
XS8C : ¢ 2970 Horizontal length of the screen (mmr).
YSC : ¢ 2100 Vertical length of the screen (mm).
If IOP=1, 2, 3 or 4, these are dummy.
LFR : : 1 Option of the screen type.
=1,2,3, 4,56
{Samples are shown in Fig. 4.17)
IFRAM ; : 1 Opticn to plot a frame.
=1: plot; =0: no effect
X0 : : 30.0 Initial position for X-axis (mm}).
YO : : 10.0 Initial position for Y—axis (mm).
ZMIN : : 0.0 Minimum value for Z-axis.
Enter it as ZMIN =3.0E-6.
ZMAX : : 0.0 Mazximum value for Z-axis.
Enter it as ZMAX=6.0E+8.
KA : : 5 Option for graduation type.
=1,2,3435,¢6
(Samples are show in Fig. 4.18)
SIZE : : 3.0 Height of graduation number {(mm).
If SIZE > 0.0, plot with this size.
If SIZE=0.90, plot with default value.
NCONV : : Option to transform the data.
LFG : : 2 Option of graduation positien.
=1,2,3
(Samples are show in Fig. 4.19})
IGRID : : 0 Option of grid type.
=0: no effect
=1, 2: (Samples are show in Fig. 4.20)
MX : : 0 Number of grids for X--axis.
< 0: no effect; =0: auto
>0: manual
MY : : 0 Number of grids for Y-axis.
{Same as MX.)
INTER : : 0 Approximation type for contour value.
=0(: linear—interpelation
=1: spline—fitting
NCONTR : —1 Number of contour lines.
<0: AUTO; +N: N lines; =0; Inital
value {CONTV(1)), increasing value {CONTV(2}) and final value
(CONTV(3)) must be given. Then number of contour lines and
contour values are calculated in the program.
CONTYV : NCONTR : - 1.0 Contour values for lines.

NCONTR < 0: no effect

NCONTR =0: set initial, increasing and final values
NCONTR =N: set contour values up to N
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Table 4.4 (continued)
Variable Size Default Description of the Data
KIND : NCONTR : 1 Kind of contour line.
NCONTR =0: no effect
NCONTR >0: set next value
=(; no effect; = 1: solid
=2: thick solid; =3: dot
=4: dash; =$5: chain dot
(see Fig. 4.21 for detail)
LCVOP 1 Option to plot contour value.
=0: plot contour value on the line
=1: plot sequential number on the line
ISTL 1 First line number for plotting contour value.
LCVOP=1: no effect
ML 1 Interval for plotting contour value.
Plot contour value to every ML~-1 line from ISTL.
ICMT Comment for the contour map.
XST 0.0 Starting position on X-axis to plot the legend (mm).
YST 0.0 Starting position on Y-axis to plot the legend (mm).
THETA 0.0 Angle of the character (degree).
CHIGH 4.0 Height of the character (mm).
IREAL 0 Option for figure size.
ID (2) Identification for the figure.
Fixed ‘CONTOURY .
COMT Commen comment for all daia.
SUBT (10) Comment for each data.
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Table 4.5 Variables used in MODE—3 of VISUAL
Variable Size : Default Description of the Data
XSCALE 0 :  Scaling option for X—axis.
=0: linear scaling ; =1: log scaling
YSCALE 0 . Scaling option for Y—axis.
(Same as XSCALE)
ZSCALE 0 : Scaling option for Z-axis.
{Same as XSCALE)
NSTEP 0 : Reading or writing option for original data.
=0: write to work file
=1: read from work file
THETA 30.0 :  Angle of Y-axis for holizontal directicn. {degree)
(see Fig. 4.22 for detail)
DELTA 10.0 . Angle of X-axis for holizontal direction. (degree)
(see Fig. 4.22 for detail)
BETA 1.0 . Ratio of Y—axis length to X—axis length.
MGRAPH 1 :  Graphic type option.
=0,123
(Examples are shown in Fig. 4.23)
NXCH 0 : Option to change the order of going up and down for X-axis data
array.
=0: no effect; =1: change
NYCH 0 . Option to change the order of going up and down for Y—axis data
array.
(Same as NXCH.)
(Examples for NXCH and NYCH are shown in Fig. 4.24)
NVALUE 0 : Input option for the threshold value.
=0: no effect; = 1: input
ALPHA 0.0 :  Threshold value for Z—axis.
If NVALUE=1, then input.
LIMIT 0 : Interpolated point number.
={): interpolate all points
=N: interpolate every N+1 data points
PRINT 0 :  Print option of input data.
=0: no effect; =1: print
DDXY 0.1 :  Minimum mesh width for interpolation (mm).
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Character code numbers used in the TMM mode in VISUAL
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4. Module for Data Base Management

Table 4.7 Inputjoutput file assignments for VISUAL

Logical
c?glca Comment
unit No.
F191
| Input of the DATA-POOL file
FT93
COMMON FT50 Output of the executing data
Input of the executing data for batch job
FT05 Input
FT06 Print output
FT41
’ Input of the experimental data file
MODE-1 FT43
from FT10 Scratch file to plot matrix data
(EGRP-INFX-Mat. No.~INS (N2N or ELA))
FTo1 Scratch file
FT96 Scratch file
MODE-2 FT197 Scratch file
FT198 Scratch file
FT99 Scratch file
FT0l Output of the plotting data
MODE-3 FTO2 Input of the plotting data
FT10 Scratch file to plot matrix data
(EGRP-INFX-Mat. No.-INS (N2N or ELA))
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5. Sample Problems for RADHEAT-V4

The RADHEAT V4 code system consists of many functional modules for producing coupled multi
—group neutron and gamma-ray cross sections, and for analyzing the neutron and gamma-ray transports
of one—, two—, and three—dimensional configurations. '

Sample problems for all the functions of the system can not be described in this report, so that typical
problems are only given in this cﬁapter.

The productions of neutron and gamma-ray group cross sections for air and iron are described in
Section 5.1. The FAIR-CROSS module is used in this procedure. The generations of secondary gamma
~ray production data for oxigen, nitrogen and iron by using TWOWAY are given in Section 5.2.

In Section 5.3, a sample problem of the one—dimensional transport calculation with a simple iron—air
configuration is described. The DIAC module is used in this procedure. The collapsing of the group cross
sections generated in Section 5.1 is given in Section 5.4. The weighting fluxes in the collapsing procedure
of FDEM are used those produced in Section 5.3.

A gamma-ray skyshine problem with the two—dimensional configuration is described in Section 3.5
as the sample problem for ESPRIT. The gamma-ray cross sections and the flux—to—dose conversion factor
used in the calculation are aIS(; produced in the section.

In Section 5.6, a sample problem of gamma-ray skyshine with the three—dimensional configuration
is described for MCACE. The cross sections and the flux-to—dose conversion factor used in the
calculation are the same as those produced in Section 5.5

The Bremsstrahlung calculation in a one—dimensional infinite lead slab with *N source is described
in Section 5.7 as the sample problem for BREM. ,

The job control cards and the input data for each problem are shown in these sections indicated
above. The output lists of these computations take a large space, so that these are shown collectively in

Appendix D.
5.1 Sample Problem for FAIR-CROSS

5.1.1 Step 1

A sample problem for FAIR-CROSS step 1 1s a problem for generating ultra—fine group cross
sections and infinite dilution cross sections of oxigen, nitrogen and iron. The energy group structures of
the cross sections are the same as in the JSD1000 library.

The job control cards and the input data for each nuclides are described below. The result of
computation for oxigen is shown in Appendix D as a sample output. The results for nitrogen and iron are

omitted because the output forms of these nuclides are the same as that of oxigen.

MEMBER NAME > B:RRSTEP!.TXT  —-=-=-=r==-=--==r-—=s--s---soo-osoooomsmmomooTETT
LINE NO: ....+‘...1....+....2....+....3....+....4....+....5....+....6....+..‘.7....+....8
: //JCLG JOB

// EXEC JCLG

//SYSIN DD DATA, DLM="++"

/¢ JUSER EHRREREE, 8. FULEAE, BEHE . #E

T.4 1.5 P.O W.3 C.5 3RP

OPTP PASSWORD=#####ds%

//FCROSS EXEC LMGD.LM='J1446.FCSTEP1X'rOBSIZE=]3T,0RECFM=FA

//FTO1FOCYT DD DSN=&&F!.UNIT=WK10.SPACE=(TRK,(lODrZO))a

/7 DCB=(LRECL=19064-BLKSIZE=19068:RECFM=VBS)

W e~ A h WM
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MEMBER NAME > B:RRSTEP!.TXT

5. Sample Problems for RADHEAT-V4

LINE NO: oo bl kL2 v 0030+ 4, o+ 0B LB
10 : //FTOZFO0! DD DSN=&&F2Z2,UNIT=WK10,SPACE={TRK,{100,200).
11 ¢ // DCB=(LRECL=19064,BLKS|ZE=13088,RECFM=VBS)

12 ¢ //FTO3F00! DD DSN=&&F3.UNIT=WK10.SPACE=(TRK, {100.20)},
13 ¢ // DCB=(LRECL=189064,BLKSIZE=19068,RECFM=VBS3)

14 :  //FTO4F00T DD DSN=&&F4,UNIT=WKI10,SPACE=(TRK, (100.20)},
15 : // DCB=(LRECL=18084.BLKS|ZE=19068,RECFM=VBS)

16 @  //FTIOFO01 DD DSN=&&FA,UNIT=WKiO,SPACE=(TRX, (100.20)}.
17 + // DCB=(LRECL=19064.,BLKS|ZE=19068,RECFM=VBS)

18 : //FT11FQ01 DD DSN=&&FB.UNIT=WK10,SPACE=(TRK, {100.20}}.
19 :  // DCB=(LRECL=18064,BLKS|ZE=19088.,RECFM=VBS)

20 :  //FT12F201 DD DSN=&&FC,UNIT=WK!0.SPACE={TRK, (100.20)}.
21 + // DCB=(LRECL=79064,BLKS|ZE=13068.RECFM=VBS)

22 ¢ //FT13F0071 DD DSN=&&FD.UNIT=WK!10.SPACE=(TRK. (600,50},
23 : // DCB=(LRECL=16804.BLKS|ZE=18804,RECFM=F)

24 :  //FT14F001 DD DSN=&&FE,UNIT=WK10.SPACE={TRK. ¢100.20)}.
25 . // DCB=(LRECL=19064.BLKS|ZE=18058,RECFM=VBS)

26 @ //FTI5FQ01 DD DSN=&&FF.UNIT=WK10,SPACE=(TRK. (100,203),
27 : /7 DCB=(LRECL=19064,BLKS|ZE=19068,RECFM=VBS)

28 : //% THE FOLLOWING DSN WILL BE CHANGED BY NUCLIDE (4068 CR 408)
29 : //FTO8FOO0! DD DSN=J1615.ENDFB406.DATA,DISP=SHR,LABEL=(, .. IN)
30 : //FTS1F001 DD D3SN=J1446.P0O0L&T.DATA,DISP=SHR,LABEL=(.,,QUT}
31 ¢ //SYSIN DD x*

32 . FAIR-CROSS STEP-1 SAMPLE PRCBLEM NO.1

33 SUNIT ULTX=91., INFX=21,FTBL=91 &END

34 @ 1¥¥ 1 1 100 20 0O 4HEGRP 2 2 T

35 : MAT=1276 0-18 PROCESS FROM ENDF/B-1V AT 300K (TAPE 408)
36 : 4¥¥ 1276 8 O 1 7 4 0 O 1 1 €0 0 2 0O O ! T
37 :© B¥x 300.0 :

38 : 6% 1.0+8 0.0 1.0 10.0 100.0 1000.C 10000.0

3¢ : Tk 1,2BE-1 1.4E+§ 8,208E+5

40 @ 10k 0.01 0.0 0.03 ©0.¢C

41 T

42 . ++

43 /7

44 FA{R-CROSS STEP-1 SAMPLE PROBLEM NO.2

45 &UNIT ULTX=91, INFX=91,FTBL=9] &END

48 @ 1¥¥ 1 1 100 20 0 4HEGRP 2 2 T

47 : MAT=1275 N-14 PROCESS FROM ENDF/B-|V AT 300K (TAPE 408)
48 @ 4¥¥ 1275 8 0 1 T 4 0 0 1 t 00 2 0 0 1 T
49 :  B¥kx 300.0

50 : 6%k 1.0+8 0.0 1.0 10.Q¢ 100.0C 10C0.0 10000.0Q

81 :  Tk%x 1.2BE-1 1.4E+6 8 Z08E+S

B2 : i0%x 0.01 0.0 C.03 0.0

53 : T

54 : ++

55 1/ ‘

56 FAIR-CROSS STEP-1 SAMPLE PROBLEM NO.3

57 &UNIT ULTX=91,INFX=91,FTBL=91 &END

58 : 1¥¥ 1 1 100 20 .0 4HEGRP 2 2 T

59 : MAT=1192 FE-26 PROCESS FROM ENDF/B-IV AT 300K (TAPE 406!
B0 : 4¥¥ 1192 8 0 1 7 4 0 O 1 !t 0O 0O 2 0 O 1 T
B1 : 5S¥x 300.0

62 : 6%% 1.0+8 0.0 1.0 10.¢ 100.0 1CO0Q.Q 1100CO.0

63 :  Tkx 1.28E-1 1.4E+6 8. 208E~+5S

64 : 10xk 0.0 0.0 0.03 O0.C

65 ¢ T

86 ++

67 « //

-------------------------------------- END OF FILE ----=—-—=--=-=------=-m=o- oo oo s s mom e

5.1.2 Step 2

A sample problem for FAIR-CROSS step 2 is a problem for generating effective macroscopic cross
sections of air and iron. The secondary gamma-ray production data for oxigen, nitrogen and iron used in
this step have been produced already by using the TWOWAY module shown in Section 5.2.

The job control cards and the input data for each materials are described below. The result of

compatation for air is shown in Appendix D as a sample output. The result for iron is omitted because the

output form of the iron is the same as that of air.



196

MEMBER NAME > B:RSTEPZ2.TXT

LINE NO: I SV I S - SN N SUNENE Y UVIPUPE NS SN IR - DR

G~ kW=

RADHEAT-V4: A Code System to Generate Multigroup Censtants and
Analyze Radiation Transport for Shielding Safety Evaluation

//JCLG JOB

// EXEC JCLG

F/SYSIN DD DATA DLM="++"

/7 JUSER SEftf4dd, ¥ B4, dudd &8

T.2 1.3 P.0O W.2 C.4 SRP

OPTP PASSWORD=3##id###

// EXEC LMGO.LM="J1445 FCSTEPZX®

//FT1IFOCT DD DSN=&&F!,UNIT=WK10.SPACE=(TRK, (50.20)).
// DCB=(LRECL=19064,BLKS|ZE=19068,RECFM=VBS)
//FT13FOCT DD DSN=8&F3.UNIT=WK10.SPACE=(TRK, (50,20J}.
// DCB=(LRECL=16804,BLKS|ZE=16804,RECFM=F)
//FT14F001 DD DSN=&&F4.UNIT=WK10,SPACE=(TRK, (5C.20}},
// DCB=(LRECL=15064.BLKS|ZE=19068,RECFM=VBS}
//FTI6FO01 DD DSN=&&FB.,UNIT=WK10,SPACE=(TRK. (50.20)}.
// DCB=(LRECL=190B64,BLKS|ZE=19058,RECFM=VBS)
J/FTITFOO! DD DSN=&&F7.,UN!IT=WK10,SPACE=(TRK, (50.20}}.
// DCB=(LRECL=18064,BLKSIZE=19058.RECFM=VBS)
//FT18FQ01 DD DSN=&&F8,UN|T=WK10.SPACE=(TRK, (50,20)},
// DCB=(LRECL=19064.BLKS|ZE=19088 RECFM=VBS}
//FT21FO01 DD DSN=&&FA.UNIT=WK10.,SPACE=(TRK, (50.20)}.
// DCB=(LRECL=19064,BLKS[ZE=19088,RECFM=VBS)
//ET22F001 DD DSN=&&FB,UNIT=WK10,SPACE=(TRK, (50,20},
// DCB=(LRECL=19064,BLKSIZE=18068,RECFM=VBS)
//FT23F001 DD DSN=&&FC.UNIT=WK10.,SPACE=(TRK. (50,20)) .
// DCB=(LRECL=19064,BLKS|ZE=19068.RECFM=VBS)
//FT1F001 DD DSN=J1446.P0QL8T.DATA.DISP=SHR, LABEL=(...,.0UT)
//SYSIN DD %

FAIR-CRCSS STEP-2 SAMPLE PROBLEM NO.1

&UNIT ULTX=91.INFX=91,FTBL=91,5GXL=91.8ELF=81,FXSN=81 &END
1¥¥ 2 2 100 20 18 4HEGRP 0 O T
AIR BY ENDF/B-1V AT 300K

4¥¥ 4HAIROD 1 1 1 1 O
5¥¥ 1276 1275
T¥¥ 1276 1275
8%k 8.0 7.0
9xkx 1.130E-5 4.250E-5
10%x 300.0 300.0
T
12 1 0 T

3% 1276 4 0 0 T
14¥% 108 608 208 308 T
13%¥ 1275 4 0 0 T
L4%¥ 107 807 207 307 T
1 T¥X 10 ERO T
29%¥ 0 0 0 o T
++

/7

FAIR-CROSS STEP-2 SAMPLE PROBLEM NO.2
&UNIT ULTX=51.INFX=81,FTBL=91,56XL=91,SELF=91,FXSN=91 &END

1%¥ 2 1 100 20 16 4HEGRP 0O 0 T
IRON BY ENDF/B-}iV AT 300K
4¥¥ 4HIRON 1 1 1 1 O
5¥x 1182
T¥X 1182
8xx 26.0
Okk  5.464E-2
1 0%% 300.0
T
12 1 o0 T

13¥¥ 19182 3 0 0 T
14¥% 926 126 326 T
1T¥¥ 10 5RO T
29¥¥% 9 o0 0 a9 T
¥
/i

JAERI 1316
PAGE 1
+ .8
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5.1.3 Step 3

A samﬁ]e problem for FATR-CROSS step 3 is a problem to convert the air cross section generated
by FAIR-CROSS step 2 to the Pi-type cross section which can be read by ANISN, DOT and MORSE.

The job control cards and the input data are described below. The result of computation is shown in

Appendix D.

MEMBER NAME > B:RSTEP3.TXT . =~---—=em—----=s=-—r-—-————meooooooooooommwsermmmms PAGE @ |
LINE NO: b BBk A A Bk B T LB
: //JCLG JoB

// EXEC JCLG

//8SYSIN DD DATA,DLM='++'

J/ JUSER $HS#EXFLHE, $5. SREEHE, $840 . 42

T.4 1.4 P.0 W.3 C.4 SRP

OPTP PASSWORD=##x###8%

/7 EXEC LMGO.,LM='J1446 FCSTEPZX'
. //FTGIFQO! DD DSN=8&F1.UN!T=WK10.SPACE=(TRK, (50.20)).

9 : // DCB=(LRECL=19064,BLKS!ZE=19068,RECFM=VBS)

10 : //FTQ2F00! DD DSN=&&F2.UNiT=WK!0.SPACE=(TRK. (50.20)).

11 : // DCB=(LRECL=19064,BLKSi{ZE=18068,RECFM=VES)

12 : //FTO3FO01 DO DSN=&&F3.UN!T=WK!0.SPACE=(TRK, (50.20)J,

13 ¢ // DCB=(LRECL=19064,BLKSIZE=13068.RECFM=VBS)

14 : //FT40FQ01 DD DSN=&&FA.UNIT=WK10,SPACE=(TRK, (50.20)),

16 : // OCB=(LRECL=19064,BLKS|ZE=19068.RECFM=VBS)

16 : //FTSOFOO0T DD DSN=J144B,GRPXSEC.DATA.SPACE=(TRK. (50,10} ). UNIT=TSSWK,
17 : /7 DISP=(NEW.CATLG,DELETE),DCB=(LRECL=190B4,BLKS |ZE=19068.RECFM=VBS} .
18 : // LABEL=(...QUT}

19 : //FT91F001 DD DSN=J1446.POOL8T.DATA,DISF=3HR
20 : //SYSIN DD x

0 0N S

21 ¢ FAIR-CROSS STEP-3 SAMPLE PRCBLEM NO.1
22 ¢ SUNIT INFX=91,FXSN=91 &END
23 ¢ 1% 3 1 100 20 16 4HEGRP 0 O T

24 @ 30¥% 3 3 4 T
25 :  31¥%¥ 4HAIRO

26 :  32¥%¥ 1000
27 T

28 ++

29 - 4/

5.2 Sample Problem for TWOWAY

A sample problem for TWOWAY is a problem to generate the secondary gamma-ray cross sections
of oxigen, nitrogen and iron. The ultra—fine group cross sections used in TWOWAY have been produced
already by FAIR-CROSS step 1 described in Section 5.1.1.

The job control cards and the input data for each nuclides are described below. The result of
computation for oxigen is shown in Appendix D) as a sample output. The results for nitrogen and iron are

omitted because the output forms of these nuclides are the same as that of oxigen.

MEMBER NAME > B:TWOWAY.TXT  ~---------=-=-7--—--—-o-—-wsooooooemooomemmomonenms PAGE 1
LiNE NO: ....+....i....+....2....+.‘..3....+....4....+....5....+....6.,..+....'(....+....8

1+ //JCLG JOB

2 // EXEC JCLG

3 :  //S5YSIN DD DATA.DLM="++'

4 ¢ // JUSER SHERffd, it fEdpid, ShdE. 48

5 T.5 1.4 P.Q W.2 C.5 SRP

B : OPTP PASSWORD=###83&#

T+ // EXEC FORT77.50="'J1446. RADHEAT ", A="ELM(TWOWAY) . NOS"’

g§ : /7 EXEC LKEDTT.PRVLIB='J1445.DPOOLZ"

g : // EXEC GO

tQ ¢ //FTOIFOQ1 DD DSN=&&F 1, UNIT=WK10,SPACE= (TRK., (5C,10)) .

11 : // DCB=(LRECL=195064,BLKSIZE=19068,RECFM=VBS}

12 + //FTO2FOC] DD DSN=&&F2.UNIT=WK10,SPACE=(TRK,(50.10)).

13 : // DCB=(LRECL=19084,BLKSIZE=15068,RECFM=VBS)

14 :  //FTO3F001 OD DSN=&&F3,UNIT=WK10,SPACE=(TRK, {(60.10}),

// DCB=(LRECL=19064,BLKS1ZE=18068,RECFM=VBS}

o
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18 : //FT04F001 DD DSN=&&F4,UNtT=WK10,3PACE=(TRK, (80,103},

17 : /7 DCB=(LRECL=19064,BLKS{ZE=19068.RECFM=VBS)

18 : //FTO8FO01 DD DSN=&&F8.UNIT=WK10,SPACE=({TRK. (50,10},

1§ : // ODCB=(LRECL=13064,BLKS|ZE=193068,RECFM=VBS)

20 : //FTIOFQ0} DD DSN=J1815.ENDFB408.DATA,DiSP=SHR,LABEL=(,,,IN)

21 : //FTSIFO0Y DD DSN=J1446.POOL8T.DATA.DISP=SHR,LABEL=(..,CUT)
22 : //SYSIN DD * .
23 ¢ TWOWAY SAMPLE PROBLEM NO.1 -
24 &UNIT ULTX=91. INFX=91.5GXL=31 &END
25 ¢ EGRP 100 20 - 1 g 0
26 1276 10 & 8-0~-16 ENDF/B-1V 300K
27 ++
28 M/
28 TWOWAY SAMPLE PROBLEM NO.2Z2
30 : &UNIT ULTX=8!, IRFX=91,8GXL=91 &END
31 : EGRP 100 20 1 ¥ 0
32 : 1275 10 7 T-N-14 ENDF/B-I[V 300K
33 ¢ +4+
34 ¢ /)
35 : TWOWAY SAMPLE PROBLEM NO.3
36 &UNIT ULTX=91, INFX=31,38GXL=91 &END
37 : EGRP 100 20 1 o 0
38 : 1182 10 26 2B-FE ENDF/B-1V 300K
39 1 &+
40 @ /Y
-------------------------------------- END QF FILE ===-——======-—— - - e — oo —wamo————m — = ——

5.3 Sample Problem for DIAC

A sample problem for DIAC is a shielding problem of a simple iron—air configuration which is one
of the KfK shieiding benchmark problems™. This problem is to compute the leakage neutron flux from
iron sphere of 15 cm diameter with a ?2Cf source in the center. The fission source is simulated as a shell
source at the 0.88 cm radius from the center of the sphere.

The job control cards and the input data are described below. The fesult of computation is shown in

Appendix D.

MEMBER NAME > B:DJACT.TXT J e e T PAGE :
LINE NO: el AR e B A BB T8
: //JCLG JOB

// EXEC JCLG

//78YSiIN DD DATA.DLM="++"'

/7 JUSER #fisffss, #. #3484, s #8

T.6§ 1.8 P.O W.2 C.5 SRP

OPTP PASSWORD=##z#i#lis

//D1AC EXEC LMGO,LM="J1445.DIACK . OBSIZE=137.0RECFM=FA

//FTOTF00) DD OSN=&&F1.,UNiT=WK10.SPACE=(TRX, (300,100}).

// DCB=(LRECL=19064,BLKSIZE=15068,RECFM=VBS)

[Te s NES I BN 3 I N I T LS I

10 :  //FTQ2F0C1 DD DSN=8&F2,.UNIT=WKi0.SPACE=(TRK, (300.,1003)

11 : // DCB=(LRECL=189064,BLKSIZE=18068,RECFM=VES)

12 :  //FTO3F001 DD DSN=&&F3.UNIT=WK10,SPACE=(TRK, (200.100}).

13 : // DCB=(LRECL=19064,BLKSIZE=19068, RECFM=VBS)

14 : //FTO8FOD! DO DSN=%&F8,UNIT=WK10.SPACE=(TRK, (300,1003),

15 : // DCB=(LRECL=19064,BLKS{ZE=19068.RECFM=VBS)

16 : //FT12F007 DD DSN=8&FB,UNIT=WK1Q,SPACE=(TRK. (300,100)}.

17T : // DCB=(LRECL=18064,BLKS|ZE=18068,RECFM=VB3)

18 + //FT20F001 DD DSN=&&FC,UNIT=WK1Q,SPACE=(TRK, (300.1C0)2,

19 : // DCB=(LRECL=19064,B8LKS|ZE=18068,RECFM=VBS)

20 : //FT91F001 DD DSN=J1446.PCOL8T.DATA,DISP=SHR

21 //SYSIN DD %

22 : DIAC SAMPLE PROBLEM NO.1 C(IRON-ATR) CONFIGULATION

23 ¢ &UNIT FXSN=91.FLX1=91,FLX2=0 &END

24 : 14¥¥ !0620 0 O G O 1 O O ©O O

5 : 1B5¥¥ TT7T 0 16 '6 3 1 © 2 1§ 0O 120 3 4 123 0D 0 2 2 Q
26 g 0 1 2 8 0 ' 0 0O 1 2 0 0 OC 1 1 0O

27 : 18%k 1.0 0.1 1.0-4 1.420892 3RQ.0 1.0 0.0 0.5 2.0-4 3R0.0OT
28 : B%x 0.0 0.0244936 0.04132%6 0,0362563 0.0400796 0.0643754

0.0442079 0.109085 0.1371702 1N8

[
wy
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THk -0.9902984 -0.9805009 -0.9092855 -0.8319966 -0.7487506
-0.6504264 -0.5370866 -0.3922893 -0,1389568 M8 T
13%¥¥ 4HEGRP 4HFX!6 4HIRON 4HAIRO T

18%k GRO.0 B8R1.8345E-4 9RC.0 8R1.0055E-3 9R0.C 8R1.T562E-3
SRO.0 8R3.307T3E-3 GRO.0 8R6.3987E-3 9R0.0 B8R7.TBO3E-3
9RO.0 8R1.0485E-2 9R0O.0 8R2.T372t-2 9R0.0 8RZ.4542E-2
9RO.0 B8RZ.3317E-2 SRO.0 8R5.6820E-2 9RU.0 8R4, BBBIE-2
9R0.0 8RG.2BT4E-2 GSRO.0 8&R5.5554E-2 9R0.0 8R3.8894BE-2
9RO.0 BR7.54T0E-2 9ROU.0 8R5.TI153E-2 9R0O.0 8R5.4869E-2
9R0.0 BRG.18TIE-2 9RO.0 8R4.8635E-2 9R0.0 8R4.4425E-2
9R0.0 B8R4.0533E-2 9RO.0 B8R3.6454E-2 9RC.0 8R3.2480E-2
9RO.0 8R2.8699E-2 QRO.0 S8R2.5156E-2 9RC.C 8RZ.1821E-2
9R0O.0 8R1.9004E-2 9R0.0 8R1.6328E-Z 9R0.0 8R1.4017E-2
8RO.0 8R1-.1989E-2 9R0.0 8R1.0221E-2 9R0O.0 8R8.B3IITE-3
9RO.0 8R7.3178E-3 O9R0.0 8RE.1910E-3 9R0.0 8RG.222BE-3
9R0O.0 B8R4.3684E-3 O9R0.0 8R3.6735E-3 9RO.C 8R3.0848E-3
RO.0 8RS.13!13E-3 OQRO.0 8R1.6934E-3 9RO.0 8R1.4946E-3
9RO.0 B8R1.1771E-3 9RO.0 8R1.0388E-3 FO.O0 T

3k FO.0 T

1¥x FC.0

4%k 0.0 0.4 8/0.88 218.38 11.38 13.38 18.38 28.38 48.38 78.38 108.3
158.78

Sxx F1.0

3¥¥ 2ZR1 TR1 10R2

9¥¥ 1 2 T

++

/i

5.4 Sample Problem for FDEM

199

A sample problem for FDEM is a problem for generating the few group cross sections using neutron
and gamma-ray fluxes calculated by DIAC shown in the previous section. The fine—group cross sections

have been produced already in Section 5.1.2.
The job control cards and the input data are described below. The result of computation is shown in

Appendix D.
MEMBER NAME > B:FDEM.TXT = - wemmmmm— e m s oo oo mamo oo —————w oo ——mm o PAGE
LINE NO: R B A Bk BT
t o //JCLG JOB
2 : // EXEC JCLG
3 ¢ //SYSIN DD DATA,DLM='++"
4 /7 JUSER H#ESfidds, i SRSELE, $0HE 85
5 T.2 1.4 P.0W.2 C.2 SRF
6 : OPTP PASSWORD=########
7 : //FDEM EXEC LMGO.,LM='J1446.FDEMX’.OBSIZE=137.0RECFM=FA
8 : //FTOIFOO1 DD DSN=&&F1.,UNIT=WK10,SPACE=(TRK, (50,10}),
g : // DCB={LRECL=19064,BLKSIZE=18068,RECFM=VBS)
10 : //FTO2F001 DD DSN=&&FZ,UNIT=WK10,SPACE=(TRK. (§0,10)),
11 : // DCB=(LRECL=19064,BLKS|ZE=19068,RECFM=VBS)
12 :  //FTO3F00! DD DSN=&&F3,UNIT=WK!0,SPACE={TRK. (50,107),
13 : // DCB=(LRECL=19064,BLKSIZE=19068,RECFM=VBS)
14 : //FTO4F001 DO DSN=&&F4,UNIT=WK10,SPACE=(TRK. (50.10}),
15 ¢ // DCB=(LRECL=19064.BLKSIZE=13068.RECFM=VYBS)
16 : //FTO8FO0!T DD DSN=&&F8,UNIT=WK1D,SPACE=(TRK. (50.10)),
17+ // DCB=(LRECL=19064,BLKSIZE=13068.RECFM=VYBS)
18 :  //FTIOFOOT DD DSN=&&FA.UNIT=WK!1Q,SPACE=(TRK. (EQ.10)),
18 : // DCB=(LRECL=19064,BLKS|ZE=13068,RECFM=VBS)
20+ //FTITFO01 DD DSN=&&FB,UNIT=WKI{O.SPACE=(TRK. (50.10)) .,
21 : // DCB=(LRECL=19064,BLKS|ZE=13068,RECFM=VBS)
22 : //FTI12F00! DO DSN=&&FC,UNIT=WK10.SPACE=(TRK. (80,10}).
23 : // DCB={LRECL=19064,BLKS|ZE=13068,RECFM=VRS)
24 1 //FT91F001 DD DSN=J1446.POOL&7T.DATA,DISP=SHR.LABEL=(.. 0UT}
256 @ //SYSIN DD %
28 . FDEM SAMPLE PROBLEM NO.1 (ICAL=2,IFLX=1.ICELL=D)

27 ¢

BUNIT FXSN=91,SFLX=81.,NFEW=81 &END
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28 : 1% 2 j00 20 4HEGRP 28 5 4HSB32 1 2 2 2 0 0 © 1 4R0T
29 @ -2¥¥ 16 0 0 O
30 : 3¥¥ BR1 4RZ 3R3 3R4 2RH 3R6 3RT 2R8 9 3R10 3R11 3RIZ 3RI3
31 3R14 3R15 3R18 3R17 2R18 3R19 BR20 GR2Z1 BR22 B6R23 SR24 3RZS 2R26
32 SR2T 2R238
33 4¥¥ BR1 BRZ G5R3 4R4 8
34 5%¥ 4HEGRP 4H 77T 4HSFX0 )

35 : 11¥¥ 4HEGRP 4HFX16 4HIRON 4HAIRO
36+ 13%¥ 1 2
37 T

38 : CLFE {RON (ENDF/B-1V¥) COLLAPSED BY ZONE 1 FLUX OF DIAC
39 : CAIR AIR <(ENDF/B-1V) COLLAPSED BY ZONE 2 FLUX OF DIAC
40 : ++
41 + //f

5.5 Sample Problem for ESPRIT

A sample problem for ESPRIT is a gamma-ray skyshine problem. The gamma-ray cross sections for
air and concrete used in the calculation are generated by FAIR-CROSS step 2. The flux—to—dose
conversion factor is also produced by FDEM.

The job control cards and the input data are shown below. At the first, the generations of the gamma
—ray cross sections for air and concrete are described. The second is the production of the flux-—to-dose
conversion factor. The last is the skyshine calculation by ESPRIT. The results of computations for each
procedure are shown in Appendix D. The result of the cross section production for concrete is omitted

because the output form of the concrete is the same as that of air.

MEMBER NAME > B!EMCROS.TXT  -------—------r-—o— - oo —————er————————o——-o- PAGE @ 1
LINE NO: N A B A AL B Bk T8

1 ¢ [//JCLG JOB

2t // EXEC JCLG

3 1 //SYSIN CD DATA,DLM="++"

4 : /7 JUSER ###sdsad, #3 sh4dd, #4us 44

5 : T.2 1.3 P.OW.2 C.4 SRP

g5 : OPTP PASSWORD=########

T @ // EXEC LMGO.LM="J1446 . FCSTEPZ2X'

§ : //FTO8FO01 DO DUMMY

g9 : //FTUIFQOO1 DD DSKN=&&F1.UNIT=WK!10Q,SPACE=(TRK. (80,20}),

10 = // DCB={(LRECL=19064,BLKS|ZE=13068,RECFM=VES)

11 :  //FT13F001 DD DSN=&&F3.UNIT=WK!0.SPACE={TRK. (50,20},

12 + // DCB=(LRECL=16804,BLKSIZE=16804,RECFM=F)

12 1 //FT14F001 DD DSN=&&F4,UNIT=WK10,SPACE=(TRK. (50,202,

14 : // DCB=(LRECL=19064,BLKSIZE=18068.RECFM=VBS)

15 : //FT16FOC1 DD DSN=&&F6.UNIT=WK10,SPACE= (TRK, (50,200},

16 : // DCB=(LRECL=19064,BLKS{ZE=12068,RECFM=VBS)

17 : //FT1TFOO! DD DSN=&&F7.UN!T=WK10,SPACE=(TRK. (5C.20)},

18 : // DCB=(LRECL=19064,BLKSIZE=19068.RECFM=VBS)

19 : //FTI8FCO1 DD DSN=&&F&.,UNIT=WK10.SPACE=(TRK, (50,2013,
20 : // DCB={LRECL=19054,BLKXS|ZE=19068,RECFM=VBS)
21 J/ETZ21EQ01 DD DSN=&&FA,UNIT=WK10,SPACE=(TRK, (50.20}).
2z // DCB=(LRECL=19064,BLKSI|ZE=19068,RECFM=VBES)
23 @ //FT22F001 DD DSN=2&FB.UNIT=WK10,SPACE=(TRK, (50.20}),
24 : // DCB=(LRECL=18064,B8LKS|ZE=19088,RECFM=VBS)
25 : //FT23F001 DD DSN=&&FC,UNI!T=WK10,SPACE=(TRK, (50,20}).
28 // DCB=(LRECL=18064,BLKS|ZE=19068,RECFM=VBS)
27 //FTQ1FO01 DD OSN=J1446.PO0LST.DATA,DISP=SHR, LABEL=(.,,OUT}
28 //SYSIN DD *
29 FAIR-CROSS STEP-2 FOR GAMMA-RAY SKYSHINE PROBLEM
30 SUNIT FXSN=91 &END
31 1¥¥ 2 4 0 9 16 4HGOS 1 1 T
32 3%k 1.6B0E+6 1.330E+6 1.0Q00E+6 O0.800E+6 0.600E+68 0.400E+6
33 : 0.300E+6 ©.200E+6 O0.100E+6 0.0B0E+6 T
34 : AIR CROSS SECTION BY EMPIRICAL FORMULA

35 4¥¥%  4KAIR o0 1 1 0
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36 o¥¥ 6 T 8 1
37 : 8k 6.0 7.0 8.0 1.0
38 gk T7.5847-9 3.9099-5 1.0%537-5 7.1991-9
39 @ 10%x 300.0 300.0 300.0 300.0
40 T
41 1 TTE¥ 10 0 0 0 2 2 7
42 29%¥ o 1 0 a T '
43 1 4+
44 /7
45 EAIR-CROSS STEP-2 FOR GAMMA-RAY SKYSHINE PROBLEM
46 &UNIT FXSN=91 &END
a7 1%% 2 3 o} § 16 4HGO9 T 1T
438 %% | .560E+6 1.330E+6 1.00DE+S D0.80QE+6 0.BO0E+6 0.400E+E
49 0.300E+6 0.200E+6 O0.i00E+§ 0.08CE+& T
50 CONC CROSS SECTION BY EMPIRICAL FORMULA
51 4¥¥ 4HCONC 0 0 11 t 0
52 : 5¥¥ 1 8 14
53 : 8x%x 1.0 §.0 14.0
54 g%k 5.5183-3 4.2401-2 2.3250-2
55 @ 10%x 3C0.0 300.0 300.0
56 T
87 1T¥¥ iIw 0 o o0 2 2 T
53 29%¥% 0 1 0 0 T
59 ++
60 7/
-------------------------------------- END CF FILE ----w===----==----—wem==-————=oo=——=
MEMBER NAME » B:FDEMDOSE.TXT ~—---=-----==ss---—=o---o-ssmsnosoosooooomsssrrmoos PAGE :
LINE NO: AU DR T ST SN SRR SN SUNPINE SIS L P - PN P S L
1 //JCLG JOB
2 + // EXEC JCLG
3 :  //SYSIN DD DATA.DLM='++'
4 ¢ /7 JUSER HHHESIES. ¥ BHRIEE, 2E4E SH
5 : T.2 1.2 P.O W.0 C.3 SRP
6 : OPTP PASSWORD=#ifiitht#
7 : // EXEC FORT77.50="J1446.FDEM' A="ELM(%).NCS'
8 : // EXEC LKEDTT.PRVLIB='J1446.DPO0LZ"’
9 : // EXEC GO,ORECFM=FA,0BSIZE=13T
10 : //FTOIFCO1 DD DSN=&&F1.UNIT=WK1Q.SPACE=(TRK. (50,10},
11 :+ /7 DCB=(LRECL=19064.BLKS|ZE=19068,RECFM=VBS)
12 : //FTO2F0O1 DD DSN=&&F2.UNIT=WK1C,SPACE=(TRK, (50.10)7.
13 ¢ // DCB={LRECL=19064,BLKS|ZE=18068,RECFM=VBS)
14 : //FTO3F001 DD DSN=&&F3.UNIT=WK10,SPACE=(TRK. (50,101«
15 : // DCB=(LRECL=19064,BLKS!ZE=19068,RECFM=VBS)
16 : //FTO4F0Q1 DD DSN=&&F4,UNIT=WK10,SPACE=(TRK, (50,10}}.,
17T : // DCB=(LRECL=19064,BLKSIZE=19068,RECFM=VBS)
18 : //FT91F001 DD DSN=J1446.POOLST.DATA.DISP=8HR.LABEL= (... 0UT)
19 :  //SYSIN DD x
20 : FDEM REGISTRATION OF DOSE CONVERSION FACTOR
21 &UNIT INFX=9T.RESD=91 &END
22 i¥¥ 5 0 9 4HGL9 0 9 4HG09 Q 1 1 0 0 & 1 SR0 T
23 ¢ T
24 : DOSE PHOTON DOSE CONVERSION FACTOR
25 : 0
26 1
27 PHOTON DOSE CONVERSION FACTOR
238 2. 30000E-03 2.10000E-03 {.&0000E-C3 1.40000E-03 1.000COE-03 7.1CO0OE-04
29 4.90000E-D4 2.7000CE-04 1.50000&-04
30 ++
31 ¥4

201
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MEMBER MNAME » B:ESPRIT.TXT  ---=------------=-smmmor-— oo o m———oommmmmm - m = PAGE 1
LINE NO: .ol s L B % 03t b B+ B b T8

1+ //JCLG JOB
2 : /! EXEC JCLG
3 : //SYSIN DD DATA.DLM="++"
4 7/ JUSER HHBHEERH, $% BRuadn. 4w 44 !
5 T.7 1.5 P.0 W.3 C.5 SRP
6 : OPTP PASSWORD=##s#i#
T : //FORT EXEC FORTTT .
g : SUBROUTINE ALOCAT(LOC.SUB)
g DIMENSION D(300000)
10 : IF{LOC.GT.0» GO TC 10
1 LOC=300000
12 : CALL DTLIST
13 : G0 TO 99¢
14 : 10 CONTINUE
19 : CALL SUB(D.LOC)
16 : 889 RETURN
17 E N D
18 : //F2 EXEC FORT77.50="J1446.ESPRIT',A="ELM{%).NOS',DISP=MOD
18 ¢ //LINK EXEC LKEDYT.PRVLIB='J1446.CPOOL2’
20 : //ESPRIT EXEC GO,ORECFM=FA,OBS|ZE=137.5YS0UT=%
2t :  //FTOIFOO1 DD DSN=&&F1.UNIT=WK10.SPACE=(TRK, (100,100)),
22 : // DCB=(LRECL=18632.BLKS!ZE=18636,RECFM=VBS3)
23 : //FTO2F001 DD DSN=&&F2.UNIT=WK10.,SPACE=(TRK, {(100,100}),
24 : /f DCB=(LRECL=18632.BLKS|ZE=!8636.RECFM=VBS)
25 : //FTO3FC01 DD DSN=&&F3.UNIT=WK10.,SPACE=(TRK, (300,100}),
26 // DCB=(LRECL=18632.BLKS|ZE=18636.RECFM=VBS)
27 :  //FTO4FQ001 DD DSN=&&F4.UNIT=WK10,SPACE=(TRK, (300.100)).,
28 : // DCB=(LRECL=18B32.BLKS|ZE=18636,RECFM=VBS}
29 :  //FTO9F00! DD DSN=&&F9,UNIT=WK10,SPACE=(TRK, (100.100)),
30 ¢ // DCB=(LRECL=18632,BLKS{ZE=18638,RECFM=VBS)
31 : //FTIOFOO1 DD DSN=&&FA,UNiT=WK10.SPACE=(TRK., (100.10Q))}.
32 : // OCB=(LRECL=18532,BLKS!ZE=18636,RECFM=VBS)
33 : //FT12F00! DD DSN=&&FB.UNIT=WK10,SPACE=(TRK. (100.1002}.
34 : // DCB=(LRECL=18632,BLKS{ZE=18636,RECFM=VES)
35 :  //FTI3FQ01 DD DSN=&&FC,;UNiT=WK10.SPACE=(TRK. (100,100)),
36 : // DCB={(LRECL=18632,BLKS{ZE=18636,RECFM=VBS)
37 :  //FT14F001 DO DSN=&&FD.UNIT=WK!O,SPACE=(TRK., (100,1003}.
38 : f/ DCB=(LRECL=18632.BLKSIZE=18636,RECFM=VES)
39 : //FTISFOC1- DD DSN=&&FE.UNIT=WK10,SPACE=(TRK., (100,100J},
40 @ // DCB=(LRECL=18632,BLKSIZE=18636.RECFM=YBS)
41 :  //FT30F001 DD DSN=2&FF,UNTT=WK10,SPACE=(TRK, (100,100}),
42 : // DCB=(LRECL=18632.BLKS|ZE=18636.RECFM=VBS)
43 :  //FTY91FQ0Q1 DO DSN=J1446.PC0OL87.DATA.DISP=SHR
44 @ //SYSIN DD %
45 : ESPRIT SAMPLE PROBLEM NO.1
48 &UNIT FXSN=91,RESD=91.,FLX1=0,FLX2=0 &END
47 :  BO¥¥ 0 g 3 1 0 1
48 1 B1¥¥ 0 18 2 41 29 g 3 4 12 o]
49 : 0 2 2 1 48 1 1 0 0 0
50 ¢ 1 60 60 0 -5 2 o] 0 0 0
51 : 0 0 2 0 0 0 o] 0 0 0
bz : 0 & 0 0 1 1 0 o] 0 0
53 : 2 2 4 0 o} o} 0 0 a a
54 : )
55 @ G2¥¥ 2 3 4 14 15 9 10 o} 12 13
56 i 65 1 5
57 53%% 0.0 Q.c05 £.0C5 0.0 0.0
58 : c.0 g.0 0.0 0.0 0.0
58 0.0 680.0 0.237 1.0 100.0
50 0.0 Q.0 0.0
61 T
652 Thkx -.3086057 ~.2182178 .2182179 -.6172134 -.5773503
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MEMBER NAME > BiESPRIT.TXT  —ommmmmmm e oo o oo o e o PAGE : 2
LENE NO: oo bl b B B b A v BB T k.8

B3 : -.2182179 1M2

64 : -.8164966 -.7867958 -.5773503 -.2182179 1M3

B5 : -.9758001 -.8511897 -.7857958 -.5773503 -.2182179 1M4

66 : 1G24 ‘

67 3R-.9511897 5R-.7867958 TR-.5773503 9R-.2182179 ;

68 3R.9511897 GR.7867958  7TR.5773503 9R.2182179

59 : T )

70 ¢ Bkk 0.0 2R.02665019 0.0 4R.02529318 0.0

71 .02529318  .01829035  .02529318 1N3

72 0.0 .02665019 .02529318  .02520318  .02665019

73 : IN4  1Q24 T

T4 @ 13¥% 4HGDO 4HFX!6 4HCONG 4HAIR

75 : T

76 :  3%x FO0.0

17 : T

78 : 1%k FO.0

79 ¢ 2%x 0.0 300.0 600.0 760.0 81763.03 781.03

80 : 1000.0 3!ze00.C 9110000.0  60000.0

81 @  4%xx 0.0 Ti10.0 141410.0 Ti0.0 111000.0 3i3000.0

8z 11000.0 1114000.0 1122000.0 28000.0 3132000.0 S6000.0

83 : S5%xx 1.0 FD.0

84 : B8¥X¥ 9R2 1BR! 1TRZ 2G4

85 : 24R1 17R2  9Q41

86 : Fz

87T : 9¥¥ 1 2

88 : 33k 1.0 -1.0

89 @ 34k 1.0 1.0

90 :  36¥¥ 1

91 : 38¥¥  4HGO9  4HRESD 4HDOSE

g2 : T

83 4+

Q4 : /7

5.6 Sample Problem for MCACE

A sample problem for MCACE is a gamma-ray skyshine problem. The cross sections and the flux—
ta-dose conversion factor used in the calculation are the same as those produced in the previous section.
The job control cards and the input data are described below. The result of computation is shown in

Appendix D.

MEMBER NAME > B:MCACE_TXT ——------ - s v smeemummsscmsrem o ——————— - PAGE
LINE NO: ...+l o+ Bt 30k 4+ Bk B e T8
i //JCLG JOB

/4 EXEC JCLG

//SYSIN DD DATA.DLM="++"

/4 JUSER §ititdatitds, $8 SHS8d8, S448 . 44

T.6 1.1 P.OW.1 C.4 SRP

QPTP PASSWORD=###iid#

//MCACE  EXEC LMGO.LM='J1446 . MCACEX"

//FT16F00T DD DSN=8&F1,UNIT=WK10.,SPACE=(TRK., (100,20}),

// DCB={LRECL=19064.BLKSIZE=1S068.RECFM=VBS)

//FT41F0D1 DD DSN=8&F2,UNIT=WK10,SPACE={TRK, (100.20)),

// DCB=(LRECL=19064.BLKSiZE=185068,RECFM=VE3)

O W o0 N ® O W —

N —

//FTQ2F001 DD DSN=Ji1448.PQOL8T.DATA,DISP=8SHR,LABEL=(,..QUT)
13 @ //SYSIN DD %
t4 : MCACE SAMPLE PROBLEM NO.1
15 ¢ 200 240 60 1 g 0 9 3 0 o] 10 2 o] 0
16 : o] 1 0 g 1.0 0.02 +6 0.0 0.0 2.2 +5
17 0
18 : 0.0
19 : 1.0
20 1.33 +6 1.0 +6 0.8 +5 0.6 +6 0.4 +6 0.3 +6 0.2 +6
21 ¢ 0.1 +6 0.05 +6
22 : (123456789
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23 : 0 1 0 a 0 4 9 0
24 1 1 g 1 1 4 100.90 1.0 -3 1.0 -2 0.0
25 -1
26 : a
27 : 0 0 SKY-SHINE PRCBLEM
28 : RCC 1 0.0 0.0 0.0 0.0 0.0 7.8 +2
29 ¢ 4.1 +2
30 : RCC 2 0.0 0.9 3.0 0.0 0.0 T 7.8103+2
31 ¢ 7.1 *2
iz RPP 3 -6.0 +4 6.0 +4 -6.0 +4 6.0 +4 0.0 6.0 +4
33 : APP 4 -6.01 +4 6.0 +4 -6.01 +4 6.01 +4 -i0.0 6.01 +4
34 : END
35 : AlIR +1
38 : WAL +2 - -1
37 AlIR +3 -2
38 VID +4 -3
39 END
a0 : 1 2 3 4
41 ¢ 1 2 1 0
42 CROSS SECTION FROM DATA-POOL
43 0 0 g 9 9 12 4 2 2 0 0 -16 0
44 0 Q o 0 0 0 -1 0
45 &DPUNIT NLIB=92 &END
46 G0S FX16 AJR CONC
47 SAMBO INPUT TOTAL FLUX AND DOSE RATE
48 : 3 1 g 9 o} 3 -1 1 1
49 1.0 +4 0.0 1.5 +2
B0 2.0 +4 0.0 1.5 +2
51 : 3.0 +4 0.0, 1.5 +2
52 : RESPONSE FUNCTION (MR/HR)
53 : &DPUN!T RESD=92 &END
54 G09 RESD DOSE
B5 PHOTON/SEC/TM¥X2/EV
58 : 1 2 3 4 5 B 7 8 9
57 : PRT 1 1 1 0 0 0 g 9 0 a 0
58 a.0 0.0 1.5 +2 0.0 0.c0 1.0
59 : 1.0 0.0 0.0
80 : 70.0 +2 90.0 +2 110.0 +2 140.0 +2 180.0 +2 220.0 +2 230.0 +Z
g1 280.0 +2 320.0 +2 380.0 +2
62 : 1 1 1 1 1 1 1 1 1
63 0.0 5.283 0.0 6.283 g.0 §.283 0.¢
64 6.283 0.0 6.283 0.0 %.283 0.0 6.283
65 0.0 6.283 0.0 6.283
86 SOURCE 1 5 3 1.33 +6 0.02 +§ 3
87 g.¢ 0.0 860.0
B8 c.0 0.0 g.0
69 0.273 0.0
70 ¢ i
I 1.25% +6 1.0
T2 : END OF SAMPLE PROBLEM : PROGRAM MCACE TERMINATED
T3 : ++
T4 ¢ /)

-------------------------------------- END OF FILE =-------ssmo——soo-smmmso———o—ooosomr o=

5.7 Sample Problem for BREM

A gamma-rtay penetration problem for the 6N source is shown as a sample application of BREM.
The configuration of the problem is a one—dimensional infinite lead slab of 5 cm thickness.

The "*O(n, p}'°N reaction gamma-rays with the energies of 6.13 and 7.12 MeV are considered as a
plane isotropic source at the left surface of the slab.

The calculational procedure is divided into 4 steps. At the first step, cross sections including the
Bremsstrahlung data are generated. In the second step, an ordinary gamma-ray transport calculation is
performed by DIAC. The third step consists of the estimation of the secondary gamma-ray source due to
the Bremsstrahiung effect and the gamma-ray transport calculation. The SOURCE option in the BREM

module and the one—dimensional transport code DIAC are used.The total gamma-ray flux is calculated
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in the last step, where the EDIT option in the BREM module is provided.
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The ]ob control cards and the input data are described below, The results of these computations are

shown in Appendix D.

MEMBER NAME > B:BSTEPZ2.TXT  =---=-----==----=-----sssmmossoo-ossmomossmos At PAGE : 1
LINE NO . .+....1....+....2....+....3....+....4....+....5....+...:6....+....T....+....8
1 //7JCLG JOB
2 : // EXEC JCLG .
3 : //SYSIN DD DATA.DLM='++"
4 ¢ /7 JUSER HE##Siss, . SH8fs, fids 48
5 : T.2 1.3 P.OW.2 C.4 8RP
B : OPTP PASSWORD=########
T : // EXEC LMGO.LM=7J1446 FCSTEP2X'
8 : //FTO8FODO1 DD DSN=J3631.0LC15.DATA,DISP=SHR, LABEL=(. ./ IN)
g : /J/FT1IFOO0Y DD DSN=&&F1,UNIT=WK10,SPACE=(TRK, {50.20}).
10 = /7 DCB=(LRECL=19084,8LKS|ZE=19068 . RECFM=V8S3)
11 : //FTI3F001 DD DSN=&&F3,UN1T=WK10,SPACE={(TRK, (50,200},
12+ f/ DCB= (LRECL=15804,BLKS1ZE=18804,RECFM=F)
13 ¢ //FT14F001 OO DSN=&&F4,UNIT=WK10,SPACE=(TRK. (50.20)}.
14 @ /7 DCB= (LRECL=18064, BLKS|ZE=19068,RECFM=VBS3)
1% :  //FTI8F0C1 DD DSN=&&F8,UNIT=WK10,SPACE=(TRK, (8C,20))
16 + /f DCB=(LRECL=19064.,BLKS1ZE=19068, RECFM=VBS}
17+ //FT1TFQOO1 DD DSN=&&F T, UNIT=WK10,SPACE= (TRK, (50,20)).
18 : /7 DCB=(LRECL=189064.,BLKS|ZE=19068,RECFM=VBS)
19 : //FT18F0O0O! DD DSN=&&F 8, UNIT=WK10,SPACE=(TRK, (50.20}},
20 /7 DCB=(LRECL=§9064.BLKSIZE=WQDGS,RECFM=VBS)
21 //FT21EQ01 DD DSN=&&FA.,UNIT=WK10,SPACE={(TRK. (50.20)) .
22 : // DCB=(LRECL=19084,8LKSIZE=19068, RECFM=VBS)}
23 : //FT22F001 DD DSN=&&FB.UNIT=WK10,SPACE={TRX, (50.20)) .
24 : // DCB=(LRECL=19064,BLKSIZE=19068, RECFM=VES)
25 : //FT23FC0O1 DD DSN=%&FC,UN! T=WK10.SPACE=(TRK, (50.20}).
26 : // DCB=(LRECL=18064,BLKSIZE=19068, RECFM=VBS}
27 //ETS1FO31 DO DSN=.Ji44B6,POCL8T.DATA.DISP= SHR.,LABEL=(..,0UT)
28 //SYSIN DD *
29 FAIR-CROSS STEP-2 FOR BREMSSTRAHLUNG SAMPLE PROBLEM
an &UNIT FXSN=91 &END
31 k¥ 2 1 Qg 19 16 4HEG1g 1 1 T
32 : A%k 7.235E+5 7.065E+6 6.215E+6 6.045E+B 5.535E+6 5.025E+6
33 4.515E+B8 4.005E+6 3.495E+6 2.8985E+S 2.475E+6 2.135E+8B
34 ¢ 1.795E+6 1.455E+6 1.115E+6 O0.77GE+B 0.605E+6 D0.435E+6
35 ¢ 0.265E+6 0.095E+6 T
26 : LEAD CROSS SECTION BY DLC-15
3T 4¥¥ 4HPBOD 0 Q0 3 1 O
38 5¥¥ 82
39 BXxk gz2.0
40 gk 3.295€-2
41 1 10%x% 300.0
42 T
43 @ 1T¥¥ ic 0002 2 7
44 . 29%% 0 1 0 ) T
45 e+
48 /7
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MEMBER NAME > B:BDIACI.TXT

LINE NO: IS I S - SV DEUEPIP-: N S SUDIRPL DU SRR SR

00—~ OO W -

RADHEAT-V4: A Code System to Generate Multigroup Constants and
Amnalyze Radiation Transport for Shielding Safety Evaluation

//JCLG JOB

// EXEC JCLG

//SYSIN DD DATA,DLM="++"

/7 JUSER SRS, S SrEatd, su38 . 1y

T.3 1.4 P.OW.2 C.4 SRP

QPTP PASSWORD=##¥##i#44

//DIAC EXEC LMGO.LMf'J1446.DIACX'.OBSIZE=13T,ORECFM=FA
//FTOIFO01 DD DSN=&&F1.UNIT=WK1G,SPACE=(TRK, (30C,1001).
// DCB={LRECL=19064,.BLKS|ZE=19068,RECFM=VBS)
//ETO2F001 DD DSN=&&F2.UN{T=WK10,SPACE=(TRK, (300.1C0)},
// DCB=(LRECL=19064,8LKS|ZE=19068RECFM=VES)
//FTOSFO01 DD DSN=a&F3,UN|T=WK10,SPACE={TRK, (300.100)}.
// DCB=(LRECL=15064,BLKS|ZE=19088.RECFM=VBS)
//ETOSFO01 DD DSN=&&FS8,UNIT=WK10,SPACE={TRK, (300.100)),
// DCB=(LRECL=18064,BLKSIZE=19068,RECFM=VB3)
//FT12F001 DD DSN=&&FB.UNIT=WK!0.SPACE=(TRK, (300.,100)),
// DCB=(LRECL=19064,BLKS{ZE=18068, RECFM=VBS3}
//FTSIFO0T DD DSN=J1446.POCLS8T.DATA,DISP=SHR

//SYSIN DD *

DIAC SAMPLE PROBLEM NO.1 FCR BREMSSTRAHLUNG OF SCM LEAD
EUNIT FXSh=91,FLX1=91,FLX2=0 &END

14y 019 0 0 0 0 O ! 0 0 ©
15¥¥ 500 C 16 36 1 O O 1 12 0 19 3 4
0 a 1 1 56 0 0 0 0 1 2 0 0 O 1 O ¢©
16%% 1.0 0.1 1.0-4 1.420892 3R0.0 0.0 0.0 0.5
¥k 0.0 0.0244936 0.0413285 0.0382568 0.0400736 0.0643754

0.0442079 0.109085 0.1371702 1N8

Thx -0,9902984 -0.3805009 -0.9092855 -0.8319966 -0.746T506

-0.6504264 -0.5370966 -0.3922893 -0.1389558 M8 T

13¥¥ A4HEG19 4HFX16 4HPBOO T

18%% 1TRC.07 I17RO.C 17RO.83 FO.0 T

3k FO.0 T

1%k FO0.0

4xk 1110.0 6.0

5%x F1.0

8¥¥ F1

g¥¥ 1
21xx 0.0 10R1.0 0.0

22 0 O

JAERI 1316

LI T

1.0-4 3R0O.O0 T
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MEMBER NAME > B:BDIAC2.TXT  =—---=-----------o———o———owassmmmoooo—mmmmm oo o PAGE :
LINE NO: ... %, b o 20 u%, 0 3o o+ o8+ 0B kL Bk Ton v
T //JCLG JOB
2 i // EXEC JCLG
3 1 //SYSIN DD DATA.DLM='++"
4 1 // JUSER #####384, 55 SHHELS, R8E £ .
5 : T.3 1.4 P.OW2C.4 SRP .
5 : OPTP PASSWORD=H####584H
T : //BREM EXEC LMGQ.LM='J1446 BREM".
8 : // ORECFM=FA,OBSIZE=137.8YSQUT=x
9 : //FTOIFO01 DD DSN=.J1446.BSOURCE.DATA.UNIT=TSSWK,SPACE=(TRK, (10.5)13,
10 ¢ // DCB=(LRECL=19064,BLKSIZE=19068,RECFM=VBS),DISP=(NEW,CATLG,DELETE)
Y1 @ //FTSI1FOD1 DD DSN=U1446 . POCL8T7.DATA.DISP=SHR
12+ //SYSIN DD =
13 : BREMSSTRAHLUNG SOURCE. CALCULATICON FOR LEAD
14 : &UNIT FLX1=91,BREM=81 &END
15 : 1% 10 1 12 1 1t Q@ 0 0 7
16 2%¥ 4HEG19 4K 500
17 ¢+ 13¥¥ 4HEG!9 4HFX16 4HPBOC
18 ¢ 21%x 0.0 1O0R1.0 0.0 T
19 : /%
20 1 //DIAC EXEC LMGC,LM="J1446.DIACX".CBS|IZE=137.,0RECFM=FA
21 : J/FTOTF00T DD DSN=&&F1,UNIT=WK10,SPACE=(TRK. (300,100},
22 // DCB={(LRECL=19064,.BLKSIZE=19068,RECFM=VBS)
23 //FTOQ2F001 DD DSN=&&F2.UNIT=WK10,SPACE=(TRK. (300.100}).
24 : // DCB=(LRECL=19054.BLKS!ZE=19068,RECFM=VBS)
25 ¢ //FTO3F00! DD DSN=&&F3,UNIT=WK!0.SPACE=(TRK, {300,100)),
26 // DCB=(LRECL=19064.BLKS|1ZE=19068,RECFM=VBS)
27 //FTO8FO01 DD DSN=8&&F8,UN|T=WK10.SPACE=(TRK. (300.,100)).,
28 // DCB=(LRECL=19064,BLKSIZE=19068,RECFM=VBS}
29 //FT12F00! DD DSN=&&FB.,UNIT=WK10,SPACE=(TRK, {300,100}},
30 // DCB=(LRECL=18064,BLKS|ZE=139068,RECFM=VBS)
31 : //FT20F001 DD DSN=J1446.BSOURCE,DATA,DISP=SHR
32 @ //FTS1FQO01 DD DSN=J1446.POCLAT.DATA.DISP=SHR
33 //SYSIN DD %
34 : SAMPLE PRCBLEM NO.2 FOR BREMSSTRAHLUNG 5CM LEAD
35 &UNIT FXSN=81.FLX1=91.FLX2=0 &END
38 : 14%% 019 0 0 0 0 0 1 0 0 0
37 ¢ I15¥¥ 600 0 16 16 1 0 O 1 12 Q0 19 3 4 22 0 0 1 1 1
38 0 2 0 0 %0 ¢ 0 0 0 1 2 94 o0 O ' O O
3¢ @ 16%k 1.0 0.1 1.0-4 1.420882 3R0.0 0.0 0.0 0.% 1.0-4 3RC.0O T
40 6%k C.0 0.0244936 0.0413296 0.0392569 0.0400796 0.0643754
41 0.0442079 0.109085 0.1371702 N8
42 ¢ Txx -0,.9902984 -0.9805009 -0.9082855 -0.8319966 -0.T74675086
43 -0.6504264 -0.537T0966 -0.3922893 -0.1389568 M8 T
44 13%¥¥ 4HEG19 4HFX!6 4HPBOO T
45 3% FO.0 T
46 1¥x FC.0
47 4% 1110.0 6.0
48 G¥x F1.0
48 8¥x FI
50 Q¥¥ i
5l ¢ 2!k 0.0 10RY.0 0.0
52 : T
53 : 4+
54 @ [/

207
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MEMBER NAME > B:BREM.TXT

LINE NO: R IR S~ S UV DRVIPUNE DUPI SUNE UM - TR IR D

to_oa—emm.nwt\:ﬂ-

RADHEAT-V4: A Code System to Generate Multigroup Constants and
Analyze Radiation Transport for Shielding Safety Evaluation

/rJCLG JOB

/f EXEC JCLG

//SYSIN DD DATA,DLM='"++"'

/7 JUSER H#884#44%, 48 St did4d 44

T.1 1.2 P.0 W.0 C.1 SRP

QPTP PASSWORD=##iti#iis
//BREM EXEC LMGO.LM='"J1448. BREM'.
/7 ORECFM=FA.,OBS|ZE=137.8YS0UT=x%
//FTQ1F001 DD DSN=J1446.POOLST.DATA,DISP=8HR,LABEL=(.. . OUT}
//SYSIN DD %
BREMSSTRAHLUNG EDI!T CALCULATICN FOR LEAD
GUNIT FLX1=91.FLX2=91,FLX3=61 &END

1¥¥ 700 2 12 1 t. 1 Q0 Q0 T

3¥¥ 4HEG19 4H 500 4H 600

13¥¥ 4HEG19 4HFX16 4HPBOO
21%k 0.0 10R1.0 0.0 T

++

¥4

JAERI 1316
PAGE 1
+ .8
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6. Conclusion

The RADHEAT-V4 code system consists of various functional modules for performing coupled
neutron and gamma-ray transport analyses. The detailed descriptions for the modules have been
presented in this report. Some test calculations and sample problems have been discussed to verify the
effectiveness for the new methods applied in the code system.

Extensive tests and evaluations of the RADHEAT-V4 code system as benchmark analyses have been
performed by two different working groupé of the Japan Nuclear Code Committee and the Japan Nuclear
Data Committee.

The result obtained by these benchmark analyses indicates that the RADHEAT-V4 code system can
accurately solve neutron and gamma-ray transport problems, even if there have strong anisotropies of
radiation source and of angular fluxes in a medium.

The evaluation work of the RADHEAT V4 code system has completed and the report of the
benchmark analyses has now being compiled in the Japan Nuclear Code Committee. It will be published

in the near future.

Acknolwedgements

The authors wish to express their thanks to T. Asaoka, M. Hirata, M. Ishikawa and M. Hirano of
Japan Atomic Energy Research Institute for their useful advices and encoﬁragements to develop this code
system. Their thanks are also expressed for the guidance and counsel of S. Miyasaka during the planning

stages and of Y. Kikuchi and M. Kawai during the evaluation stages.
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Appendix A FIDO Input Format(*)

Type 1 Format
Each card is divided up into six 12—digit data fields which are in turn divided up into 3 subfields, as

illustrated in the following figure where only one data field is shown.
L[5l L
| 2 3] o] sl 6| 7] 8| slol 1| 12

The first subfield is a two—digit integer; and the second subfield contains eithera §, *, R, I, T, §, F, A, C,
E,Q,L,N,M, O, 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 are 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
floating 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 contains a one— or two—digit number
identifying the array.

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

R indicates 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 subfield 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-V4 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 location 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 identification in producing a message as follows:

XX ENTRIES READ IN THE YY ARRAY at ZZC.
E 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 used of an E

* All of the descriptions are reproduced from Ref. 3.
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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 T except that a logarithmic interpolation is performed between the entry points. This
option is particularly useful for defining energy structures equally spaced 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.

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.

O 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 O identifies the particular 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., 497 would place forty—nine zeros into an array.

+ or — indicates exponentiation. The data in the third field is multiplied by 10*™, 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 restrictions must be observed when using the ANISN input format:
(1) Blank data fields are ignored.
(2) If the interpolation option (1) is used, the next data field may not 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. Normally the third subfield is blank and is

ignored.
(4) All data arrays must be filled with the correct number of entries. A data array is ended by either

starting a new data array or by ending a data block.

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 original 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 §, 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
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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 warry 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 $§ 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) Number with exponents must not have imbedded blanks; e.g., use 1.0E+4, but not 1.0 E+4 or
1.0E+ 4.

(4) Theold — or — options {2nd subfield) are not operational.

(5) No more than 9 digits in a number can be entered. The exponent in not counted; e.g., 9234+
09 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 peint 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 7387, 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. Column 2 should contain the proper carriage control character; e.g., blank, 0,1,2,
ete. 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_28% 3R42 E_T
The first 25 entries of the 1$ array are 1’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%% —10 —0.8819171 0.3333333 M2
This example puts 0.0, 0.1666667, 0.3333333, 0.3333333, 0.1666667 in the 42* array and — 1.0,
—0.8819171, —0.3333333, 0.3333333, 0.8819171 in the 43* array.



JAERIT 1316 215

Appendix B Combinatorial Geometry Input(*)

Combinatorial geometry (CG) describes general three dimensional material configurations by
considering unions, differences intersections of simple bodies such as spheres, boxes, cylinders, etc. In
effect, the geometric description subdivides the problem space into unique zones. Each zone is the result
of combining one or more of the following geometric bodies.

. Rectangular Parallelepiped (RPP)

. Box (An RPP randomly oriented in space)

. Sphere (SPH)

. Right Circular Cylinder (RCC)

. Right Elliptic Cylinder (REC)

. Truncated Right Angle Cone (TRC)

. Ellipsoid (ELL)

. Right Angle Wedge (WED)

. Arbitrary Convex Polyhedron of 4, §, or 6 sides. (ARB)

Body types 2-9 may be arbitrarily oriented with respect to the x, y, z coordinate axes used to
determine the space. Body 1, a special body described below, must have sides which are parallel to the

R R e O Lo I S

coordinate axes.

The basic technique for the description of the geometry consists of difining the location and shape of
the various zones in terms of the intersections and unions of the geometric bodies. A special operator
notation involving the symbols (+), (—), and (OR) is used to describe the intersections and unions.
These symbols are used by the program to construct information relating material descriptions to the body
definitions.

If a body appears in a zone description with a (+) operator, it means that the zone being described
is wholly contained in the body. If a body appears in a zone description with a ( —} operator, it means that
the zone being described is wholly outside the body. If the body appears with an (OR) operator, it means
that the zone being described includes all points in the body. In some instances, a zone may be described
in terms of subzones lumped together by (OR) statements. When (OR) operators are used there are
always two or more of them, and they refer to all body numbers following them, either (+) or (—).

Techniques for describing a particular geometry are best illustrated by examples. Consider an object
composed of a sphere and a cylinder as shown in Fig. B.1. To describe the object, one takes a spherical
body (2) penetrated by a cylindrical body (3) (see Fig. B.1). If the materials in the sphere and cylinder
are the same, then they can be considered as one zone, say zone I (Fig. B.1¢). The description of zone

I would be
I=0OR+20R--3

This means that a point is in zone I it is either inside body 2 or inside body 3.

If different materials are used in the sphere and cylinder, then the sphere with a cylindrical hole in
it would be given a different zone number (say J) from that of the cylinder (K).

The description of zone J would be (Fig. B.1d):

J=+2-3

* All of the description are reproduced from Ref. 27.
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This means that points in zone J are all those points inside body 2 which are not inside body 3.

The description of zone K is simply (Fig. B.1e):
K=+3

That is, all points in zone K lie inside body 3.

Combinations of more than two bodies and similar zone descriptions could contain a long string of
(+), (—), and (OR) operators. It is important however to remember that every spatial point in the
geometry must be located in one and only one zone.

As a more complicated example of the use of the (OR) operator, consider the system shown in Fig.
B.2 consisting of the shaded zone A and the unshaded zone B. These zones can be described by the two
BOX’s, bodies 1 and 3, and the RCC, body 2. The zone description would be

A=+1+2
and
B=0OR+3—10R+3—-2

Notice that the OR operator refers to all following body numbers until the next OR operator is reached.
The geometry must be specified by establishing two tables. The first table describes the type and
location of the set of bodies used in the geometrical description. The second table identifies the physical
zones in terms of these bodies. The input routine processes these tables to put the data in the form required
for ray tracing. Because the ray tracing routines cannot track across the outermost body, all of the zones
must be within a surrounding external void so that all escaping particles are absorbed. Also no point may
be in more than one zone.
The information required to specify each type of body is as follows:
a)} Rectangular Parallelepiped (RPP)
Specify the minimum and maximum values of the X, ¥, and z coordinates which bound the

parallelepiped.
b) Sphere (SPH)

Specify the vertex V af the center and the scalar, R, denoting the radius.
¢) Right Circular Cylinder (RCC)
Specify the vertex V at the center of one base, a height vector, H, expressed in terms of its x,

y, and z components, and a scalar, R, denoting the radius.
d) Right Elliptical Cylinder (REC)
Specify coordinates of the center of the base ellipse, a height vector, and two vectors in the

plane of the base defining the major and minor axes. Presently this body is not implemented.
e) Truncated Right Angle Cone (TRC)
Specify a vertex V at the center of the lower base, the height vector, H, expressed in terms of

its z, y, z components, and two scalars, R, and R,, denoting the radii of the lower and upper
bases.

fy Ellipsoid (ELL)
Specify two vertices, V, and V,, denoting the coordinates of the foci and a scalar, R, denoting
the length of the maja axis.

g) Wedge (WED)
Specify the vertex V at one of the corners by giving its (x, y, z) coordinates. Specify a set of

three mutually perpendicular vectors, a, with a, and a, describing the two legs of the right

triangle of the wedge. That is, the x, v, and z components of the height, width, and length

vectors are given.
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h) Box (BOX)

Specify the vertex V at one of the corners by giving its (x, y, z) coordinates. Specify a set of
three mutually perpendicular vectors, a; representing the height, width, and length of the box,
respectively. That is, the x, y, and z components of the height, width, and length vetors are

given.

i) Arbitrary Polvhedron (ARB)
Assign an index (1 to 8) to each vertex. For each vertex, give the x, y, z coordinates. Each of
the six faces are then described by a four—digit number giving the indices of the four vertex
points in that face. For each face these indices must be entered in either clockwise or

counterclockwise order.

{a)

(b} {c)
2
4— 3
(d}
{e)
2 K |[a—
i I
Bk
Lo

Fig. B.1 Examples of combinatorial geometry method
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Fig. B.2 Use of OR operators
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Fig. B.3 Rectangular Parallelepiped (RPP)

: HyH, H,
Fig. B.4 Sphere (SPH) VIV, V, V) +— ]

Fig. B.5 Right Circular Cylinder {RCC)

R2

H H

<<

R1 —_ - R-|

<

Fig. B.6 Right Elliptical Cylinder (REC) Fig. B.7 Truncated Right Angle Cone ({TRC)
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Vg
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Vi
o ai
R a2
Fig. B.8 Ellipsoid (ELL) Fig. B.9 Right Angle Wedge (WED)
vy
I Ve
V4 Vg
Va Vs 2
az
dq
3 Vi, Vy, V,

Fig. B.10 Box (BOX) Fig. B.11 Arbitrary Polvhedron (ARB)
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Appendix C Record Format of Data Stored in DATA-POOL

The record formats of data generated by the RADHEAT-V4 code system are classified according to
the data forms described in Section 4.1.2. DATA-POOL has the user information in the Directory Section
and the data in the Data Section. Each data is utilized for the functional modules in the RADHEAT-V4
code system. The user information consisting of 5 words are stored by using the PSET subroutine and read
by using the PFIND subroutine in the DATA-POOL access package, respectively. The data in the Data
Section are stored by using the PRITE — PRITE4 subroutines and read by using the PREAD - PREAD
4 subroutines described in Section 4.1.3.

The data forms of DATA-POOL used in the RADHEAT-V4 code system are described below. In
the following description, an “information” means the user information in the Directory Section and a
“data” indicates tha data in the Data Section. The node name with a capital letter shows the fixed name,

and a lower case letter means that the name changes for each data.

a) ULTX Data Form
level 1 node : ULTX

information NGRP, 0, 0,0, 0

data PREADI (N, NCOM, NGRP +1, FEGRF)
level 2 node : matno

information NATNO, MTMAX, NTMP, NSIG, LFI

data PREAD3 (N, NCOM, MTMAX, MTYPE, NTMP, TMP, NSIG, SIGO)
level 3 node : TMPi

information TMP, 0,0,0, 0

data PREAD (N, NCOM)
level 4 node : 81Gj

information SIG, MTMAX2,0, 0,0

data PREAD?2 (N, NCOM, MTMAX2, MTYPE2, NGRP, W)

DO 11I=1, MTMAX2
1 PREAD2 (N, NCOM, 5, NDATA, M, GCS)
where NGRP : number of the ultra—fine energy groups
N : logical unit number of DATA-POOL
NCOM : comment of the node (20 words)
MATNO : material identification number
MTMAX : number of reactions
NTMP : . number of temperatures
NSIG : length of o, table
LFI : fission flag (0: non fission, 1: fission)
MTMAX2 : number of reactions for each g, value
FEGRP : energy group boundaries (eV)
MTYPE : reaction identification numbers
TMP : temperatures
SIGO : g, values
MTYPE2 : reaction identification numbers
W : weighting spectrum
NDATA : MTYPE(I), Ci, C2, NLOW, NUP
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M: NUP—NLOW-+1
GCS : ultra-fine group cross sections from the group NLOW to NUP

b) SMT Data Form
level 1 node : EGRP
information ING, IGG, 0,0, 0
data PREAD! (N, NCOM, ING—+1, GNG) (IGG=0)
PREAD2 (N, NCOM, ING+ 1, GNG, IGG+1, GGG) (IGG+#0)
level 2 node : INFX

information 0,0,000
data PREAD (N, NCOM)
level 3 nede : matno
information MATNG, 0,0,0,0
data PREAD (N, NCOM)
level 4 node : SMT
information 0,0,0,00
data PREAD3 (N, NCOM, M, MT, 1, TMP, 1, SIGO)
PREAD1 (N, NCOM, MM, SMT)
where ING : number of neutron energy groups

IGG : number of gamma-ray ¢nergy groups

N : logical unit number of DATA-POOL
NCOM : comment of the node (20 words)
MT : reaction identification numbers

TMP : temperature

SIGO : g, value
M : number of reactions (10)

MM : INGXM

SMT : smooth cross section

¢) FTB Data Form
level 1 node : EGRP

information same as the SMT data form
data ditto

level 2 node : INFX
information same as the SMT data form
data ditto

level 3 node : matno
information same as the SMT data form
data ditto

level 4 node : FTB
information 0,0,00,0
data PREAD3 (N, NCOM, M, MT, NTMP, TMPF, NSIG, SIGO)

DO 11I=1, NTMP
1 PREAD4 (N, NCOM, LEN, SFT, LEN, SFE, LEN, 8FF, LEN, SFC)
where M : number of reactions (4)
MT : reaction identification numbers
NTMP : number of temperatures
NSIG : number of g, values
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N:
NCOM
LEN:
TMP :
SIGO :
SFT :
SFE :
SFF :
SFC :
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logical unit number of DATA-POOL
comment of the node (20 words)

NSIG XING

temperatures

o, values

self—shielding factor for the total reaction
self-shielding factor for the elastic reaction
self-shielding factor for the fission reaction
self—shielding factor for the capture reaction

d) ELA Data Form

level 1 node
information
data

level 2 node
information
data

level 3 node :

information
data

level 4 node
information
data

where N:
NCOM :

MT :

TMP :

SIGO :

NOA :

NTP -

ANG :

SIG :

EGRP
same as the SMT data form
ditto

: INFX

same as the SMT data form
ditto

matno
same as the SMT data form
ditto

: ELA

0,0,0,00
PREAD3 (N, NCOM, 1, MT, 1, TMP, 1, SIGO)
DO 1 1=1, ING, 10

PREAD3 (N, NCOM, ING < 10, NOA, NTP, ANG, NTP, SIG)

logical unit number of DATA-POOL
comment of the node (20 words)
reaction identification number (MT=2)
temperature

7, value

number of angular points for each energy group

summation of NOA(M) values from M=1to M=ING X 10

cosine of scattering angles
elastic scattering cross section in the DAR form

e) INS Data Form

level 1 node
information
data

level 2 node
information
data

level 3 node
information
data

level 4 node

EGRP
same as the SMT data form
ditto

: INFX

same as the SMT data form
ditto

: matno

same as the SMT data form
ditto

: INS

JAERI 1316
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information 0,0,0,00
data PREAD3 (N, NCOM, 1, MT, 1, TMP, 1, SIGQ)
DO 1 I=1, ING, 10
1 PREAD3 (N, NCOM, ING 10, NOA, NTP, ANG, NTP, SIG)
where MT : reaction identification number (MT =4)
SIG : inelastic scattering cross section in the DAR form

The other notations are the same as the ELA data form.

f) N2ZN Data Form
level 1 node : EGRP

information same as the SMT data form
data ditto

level 2 node : INFX
information same as the SMT data form
data ditto

level 3 nede : matno
information same as the SMT data form
data ditto

level 4 node : N2N
information 0,0 00,0
data PREAD3 (N, NCOM, 1, MT, 1, TMP, 1, SIGO}

DO 11=1,ING, 10
1 PREAD3 (N, NCOM, ING X 10, NOA, NTP, ANG, NTP, SIG)
where MT : reaction identification number (MT =16)
SIG : (n, 2n) scattering cross section in the DAR form

The other notations are the same as the ELA data form.

g) H-+D Data Form
level 1 node : EGRP

information same as the SMT data form
data ditto
level 2 node : INFX
information same as the SMT data form
data ditto
level 3 node : matno
information same as the SMT data form
data ditto
level 4 node : H+D
information 0,0,00,0
data PREAD3 (N, NCOM, M, MT, |, TMP, 1, 8IG0)
PREADI! (N, NCOM, MM, HD)
where N : logical unit number of DATA-POOL

NCOM : comment of the node (20 words)
M : number of reaction channels (M= 13)
MT : reaction identification numbers
TMP : temperature
SIGO : g, value
MM : INGXM
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HD : energy deposition factors and atomic displacement cross sections

h} SGRX Data Form
level 1 node : EGRP

information same as the SMT data form
data ditto
level 2 node : SGRX
information 0,0,000
data PREAD (N, NCOM)
level 3 node : matno
information MATNO,0,0,0,0
data PREAD (N, NCOM)
level 4 node : ncode
information ITWO, ICON, KEY, NHI, NLOW
data PREAD3 (N, NCOM, LEN, X, LEN, Y, LENL, P)

where MATNO : material identification number
N : logical unit number of DATA-POOL
NCOM : comment of the node {20 words)
ITWO : flag of the nuclear data
(1: ENDF/B-IV, 2: POPOP4)
ICON : flag of the weighting procedure
(0: constant weighting, 1: energy weighting)
KEY : flag of the reaction
(0: no effect, 1: inelastic excitation)
NHI : the highest energy group for non—zero values
NLOW : the lowest energy group for non—zero values
LEN: NHI—NLOW+1
LEN1: IGGXLEN
X : neutron interaction cross sections
Y : yields
P : probabilities ((P(i, j). i=1, IGG), j=1, LEN)

i) FXsn Data Form
level 1 node : EGRP

information same as the SMT data form
data ditto
level 2 node : FXsn
information IPO, 0,0,0,0
data PREADI1 (N, NCOM, IPO+1, ANG)
level 3 node ; matid
information MATID, IHS, IHT, IHM, NUP
data PREAD4 (N, NCOM, NMAT, MAT1, NMAT, MAT2, NMAT, ATOM, NMAT,
TMP)

DO 11=1, ING-IGG
1 PREAD2 (N, NCOM, IGT1, CRX, IGT2, CRY)
where IPO : number of fixed angular points (JPO=sn)
N : logical unit number of DATA-POOL
NCOM : comment of the node (20 words)
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MATID : material identification name
IHS : position of the self-scattering cross section
IHT : position of the total cross section
IHM : cross section table length
NUP : table length for up—scattering
NMAT : number of nuclides in the material
MAT] : nuclide identification numbers for the SMT data
MAT? : nuclide identification numbers for the FTB data
ATOM : atomic number densities (n/barn * cm)
TMP : temperatures
IGT1: THM
IGT2 : IPOX (1+NUP)
CRX : effective macroscopic cross section X,
CRY : effective macroscopic cross section X,
In the data, CRX and CRY are defined by the following sequences:
position 1———— NOACT+1 —— IHT IHT+ 1* I[HT-NUP —— IHS —— — — — — — — THM
CRX Speiivation— —Za VEr D¢ B o xtpog — — Zgg Tgoig — = Zimg — — 0.0

*y Omit this record when NUP=0,

where NOACT is the number of the activation cross sections consisting of the energy deposition factor

and the atomic displacement cross section. The above sequence repeats ING+1GG times.

angle . 45 a4
No. 1 2 3 IPO
1 ‘ Ty nup—g (1) X Nup—y (H2) Tpanupsg H3) T T X NUp—g Uipe)
|

2 i
NUP—+1 Zg—'g (j’ll) zg—'g (#2) Zg—'»g (!’:1'3) 77777 Eg—*g (ﬂ'ipﬂ)
NUP+2 E‘g*l-'-'g (tu'l) 2g -l—g (fuZ) Eg— l—g (;UE) _____ 2:g—l—’g (ﬂipe)
NUP-+g oy 11) g (U2) T () 2 g (Mipo)

where CRY data are stored by starting at top left corner, sweeping from left to right, then from top to
bottom. The sequence repeats ING+1GG times.

j) SELF Data Form
level 1 node : EGRP

information same as the SMT data form
data ditto
level 2 node : SELF
information 0,000,0
data PREAD (N, NCOM)

level 3 node : matid
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information MATID, NMAT, MTMAX, 0, 0
data PREAD4 (N, NCOM, NMAT, MATI, NMAT, MAT2, NMAT, ATOM, NMAT,
T™MP)
level 4 node : matno
information MATNO, 0,0,0, 0
data PREAD4 (N, NCOM, ING, FTM, ING, FEM, ING, FFM, ING, FCM)
where N : logical unit number of DATA-POOL

NCOM : comment of the node (20 words)
MATID : material identification number
NMAT : number of nuclides in the material
MTMAX : number of reactions (4)
MATI : nuclide identification number of the SMT data
MAT?2 : nuclide identification number of the FTB data
ATOM : atomic number densities (n/barn = cm)
TMP : temperatures
FTM : self-shielding factor for the total cross section
FEM : selfshielding factor for the elastic cross section
FFM : self-shielding factor for the fission cross section

FCM : self-shielding factor for the capture cross section

k) SFX0Q/SFX1 Data Form
level 1 noce : EGRP

information same as the SMT data form
data ditto
level 2 node : id. name

information IGE, IM, IM, IZM, MM

data PREAD4 (N, NCOM, IM+1, R, IM+ 1, Z, IM, MA, IZM, MZ)

where IGE : identification for the geometrical configuration
1-slab l
2-cylinder one-dimensional configuration
3—sphere J
4—(X-Y)
5-(R-Z) rtwo—dimensional configuration
6—(R-6)

IM : number of interval meshes for X or R axis
JM : number of interval meshes for Y, Z or # axis
(for the case of one—dimension, JM=1)
IZM : number of zomnes
MM : number of angular quadratures
N : logical unit number of DATA-POOL
NCOM : comment of the node (20 words)
R : spatial interval meshes for X or R axis {cm)
Z : spatial interval meshes for Y, Z or 4 axis (cm)
MA : zone numbers by interval
M7 : material numbers by interval
level 3 node : SFX0/SFX1
SFX0 shows forward scalar flux and SFX! means adjoint scalar flux for the one-dimensional

configuration.
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information ING, IGG, ITH, 0, 0
data PREADI (N, NCOM, IM XIGM, FLX)
where ITH : solution indicator (0: forward, 1: adjoint)

FLX : scalar fluxes

1) SFX2/8FX3 Data Form
level 1 node : EGRP

information same as the SFX(0/SFX1 data form
data ditto
level 2 node : id. name
information same as the SFX0/SFX1 data form
data PREADM4 (N, NCOM, IM+1, R, IM—+1, Z, IMXIM, MA, 1ZM, MZ)

where notations are the same as those of the SFX0/S8FX1 data form.

level 3 node : SFX2/8FX3
SFX2 shows forward scalar flux and SFX3 means adjoint scalar flux for the two—dimensional

configuration.
information same as the SFX0/8FX1 data form
data DO 16I=1, IGM

10 PREADI] (N, NCOM, IM xIM, FLX)
where notations are the same as those of the SFX0/SFX1 data form.

m}) AFX0/AFX]1 Data Form
level 1 node : EGRP

information same as the SMT data form
data ditto
level 2 node : id. name
information same as the SFX0/SFX1 data form
data ditto

level 3 node : AFX0/AFX]

AFX0 shows forward angular flux and AFX1 means adjoint angular flux for the one—dimensional

configuration.
information ING, 1GG, ITH, MM, IPMESH
data PREAD3 (N, NCOM, MM, W, MM, DSN, IPMESH, NOANLL)
DO 11=1,IGM
1 PREADI (N, NCOM, MM < IPMESH, AFX)
where ITH : solution indicator (0: forward, 1: adjoint)

MM : number of angular quadratures
IPMESH : number of spatial intervals
W : angular quadrature weights
DSN : angular quadrature cosines
NOANLL : spatial interval numbers
AFX : angular fluxes

n) AFX2/AFX3 Data Form

level 1 node : EGRP
information same as the SMT data form
data ditto

level 2 node : id. name
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information same as the SFX2/SFX3 data form
data ditto

level 3 node : AFX2/AFX3
AFX2 shows forward angular flux and AFX3 means adjoint angular flux for the two—-dimensional

configuration.
information same as the AFX0/AFX]1 data form
data PREADA4 (N, NCOM, MM, W, MM, AMU, MM, ETA, IPMESH, NOANLL)
DO 1 I=1, IGM
DO 1 J=1, IPMESH
1 PREADI (N, NCOM, MM <X IM, AFX)
where W : angular quadrature weights

AMU : angular quadrature cosines for g«
ETA : angular quadrature cosines for 7
IPMESH : number fo spatial interval meshes for Y, Z or & axis
AFX : angular fluxes

0) RESD Data Form
level 1 node : EGRP

information same as the SMT data form
data ditto
level 2 node : RESD
information 0,0,000
data PREAD (N, NCOM)
level 3 node : matid
information IGM, IFLAG, 0,0, 0
data PREADI1 (N, NCOM, IGM, RD)
where IGM : number of energy groups

IFLAG : detector identification (1: neutron, 2: gamma-ray)
RD : detector response function

p) EFsn Data Form
level 1 node : EGRP

information same as the SMT data form
data ditto
level 2 node : EFsn
information IPN,0,0,0,0
data PREADI (N, NCOM, IPN+1, ANG)
where IPN : number of angular meshes (IPN=sn)

ANG : angular meshes
level 3 node : matid

information MATID, NMAT, 0,0, 0
data PREAD4 (N, NCOM, NMAT, MAT], NMAT, MAT2, NMAT, ATOM, NMAT,
TMP)

where notations are the same as those of the SELF data form.
level 4 node : matno

information MATNG, 0,0,0, 0

data PREAD (N, NCOM)
level 5 node : SMT
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information
data

level 5 node
information
data

level 5 node :

information
data

level 5 node :

information
data

level 5 node :

information
data

where MT :
TMP :

SIGO :

INGF :

IPN :

NUPF :

CRXEF :

CRYF :

Appendix C Record Format of Data Stored in DATA-POOL

0,0,0,0,0
PREAD3 (N, NCOM, 10, MT, 1, TMP, 1, SIGO)
PREADI1 (N, NCOM, 10XINGF, CRXF)

: H+D

0,0,0,0,0
PREAD3 (N, NCOM, 13, MT, 1, TMP, 1, SIGO)

PREADI (N, NCOM, 13 X INGF, CRXF)

ELA

NUPF, 0, 0, 0, 0

PREAD3 (N, NCOM, 1, MT, 1, TMP, 1, SIGO)

PREADI (N, NCOM, IPN X (INGF +NUPF) X INGF, CRYF)

INS

NUPF, 0,0, 0,0

PREAD3 (N, NCOM, 1, MT, 1, TMP, 1, SIGO0)

PREADI! (N, NCOM, IPN X (INGF+NUPF) X INGF, CRYF)
N2N

NUPF, 0,0,0,0

PREAD3 (N, NCOM, 1, MT, 1, TMP, 1, SIGO)

PREADI1 (N, NCOM, IPN X (INGF+ NUPF) X INGF, CRYF)

reaction type identification numbers

temperature (Kelvin)

background cross section

number of energy groups

number of angular meshes

number of up—scattering groups

effective microscopic cross sections

(The form is the same as that of CRX in the FXsn data form)
effective microscopic scattering matrix

{The form is the same as that of CRY in the FXsn data form)

q) BREM Data Form
level 1 node : EGRP

information
data

level 2 node :

information
data

level 3 node
information
data

level 4 node :

information
data

where 1GG
BR(k, i) :

same as the FXsn data form
ditto

FXsn

same as the FXsn data form
ditto

: matid

same as the FXsn data form
ditto

BREM

0,0,0,00

PREADI1 (N, NCOM, IGG X1GG, BR)
number of gamma-ray energy groups
Bremsstrahlung data from the groupito k

229
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Appendix D Sample Output Lists of RADHEAT-V4

Sample output lists for each sample problem desc ribed in Chap. 5 are presented. The job control cards

and the input data are also shown for the user’s convenience. Detailed information for the sample

problems is referred to Chap. 5.

D.1 Sample Problem for FAIR-CROSS step 1

MEMBER NAME > 8:RRSTEPI.TXT  =----==----===-----==-—-——soor-o—=ssooooomooosessss PAGE : 1
LINE NO: ....+....1....+,...2....+....3....+...u4....+....5....+....6....+....T....+....8

1 : //JCLG JCB

2 : // EXEC JCLG

3 ¢ //SYSIN DD DATA.OLM="++"

4 1 /7 JUSER H¥s#sitss, st FRdESe. #HI8 .48

5 @ T.4 {.5 P.O W.3 .5 SRP

6 : OPTP PASSWORD=##f#itt##

7 : //FCROSS EXEC LMGO, LM="'J1446.FCSTEP1X",CBS|2ZE=13T,0RECFM=FA
g8 : //FTOIFOD] DD DSN=&&F1.UNIT=WK10,SPACE=(TRK, (100,20}}.

Q9 : // DCB=(LRECL=19064,BLKSIZE=19068,RECFM=VBS)

10 : //FTO2F001 DD DSN=&&FZ,UNIT=WK10.SPACE=(TRK, (100,20)),

14 // DCB={LRECL=19064.BLKS|ZE=19068.RECFM=VBS)

12 + //FTO3F00L DD DSN=&&F3.UNIT=WK10,SPACE={(TRK, (100,20} .

13 : // DCB=(LRECL=19064.BLKS!ZE=19068,RECFM=VBS)

14 : //FTO4F001 DD DSN=&&F4,UNIT=WK1C0.SPACE={(TRK,(100.20)).

15 : // [CCB=(LRECL=19064,BLKSIZE=19068, RECFM=VBS)

16 : //FTI0F001 DD DSN=&&FA,UNIT=WK10,SPACE=(TRK, (100.20}),

17 : // DCB=(LRECL=19064,BLKS1ZE=19068,RECFM=YBES)

18 : //FTI1FD01 DD DSN=&&FB.UN!T=WK10,SPACE=(TRK, (100.20})

19 : // DCB=(LRECL=19064.BLKS|ZE=19068, RECFM=YBS)
20 : //FTI2F00} DD DSN=&&FC,UN)T=WK10.SPACE={(TRK., (100.20}) .
21 // DCB=(LRECL=19064,BLKS|ZE=18068,RECFM=VBS)
22 //FET13F00Y DD DSN=&&FD.UNIT=WK10.,SPACE=(TRK. (B00.50)).
23 // DCB=(LRECL=16804,BLKS|ZE=16804,RECFM=F)
24 : //FTI4FQ01 DD DSN=&&FE.UNIT=WK10,SPACE=(TRK, (100.20)) .
285 1 // DCB=(LRECL=19064,BLKS|IZE=19068,RECFM=VBS)
26 : //FTISFOD1 DD DSN=&&FF,UN|T=WK10.SPACE=(TRK, (100.20}) .
27 : // DCB=(LRECL=19064,BLKS[ZE=190588,RECFM=VBS)
28 : //% THE FOLLOWING DSN WILL BE CHANGED BY NUCLIDE (406 OR 408)
29 //FTD8FO01 DD DSN=J1615.ENDFB406. DATA, DISP=SHR,LABEL=C(..,IN}
30 //FTS1FO01 DD DSN=J1446.POOLST . DATA,DISP=SHR, LABEL=(...0UT)
31 : //SYSIN DD ¥

3z : FAIR-CROSS STEP-! SAMPLE PROBLEM NO.!

33 ¢ &UNIT ULTX=91., INFX=81,FTBL=91 ZEND

34 : 1¥¥ v | 100 20 0 4HEGRP 2 2 T
35 : MAT=1276 O-16 PROCESS FROM ENDF/8-1V AT 300K (TAPE 408)

36 : 4%% (1276 &8 0 | 7T 4 O O 1 Vv 0 O Zz O O I T
37 @ 5%k 300.0

38 : G%k 1.0+8 0.0 1.9 10,0 100.0 11000.0C 1000C.0

38 © Tk¥k 1.25E-1 1.4E+6 8.208E+5
40 @ 10%x 0.0t 0.0 0.03 0.0
41 = T
42 ++
43 . //
44 FALR-CROSS STEP-1 SAMPLE PROBLEM NO.2
45 &UNIT ULTX=91,iNFX=91,FTBL=91 ZEND
45 1¥%¥ | 1 100 20 0O 4HEGRP 2 2 T
47 : MAT=1275 N-14 PROCESS FROM ENDF/B-IV AT 300K (TAPE 408)
48 : 4¥¥ 1275 8 O | T 4 0 O 1 t 0O O 2 0 O {7
49 :  Bx¥ 300.0
50 : 6% 1.0+8 0.0 1.0 10.0 1iC0.0 10Q00.0 10Q00.0
51 : T¥¥x 1.28E-1 1.4E+B6 8,208E+5

52 @ 10%x 0.01 0.0 0.03 0.0

T

o
w
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MEMBER NAME > B:RRSTEPI.TXT  -—----—------mmmm e v e e e e PAGE : 2
LINE NO: ...+, .. 0 oo+ 20000+, 030 0o+ 04 L0+ B+ B e T L. 8
B4 4
8BS : /7
86 : FAIR-CROSS STEP-! SAMPLE PROBLEM NO.3
5T SUNIT ULTX=91.,INFX=91,FTBL=91 &END

58 ¢ 1¥¥ 1 1 1060 20 0 4HEGRP 2 2 7

59 : MAT=1192 FE-26 PROCESS FROM ENDF/B-1V AT 300K {(TAPE 406)
B0 : 4¥% 11982 8 0 1 7 4 Q0 O ¥ 1 0 O 2 O G 1 T
61 © 5%k 300.0

62 : 6%k 1.0+8 0.0 1.0 0.0 100.0 1C00.0 1COOC.O

63 : Tk 1.,28E-1 t.4E+§ 8. 208E+5
.0

64 : 10%x 0.01 O 0.03 0.0
65 T
BB :  ++
BT : //
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FAIR-CROSS STEP-1 SAMPLE PROBLEM NO.1

sxxsx MAIN CONTROL PARAMETERS =*xxx=

SELECTION OF THE CALCULATIONAL STEP - 1
NO. OF NUCLIDE OR MIXTURE TO BE PROCESSED -—~ 1
NO. OF NEUTRON ENERGY GROUFPS -—— 100
NO. OF GAMMA-RAY ENERGY GROUFS - 20
NO. OF ANGULAR MESH IN CROSS SECTION TABLE--- 0
NODE NAME OF ENERGY GROUP STRUCTURE -~- EGRP
TYPE OF INPUT NEUTRON GROUP STRUCTURE - 2

TYPE OF INPUT GAMMA-RAY GROUP STRUCTURE -—— 2
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ENERGY
1.64B7E+07
1.4550E+07
1.2840E+Q7
1.1331€+407
1.0000E+07
B.B250E+Cs
7.7T8BOE+CE
6. A729E+06
6.0453E+06
5.3524E+086
L_723TELDS
£.16B6E+04
3.47BBE+Q4
I.2LL5E+DS
2.B45DE+06
2.52BLE+0S
2.2313E+06
1.9891E406
1.7377E+06
1.5336E406
1.3534E+06
1.1943E+08
1.0540E+D6
§.3D1LE+QS
B.2DB5E+05
7.2L40E+05
&4,392BE+C3
5.6L36E405
6. P7BTE+DS
©.3937E+03
5.BTTSE+QS
I.LIL1BE+OS
3.019TE+OS
2.65649E+05
2.351BE+Q5
2.0756€E403
1.8316E+05
1.6143€+05
1.42646F+05
1.23588E+05
1.1109E403
P.8037E+04
B_&51T7E+0D&
P.8351E+404
6. 7TITFE+QL
5.9642E+04
5.207SE+0L
4.630FE+04
4 .0B5BE+04
5.6066E404

Appendix D Sample Cutput Lists of RADHEAT-V4

==  NEUTRON
RANGE
1.4550E+07
1.2B840E+07
1.t331E+07
1.C000E+07
B.8250E+08
7.78080E+04
6. B729E+406
6.D653E+04
5.3526E406
4.723ITE+0QE
4. 1488E4+06
JLA7BBE+OS
J.24E5E+08
2.8650E406
2.5284E+06
2.2313E+04
1.P691E«06
1.73ITTE+06
1.53364E+06
1.3534E404
1.1943E+06
1.0540E+06
F.3014E405
8.2085E+35
7. 26LQ0E4Q5
&.3928E+405
5.6414E+405
4.97BTE+OS
&.3937E+05
3.BT74E+05
3,4213E+05
3.01%7E+05
2.8849E+05
Z.5518E+05
2.075LE+9Q5
1.8318E+05
1.6143E405
1.4284E405
1.25B8E+0%
1.1109E+05
5 .B8037E+04
B.6517E+04
7.6551E+04
&.TITFE+CA
5.946E404
S.2L75E+D4
4 . 6309E+04
4 .086BE+OL
3.6068E+04
3, 1828E+04

ENERGY

GRAUP

GROUP  STRUCTURE
ENERGY RANGE
3.1B28E+04 2.008BE+04
2.808BE+D4 2.478BE+D4
2.47BBE+04 2.1875E+04
2.1875E+04 1.9305E+04
1.9305E404 1.7034E+04
1.7034E+04 1.5034E+04
E.503LE+04 1.1709E+04
1.1709E+04  ?.118BE+03
$.1IBBE+D3 T.1017E+03
?.,1017E+0%  5.530BE+03
5.5308E+03 4 B07LE+DT
4 .307LE+GY 3. 3544E+03
3.3544E403 2.6126E+03
2.8124E403 2,0347E+03
2.0MT7E+Q] 1.5845E+03
1.5844E+0%  1.2341E+03
1.2361E4035 9.6112E402
P.ELIZE+Q2 7. 4BS2E+02
7.4832E+02 5.B295E+D2
5.8295E+02 4.5400E402
L.SEO0E+02  3.5357E+02
3.5357E02 2.7536E402
2.7S348E+02 2. 144 5E+02
Z.ALLTEXOR 1.8702£+02
1.6702E+02 1.3007E+02
1.3007E+02 1.0130€+82
1.0130E+82  7.BBPIE+{01
7.BA93E+01 G.1442E+01
6.1442E+01 & TO5LE+OL
4.7B51€+01 A.7267E+01
3.7267E+01 2.9023E+01
2.9023E+01 2.2603F+01
2.2603E+01 1.78035E+401
1.7603E+01 1.3710E+01%
1.3710E+01 1.9677E+01
1.0477E+401 £.3153E+00
8.3153E+00  4.4TH0E+0Q0
&.47TBAOE+DD 5 .0435E+00
5.0435E+00  3.9279E+C0
I.927PE400C  3.05P0E+00
3.05%CE+00  2.3824E+00
2.3824E+00 1.8554E+00
1.B554E+00  1.445CE+0Q
1.4450€+400  1.1254E+00
1,1254E+00  B.Y642E-01
5.7442E-01 6. B256E~01
4.8254E-01  5.31SBE-01
S.3158E-01  4.1359E-01
4{.1399E-01  1.51A3E-01
1.5183E-01 3.5238E-04

-=— GAMHA GROUP
GROUP EMERGY
1 1.4000E407
2 1.2000E+07
3 1.0000E+07
4 B.OQQOE+Q6
5 6.5000E+0é
& S.0000E+04
7 4 .0000E+08
8 3.00C0E+06
L Z.5000E+08
10 Z.0GODE+0&
11 1.4800E+04
12 1.3300E+04
13 1.0000E+06
14 8.0000E+05
i3 & .0000E+05
14 4 ,0000F405
17 3.0000£+05
18 2,0000F+05
1% 1.0000E+05
26 S5.0000E+04
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RANGE

1.2000E+07
1.0000E+07
8,.0000E+04
6.5000E+D8
5.0000E+04
L. DODOE+DS
3.000QE+0&
2.5000E+04&
2.0000€+06
1.4400E+06
1.3300E+06
1.0000E+06
8.0000E+05
&.0COCE+OS
4 .COOOE+OS
J.0000E+O5
2.0000E+05
1.0000E+05
5.D000E+0&
2.D0DQE+04&
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53 ARRAY 1 ENTRIES READ
&% ARRAY 7 ENTRIES READ
7r ARRAY 3 ENTRIES READ
10+ ARRAY & ENRTRIES READ
T

sxxs INPUT DATA LIST OF STEPL MOBULE =x»»¢

MATND { MATERLAL WO, ) o= 1274
NDFB ( FILE KD. OF NUCLEAR DATA FILE ) = ]
ISTRT  RESTART OPTION 0/1/2/3 AL L]
NTMP  ND. OF TEMPERATURE ) - 1
H516 ( NO, OF BACKGROUND L.S5. ) = ?
(' { WEIGHTING OPTION )= &
N1 { HO. OF DATA POINT FOR I3 ) = 0
N2 ¢ NO. OF DATA POINT FOR 1u=3 )= (]
LINK1 { HESONANCE CAL. Y. 1
LINK2 ¢ SCATTERING MATRIX CAL. 1= 1
LINK3 ¢ HEAT GENE. AND ATOMIC DISP, } o= [1]
LINK4 ¢ THERMAL SCATTERING CAL. } o= 0
NGOUT { OUTPUT OF ULTRA-FINE ) - H
NPRTY { PRINT OF RESOMANLE C.5. ? o= 0
NPRT2 ¢ PRINT BF ULTRA-FINE (.S. Y o= o
NPRT3 { PRLINT DF AHGULAR {.5. 1. 1
TEHPERATURE = 3. 000E+02

BACKGROUND x 1.000E+08 0.0 1.000E+00 1.000E+01 1.000E+02 1.000E+E3

BACKGROUND = 1.000E+04

WEIGHTING FUNCTLON
EB = 1.24599B2E-01
TC = 1.4COOCODE+0H
EC =  &.20800GOE+0S

PARAMETERS FOR THE RESOWANCE CALCULATION
ERR = 9_9999942E-03
AVERR = c.o

ACCURALY FOR DIFFERENTIAL SCATTERING MAYRICES
ERR = 2.9999983E-02

ENDF/B TAFPE 1D ND. = 408
THE C(TAPE} DESCRIPTION CF MATERIAL 1276 I5 -
B- D- 1& LASL EVAL-AUGY3 P.YOUNG,.D._FDSTER,JR,6_-HALE
D1ST-JUNTSL REV-JUNTS
crsnzpasmancrser DNA 4134 MOD 2 &/31/73 cessevrirremesarinas

THE DATA SET WAS EXTENSIVELY CHANGED YO INCLUDE NEW EXPERIMENT-
AL AND THEORETICAL RESULTS. FILE § WAS REVISED TO INCLUBE THE
NEW RESULTS, AND A SUMMARY OF THE CHANGES IS AS FOLLOWS,

1. THE RESULTS OF AM R-MATRIX AMALYSIS DF THE D1&(N.N),
C16(N,ALPHAICI3, AND CI13(ALPHA,ALPHA} REACTIONS BELOW
& MEV WAS INCORPORATED IN MF=3,MT=3,2,107,780.

2. ADJUSTMENTS WERE MADE IN MFa3 MTed, §1-55,103,107,780-782
SO0 THAT MT=2 BETTER AGREES WITH ELASTIC MEASUREMENTS
FROM 7 10 11 MEV. ADJUSTMENTS WERE MADE PARTICULARLY TD
WT=51 TO IMPROVE AGREEMENT WITH (N,NPRIME) MEASUREMENTS.
ARD MT=51-89¢ WERE MODIFIED TO IMPROVE (SOMEWHATY AGREE-
MENT W1TH SPHERE TRAMSMISSIOK INTEGARAL MEASUREMENTS.

3. LEGENDRE COEFFICIENTS §N MFmi, MT=2 WERE NODIFIED TU IN-
CLUDE RESULTS FROM THE R-MATRIX ANALYSLIS BELOW & MEV AND
NEW EXPERIMENTAL DATA ABOVE & HMEV.

4. ANISOTROPIC INELASTIC NEUTRON ANGULAR DISTRIBUTIONS WERE
ADDED FOR MTa51-55.

5. AHISOTROPICL SECONDARY GAMMA RAY ANGULAR DISTRIBUTIONS
WERE ADDED FOR THE 4.131- AND &.F17-MEV GAMMAS.

&. GAMMA-RAY PRODUCTION CROSS SECTIONS IN MFe13 WERE AJUST-
ED TO INCLUDE THE REVISIONS [N EITEM 2 AND 5 USING GAMMA-
RAY DECAY SCHEMES FOR THE APPROPAIATE RESIDUAL NUCLEL.

7. CROSS SECTIONS FOR MI= 4 ,51-B¥,503,104,107,780-763 IN
MF=X AND 13 WERE THINNED ABDVE EN=& MEV USING THE RE-
QUIREMENT THAT INTERPOLATEDL VALUES BETWEEN ANY TWO POINTS
LIE WITHIN 2 PER CENT OF THE FINE-GRID VALUE, PROVIDING
THAT A CERTAIN BASIC GRID (200 KEV INTERVALS BELOW EN=
10 MEV AND 500 KEV ABOVE EN=10 MEV) BE MAINTAINED. BELOW
EN=s MEV., A MORE STRINGENT REGUIREMENT OF 1.00 PER CENT
WAS IMPOSED ON MT=780 AND 107.

B. THE MT=2 LEGENDRE COEFFICIENTS IN MF=4 WERE THINNED WITH
THE REQUIREMENT THAT THE INTERPOLATED ANGULAR OISTRI-
BUTION HAVE AN RMS DEVIATION FROM THE FINE-GRID SET OF
LESS THAN 2.5 PER CENT ANO THAT THE MAXIMUM EXCURSION AT
ANY ANGLE BE LESS THAN 5.0 PER LENT.

9. THE WONELASTIC CROSS SECTION (MT=3) WAS REMOVED FROM
FILE 3.

AT EAN R AN AN A F AN S AN A E S PP A F R KR Ak A E SN U TN RAI ISR NFHA AL

x a 3 * . S =
O-14 FREE ATOM EVAL. - AUG. 1971 - ¥, G.YOUNG,D.G.FDSTER,JR. CLASL)
REFERENCE -- LA-¢780 (ENDF-317&), 1972
WPeg ~======- RESUNANCE PARAMETERS —-—=-——--
MT=151 EFFECTIVE SCATTERING RADINS =0,54814£~12 CM.
MF=l ——=-r——~ SHOOTH CROSS SECTIONS ----—---
THE 220G M/5 CROSS SECTIONS ARE AS FOLLOWS,
MT=1 SIGMA = 3.7483 PARNS

MT=2 G1GMA = 3_7481 BARNS
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FET

Appendix D Sample Output Lists of RADHEAT-V4

CHARGE Q-VALUE Q=
LHANGE G-¥ALUE e =
CHANGE G-VALVE @ =
CHANGE Q-VALUE @ =
CHANGE @~VALUE Q=
CHANGE Q-VALUE Q=
{HANGE Q@-WALUE @ =
CHANGE Q-VALUE Q=
CHANGE @-VALUE G =
CHANGE Q-VALUE @ =
CHANGE B-VALUE Q =
CHANGE @-VALUE @ =
CHANGE Q-VALUE a =
CHANGE Q~VALUE Q =
CHANGE @-VALUE Q=
CHANGE G-VALUE Q.
CHANGE Q-VALLE Q =
CHANGE Q@-VALUE @ =
CHANGE Q@-VALUE e =
CHANGE Q-VALUE @ =
CHANGE G-VALUE Q=
CHANGE @-VALUE @ =
LBANGE G-VALUE @ =
CHANGE G-YALUE & =
CHANGE Q-VALUE @ =
CHANGE G-VRLUE @ =
CHANGE Q-¥ALVE Q=
CHANGE 9-VALUE @ =
CHANGE Q-VALUE G =

1
58
L]
e

ULTRA-FINE GROUP
NODE NAME = ULTX

ULFRA-FINE GROUP
NODE MAME = ULTX

ULTRA-FINE GROUP
HODE NAME = ULTX

ULTRA-FINE GROUP
HODE NAME = ULTX

ULTRA-FINE GRQUP
NODE NAME = ULTX

ULTRA=FINE GROUF
NODE WANRE = LLTX

ULTRA-FINE GROUP
NODE NAME = ULTX

INFORMATION OF DATA PODL

LDGICAL UNIT HO.
DATA SET NAME

ND .
REMAINS RECORDS

~5.05200E+04
-§.0%5200E+04
-6.131008+08
~46.91700E+08
-7.11900E+0&
-8.87200E+06
-9.59700E+04
-9.84700E+06
=1.0354CE+07
~1.D9520E+Q7
-1.10800E+07
~1.10980E+07
-1.12400E+07
-1.144C0E+07
-1.15210E+9Q7
-1.14300€E+0Q7
-1.20530E+07
-1.24£20E+07
-1.25280&+07
-1.27950E+07
-1.29470E+07
-1.31500E+07
~3,34500E+07
=1.37300E+07
-1.40500E+07
-1.43500E+07
~1.46500E407
~1.49500E+07

~1.52500E+07

EMIN
EMIN
EMIN
EMIN
ENIN
EMIN
EMIN
EMIN
EMIN
EMIN
EMIN
EMIN
EMIN
EMIN
EMIN
EMIN
EMIN
EMIN
EMIN
EMEN
EMIN
EMIN
EMIN
EMIN
EMIN
EMIN
EMIN
EMIN

EMIN

= 11349

91
5 J1444.F00L87.0ATA
OF MRITTEN RECORDS «x 150

zxx  PROCESSED REACTION TYPE =xxx
F4 & 51
59 (-1 41
&9 70 71
9 102 103
CROSS SELTIONS WERE WRITTEN TO
1274 TMP1 5IG1
CROSS SECTICNS WERE WRITTEN TO
1276 THP1 5162
CROSS SECTIONS WERE WRITYEN TO
1276 TMP1 SIGS
CROSS SECYTIONS WERE WRITTEN TO
1276 THP! SIG4
CROSS SECTICNS WERE WRITTEN TO
1276 TMP1 SIG5
CROSS SECTIONS WERE WRITTEK TO
1276 TMP1 S1GS
CROSS SECTIONS WERE WRITTEN TC
1276 TMPY SIGY7
USAGE aw=

6. 4JL00E+0S

4.43400E+05

$.51BD0E+00

7.35300E+04

7.56B00E+04

9.45100E+08

1.02020E+07

1.04680E4+07

1.5007DE+GT

1.18430E+07

1.17790E+07

1.17940E+07

1.19700E+07

1.21610E4+07

1.224B0E+407

1,23630E+07

1.28130E+07

1.3227CE+O7

1.33180€+07

1.346020E+07

1.37850E+07

1.39790&+07

1.52V80E+07

1.44170E+407

1.4F360E+07

1.52550E+07

1.53T40E+0D7

1.58930E+07

1.42120E+07

52
82

104

A DATA

A DATA

A DATA

DATA

DATA

A DATA

DATA

POOL

POOL

POOL

FOOL

POOL

FAOL

POCL

e
ce
4]
(1]
e
e
L]
ce
ca
e
e
ca
ca
ce
ca
‘e
ce
ca
ca
€]
e
e
ce
ca
ce
1]
e
ce

ce

-6 .0523I5E+06
-6.05235E+04
=6.135136E+06
=4, 9168%E4006
=7 11908E+06
~8,B7157E+0¢
-9 .59683E+04
-P.BATOSE+0S
—“1.093541E+Q7
=1 09324EH+O7
~3.10803E+07
~1.109&43E+07
-1.12600E+07
-1.14398E+07
~1.13215E+07
-5.18296E+07
-1.2C530E+07
—-1.2&424E+07
-1.25280E407
=1.27952E+07
-1.29673E+07
~1.31498E407
=1.34499E+07
-1.3T4PRE+O7
~1.40500E+07
~i.435C1E+D7
-1,.46502E+07
-1.49503E+407

~1.52503E+07

54

7L

55

I4]

MT
T
NT
HT
MY
M7
KT
T
MT
MT
NT
HT
T
NT
14
MY
KT
HT
HT
L1
M7
HT
T
nT
MT
T
MT
L1

MT

51
52
33
54
55
58
37
B3]
59
(3]
&1
&2
&3
44
45
13
a7
&8
49
0
7:
72
73
7i
75
78
77T

78

56

76

57

77
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GROUP T0TAL ABSORPVION F1SSION NEUTRONS M, GAMMAD ELASTIC CELASTIC? INELASTIC
PER FISSLON SCATYERING  SCATTERING
s 1.6420€+00  1.39936-01 0.0 6.0 7.26276-0%  9.7&54E~01  9.764TE-01  5.4555E-01
2 1.6109E400  1.85206-C1 0.9 0.0 7.7TSE0E-0%  $.BGBOE~D]  $.B47SE-01 & .4CASE-O1
3 1.8454E+00  2.0953E-C1 0.0 0.0 B.25EBE-0F  1.09B7E+00  1.09ASE+00  3.3726E-01
4 1.4032E+0C  1.9037€-01 0.0 0.0 B.7344E-0F  9.6296E-01  9.AZPLE-01  Z.49B2E-D1
5 1.2204E400  1.448BE-01 0.9 5.0 9.30656-00 B.3199€-01 8.3189E-01  2.4753E-01
& 1.2174E+00  B.2010E-02 0.0 0.0 9.9006E-09 B.91026-01 B.9192£-01  2.4352E-01
7 1.2036E+00  B.60406-02 0.0 0.0 1.0585E-08  9.5B94E-01  9.5873E-01  k.5BADE-01
P 1.0028E+00  B.1570E-02 0.0 0.0 1.1203E-08  9.0311E-01  9.030BE-01  1.5109E-02
? 1.3057E+00  2.743BE-02 0.0 0.0 1.1914E-08 1.27B3E+00 1.27B1E+00  C.0
10 1.3952E+00  9.0000€-02 0.0 0.0 1.2673E-08  1.3052E+00 3.3051E+00 Q.0
11 1.7994E+00  §.33526-02 0.0 a.0 1.3501E-D8  1.7161E+00 §.71461E+00 0.0
12 2.4509E+D0  3.54026-02 0.0 0.0 1.4377E-0B  2.3755E400 2.37SLE400 0.0
13 3.1519E400  1.7E30E-03 0.0 0.0 1.53156-08  3_1502E+00  3.1503E+00 0.0
14 1.603QE+00  1.11Y7E-04 0.0 e.0 1.6292E-08  1.302BE+00 1.6029E+00 0.0
15 1.1097E+400  3.0794E-08 0.0 0.0 1.7613-08 1.1097Es00  1.1097E+00 0.0
16 £.9310E-01  1.8444E-08 0.0 0.0 1.84206-08 A4.93106-01  4.9310E-01 0.0
17 1.4205E+00  1,94G0E-08 0.C 0.0 1.9600E-08  1.42056+00 1.4205E+00 0.0
18 211356400  Z.0864E-08 0.0 0.0 2.0B64E-08  2.11396+00  2.1139E+0C 0.0
19 2.1013E+00  2.2196E-08 6.0 0.0 2.2194E-08  2.1013£400  Z.1013£400 0.0
20 7.36526+00  7.386BE-08 0.0 0.0 2.368BE-0B  2.3852E+00  2.3452E+00 0.0
21 3.B42BE+00  Z.5163E-08 0.0 5.0 2.5183E-08  3.842BE+00  3.842BE+00 0.0
22 3.4620E400  2.4B27E-08 0.0 0.0 2.4827E-08  3.4420E+0C  3.4620E+00 0.0
23 £.63I0E+00  2.8535E-05  ©.0 0.0 2.85356-08  6.4310E+00  6.4310E400 0.0
24 3.0975E+00  3.0425E-08 0.0 0.0 3.0425E-08  3.0973E+0C  3.0973E+00 0.0
75 2.4791E+00  3.2361E-08  ©.0 6.0 3.2361E-08  2.6791E+00  2.6791E+00 0.0
26 2.7434E+00  3.4561E-08 0.0 0.0 I_4S41E-08  2.7434E+00  2.7E34E+00  ©.0
27 2.9691E+400  3.45%0E-08  ©.0 o.c 1.8450E-08 2.9691E+00  Z.94VIE+00 0.0
28 3.7BOSE+00  3.9233E-08 0.0 6.0 3.9233E-08  3.7BOSE+00  3.78Q5E+00 0.0
29 1.0308E401  4.1631E-08 0.0 6.0 4.1631f-08 1.C3CBE+D1  1.0308E+01  €.0
10 9.01H7E+QD  4.4159E-08 0.0 0.0 4.4159E-0B  9.0187E+00 9.0187E+00 0.0
31 4.3520E+00  4.4990F-08 0.0 0.0 4_4990E-08  4.3620E+00  &.34ZDE+D0  €.0
32 3.6910E+00  5.CO35E-08 0.0 0.0 5.003SE-0B  3.5910E+00  5.4910E+00 0.0
33 3.51496+00 5.3313E-08 0.0 o.0 5.33136-08  3.5169E+00  3.516%E+00  C.0
3% 3.L45¢E+00  5.649BE-08 0.0 0.0 5.4696E-08  3.L45GE+00  3.4454E400  C.0
35 3.4570E+00  6.0405E-08 0.0 0.0 & DAGSE-QB  J.4STOE+00 3 _ASTOE+00 0.0
36 I_44TFEI00  6.4326E~08 0.0 0.0 6.L326E-0B  3.4679E+00  3.467VE400  O.0
17 3.GB71£400  6.B412E-08 0.0 0.0 5.8412E-C8  3.4B71E400 3_4BT1E400  G.0
38 3.5052E400  7.2979E-0B 0.0 0.0 7.2979E-08  3.5052E+400  3.5052E+00 0.0
19 3.5274E+QD  7-7524E-08 0.0 0.0 7.752¢E-08  3.5274E400 3.5274E8+00 0.0
we 3_54BIE+00  B.27SBE~O0B 0.0 0.0 B.275BE-08  3.S4AIE+00  3.5483E+00 0.0
a1 31.5669E+00 B_7844E-DB 0.0 0.0 B.7864E-08  3.5649E+00  3.5869E400 0.0
a2 I.5856E+00  9.3850E-08 0.0 0.0 9.3850E~0B  1.S856E+00  3.5856E+00 0.0
43 3.6033E400 9.9583E-08 0.0 a.0 9.9583E-08  3.8033E+00  3.4D33E+0C 0.0
' 3.6189E+G0  1.0662E-07 0.0 a.o 1.0842E-07  3.51ZPE+00  3.81BPE+CC 0.0
s 3.4328£+00  3.1293E-07 0.0 0.0 1.1293E-07  3.632BE+00  3.4328E+00 0.0
' 3.6449E+00  1.2057E-07 0.0 a0 1.2057E-07  3.6449E+0C  3.6449E400 0.0
47 3_6360E+00  1,2834E-07 0.0 0.0 1.2B34E-07  3.46560E+00  3.5560E+00 0,0
8 1.6646E400  1.3632E-07 0.0 0.0 1.36326-07  3.6465E+00  3.6484E+00 0.C
s 3.6740E400  3.4583E-07 0.0 0.0 1.¢SB3E-07  3.4760E400  3.4740E+0DQ 0.0
50 I_6BLLE40D  1.5439E-07 0.0 0.0 1.5639E-07  3.6B44E+00  3.8B44E+00 0.0
GROUP TOTAL ARSORPTION FISSION NEUTRONS (N, GAMMA) ELASTIC CELASTIC) INELASTIC
PER FISSLON SCATTERING  SCATTERING
51 3.491BE+00  1.8410E-07 0.0 0.0 1.6410E-07  3.6918E+00 3_691BE+00 0.0
52 3.4983E+00 1.7664E-07 0.0 6.0 1.7664E-07  3.6983E+00  3.4983E+00 0.0
53 3.7040E+00  1.8585E-07 0.0 0.0 1.8585E-07  3.7040E+00  3.7040E+00 0.0
54 3.7091£+00  1.9796E-07 0.0 a.0 1.9798E-07  3.7091E406  3.7091E+00 C.0
55 3.71358+400  2.1079E-07 0.0 0.0 2.1079E-07  3.7135E+00  3.7135E+00 0.0
56 3.7175£e00  2.24228-07 0.0 o.0 2.2022€+07  3.7175E+00  3.7175E+00 0.0
57 1.7225E+00  2.4661E-07 0.0 5.0 2.4881E-07  3.7225E+00  3.7225E+00 0.0
58 3.7280E+400  2.794PE-07 0.0 0.0 2.7949E~07  3.7279E+Q0  3.72BOE+00 0.0
59 3.7323E400  3.1672E-07 0.0 0.0 3.1672E-07  3.7323E+00 3.7323E+00 0.0
&0 3.7358E+00  3.5894E-07 0.0 5.0 3.58%LE-07  3.7358E+00  3.7358E¢00 0,0
81 3.7385E+00  4.0489E-07 0.0 0.0 L.068YE-0T  3.7385E+00 3.7385E+00 0.0
42 1.7A06E+00  £.8126E-07 0.0 0.0 4_6126E-07  3.7404E+00  3.7406E+00 0.0
&3 $.7L23E400 5.2294E-07 0.0 0.0 5.2294E-07  3.7423E+00  3.7423E+00 0.0
8t I_Y436E+00  5.9Z95E-07 0.0 0.0 5.92956-07  3.7436E+00  3.7434E+00 0.0
85 1.744BE+00 6.7220E-07 0.0 0.0 4.72206-07  3.7445E+00  3.7444E400 0.0
66 I_7LSIE+00  7.61BAE-C7 0.0 0.0 7.41B4E-07  3.7453E+00 3.7453E+D0 0.0
67 3.7459E+00  B.&3ZIE-87 0.0 0.0 8.4321E-07  3.7459E+DD  3.7459E+00 0.0
8 3.7C64E+00  9.78IFE-07 0.0 0.0 9.7B1PE-07  3.7464E+00  3.7444E+00 0.0
69 1_.704BE+00  1.109BE-06 0.0 8.0 1.109BE-06  3.746BE+04  3,7468E+00 0.0
70 374716400  1.2516E+06 0.0 2.0 1.25186-08  3.7471E400  3.7471E+00  ©.0
71 I.7473E+00  1.41B1E-06 0.0 0.0 1.41816-06 3.7473E400  3.7473E+00  C.0
72 3.7675E400  1.6072E-06 Q.0 6.0 1.60726-06  3.7475E+00  3_747SE+00 0.0
73 3.7476E+00  1.8221E-06 0.0 0.0 1.B221E-06  3.7474E+00  3.7474E400 0.0
74 3. 74LTBE+G0  2.0644E-06 0.0 0.0 2.0644E-06 3.7¢7E+00  3.747HE400 0.0
75 I_7L7BE+CO0  2.3394E-06 0.0 6.0 2.3394E-06  3.747BE+00  3.747BE+00 0.0
78 I.7L7PE+00  2.6525E-08 0.0 0.0 2.4323E-04  3.7479E+00  3.7479E+00 0.0
77 I_7LBOE100  3.0088E-06 0.0 6.0 I.0064E-06  3.74B0E+00  3.7L80E¢00 0.0
78 3.76B1E+00  3.4076E-04 0.0 0.0 3.L076E~06 3.74B1E+00 3.7481€+D0 0.0
7% 3.7482E300 3.8620E-06 0.0 0.0 3.BE20E-06  3.7482E+00  3.7LB2E+00 0.0
B0 3.7LB2EFO0  4.3771E-08 0.0 0.0 L.37T1E-06  3.74B2E+00  3.7482E+0C 0.0
81 3.7483F400  4.9614E-04 0.0 0.0 L.P614E-08  3,7483E+00  3.7433E+CC 0.0
82 3.7483E400  5.6240E-06 0.0 6.0 5.62406-06 3.74BYE+00  3.7483E+00 0.0
83 3.7eBeE+00  6.3TS5E-04 0.0 0.0 §.3755E-06  3.74B4E+00  3.7434E400 0.0
B4 I.70BLE+0D  7,2278E-06 0.0 o.0 7.2276E-06  I.74B4E+00  3.74B4E+00  0.¢
a5 3.74B4E+00 B.1932E-04 0.0 6.0 8.1932E-06  3.7484E+00  3.7484E+00 0.0
86 3.7LBSEI00 . 9.2B71E-08 0.0 6.0 9.2B71E-0&  3.7486E+400 3,.7484E+00 0.0
87 3.7492E400  1.0526E-05 0.0 o.0 1.0526E-05  3.7492E+400  3.7L83E+00 0.0
88 3.7497E+00  1.1931E-05 0.0 6.0 1.1931E-95  3.7497€+00 3.74B3E+00 0.0
T 3.75016+00  1.3527E-05 0.0 0.0 1.3527E-05 3.7501€+00  3.74B2E+00 0.0
90 3.7504E+00  1.5347E-05 0.0 8.0 1.5347E-05 3.7504E+00  3,7482E+00 0.0
91 3.7506E+00  1.7419€-05 0.0 0.0 1.7619E=05  3.7506E400 3.74B2E+00 0.0
92 I.750BE+00  1.9723E-05 0.0 .0 1.9723E~05  3.7S06E+00  3.7482E+00 0.0
93 3.75106400  2.2269E-05 0.0 0.0 2.2249E-05  3.75Q9E+00  3.74B2E+00 0.0
9t 3.7511E+0C  2.5168£-05 0.0 0.0 Z.514BE-05  3.7511E+00  3.74B2E+00 0.0
95 3.75226400  2.8539E-05 0.0 0.0 2.B539E-05  3,7521F+00  3.7481E+00 0.0
96 3.7580E40C0  3.2332E-05 0.0 0.0 3.2332E-05  3.7580E+00  3.7481E+0C 0.0
97 3.7633E400  3,6455E-05 0.0 0.0 3.64556-05 3, 743IE¢00  3.74E1E+00 0.0
98 3.7674E400  4.1550E~05 0.0 0.0 4.1SS0E-05  3.7474E+00  3.7483E+00 0.0
9% 3.7738E+00  5.7418E-05  D.C 0.0 5.7¢1BE-05  3.7737E+00  3.7481E+00 0.0
100 3.7SBLE+00 1.5784E-04 0.0 0.0 1.57&6E-C4& 3.7584E+00 3.74B80F+00 0.0
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GROUP (N,2N) (N,.P) {H, ALPHA) H, D) (N.-T) {N-HE) CH,2ALP) (N, N"ALP)
1 a.¢ 3.5409E-02 9.3407E-02 1.1114E-02 0.0 0.0 0.0 Q.0
2 0.0 4.1278E-02 1.2911E-01 1.4812E-02 0.0 0.0 &.0 Q.0
3 o.0 4, 2B55E-02 1.4020E-01 EL.4T2LE-03 0.0 0.8 ¢.0 Q.0
4 ¢.0 3.0575E~-03 1.8721E-01 9. 9298E-0Q5 9.9 c.Q 0.0 0.0
5 Q.8 c.0 1.44860E-C1 o.c a.0 0.0 0.0 0.0
& 0.0 0.0 B.2010E-02 c.0 0.0 a.¢ 0.0 0.0
7 0.0 0.9 8.6040E-02 0.0 0.0 0.¢ a.0 .0
8 0.0 [ ) B.1570E-02 0.0 0.6 6.0 0.0 0.0
v Q.0 Q.0 2.741BE~02 a.d 0.0 c.o 0.0 0.0
10 4.0 a.0 9.0000E-02 0.0 ¢.0 g.0 c.0 0.0
13 0.0 0.0 8.3352E-02 Q.0 0.0 0.0 ¢.0 0.9
12 0.0 0.0 1.S40ZE-0Q 0.0 0.0 0.0 0.0 0.0
13 0.0 0.8 1.7130E-03 0.0 0.0 0.0 0.0 g.0
14 ¢.0 ¢.0 1.1135E-04 c.0 0.0 Q.0 c.0 0.0
15 a.0 c.o 1.3381E-08 0.0 [ ] 0.0 Q.0 0.¢
1é ¢.0 0.0 1.75C4E-11 0.0 a.¢ 0.0 0.0 0.0
17 0.0 0.8 g.0 0.9 e.0 ¢.0 0.0 G.0
AFTER GROUP 17 SAME AS ARBOVE
sss TNFINETE DILUSION CROSS SECTIONS (SMOOTH CROSS SECTION: WERE OUTPUT TO A DATA PDOL #2238
NODE KAME =EGRP-INFK-127&- SMT
xxx |NFDRMATION OF DATA POOL USAGE =w»
LOGICAL UNIT NO. - ?1
DATA SET NAME = J14446.POOLBT.DATA
NO. OF WARITTEN RECORDS = &
REMAINS HECORDS = 11343
sux F-TABLES WERE OUTPUT TO & DATA POOL #su
NQDE NAME =EGRP-INFX-1276- FTB
»ry INFORMATION OF ODATA POOL USAGE ==x
LOGICAL UNIT NO. - 1
DATA SET KAME = J1444.POOLBT 0ATA
NO. OF WRITTEN RECORDS = 4
REMAINS RECORDS = 1133%
exr TABLE OF THE SELF-SHIELDING FACTORS »wx
REACTIOGN TYPE = TOTAL TEHP.= 300.0
GROUP === 31G-0 ---
0.0 1.0 10.90 100.0 1000.0 14000.0
1 G.9987 0.9992 0.7998 1.0000 1.0000 1.0000
4 0.999¢ 0.999% 1.0G00 1.0000 1.0000 i.0000
3 0.9985 C.PoP0 0.99%8 1.0000 1.0000 1.0000
& 0.99L1 a.%9P65 D.9952 Q.99%99 1.0600 1.8000
s 0.9978 a.9987 o.79%8 1.0000 1.6000 1.0000
& £.9728 0.94858 C.9874 0.9997 1.0000 1.0000
7 Q.9650 0.9804 0.9962 0.999¢ 0.9995 D.999&
] 0.95%6 60,9779 G.995%9 ¢.9958 0.9998 0.99%8
9 0,%482 0.9690 0.9933 0.99%9 Q,99%6 0.9996
10 o.7200 0.9481 0.9856 0.99B88 Q.99¢%8 0. 7998
11 0.9204 0.9487 0,0875 0.998¢9 1.0014 1.6014
12 0.880¢9 0.9172 0.9757 0.9971 1.0003 1.0003
13 9.9982 0.9986 0.P994 Q.9999 1.0000 0,9999
14 0.9088 o.9385 O_?R15 a.9977 1.0001 1.0001%
15 0.9998 a.9999 0.9¢v% 1.0000 1.0000 1.0000
146 0.6397 0.8v85 C.7843 31.0001 1.0001 1.0001
17 0.9921 0.9954 C.9985 O.7998 0.9%3%4 Q9906
18 0.9478 0.9615 0.9884 ¢.9990 1.0004 1.006G4
1g Q.94458 0.9534 0.9794 0.9971 Q.999¢9 0.799%
20 0.9as51 0.9894 a.9973 0.9998 a.ev70 o.%998
21 0.9074 0.%241 Q.9704 0.9966 1.0001 1.0001
22 0.98B84 0.9751 0.%%13 0.9984 1.0002 1.0002
23 0.%579 0.94841 0.?8L4 Q.9983 0.5997 0.9997
24 G.9882 0.990% 0.9973 Q.9994 C.999¢6 Q.9998
25 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
2& 0.9991 C.9997 0.999% 1.0000 0.9999 Q.779%
27 0.9290 a.99%0 0.9%9%¢ Q.9998 1.0002 1.0003
28 Q.,9850 [1.1.51 Q.?963 C.9984 Q.9995 0.9997
29 0.B515% G.B656 0.9261 0.9872 0.9965 0.997%
30 0.8916 0.%C18 0.9463 C.9912 0.9974 0.9981
31 Q.9929 0.9943 0.9974 0.9995 1.0002 1.0Q003
32 Q.9994 0.9995 0.99%7 0.999B 0.999% 0.99%9
33 g.999¢ 40,9999 1.0000 1.4000 1.0000 1.00G0
3t 1.0000C 1.0000 1.0000 1.0000 1.0000 1.00c0
35 1.0000 1.0004 1.0000 1.0000Q 1.00Q0 1.0000
s 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
37 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
3a 1.0000 1.0000 1.0000 1.6000 1.000Q 1.0000
39 1.0000 1.0000 1.0000 1.0000 1.0000 1.0040
40 1.0000 1.0000 1.co00 1.0000 1.0000 1.0000
&1 1.0000 1.0000 1.co00 i.0000 1.0000 1.0000
[¥4 1.0000 1.0000 1.0000 1.0000 1.6000 1,0000
L3 1.0000 1.00C0 1.0000 1.d000 1.0000Q 1.0000
hh 1.0000 1.00C0 1.0000 1.0000 1.0000 1.0000
&5 1.0000 1.06000 1.0000 1.0000 1.0000 1.0000
(3] 1.0000 1.0000 1.8000 1.0000 1.0000 1.0000
47 i.0000 1.0000 1.0000 1.0000 1.0000 1.0000
11 l1.¢0c00 1.0000 i.0000 1.0000 1.0008 1.0000
49 1.q000 1.0000 i.o0000 1.0000 1.000C0 1.0000

50 1.6o0c0 1.0000 1.0600 1.0000 i.0000 1i.0000
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42 TABLE OF THE SELF-SHIELDING FACTORS =sa=
REACTION TYPE = ELASTIC

GROUP

0.0

1 G.5978
2 o.9998
3 6.9977
& 0.9915
s 0.9967
4 0.94629
7 0.9569
8 0.%507
9 0.%471
10 0.9145
11 0.9t45
12 0.8792
13 0.99863
14 0.%088
15 0.9998
16 o.6397
17 c.9921
18 0.9478
19 6.9444
20 0.9851
21 0.907¢
22 0.54B4
23 0.9579
24 0.%882
25 1.0000
26 0.99%8
27 0.9990
z8 0.9850
2% ©.8513
30 ¢.8914
31 0.9929
32 0.9994
53 V.999¢9
34 1.0000
55 1.000C0
36 1.0000
37 1.00060
38 1.0000
39 1.0000
40 1.0000
41 1,0000
%2 1.0000
43 1.0000
4 1.0000
45 1.6000
s 1.0000
%7 1.0000
48 1.0000
49 1.0000
50 1.0000

GROUP

© DWW

TEMP.

1.0
0.9987
0.9998
D.9985
0.9949
0.9981
0.9808
C.9757
©.9755
0.9683
0.%424
0.9462
0.9140
0.9984
0.9385
a.999¢9
o.8985
0.9954
0.961%
0.953¢
0.9894
©.9241
c.9751
0.9641
0.9909
1.0000
0.9999
0.9990
o.9881
0.B656
0.?018
0.9943
0.9995
0.999%
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.00400
1.0000
1.0000
1.000C
1.0000
1.0000
1.0000
1.0000
1.0000

= 300.0

8$16-0 --=

16.0
C.99%77
1.0000
0.9997
0.9va8
0.¥997
0.P964
0,.9952
0.9954
0,9932
0.984b
0.9B6Y
0.9753
0.9994
0.9835
0.999¢9
0.98&3
0.99Bs6
0.7BB%
D.?796
09973
0.9704
0.9913
0.98LS
0.9971
1.,0000
0.9999
0.99%¢6
0.9983
Q.92461
O.7483
0.9974
0.9997
1.0000
1.0000
1.0800
1.00049
1.0000
1.0000
1.0000
1.0000
1-0000
1.0000
1.0000
1.0000
1.0000
1.6000
1.0Q00
1.0000
1.0000
1.0000

cxx TABLE OF THE SELF~SHEELDING FACTORS sxn

REACTION TYPE = CAFTURE

0.¢
0,9995
1.900¢
0.9943
1.0005
1.0004
1.c00%
1.0022
1.0002
1.0004
1.0004
0.9963
o.9738
1.000C
1.0053
1.0003
1.0017
0.9984
1.0015
c.9994
c.9981
1.0045
a.9971
1.0022
1.0018
c.999¢
0.9997
0.9995
0.%%78
0.9939
1.0060
1.0015
1.000¢
1.0002
1.0002
1.0000
0.9998
1.0001
1.0000
0,9998
1.0001
1.0000
6.9998
1.0001
e.999%
¢.9999
1.0001
6.9999
1.0000
1.0000
0.5999

TEWP.

.0
0.9998
1.90001
0.9994
1.0004
1.0002
1.0003
1-0019
1.0002
1.c003
1.0003
0.%978
0.%957
1.0000
1.0024
1.00081
1.0085
{.9%91
1.00t0
0.9996
0.9987
1.9035
0.9977
1.0019
1.0012
1.0040
Q.9999
0.9994
Q.9983
0.9945
1.0054
1.0012
1.0003
1.0001
1.0002
1.0000
0.999¢%
1.0003
1.0000
0.,9999
1.0001
1.0000
0,.99%8
1.0001
0.9999
0.9%99
1.0001
¢.999¢9
1.c000
1.0000
0.9999

- 300.0

SEG-0 —r=

10.0
1.0000
1.0001
1.0000
1.0001
1.0000
1.0002
1.0002
o.999%
1.0000
1.0001
0.9995
0.9989
1.00cC0
1.0009
1.c0001
1.0000
C.99%7
1.0002
0,999%
0.79997
1.0012
0.9992
1.0007
1.0004
1.000¢
0.999¢9
0.9978
Q.,9995
D.9970
1.0028
1.0005
1.0002
1.0000
0.9999
1.0001
0.9999
D.799%
1.000%
0.9999
1.0000
1.0000
0.9999
1.0001
1.0000Q
0.9399
1.0002
1.0000
0.999%
1.0001
0.9999

100.¢
1.00006
1.Q000
1.0000
0.9998
1.0000
0.9994
0.99%4
0.9%%7
0.999¢9
0.9987
0.9988
c.9971
0.9999
0.9977
1.0000
1.0001
0.9996
Q.9990
0.9974
0.9798
0.9966
0.9984
0.9983
0.99%&
1.00400
1.0000
C.9998
0.9984
o.9872
D.9912
0.9995
0.v778
1.0000
1.0000
1.0000
1.9000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.c000

100.0
1.0000
1.0000
1.0001
1.0000
1.0001
1.0000
1.0000
1.0000
1.0001
1.0000
1.0000
0.799¢
1.0000
1.0001
1.4000
1.0000
0.999F%
1.0000
Q.9999
1.0000
1.9001
0.9999
1.0002
1.0001
1.0001
1.0001
0.799%
0.9998
0.9995
1.0005
1.0001
1.0c02
1.0000
G.5999
1.0601
i1.0000
0.v9999
1.0001
Q.999%
1.0000
1.0003%
0.999¢
1.0001
1.0000
0.999¢9
1.0002
1.0000
0.9999
1.0001
0.999¢9

1000.0
1.0000
1.90400
1.0001
1.0000
1.0000
1.0001
C.9994
0.9997
0.9998
0.%998
31.0014
1.0003
1.0000
1.0001
1.0000C
1.900%
0.9994
1.0004
0.9999
0.9998
1.0001
1.0002
G.9997
0.9998
1.0000
0.9999
1.0002
0.9995
09965
q.9974
1.0002
Q.999%
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000Q
1.0000
1.0000
1.0090
1.0000
1.0000
1.0000
i.cooo
1.0000
1.0000
i1.0c00
i.0c00
1.0000

1000.0
1.0000
1.0000
1.0001
1.0000
1.0001
1.0000
1.c001
1.0000
1.0000
1.0000
1.6001
1.0000
1.00600
1.pcoo
1.0000
1.0000
D.9999
0.9999
0.9999
1.0000
1,0000
1.9000
1.000¢C
1.0001
1.40001
0.999%
1.000%
0.99%%
0.999%
1.000%
1.0000
$.000%
31.0400
0.9999
1.c001
1.0000
0.99%%
1.0001
q.999%
1.0000
1.0001
0.9999
1.0001
1.0000
0.9999
1.0002
1.0000
0.99%9
1.0001
0.999%

10000.8
1.0000
1.3000
1.9001
1.0000
1.0000
1.0001
0.9794
C.7997
C.9998
0.9998
1.0015
1.0003
0.999%
1.0001
1.0000
1.0001
0.7996
1.0004&
0.9999
0.9998
1,0001
1.0002
0.9997
0.999&
1.0000
C.9999
1.0003
0.9997
0.%975
D.9981
1.0003
0.%99%9
1.000C0
1.00C0
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.Qoo0
1.0000
1.Cc000
1,0000
1.0000
1.0000
1.0000
1.0000
1.5000
1.9000

100000
1.0000
1.0000
1.0001
1.0000
1.6c001
1.0000
1.0001
1.0000
1.0c00
1.0000
1.0001
1.0000
1.0000
1.0000
1.0000
1.0000
0.99%99
D.99%9
0.99%99
1.0000
1.0000
1.0000
1.0001
1.0001
1.0001
0.999%
1.0002
1.0000
0.5999
1.0001
69999
1.0001
1.0000
¢,9999
1.0001
1.0000
0.999¢%
1.¢001
0.%999
1.0000
1.00C0
07999
1.0001
1.0000
0.999¢9
1.0002
1.0000
D.99F9
1.9001
0.9999
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SINK

25
26
27

29

s0C. 1
6.758644E-01
2.65062E-01
3.57528€E-02
3.50144E-0§

Appendix Id Sample Qutput Lists of RADHEAT-V4

“§0C. 2
0.0
4$.23525E-01

3.00538E-01
4.06%23E-02

a.0 L. 41503E-95
0.0 ¢.0
0.C 0.9
¢.0 0.0
0.0 a.a
0.0 a.0
0.9 2.0
Q9.9 0.0
SINK 13 THAU SINK 100
soc. 9 s, 10
0.0 0.9
SINK 2 THRU SINK 3
5.41582E-01 0.0
5.57025E-01 5.83438E-0t
1.79438E-61 4.92149E-01

&6.25703E-05

2.29304E-01
L.67136E-05

*kx ELASTIC SCATVERING MATRIX rx»

sgc. 3
0.0

o.0
§.22274E-01
3.27526E-01
1.48424E-01
1.85746E-04

AS ABOVE

SAME AS ABOVE
c.0
0.0
7.94785E-01
6,37084E-01
2.53068E-01
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arx ELASTIC SCATTERING MATREX

RADHEAT-V4: A Code System to Generate Multigroup Constants and
Analyze Radiation Transport for Shielding Safety Evaluation

NDDE NAME = EGRP-TMFX-12Vé- ELA

e IHELASTIL SCATTERLNG MATRIX

HODE NAME = EGRP-INFX-127&- INS

awx INFORMATION OF DATA POOL USAGE s»s
¢

LGGICAL UNIT NO.

DATA SET NANME

NC. OF WRITTEK RECDADS
REMAINS RECORDS
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112B%
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J1446.POOLB7.DATA

WERE OQUTPUT TO A DATA FOOL
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JAERI 1316
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Appendix D Sample Qutput Lists of RADHEAT-V4

D.2 Sample Problem for FAIR-CROSS step 2

MEMBER NAME > B:ASTEP2.TXT  -~---==--==---=------o-oooowocvomoouons oo oo mm s PAGE
LINE NO: U S S D - D N - P N N Tl PR
1 //JCLG JOB
2+ // EXEC JCLG
3 : //8YSIN DD DATA,DLM="++"
4 1 // JUSER #H¥sS#8d, g4 BHERAE, RE4F 4H
5 T.2 1.3 P.0W.2C.4 SRP
6 : OPTP PASSWORD=#####84#
T : /7 EXEC LMGO,LM="J1446.FCSTEP2X’
& : //FTVIIFCO1 DD DSN=&&F1t,.UNIT=WK10.SPACE=(TRK. (50,20}}.
g : // DCB=(LRECL=)9064.BLKSIZE=19068, RECFM=VBS)
10 ¢ //FT13F001 DD DSN=8&F3,UNIT=WK10,SPACE=(TRK. (30.,20)),
11+ // DCB=(LRECL=16804.BLKSIZE=16804,RECFM=F)
12 ¢ //FTI4F001 DD DSN=&&F4.,UNIT=WKI0,SPACE=(TRX, (50,28)J.
13 ¢ // DCB=(LRECL=19064,BLKS|2E=18068,RECFM=VB3)
14 : //FTIBFOC! DD DSN=&&FB.UNIT=WKI10,SPACE=(TRK, (50.20)3.
15 // DCB=(LRECL=19064,BLKSIZE=19068,RECFM=VBS)
16 ¢ //FTITFOO! DO DSN=&&FT.UNIT=WK10.SPACE=(TRK. (50,203},
17 © /4 DCB=(LRECL=19064,BLKS[ZE=19068,RECFM=VBS}
18 ¢ //FTI18FQO} DD DSN=&&F8.UNIT=WK10,SPACE=(TRK. (50,203},
19 ¢+ // DCB=(LRECL=19064.BLKS|ZE=19068,RECFM=VBS)
20 :  //FT2IFQ0T DD DSN=&&FA.UNIT=WK10.SPACE=(TRK, (50,200},
21 // DCB=(LRECL=19084.BLKS1ZE=19068,RECFM=VBS)
22 //FT22FC01 DD DSN=&&FB,UNIT=WK1Q.SPACE=(TRK. (80.20}) .
23 : // DCB={LRECL=19064,BLK31ZE=19068, RECFM=VBS)
24 :  //FT23F001 DD DSN=&&FC,UNIT=WK1Q,SPACE=(TRK. (50,20},
25 : // DCB={LRECL=i9064,BLKS]1ZE=18068,RECFM=VES)
26 //FT91FOG] DD DSN=J1446.POCLBT.DATA.DISP=SHR.LABEL={,,,QUT)
2T //SYSIN DD %
238 FAIR-CROSS STEP-2 SAMPLE PROBLEM NO.1
29 &UNIT ULTX=91, INFX=91,FTBL=91,3GXL=91,5ELF=91.FXSN=91 &END
30 1%¢ 2 2 100 20 16 4HEGRP C O T
31 : AIR BY ENDF/B-tV AT 300K
32 4¥% 4HAIRD 1 1 1 1 D
33 : S¥¥ 1276 1275
34 T¥¥ 1276 1275
35 ¢ %X 8.0 7.0
3B 9k 1.130E-56 4.25B0E-5
37 10%% 300.0 300.0
38 T
39 12%¥ 1 0 T
40 13¥¥ 1276 4 C O T
41 14¥X 168 608 208 308 T
42 1 13¥¥ 1276 4 QO 0 T
43 14%% 107 647 207 307 T
44 17T¥¥ 10 35RO T
45 29%% 0 Q 0o 0 T
48 ++
a7 //
48 FAIR-CROSS STEP-2 SAMPLE PROBLEM NO.2
49 ZUNIT ULTX=91,INFX=91,FTBL=81,8GXL=91,SELF=91,FXSN=81 &END
50 : 1¥% 2 1 100 20 16 4HEGRP 0 0 T
51 ¢ [RON BY ENDF/B~1V AT 300K
52 : 4¥¥ 4HIRON 1 1 1 1 O
53 ! E¥¥ 1192
54 T¥% 1192
55 : 8X%x 26.0
56 - Skx  8.464E-2
57 1 0%x 300.0
58 T
56 12¥%¢ 1 0 T
6C ¢ 13¥¥ 1192 3 0 T
61 ¢ 14¥¥ 926 126 326 T
B2 1 1T¥¥ 10 %R0 T
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MEMBER NAME > B:RSTEP2.TXT  ---------------mmmm oo oo mmecommm e e en PAGE : 2
(ST 1= o T A I - . TR DU ST U SO DR S - I S R T

B3 : 29¥%¥ 0 3 0 0 T
64 1 ++
65 : //



JAERI 1316

1¥ ARRAY

T

Appendix D Sample Output Lists of RADHEAT-V4
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NO. OF ANGULAR MESH IN CROSS SECTION TABLE--- ié
KODE NAME DF ENERGY GROUP STRUCTURE --- EGRP
TYPE OF INPUT NEUTRON GROUF STRUCTURE - 0
TYPE OF INPUT GAMMA-RAY GROUP STRUCTURE - 0
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sxx MATERIAL COMPUSITION IN THIS REGION =z

-——— MATERIAL NO. -=--- ATOMIC ATDM TEMP.
EMDF/B F-TABLE NUMBER DENSITY
1 1274 1276 8. 1.1300E-03 300.0
2 1273 1275 7. 4.250QE-05 300.0

EEEEEEEEEEEEEEEEEEEEEE£EEEEEEiEEEEEEEEEEEEEEEEEE£EEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEE EE EEEE EEEEE EEE £E EEEEE
ESEE EE EEL EEE EE EE EEEE
EEFE EEEEEEEXEE EEEEEEEEEE EEEEEE £E EEEEEF EEEEEE EEEEEE EEEEEE EEEE
CEEE EEZEcEFEFEE EEECEEESEE ETEEEE  €E FEEEEEEEEEEEEE EEEEEE EEEEEE EEEC
EEEE EEEE EEEE EE EEFEEEEEEEEEEE EEEEEE EEEE
EEEE EEEE EEEE EE EEYEEEEEEEEEEE EEEEEE ESEEE
EEEE EEEEEEEEEE EEEEEEEEEE EEEEEE EE EEEEEE EEEEEE EEEEEE EEE EETEEEE
EEEE CFEEEEEERE FEEEEEEEEE EEEEEE EE EEEEEE EEFEEE EEEEEE EEEE EEEEEE
EEEE EEEEEEEEEE EEEEEEEEEE EEEEEE EE EEEEEE EEEEEE EEEEE EEEEE
EEEE EEEEEEEEEE FEEEEEEEEE EFEEEEE EEE EEEEEEE EEEEEE EEEEEE EEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEﬁEEEEE
SEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

12¥% ARRAY 2 ERTRIES READ

T

xns READ INFINITE DILUSION CROSS SECTION wxs

MATHND= 1276 MAT=1276 O-1& PROCESS FROM ENDF/®-TV AT 3COK (TAFE 408)
MATHO= 1273 MAT=1275 N-1¢& PROCESS FROM ENDF/3-1V AT 300X (TAPE 408}
FFACTR REQUIRES BZ?1 LOCATIONS VS. AVAILABLE 300600

sxs READ F-TABLE LIBRARY =%
MATNO= 1276 MAT=1276 0-16 PROCESS FROM ENDF/B-IV AT 300K (TAPE 4DB)

MATMO= 1273 ®AT=1275 K-16 PROCESS FROM ENDF/B-IV AT 300K (TAPE 408)
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==x SIGMA-C swm

MCODE
GAP

GRP

GRP

GRP

GRR

Gap

GRP

GR?

GRP

GRF 10
GRP 11
GRP 12
GRP 13
GRP 1&
GRP 15
GRP 16
GRP 17
GRP 18
GRP 19
GRP 20
GRP 21
GRP 22
GRF 23
GRP 24
GRP 25
GRP 28
GRP 27
GRP 2B
GRP 2%
GRP 30
GRP 3%
GRP 32
GRP 13
GRP 34
GRP 315
GRP 36
GRP 37
GRP 38
GRP 39
GRP 4C
GRF 41
GRP 42
GRP 43
GRP 4
GRP 45
GRF 46
GRP &7
GAP 8
GRP 49
GRP 50
GRP St
GRP 52
GRP 53
GRP 54
Gay 55
car 56
GRP 57

RSV TRy e

12%6
5.957E+400
5.903E+00
5.57BE+00
5.2835E+00
L . BLGE+DD
S.073E+DD
5.254E+00
5.0756+00
5.311E+90
4.817E+QO
4.380E+00
7.04LBE+Q0Q
6,224 E+Q0
6.206E+00
5.217€+00
S.510E+00
5.BLTESQD
?.170E+Q0
7 .40PE+00Q
8.200E+0C
§.324E+0D
7.05LE+00
6.135E+00
5.711E+00
7.249E00
8.5676E+00
4.579E+00
B8.273E+00
?.804E+400
1.190E+01
1.09LE+01
1.§46E+01
1.206E+Q1
1.242E¢01
1.31PE+01
1.3718+01
1.818E+01
1.672E+0%
1.526E+01
1.5B2E+0Q1
1.4398+01
1.712E+01
1.789E+01
1.858E+01
1.941E+01
2.021&+91
2.096E+01
2.177E+01
2.253E+:101
2.327c+01
2.393E8+010
2.457E+OY
2.513E+C1
2.56LE+I
2.820E+01
2.4738+01
2.T3aAE+O1

Appendix D Sample Output Lists of RADHEAT-V4

127%
& LE9E~DT
4. 283E-D1
4.375E-01
I.73LE-01
3.355E-01
3.237E-01
3.200E-01
2.644E-01
3.42¥E-01
J.612E-01
4. 693E-0Q1
&.206E-11
B.380E-01
4£,153E-01
2.951E-03
1.7%0£-01
3.777E-0%
S.538E-0Q1
S.457E-01
4.268E-01
?.839E-01
9.108E=01
1.4T7E+00
B.235E-01
T.123E-01
7.29¢E-02
7.894E-01
1.005E+00
2.537E+00
2.2B1E+00
1.180E+00
$.814E~01
9.351E-01
9.214E-2)
9.191E-01
?.220€-01
?.272€-01
§.320E-01
®.379E-01
9 L34E-DY
P.ABLE-O1
7.333e~01
¢.581F~01
9.622E-01
7.559E-01
9.491E£-0D1
9.T20E-01
9.759E-01
Q.FTLE-OL
2. T9&E-OL
¢.BISE-OL
%,8336-01
Y.5LBE-01
9852601
9.874E-01
?.880E-01
9.397¢-01

saw SELF SHIELDING FACTOR =vu

MATNO=

GRDOUP

TN R

1274 HCODE=

TOTAL
P.YFTINE~OL
9 .9%954€~01
P.99418E-01
¢.%8555£-01
9.99491E-D1
P.FLIGIE-O1
9.F2536E-01
9.FILPGE-D]
¥.87557E-Q1
9.734LE5E-01
§.81614E-01
9.60023E-01
F.99249F -01
¥.754435E-01
9.99399E-01
9.71334E-01
9.9¥99BE-C1L
9.85003E-C1
9. 7846TE-O1
9.96753E-01
9.42189E-01
9.89111&£-01
7.20153E~01
99571801
9_999SVE-D1
9.99906E-01
2.993Q6E-01
9.958095-01
9.25463E-01
?.50311E-9Q2
P.9T53ITE-OL
$.99731E-01
P.999950 01
1.00001E+20
1.00G00E+C0
F.99990E-01
§.999912-01
1.00001%+00
P.999P1E-01
1.00000E+00
1.00000E+00
9.99991E~01
1.00001E+Q0Q
9.999992-01
¢,9¢9912-01
1.C0001E+00
9.9 TE-TY
2.99995E-0"
1,C000008+00C
2.7%9%65-21
1.00000:+00
1.00¢0251 00
9.959952-01

1274

ELASTIC
?.99554E=-01
P.¥9929E-01
9.99429E-01
¢-9TBVSE-01
¢.99252E~01
?.92582E-491
¥.90623E-01
9.20548E-01
9.87290E-01
9. 71575E-01
9.80718E~01
9.67545E-01
9.99249E-01
P.P5L42E-01
?.998P9E-01
?.71334E-01
9. 9TIPIE-D1
#.83003E-01
P.THLATE-D]
9.96753E-01
§.421R9E-01
%.89111€=-01
%.80153E-01
9.95710E-01
9. 999BTE-O1
?,99904E-C1
9.9PS04E-O1
9.9580%E-01
9.254463E-01
2.50311E~01
9.97537E-01
?.99731E-01
2.999965-01
1.C0001E+00
1.00000& +00
¢.99998E-01
F.99992E-01
1.00001E+00
§.99992£-01
1.00000E+00
1.00000E+00
¢.99¥1E-Q1
t.00001E+O0
1 .00000E+00
F.99991E-01
1.00001E+00
P.99997E-01
9.99997E-01
1.00000E+C0Q
P.FIVVEE-C
1.000C0E+GD
1.,00C00F+00
?.9¥995E-01

FISSION
1.00000E+00
1.00000E+00
1.00000E +00
1.00000£+00
1.00000E+0D
1.00800E+00
1.00000E+00
1.00000E+Q0Q
1.00000€400
1.000002+00
1.00000E+Q0Q
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+Q0
1.00000E+00
1.00000E+00
1.00000E+0Q0
1.00000E+Q0
1.00000E+Q0
1.00000E+QD
1.00000E+00
1.00000E+00C
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.00000E+00
1.99000E+9a
1.00000E+00
1.00000E+00
1.Q0000E+00
1.00C00E+00
1.00000E+00
1.00000E+00
1.00000E+0G
1.00000E+00C
1.00008E+00
1.00000€+00
1.00000E+00
1.00000E+00D
1.00000E+00
1.000Q0E+00
1.00000E+D0
1.00Q0Q£+00
1.,000C008+Q0
1.000008+00
1,00000E+QQ
1.90000£+00
1.00000&+00
1-00000L+00
1.00000E+00

CAPTURE
$.PPPEGTE~-OL
1.00007€+00
9.99892€-01
1.00014E+0Q0
1.00005E+QD
1.00021E+Q0
1.0003&6E+99
9.99982E-01
1.00002E+90
1.00018E+00
9.99279E-01%
9.98497E-01
9.99994E-01
1.001308+00
1.00012E+00
1.009118+00
9.9946028-01
1.00030E+00
9.¥YA3I2E-DY
¢.99405E-01
1.00160E+40
?.99016E-01
1.00096E400
1.0003RE+DD
1.00003E+00
9.99887E-01
9.99729E-01
?.99413E-01
?.PEPPEE-OL
1.00243€+00
1.00052E+00
1.00019E+00
1.00800€+00
?.99E35E-01
1.00013E+00
¥.99958E-01
?.99F04E-OL
1.00009E+00
9.99923E-01
1.00001E+00
1.00004LE+G0
9. 9FAPLE-OL
1.00012£+00
1.00000E+00
9.99876E-01
1.00016E+00
P.IPPELE-OL
9. 99499E~01
1.00008E+O0
?_99932E-01
1.0000cE«00
1.00004E+G0
9.9%887c-01%
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RADHEAT-V4: A Code System to Generate Multigroup Constants and

Analyze Radiation Transport for Shielding Safety Evaluation

aes SELF SHLELDING FACTOR saw

MATNO® 12
GROUP
1 1.
H 1-
3 9.
4 9.
H ?.
3 9.
7 .
L] ?.
9 9.
10 e
11 9.
12 9.
15 9.
14 9.
15 9.
14 9.
17 9.
18 9.
19 9.
20 L
21 9.
22 L
23 9.
2é g.
25 9.
26 9.
27 9.
8 9.
29 9.
30 9.
3i ?.
32 ?.
33 9.
34 ¥
35 9.
3& T.
37 9.
38 L
I? 9.
L0 9.
&1 ¥
&2 9,
3 9.
[¥% 9.
L5 ?.
-] 9.
(¥4 9.
(3] 9.
[ 9.
50 9.
91 @.
52
3

171 ARRAY

¥

75 MLODE=

TOTAL
QO002E+Q0
OCOO0E +00
FYOZPE-O1
99309E-01
9IBZAE-01
9384501
944L10E-01
$4931E-01
PEZFTE-01
B81447E-01
HZ555E-01
P4LTIE~DL
FSACHE-OL
F5IFTE-O1
#7IO2E-01
9TITRE-OY
IETIFE-Q1
75000E-Q1
79289E-O1
E?642E-01
424 13E-C1
42530E-01
ZBT45E-Q1
P4473E-01
980045E-0Q1
9BBS3E-01
F1901E-01
F85JBE~-01
F74BTE-01
41814£-01
F995BE-01
FOR5EE-D1
PIPSIE-T1
P99SEE-01
IVFEDE-CL
99956E-01
P99EKE-01
PIPELE-OL
P996TE-O1
9IPSLE-O1
Q9PETE-01
999STE-CL
99¢60£-01
99945E-01
99941E-01
P9985E-01
FIFESE-D
FR967E-01
PP4TE-Q1
9965 E-DY
9972

1275

ELASTIC
1.00003E+00
1.00G00E+00
9.98315€~01
9.788928-01
9. 9PTS1E-01
P.91322E-01
9.9IL0LE-QL
P.F6046E=01
F.¥7980£-01L

9.756029€-01

F.77551E-01
¢.95490E-01
P.OLETLE-OL
F.9LITSE-QL
¢ .F4858E-01
9.97LLSE-CQL
9.936B1E-01
9.7364ATE-01
P.78765E-01
9.8B930E-01
F.41450E-01
?.0R418E~01
9.28294E-01
9. FLLIPE-O1
9. 998LE-O1
9.98B0GE-01
$.91418E-01
P.98327E-01
P.9TEIFE-OL
F.4LTRIE-OF
PLIPIIRE-CL
F.9IPSRE-CL
2. PP¥ISE-OL
#.999SBE~01
F.IIRSRE-GL
F.P9956E~-C1
F.99967E-01
9.99965E-01
9.99967€-01
9.99964E-01
9.99946B8E~01
9. 9995BE~01
9 . §9940E-01
9.99965E-01
?.99941E-01
9,99965E01
?.99966E401
9.99987E-01
9.999525=01
9.99989E~01
9.99973E~01
9.999T7SE-01
§.99978E-01

FISSION
t.0000QE+CO
1.00000E+00
1.0000GE+00
1.00000E+00
1.00000E+00
t,.0000CE+00
1.00000€+09
1.00900E+00
1.00900E+00
1-00000E+00
1.00000E+00
1.000CG0E+00
1.000G0E+00
1.00000E+0D
1.00000k+00
1.00009E+00
1.00000E+00
1.00800€+00
1.00000E+00
1.,00000E+00
1.0000GE+0C
1.00000E+00
1.00000E+Q0
1.00000E+00C
1.080008+00
1.00000E+00
1.00000E+00
1.0000QE+00
1.000008+00
1.00Q00CE+00
1.90000E+d0
1.00000€+00
1.00000€+900
1,00000€+00
1,00000€+00
1.00000E+00
1.00GC0E+0D
1.0Q000E+00
1.00000E+00
1.00000E+00Q
1.0DGG0AE+00
1.00000E+00
1.00000E+00
1.00000£+00
1.000D0E+00
1.00000E+00
1.000002+00
1.00000€+0Q
1.00000E+0Q
1.00000£+00
4.00000E+00
1.00000E+00
1.2002QE+00

CAPTURE
1.00013E+00
1.00004E+00
9.99IPFE~O1
¢.99212€-01
9.98700E-01
F.94587€-01
9.903177E-01
F.EVILLE-DL
t.00036E+00
9.75414E-01
9.81790E~-01
1.803456+00
1.40020E+00
F.93254E-01
?.98952E-01%
9.75882E-01
1.00072E+00
P.9SIIPE-OL
9.F8514E-01
P.FPESGLE-C]
9.9B20LE~C1
1.00513€+00
y.97907E-01
1.0003CGE+00
1.00016£+00
1.000842+00
1.00014E+00Q
1.000128+00
1.00001E+00
9.99759€E~-01
1.00000E+Q0Q
1.000Q0E+Q0Q
1.00C00E+Q0C
F.IFIT2E-0L
9.99948E-01
F.99958E-01
9. 99944 E-01
9.999S2E~01
?.99952E~01
9,99930E~01
9, 9IVLLE~OL
9.99948E~0L
9,9995LE-01
9.9994L6E-0L
?.99PLIE-O1
9. 9994BE~1
9.99941E-01
g.99951E-QL
9.99940E~0t
?.99948E-01
9.99%53E~01
9.99949E-01
9,999452-01

EEFEEEEEEEEEEEEEEEEEEEEEEEEEFEEEEEEEEEFEFEREEEEEEEEEEEFEEEEEEEEEEE
EEEECEEEEEEEEEEEEEEFEEEEEEEEEEEECEECEEEEEEEEEEEEEFEEEEEEEEEEEEEEEE

EEEEE
EEEE
ESEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEEE
EEELEE

& EMTRIES READ

EEEEE EEEE EEEEEE

EEE EEE EEEE
EEEEEE EE EEEEEE EE EE
EEEEEEEFES EEEEEE EE E E
EEE EE EE EE Ei
ETE EE EE EEEEEE

EEEEEE EE FEEEEEE EE EEEEEE
EEEEEE EE EEEEEE EE FEEEEE
EE EEEEEE EE EEEEEE
EE EEEEEE EE EEEEEE
EEEEEEEEEEFEEEEEEEEEEEEEECEEFEEEEEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEELE
EEEEEEEEEEEEEEEEEEEEESERFEEEEEEEEEEEEEEEEFEEEEEEEEEEEEEEEEREECEEFE

EE
EE

FEEEEE
EEEE
EL
E E
EE EE
EEEEEE
EEEEEE
EEEEEE
EEEEEE
EEEEEE

EEEE

EEE
EE
EE
EE

EECEELE

EEEEE

EEEEEE EEEE
EEEEEE EEEE
EEEE

EEEE

£EECEE EEEE
EEEEEE EEEE
EEEEEE EEEE
EEEEEE ETEE
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Appendix D Sample Ouiput Lists of RADHEAT - V4

INPUT DATA
12 NCG. OF INPUT ATOMIC NUMBERS 2 16 NO. OF GROUPS
N NC. OF INTEGRATION POINTS/GROUP 10 KON -1/0/1=FLUX/NONE/SQURCE
1F NC. OF INPUT FLUXES 0 LDOK 0/3/2=PRINT X=$EC TABLE ND/PO/ALL
PRTO  07/1/2=PRINT ABSORB X-SEL NO/FEW/FINE 0 PRTL O/1/2=PRINT HEAT  X~SEC NO/FEW/FLNE
GROUP ENERGY BOUNDS
1 0.14000E+02
7 0.12000£+02
% 0.10000E+02
& 0.80000E+01
5 0.45000E+01
& 0.50000E+01
7 0.40000E+01
2 D.3000CE+0:
% 0.25000E+01
10 ©.20000E+3:
11 0.166GOE401
12 ©.13300E+01
13 0100008403
14 £,800C0E+00
15 0.60G00E+00
36 0.4DG0DE+0C
17 0.30000E+00
18 0.20000E+00
19 0.10000E+00
20 0.50000E-01
21 0,Z0CO0E-61
GRQUF  AVG FLUX AVG SEGMA S
1 1.CC000E+Q1 &.321618-02
2 1.00000E+81  7.15951E-02
3 1.0000GE+D1  B.293L8E-02
4 1.000C0E+0T 9. 6P06LE-0Z
5  1.00000E+01  1.136B1E-0%
& 1.00000E+01  1.33D45E-01
7 1.CO000E+0L  1.S7841E-01
5 1,00000E+01 1.BZA4FE-O1
¥ 1,00006E+01  2.05919E-01
16 1.00000E+01  2,3156FE-01
11 1.00000E+0l  2.50752£-01
12 1.00000E+D1  2.9:833E-01
13 1.000G0E+0i  3.34515E-01
14 1.000CCE«G1  3.76226E-01
15 1.00000E+01 4. 3£155E-01
16  1.00000E+01  5.C2207E-01
17 1.00000E+01  5.468456E-01
16 1.00000£+01  6.59888E-01
19 1.00000E+01  7.59390£-01
20 1.000COE+01  §.36323€-01
WARNING FOR NORMALIZATLON AT CROUP= 1 7.5 PERCENT
WARNING FOR NORMALIZATION AT GROUPs 2 7.1 PERCENT

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFEEEEFEEFEEEEEEEEEEEEEEEEEEEREERE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECEEEEREEEEEEEEEREEEEE

EEEE EEEEEEEEEEEEEETE
EEEE EEEEEEEEEEEEEE
EEEEEEEE EEEEEEEEEEEEEEEEEE
EEEEEEEE FEEEEFEEEEEEEEEEEEE
EEEEEEEE GTEEEEREE EEE
EEEEEEEE EEEEEEE EEE
EEEEEEEE FEEEEEEEEEEEEEEEEEE
EEEEEEEE EEEEEEEEEEEEEEEEEE
EEEEEEEE ESEEEEEEEEEEEEEEEE
EEEEEEEE EEEEEEEEEEEFREEEEEEE

EEX EELEEE EE TEEEE

EE EEEEEE EE EEEE

EEFEEE EEf EEEEEE EE EEEEEE EEEE
EEEEEEEEEE FEEEEEE EE EEEEEE EEEE
EEEEEEEGEE EESEEE EE EEEE
EEEEEEEEEE EXEEEE EE EEEEE
EEEEEE EE EEEEEE EE EEEEEEEEEEEE
EEEEEE EE EEEEEE EE EEEEEEEEEEEE
EE EE EEEEEEEEEEEE

EEEE EEE EEEEEEEEEEEE

EEEEEEEEEEEEEEEZEEEEEEEEEEEREEEELEEEEEEEEECEEEEEEEEEEEEEEEEEEEEEEE
EEFEEEEEfEEEEEEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
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RADHEAT-V4: A Code System to Generate Multigroup Constants and
Analyze Radiation Transport for Shielding Safety Evaluation

29% ARRAY 4 ENTRIES READ

T

ING WUMBER OF NEUTRON GRDUPS 100
1GG NUMBER OF GANNA GROUPS 20
In®k LENGTH COF COUPLED CRGSS SECTION TABLE 123
IKT POS. OF TOTAL CROSS SECTION 3
IHS POS. OF SELF SCATTERING CROYS SECTION 4
IFO NG. OF ANGULAR MESH 14é
NHEAT INCORP. OF HEAT GENERATION COEFF. 2]
NDISP INCORP. COF ATOMIC DISPLACEMENT (.S. 2
IPRT CROSS SECTION PRINT (O/1/2=NO/FEW/ALL) Q

CROSS SECTIONS REQUIRED 31998 COMMON POSITIONS OF THE

mxxa MACRD CROSS SECTION TADLE WAS QUTFUT TO A DATA POOL

NGDE NAME = EGRP-FX16-A[ROD-

sar INFORMATION OF DATA PROL USAGE =ns
LOGJCAL UNIT NO. =
PATA SET MAME -
NO, OF WRITTEN RECORDES »
REMAINS RECORDS -

91
J1654 PODLET .DATA
213

870

300000 POSITIONS ALLDCATED

JAERI 1316
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Appendix D Sample Output Lists of RADHEAT-V4

D.3 Sample Problem for FAIR-CROSS step 3

MEMBER NAME > B:RSTEP3.TXT

LINE NO: P I S-S ST DI ST S S DU S

. N0 g s Wy —

//JCLG JOB

/4 EXEC JCLG

//SYSIN DO DATA,DLM="++"

// JUSER #¥34idys, a8 sdigds, s 24

T.4 1.4 P.0 W.3 C.4 SRP

OPTP PASSWORD=####4#34%

/4 EXEC LMGQ,LM="J1446 . FCSTEP2X'

//FTOVF001 DD DSN=&&F1.UNIT=WK10,SPACE=(TRK., (50,20},
// DCB={(LRECL=19064.BLKS1ZE=18068,RECFM=VBS)
//FTO2FO0Y DD DSN=&&F2,UNIT=WK10,SPACE=(TRK. (50.20}),
// DCB=(LRECL=19064.8LKS|ZE=19068.RECFM=V8S)
//FTC3F001 DD DSN=&&F3,UN{IT=WK10,SPACE= (TRK. (50.20)),
//  DCB=(LRECL=190864,BLKSIZE=19068,RECFM=VBS)
//FT40F001 DD DSN=8&FA,UNIT=WKI0,SPACE=(TRK, (50,20)},
// DCB=(LRECL=189064,BLKS|ZE=19068,RECFM=VBS)

//FTHOFC0T DD DSN=J1446,GRPXSEC.DATA,SPACE=({TRK. (50,10} ), UNIT=TSSWK.
/7 DISP=(NEW,CATLG,DELETE},DCB=(LRECL=19064.8BLKS|ZE=18068, RECFM=VBS} .

/f LABEL=(,,.0UT)
//FTS1F001 DD DSN=J1446.POCLET.DATA.DISP=SHR
//SYSIN DD *

FAIR-CROSS STEP-3 SAMPLE PROBLEM NO. 1
&UNIT INFX=81,FXSN=91 &END

1¥¥ 3 1 100 20 16 4HEGRP 0 0O T
30¥¥ 3 3 0O T
31%¥% 4HAIRO
3Z%¥ 1000

T
++
i
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RADHEAT-V4: A Code System to Generate Multigroup Constants and

Analyze Radiation Transport for Shielding Safety Evaluation

1¥ ARRAY 8 ENTRIES READ
T
sxan MAIN TITLE sEax
FAIR~CROSS STEP-3 SAMPLE PRUBLEM NO.1
axxz MAIN CONTROL PARAMETERS ssxx

SELECTION OF THE CALCULATIONAL STEP - 3

NO. OF NUCLIDE OR MIXTURE TO BE FROCESSED --- 1

NO. OF NEUTRON ENERGY GRODUPS --=- 100

NO. OF GAMMA-RAY ENERGY GROUPS ——— 29

NO. OF ANGULAR MESH IN CROSS SECTION TABLE--- 14

NODE MAME OF ENERSGY GROUP STRUCTURE =--—- EGRP

TYPE OF IKPUT NEUTRON GROUP STRUCTURE —— 0

TYPE DF INPUT GAMMA-RAY GROUP STRUCTURE -—— 4]
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEﬁEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE&EEEEEEEEEEEEE
EEEEE EEE EE EE EEEEEEEEEEEEEEEE EEEE
EEEE EE EE EE EEEEEEEEEEEEEE EEEE
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EEEE EEEEEEFEEEEEEE EEEEEE EEEEEEEEEE EEEEEE EEEEEEEFEEEEEEEEEEEEEE EEEE
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EEEEE EEEEEE EEEEEE EEEEE EEEE EEEEEEEE EEEEE
EEEEEEEEEEEE EEEEEE EEEEEE EEEEEEEEEE EEEEEEEEEEFEEEEEEEEEEEEEEEEEEE EEEE
EEEE EEEEEE EEEEEE EEEEEE EEEEEEEEEE EEEEEEEFEEEEEEEEEEEEEE EEEEEE EEEE
EEEE EEEEEE EEEEEE EE EEEEEEFEEEEEEEEEEEEEEE EEEE
EEEEE EEEEEEE EEEEEE EE EEEEEEEFEEEEEEEEEEEEEEE EEEEE

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE&EEEEEEE
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INPUT BDATA LIST FOR STEP3

LOR LEGENDRE EXPANSION QORDER = 3
LIB QUTPUT LIBRARY TYPE (1/2/3/4 = ANISN/DOT/GRP.(NORMAL)/GRP.CADJOINT) = 3
IPG CRDSS SECTION PRINT (-1/0/N = ALL GROUP/NONE/33¥ARRAY) = 0

MATERIAL NODE NAME
AIRO
OUTPUT HMATERIAL NUMBER

1000

A MATERIAL-WISE TAPE WAS PROPUCED ON FT4OF001

IGM = 120
IHM = 123
IHT = 3
1HS = 4
NUP = Q
LOR = 3
MTP = 4
MATND COMMENT

1000 AIRO AIR BY ENDF/B=-IV AT 300K
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D.4 Sample Problem for TWOWAY

MEMBER NAME > B:TWOWAY TAT  ==------------———sumo - oo - oo ——— oo —o==m=r e PAGE :
LINE NO: oo bt 2 4 3 v 4 o+ 0B 0B e T8
¢ f/JCLG JOB

/7 EXEC JCLG

//SYSIN DD DATA.DLM='++"

7/ JUSER HESS$8dd, #& . t#as, Sie. 44

T.5 1.4 P.OW.2 C.5 SRP

QPTP PASSWORD=#i###1RS

// EXEC FORTT77.50="J1446.RADHEAT',A="ELM(TWOWAY) NOS"’

// EXEC LKEDTT.PRVLIB='J1446,DP0O0L2"

./} EXEC GO

10 : //FTOIFQ01 DD DSN=&&F1.,UN|T=WK10.,SPACE=(TRK, (50,10)).

11 + // ODCB=(LRECL=19064,BLKS|ZE=19068,RECFM=VBS}

12 : //FTO2F001 DD DSN=&&F2,UNIT=WK10.,SPACE=(TRK, (50.10)),

13 : // DCB=(LRECL=19064,8LKS)ZE=18068.,RECFM=VBS}

14 :  //FTO3F00Q) DD DSN=2&F3,UNIT=WK10,SPACE=(TRK. (50.10)),

15 ¢ // DCB=(LRECL=19064,BLKSIZE=13068,RECFM=VBS}

16 : //FTQ4F001 DD DSN=&&F4,UNIT=WKi0,SPACE=(TRK. (60,10,

i7T : // DCB=(LRECL=19064,BLKSIZE=19068,RECFM=VBS)

18 : //FTO8FQQO1 DD DSN=8&F&.UNIT=WK10,SPACE=(TRK, (50,10},

19 ¢ // DCB=(LRECL=19064,BLKSiZE=19068,RECFM=VYBS)

20 : //FT10F00t DD DSN=J1615.ENDFB40&.DATA.DISP=SHR.LABEL=(..,IN)

O W~ A WhH -

21 : //FT9IFO0L DD DSN=J1446.PO0L8T._DATA.DISP=SHR.LABEL=C(, ., QUT}
22 ¢ //SYSIN DD x

23 : TWOWAY SAMPLE PROBLEM NQ.1

24 SUNIT ULTX=81, INFX=81,56XL=91 &END

25 : EGRP 100 20 1 0 o]

26 1276 10 8 8-0-16 ENDF/B~-I1V 300K
27T &+ ¥

28 ¢ /7

29 TWOWAY SAMPLE PROBLEM NO.2

ag GUNIT ULTX=91, NFX=91,8GXL=91 &END

31 : EGRP 100 20 ) o} 0

32 12758 10 T T7-N-14 ENDF/B-1V 300K
A3 @ ++

34 1 /1

35 : TWOWAY SAMPLE PROBLEM NO.3

g EUNIT ULTX=91,INFX=91,8GXL=91 &END

37 : EGRP Z4]¢] 20 [ 0 0

38 : 1192 10 26 26-FE ENDF/B-1V 300K
39 ++

40 « //
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Appendix D Sample Output Lists of RADHEAT-V4

FEEEqER(E EENEEE ELELPPEL (1] EE  EEFNNERERE Erered EEEELELELE n
TEEECREEEE EEEEEEEE EEELETNEE (13 EL  EfEEREyTRE EEREREER EEECEEEEEE (13
(13 £ 113 & 113 151 113
EE EE EE EE EE L1 4 L1} 11 L1l 1 11
EEFEEEEEEE EEPECEELEL EF ET  ECEEREEREE PfEERRE CEEEEREELE EE CECEREER EX
EEEEEEERLE KEEFEEENEE EF EX EAEZEUEEEE £EFEEEE TETERELELE (14 CEEEREER EE
34 (13 L EE EE £E CE EE fE 113 [1] E¢
(14 113 (13 EL EF it & eE Er EE LE fe ¢
113 L1 RE 2 EIEREREEE i€ Ef ELEEEEEERE [P EE iE (1133
LE EE EE [13{11{1{1] £t Bl ETREEERERE EE EX (13 L1
EEEEFEEE EEZEELLE (1143143 EECEEEZERE CEEEEEEE (1] (14 ELELEdEE EREECEEQEN
ERTEFEEEFE PEERFFSVEE EEEEEEELE BEEEZCEELR ETREREZEER £t (13 JEEELECEEE EEEREPEEFE
2E EE EE 13 EE €T Ef L1
(13 |13 EE [E LE EL rERt 113 X
IE EE LE EE EE EXLEFPREE EECLECRES 1] EEEEEZENE (1]
113 13 tE EL i ECEZEEL EELTEEERE EE EEEEEERER EL
(13 e KR L 1 e EE (13 [ 13 ER
EL e iE ” iE (1} (13 (1]
EEEEREEEEE ECEEERFEEE EELELEFRER TEREEREREE EFEEFECERE e EEEEEEEREL E
CELELLEE ECEREFEE EEECELTE EELEELECEE TEEEEELE EE EEELEEEL IE
EEFECEERE KE " ket FE L3 1131214 (14 [14
EEEREREELEE EE [E ERETEEZERE EE EE  EERELEES e
EE e [ 1] EE EE (13 r EE RE
EE Et & 17 B £t " ERLE
1] 1 oEe K EE €L It EE KE LPERERECEE £
EL i RE e L4 Ef EL BT RE EEEELECECE iE
€ EE EE AE i € EE oep rFroEr /1] 33
LE EE X & (33 ke it e 11
EE EERYREES ETREEERLILE EEEEEENE EE (13 LE
EE EE  EE LEEEEREE &t EL EE EE L13
#%r START FOR PROCESSING OF ENDF/S FILE zax
MATHO OF A PROCESSING MATERIAL 15 1276
TITLE OF A FINE GROUP NEUTRON CROSS SECTIODN LIBRARY
ULTAA FINE GROUF CROS5 SECTION LIBRART
ENDF/B-1V TAPE 408 (REvV. 1) 1-SEPT-7§ &
LH THE FILE WUMBER 12
MT THE REACTION TYPE MUMBER 102
Lo THE OPTION FLAG TOD DETERMINE WHETYMER
MULTIPLICITIES DR TRANSITION PROBABILITY 1
LG THE TRANS1ON PROBABILITY ARRAY FLAG Q
L 13 THE TOTAL NUMBER OF SUBSECTIONS &
GROUP AVERAGED X-SEC FOR MT = 102
7.2827E-09 7.7580E-09 B.254BE-0% 8.7344E~0% ?.3065E~07 ?.9006E-0F
1.1914E-08 1.2673E-08 1.3503E-08 1.4377E-08 1,5315E-08 1.6292E-08
1.9600€E-08 2.0884E-08 2.2196E-08 2.3866BE~08 2.51463E-08 2_4B27E-04
3.2341E-08 3.4561£-08 3.6650E-08 3. 9233E-08 é.1631E-08 4, 4159E-08
5.3313E-08 5.4698E-0Q8 §.DLQ5E-OR &.8326E-C8 46.BL12E-08 T.2979E-08
8.78484E-08 9.3850E-08 9.9583E-038 1.0842E-07 1.1293E-07 1.2057E-07
1.4583E-07 1.5439E-07 1.4410E-C7 1.7444E-07 1.8585E~07 1.9794E-07
2.4681€-07 2.7RLIE-D7 3.1672E-G7 3. 5BR4E-D7 4. 0&89E-07 4.56126E-07
6£.72208-07 T.6184E-07 B8.6321E-07 ?.7TBIVE-Q7 1.109RE-05 1.2516E-08
1.8221E-06 2.0844E-08 2.3394E-04 2.6525E-06 5.0C44E-06 3. L075E-08
4.FB14E-DE 5,6240E-08 . I?ESE-08 7.2276E-085 9.1932E-06 ?.28T1E-06
1.3527%-05 1.5347E-05 1.7419E-05 1.9723E~05 2.2269E-05 2.514BE-05
3.44655E~05 4.1350€-05 5.76¢1BE-05 1.5746E-0¢L
L1ST OF PROCESSING DATA INFORMATION
MF THE FILE NUMBER 13
MT THE REACTION TYPE NUMBER “
NE THE TOTAL NUMBER OF SUBSECTIONS 1%
GROUP AVERAGED X-5EC FOR MT = &
5.4555E-01 L.4QB6E-O1 3. 3T24E-01 2.4982E-01 2.4753E-01 2.4352£-01
0.0 a.c 0.0 9.0 c.,0 ©.0
Q.0 0.6 Q.0 Q.0 ¢.0 G.0
8.0 0.0 0.0 0.0 0.0 c.0
2.0 0.0 0.0 Q.¢ 0.0 0.9
Q.0 e.0 0.0 0.0 0.¢ 0.0
a.c 0.9 0.0 c.0 Q.0 0.0
a.0 0.0 0.0 .0 0.0 a.o
0.0 0.0 ¢.0 0.0 0.0 o.¢
0.0 Q.0 a.0 0.0 G.a 9.0
.0 Q.0 6.0 0.0 0.0 0.0
¢.0 0.0 ¢.0 g.0 g.0 0.0
0.0 c.0 9.0 2.0
LIST OF PROCESSING DATA INFORMATICN
HF THE FILE NUMEEQ 13
AT FHE RIACTION TYPE HUMBER 22
uK THE TOTAL UMDER ©F SUBSECTIONS 1

awxs CRUTION !

SAUED REACTION TYPE MT = 22

[ 1. 14 1]

0 Et £

€ ZE EE

LI 11 EE

LI 13

E® ERRERECERE

€E EFEECEEELE

EEEEEEEEEE df €
LILTEEFEEEE  £1E SEE

€ ELEE  EZES

EE EE EELE ER

EEEELERL T

ELEEETE £ 1]

1 e zE

13 £ €
EfegEreees P EE
EEEELEEEEL EE 3
1.0585E-08 1.1203E-08
1.7413E-08 1.8428E-08
2,8535€-08 3.0425E-08
L.4990F-02 5.0035E-08
7.7524€-08 3.2750E-08
1.28345-07 1.3632E-07
2.3079E~G7 2.2422E-97
5.229LE-07 S.9295E-07
1.4181E-06 1.4072E-04&
3.8420E-06 &.377TLE-D&
1.0526E-05 1.1931E-05
2.6559E-05 3.2332E-05
1.58B40E-01 1.850¥E-02
0.0 Q.0

g.¢ Q.o

o.0 9.0

a.0 0.0

Q.0 ¢.0

c,Q e.0

o.0 9.0

0.0 8.0

a.¢ 0.9

0.0 0.0

Q.0 0.0

253
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1 2 4 51 52 53 5& 55 34 5T i 39 40 51 42 &3 13 65 13 a7
68 &% 70 71 Tz 73 e 73 7é Tr 78 79 102 103 104 107

LIST OF PROCESSING DAYA INFORNMATION

L1 THE FILE HUMQER 13

T THE REACTION TYPE NUMBER 103

NK THE TOTAL NiMBER OF SUBSECTIONS 3

GROUP AVERAGED X=SEC PCR MT = 18]
3.5409€-02 4.1278E-02 4.2B855E-02 3.0575E-03 g.0 .9 0.0 9.0
0.0 0.0 0.0 ¢.0 9.0 [ ] 8.¢ 0.0
3.0 ] 0.0 ¢.a Q9.0 Q.0 o0.¢ g.0
0.0 0,0 0.0 .9 9.9 ¢.0 g.¢ G.0
0.9 2.9 0.0 [ ) .9 0.0 0.0 0.0
0.0 0.4 0.0 0.0 a.0 Q.0 9.0 e.0
0.0 &.0 0.0 0.0 a.0 2.0 0.0 e.0
a.0 () 0.0 Q9.9 ¢.0 0.0 0.0 Q.0
a.0 0.9 0.0 9.9 0.0 4.9 a.o c.0
9.0 0.0 0.0 Q.90 0.0 0.0 g.0 0.0
Q.0 2.0 a.0 ¢.a 0.0 ¢.0 0.0 0.0
0.0 0.0 0.0 a.0 0.0 a.0 9.0 G.0
0.0 0.0 9.0 %.0

LIST OF PROCESSING DATA INFORMATION

MF THE FILE NUMBER 13

LA THE REACTION TYPE NUMBER 167

NE THE TOTAL NUMBER OF SUBSELTIDNS 4

GROUP AVERAGED X-SEC FOR MT = 107
9.3407E-02 1.2911E-01 1.4020€-01 1.8721E-01 1,4488E-01 8.2019E-02 8.4040E-0Q2 §-1370E-02
2.7418E-02 9 .Q000E-02 B.3352E-02 J.5402E-02 1.7130E-03 1.3135E-04 1.3381E-08 1.7504E-11
0.0 c.a 0.0 ¢.0 a.0 0.0 9.0 Q.0
0.0 0.0 0.0 .0 Q.0 0.0 8.0 2.0
0.0 Q.0 9.0 ¢.0 0.0 [ 6.0 ¢.0
9.0 Q.9 ¢.0 ¢.0 9.0 o.¢ 4.0 0.9
0.0 c.9 ¢.0 0.0 6.0 0.0 9.0 9.0
0.0 o.0 0.0 ¢.0 0.0 6.G Q.0 0.0
0.0 ¢.0 0.0 9.0 9.0 [ Q.9 0.0
0.0 0.0 0.0 9.0 Q.0 0.0 9.0 0.0
Q.0 ] a.0 6.0 0.0 c.0 .0 a.o
0.0 9.0 0.0 0.¢ 0.¢ Q0.9 ¢.0 c.0
0.0 c.0 0,0 0.¢

+as INFORMATION QF DATA POOL USAGE w=¢
LOGICAL UNIT nO. a
DATA SET KAME 3
NO. OF WRITTEN RECCRDS =
AEMAINS RECOADS =

?1
J1444 . POOLBT.DATA

1

10895

sxa [NFORMATION OF DATA POOL LSAGE #3w
LOGICAL URIT NO. = 9
DATA SET NAME
HO. OF WRITTEN RECORDS
REMAINS RECORDS

1
J1446,POOLAT ., 0ATA

FEI']

1
L08%4

max INFORMATION QF DATA POOL USAGE wxa
LOGICAL UNIT RO, = 9
OATA SIT NAME El
M. OF WRiTTEN RECCRDS =
REWAING RECORTS =

1
J1L44 . POOLAT . DATA
3

10391

sum THIS SECOMOARY GAMMA-RAY DATA [5 WRITTEN OM A DATA POOL.

TITLE MAT=1274 0-16 PROCESS FROM EMOF/B-IVW AT 300K (TAPE 408}

HATNO LOENYIFICATIGH (CDE OF ELEMENT 1274
T REACTICOH TYPE CODE 102
iTHO SECTION OF THE SECONDARY GAMMA-RAY 1
1COH WEIGHTING OPTION FOR ENERGY SPECTRA 1}
KEY 0o
xxa [NFORMATION OF OATA PQOL USAGE as=x

LOQGICAL UNLIT RO. = 91

PATA SET MAME * J1446.POOLBT.DATA

ND. OF WRITTEN RECCRDS a 1

REMAINS RECORDS = 108%0
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Appendix D Sample Qutput Lists of RADHEAT-V4

axx

YEILDS FOR REACTION ass

MFu 12 13 13 13
THG MY i02 HT 4 ur 0% MT 107

1 2.BS5400E+00 4.4237BE-Q1 7.57014E-01 9.47093E-01

2 2.85400E+00 B_R2740E-01 7.941932-01 9.70116£-01

3 2.85400E+Q0 I[.24234E+00 A.25519E-01 ¢.344096-01

4 2.,85400E+400 1.29752E+00 B.91597E-01 9,.5490FE-O1

5 2.B5400E+00 1.20412E+0D 0.0 7.70337E-01

& 2.05400E+00 1.25003£+00 0.0 5.62132€-01

7 2.B540CE+00 1.51418E+00 9.0 1.02239€-01

3 2.054Q00E+00 1,58546E+00 0.0 1.24018E-02

9 2.854G0E+00 0.0 0.0 3.151536-03

10 2.85400E+C0 0.0 0.0 .9

11 2.8540Q0F+C0 0.0 0.0 c.o

12 2.85¢00E+C0 GC.0 0.0 0.0

13 2.854Q0FE+0Q 0.0 a.c 0.0

14 2,33400E+00 0.0 a.0 0.0

15 2.85400E+00 0.0 0.0 2.0

14 2.85400E+00 0.0 9.0 o.0

17 2.85400E+00 0.0 Q.0 Q.0

18 2.85400E+00 0.0 o.a 0.0

19 2.B540CE+00 0.0 0.0 Q.0

2% 2.B54C0E+0C 0.0 &.0 4.0

2l 2.85400E+0C 0.0 0.0 Q.0

22 2.83400E+C0 0.0 0.0 0.0

23 2.B540QE+00 0.9 a.4a 0.0

24 2.,854Q0QE+0Q 0.0 a.0 6.0

25 2.0%600E+00 0.0 0.0 0.0

26 2.85400E+00 (.0 0.8 0.0

27 2.8560CE+00 0.0 6.0 G.0

28  Z.85400E+09 0.0 ¢.0 8.0

29 Z.85400E+00 0.0 0.0 0.0

30 2.BSLODE«00 0.0 0.0 0.0

31 2.85400E+00 0.0 9.0 0.0

32 2.B5400E+GQ 0.0 0.9 2.0

33 2.8%400€+090 0.0 G.0 Q.0

3L 2.854Q0€E+00 0.0 ¢.a 0.9

35 2.85400E+00 0.0 [ ] G.a

36 2.85400E+0C 0.0 0.0 9.0

37 2.85400E+00 0.0 9.0 9.0

38 2.85¢CG0E+00 0.0 9.0 Q.0

39 2.B54Q0E+00 0.4 a.o0 9.0

€0 2.854L0DE+C00 0.0 0.0 2.0

41 2.85400E5+00 0.0 0.0 9.0

42 Z2.85400E+00 0.0 0.0 0.0

43 2.854DOE+D0 0.0 0.0 o.q

44 2.B54Q0C+0C 0.0 0.0 c.o

£5  2.854L00E+00 0.0 0.0 0.0

486 Z,85400E+00 0.0 9.0 0.0

47 2.35400E+00 0.0 0.Q 0.%

t8 2.25400Q0E+30 0.0 9.0 o.e

49 2.B540Q0E+Q0 0.0 0.0 a.¢

50 2.85¢00E+00 0.0 0.0 2.0

31 2.B54002+00 0.¢ c.o 0.0

52 2.8554002+00 0.0 0.0 0.0

$3  2.854005+00 2.0 0.0 Q.0

$4 2.35CC0E+00 0.0 0.0 5.0

$% 2.85400E+00 0.0 () 0.0

as«s PROBABILITY FOR MF= 13 MT= & zsa

6 oGP 1 G GF 2 G GF 3 @ GF & G Gp 5
0.0 2.0 1.01371E-02 2.21998E-01 3.28173E-01
0.0 a.¢ 1.06793E-02 2.49143E-01 3.2592%E-01
9.0 0.0 8.52403E-03 2.00711E-0Y 2,98234E-01
0.0 0.0 4.7810LF-03 2.64T46E-01 3. 34874E-01
0.0 0.0 4. 08922E-Q&4  2.14402E-01 4,50&430E-01
0.0 0.0 0.0 1.46104E-01 4 .55044E-01
a.c o.¢ 0.0 1.15427E-02 3.07167£-0%
Q.0 Q.9 e.0 a.0 2.44024E-01
0.0 Q.0 a.0 0.0 Q.0
H GP 10 THRU N GP 100 SAME AS ABOVE

6 6P 9 G GP 10 GP 11 G GP 12 G GP 13
1.386735-02 2.370¢8E-02 0.0 0.0 H._32033E-0%
6.25801E-03 2.L91ECE-02 0.0 Q.0 9 .0FLFIE-OS
3.B1114E-C4 1.938%4E-02 0.0 0.0 7.5905¥E=-05
0.4 1.58223E-02 0.0 2.0 1.102598-04
0.0 ?.54154E-04 ©.0Q 9.0 7.56Q008E-05
0.0 Q.0 ¢.a 0.9 4.23038E-0F
2.0 0.0 0.0 o.g 2.55087E-05
0.0 Q.0 0.0 0.6 a.o
0.0 o.0 a.0 0.0 Q.0
K GP 10 THRU N GP 100 SAME AS ABOVE

a GP 17 G P18 G GP 1¥% & GP 20

0.0 0.0 6.0

2 THRU N GP

100 SANE AS ABOVE

G GPF & G Gp 7
7.Z8024E-02 1.4B877E-0Z
3.28546E-02 9.9T456E-03
2.00087E-03 B.27006E-04
0.0 0.¢
2.9 4.0
2.0 G.0
2.0 6.0
9.0 0.0
e.0 0.0

G GP 14 G GP 15
4.0 2.070%0E-01
0.0 2.294328-01
6.0 3.793181€-03
2.0 3.08087E-01
0.0 J.2PLIJE-01
0.0 3.98B10E-01
a.40 &.81288E-01
0.0 T7.35977e-01
¢.o 0.4

G GP 8
1.072364E-01
1.127256-01
§.99758E-02
7.157TLE-02
4.31840E-03

I3

oo
oo

4 GP 14

“ooccoDooo

bDoocooooDOQ

233
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Appendix Id Sample Output Lists of RADHEAT-V4

D.5 Sample Problem for DIAC

MEMBER NAME > B:QIACT.TXT
LINE NG:

0~ bW —

AL U IR S-S U DU ST TR S
//JCLG JoB
s/ EXEC JCLG
//SYSIN DD DATA,.DLM="++"
// JUSER #itsB#Eds, 48, 8, s #¥
T.6.1.5 P.O W.2 C.5 SRP
OPTP PASSWORD=##R#¥it#

//DIAGC EXEC LMGO.LM="J1446.DI1ACX" . OBSIZE=137,.ORECFM=FA
//FTOTF001 DD DSN=&&F1,UNIT=WK10,SPACE=(TRK, (300,100}) .,

/f DCB=(LRECL=19064,BLKS|ZE=19068,RECFM=VBS}

//FT02F001 DD DSN=8&F2.UNIT=WK10,SPACE=(TRK, (300,100},

// DCB=(LRECL=19064.BLKS|ZE=19068, RECFM=VBS}

//FTO3F001 DD DSN=&&F3,UNIT=WK1C,SPACE=(TRK, (300,100}),

// DCB=(LRECL=19064.BLKS|ZE=19068.RECFM=VBS}

//FTO8FCO1 DD DSN=&&FB.,UNIT=WK1G,SPACE=(TRK, (300.100)).

// DCB=(LRECL=190864.BLKS{ZE=19068,RECFM=VBS)

//FT12F005 DD DSN=&&FB,UNIT=WK10,SPACE=(TRK. (300.100)) .,

// DCB=(LRECL=19064,BLKS|ZE=19068,RECFM=VBS)

//FT20F001 DO DSN=&&FC.UNIT=WK10.SPACE=(TRK. (200.100)),

// DCB={LRECL=19064.BLKS|ZE=19068.RECFM=VBS}
//FTI1F001 DD DSN=J1446.POCLBT.DATA,DISF=SHR
//SYSIN DD x

DIAC SAMPLE PROBLEM NO.1 - (IRON-AIR) CONFIGULATION
GUNIT FXSN=91.FLX1=91,FLX2=0 &END
(4¥¥ 10026 0 0 0 0 1 0 0 O O
(B¥¥ 77T 0 16 16 3 1 0 2 19 0 120 3 4

000 1 2 8 0 1 00 ! 2 0 0 0
16xx 1.0 0.1 1.0-4 1.4208582 3R0.0 1.0 0.0 .5 2
B¥x 0.0 0.0244936 0.0413296 0.0392569 0.0400796 0.0643

0.0442079 0.309085 C.1371702 1N8

123
1 1

0 0 2 2 0

0
.0-4 3R0.QT
754

Tk -0,9902984 -C.89805009 -0.8092855 -0.8319966 -0.7457506

-0.6504264 -0.5370966 -0.3922893 -0.1389568 M8 T

13¥¥ A4HEGRP 4HFXI6 4HIRON 4HAIRD T

OCoOoOooOoDooOoOO0OOOCOQOO0OO0O

8R1.
&RT.
8RZ.
8R4,
8R3.
8R5.
8R4.
8R3.
8RZ2.
"8R1.
BR3.
8R5.
8R3,
&R1.

T962E-3
T603€E-3
4542E-2
BBGIE-2
BY48E-2
48B9E-2
4425E-2
2480E-2
1921E-2
4D1TE-2
6337E-3
2226E-3
0848£-3
4946E~3
T

18%k 8RO.0 BR!.8345E-4 GRO.0 8R1.005SE-3 8RO,
9R0.0 BR3.30T3E-3 GSRO.0 8RE.3987E-3 S8R0,
9R0.0 8RI1.0485E-2 9RD.0 8RZ2.T7372E-2 9RC.
SRO.0 B8R2.3317TE-2 9R0O.0 @8Rb.GB20OE-2 SGRO.
GRO.0- 8R5.2674E-2 9RC.0 B8R5.BGB4E-Z SRO.
SRO.0 8R7.54Y0E-2 9RC.0 BRH.TIB3E-Z 9RO.
9RC.0 B8R5.1871E-2 9R0O.C BR4.8635E-2 3RO.
9RO.0 8R4.0553E-2 9RO.C 8R3.6464E-2 9RO.
9R0.0 8RZ2.8699E-2 9RO.0 B8RZ.5156E-2 9RC.
9R0.C 8R1.3004E-2 QRO.C 8R1.5328E-2 9RO,
9RO.C 8R1.1989E-2 9RD.0 8R1.0221E-2 9RO.
9RO.0 B8RT.3178E-3 9R0.0 &R6.1810E-3 9RO.
9R0.0 8R4.3684E-3 9R0.0 8R3I.G6T3BE-3 9RO.
9RO.0 B8RE,1313E-3 GRO.0 8R1.6834E-3 GRO.
9R0.0 8RI.17TIE-3 SRO.0 8R1.038%E-3 FO.C

3k FQ.C T

1¥¥ FO.C

4¥x 0.0 0.4 610.88 218.38 11.38 13.38 18.38 28.38 48.38 78.38 108.3
168,758

E¥x F1.0

8¥¥ 2R1 TRI 10R2

g¥¥ ! 2 T

++

/f
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DIAC SAMPL

RADHEAT-V4: A Code System to Generate Multigroup Constants and
Analyze Radiation Transport for Shielding Safety Evaluation

E PROBLEM NO.% CTRON-AIRY CONFIGULAT

14¥ ARRAY 11 ENTRLES READ

15¥ ARRAY 34 ENTRIES READ

186% ARRAY 14 ENTRIES READ
T

13590 LOCATIONS WILL BE USER FDR THIS PROBLEM

&% ARRAY 17 ENTRIES READ
72 ARRAY 17 ENTRIES READ
T
139 ARRAY L ENTRLES READ
T
9429 LOCATIONS WILL BE USED T READ X-SEC.
ANGULAR CROSS SECTION LLBRARY 15 USED --- ANGULAR MESH
1GMNS100 LGMGe 20 IHM=123 1SCT= 14 MTP= 2
ANGULAR MESH BOUNDARY
~1,0000E+00 —9.7285E=01 -9.1059E-01 -8 1544E-01 -6.9081E-01 -5.4121E-C1 -3,7205E-01 -1.89456-01
4.7205E-01 5.4121E-01 6.90B1E-03 &.154KE-01 9.105PE-01 §.7285€-01 1.0000E+00
MATERIAL ID. NUMBER
IRON ATRO
18» ARRAY 2040 ENTRIES READ
T
3 ARRAY 19 ENTRIES READ
T
1+ ARRAY 120 ENTRIES READ
4 ARRAY 20 ENTRIES*READ
Se ARRAY 120 ENTRIES READ
BY ARRAY 19 ENTRIES READ
9% ARRAY 2 ENTRIES READ
1
0 I AC CONIROL OPTIONW
NG WO. OF NEUTRON  EMERGY GROUP 100
166 NO. OF GAMMA-RAY ENERGY GRQUP 20
KHREAGCT 0f1¢2/3= HEACTIOH RATE NO/CARD/TAPE/DATA PDOL a
NHELM  HG. DF WEUTACH RESPONSE 0
NGELM  NO. OF GAMMA-RAY RESPONSE 0
TIANLL O/1=PRINT ANGULAR FLUX ALL/INPUT °
11BOUD O/1aPRINT TOTAL FLUX AT MID./BOUND. 1
11SPTM D0/1/2=PRINT SPECTRUM WO/OELTA E/DELTA U Q
NACTPR O/1=PRINT ACTIVITY NORMAL/DETAIL I
NRESAT O/1=USE RESTART OPTION NO/YES I
NPLDY O/ 1=QUTPBT PLOT DATA NG/YES [}
I PROBLEM 1D NO. 77 1TH  0/1 » REG./ADZ. [
1SET  NG. GF ANGULAR MESH 16 1SK  QUADRATURE ORDER 16
IGE  1/243 « PLAJCYL/SPH E 1BL  0/1/2/3 » NO REFL/REFL/PER/MMITE 1
IBR  RT. B.(. SAME AS LEFT B.C.,1BL o 114 NO. DF ZOWES 2
in NO. GF LNTERVALS 1% TEVT QFIL27/30A7578=Q/K/ALFHASCIIFA/H 0
1GM  ND. OF GROUPS 120 1RT  POS. DF SLGMA ¥ 3
IHS  POS. OF SIGMA GG % INM  TABLE LENGTH 123
us NOT USED o MWCR NOT USED 0
MTP  NO. MATLS. FROM L1B TAPE 2 nT NG. OF MATLS. F
IDFM G/ 1=NONE/DENSITY FACTORS (2ix} o IPVT  07172=WONE/K/ALPHA 0
IGM  O/1*HONE/DLST. SOURCE a IPH 0/3/INeNDNE/S{MM, LPP) /5 (MK, 1M) 1
1PP INTERVAL QF SHELL SOWRCE F TLW  INNER 1TER. MAX. BO
1Pl O/1/2/3=NO/PRNT ND/PNCH N/BOTH o 1Dz WOT USED 1
ID3  O/H=NO/N ACT. BY ZONE o IDL  0/1=NG/N ACT. BY INT, 0
JCH OUTER ITER. MAX. 1 IDATL 0/1/2wNO/MEH/MAX TAPE 2
IDATZ Qf1=NO/DIFFUSLONCZGE) o IFG D71=ND/FEW GRP. o
1FLU  0/1/2=BOTH/LINEAR/STEFR o LEN  0/1/2%IMPUT 2x/3n/FREV. CASE 1
JFRT 071 = PRINT X-SEC/DO NOT 1 LXTR  ©0/1=CALC/READ P-L CONSTANTS 0
EV EJGERVALUE GUESS 1.C00CQE+DO EVH EIGENVALUE MODIFIER 1.00000E-01
EPS  PRECISICN DESIRED 5.99998E-D5 BF BUCKLING FACTOR 1.47CASE+CO
DY CY¥L CR PLA HELGHT 0.0 DI PLANE DEPTH ¢.0
pEM1  KT. FOR VOLD CUHR, 0.0 XANF  NORM. FACTOR 1.00000E+00
PV IPVT1/2 - K/ALPHA " 0.0 RYF  LAMBDAZ RELAXATICHN 5.00000E-01
XUAL PT CNVRG EPS. IF .NE.O 2.00000E-04 XLAH 1-LAMBDA MAX.-SEARCH 0.0
EGL  EV CHANGE EPS.-SEARCH 0.0 ANFM  NEW PARAM. NOD,-SEARGH 0.0

0.0
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OUTER
o
GRP .
GRP .
GRP.
GRP .,
GRP.
GRP.
GRP.
GRP.
GRP.
GRP
GRP
GRFP,
GRP.
GRP.
GHP .
GAF .
GRP.
GRP .
GRP.
GRP.
GRP .
GRFP .
GRP.
GRP.
GRP.
GRP.
GRP.
GRP.
GRP.
GRP.
GRP.
GRFP .
GRP.
GRP.
GRFP.
GRP,
GRP .
GRFP .
GRP.
GRP.
GRF.
GRP,
GR¥# .
GRP.
GRF .
GRP .
GRP.

GAP .
GRE,

GRF .

GRE .

GRP .
GRP,

GRP .

GRP .
GRP.,
GRP,
GRP .
GRF
GRF .
GRP .
GRP,
GRP.
GRP .
GRP .
GRF .,
GRP .
GRP
GRP .

IMNER

WD OB

e b e ke
NE MR AN SO

18
1%
20
21
22
23
24
25
28
27
z8
2%
30
£
32
33
3é
35
38
37
3a
kL
L0
&1
&2
43
23
L3
46
[¥4
4B
9
50
51
22
53
sS4
5%
sS4
s7
58
5%
&0

61
62
&3
1%
45
bé
67
&8
oF
70
71
72
73
74

s

78
77

57
98
%
100
101
102
103
104
10%
H 1
107
108
10%
110
111
112
113
114
115
116
117
118
119
120

824
B28

o ¢.0
REQUIAED
REGUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REGUIRED
REQUIRED
REQUIRED
REGUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REGUIRED
REQUIRED
REQULIRED
REQUIRED
REQUIRED
REQUIRED
REGUIRED
REGUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIREC
REQUIRED
REQUIRED
REQUERED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REGQUIRED
REQUIRED
REQUIRED
REGUIRED
REQUIHED
REAUIHED
REGUIRED

AEQUIRED
REGVIRED
REQUJAED
REQUIRED
REQUIRED
REGUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQULRED
REAULRED
REGUIRED
REAUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQULRED
REGUIRED
REGUIRED
REQUIRED
REQUIRED
REQUIRED
REGUIRED
REGUIRED
REQUIRED
REQUIRED
REGUIRED
REQUTRED
REQUIRED
REQUIRED
REQULRED
REQUIRED
REQUIRED
REQUIRED
REGUIRED
REQUIRED
REGUIRED
REGQUIRED
REQUIRED
REQUIRED
REQULRED
REGUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REQUIRED
REGUIRED
REGQUIRED
REGUIRED
REQUIRED
REQUIRED

NEUT

7
7
7
7
7
7
7
3
8
7
8
?
]
9
8
?
7
7
?
;
7
s
H
8
8
7
7
&
2
3
'
7
7
7
3
8
7
7
&
7
7
8
?
8
7
7
8
?
7
?
7
7
<
5
5
&
7
5
2
[

9
L
9
9
¢
®
@
k4
8
B8
3
B
B
B
L]
7
7
7
7
?
7
7
7
7
?
7
7
7
7
7
?
7
7
7
7
7
7
¥
g
7
1
3
3
3
4
3
4
L
4

3
L

5

5
3
&
&
7

7
S

~

Appendix D Sample Qutput Lists of RADHEAT-V4

BAL UPSCATTER RATI1O EIGENVALUE

0.0 ¥.99P9986E-01 0.0
ITERATIONS. MFD OF 7_.59057E-05 OCCURRED I[N
ITERATICNS. MFD OF 5.87252E~05 OCCURRED IN
ITERATIONS. MFU OF C.74877E-05 OCCURRED IN
[TERATIONS. MFD OF 7.683%5E-05 CQCCURRED 1IN
ITERATIONS. MFD OF 1.02104E-04 OCCURRED IN
ITERATIONS. MFD OF 9.092BSE-05 OCLURRED 1IN
ITERATIONS. MFD OF 1.22738E-04 OCCURRED 1IN
1TERATIDNS, MFD OF &£.55437E-Q5 OCCUSRED 1IN
JTERATIONS, MFD OF 5.40B13E-05 OCCURRED IW
ITERATIONS. MFD OF %.19305E-05 OCCURRED INM
ITERATIONS. MFD OF 7.1B021E-GS5 OCCURRED IN
ITERATIDHS. MFD OF 9.56342E-05 OCCURRED 1M
ITERATIONS. MFD CF 3.B4516E-05 OCCURRED 1N
ITERATIONS., WFD OF 4.02918E-05 OCLURRED 1IN
ITERATIONS. MFD OF &.4B233E-D5 GCCURAED IN
LTERATIONS. MFD OF 9.8B859E-05 OCCURRED IN
ITERATIONS. MFD OF B.70494E-05 GCCURRED 1IN
TTERATIONS. MFD OF &.50B02E-05 OCCURRED IN
ITERATIONS. MFD QF B.36779§-05 OCCURRED 1K
TTERATLONS. MFD OF 4.25552E-05 OCCURRED IN
LTERATIONS, MFD DF 5.897B3E-05 ODCTURRED 1IN
ITERATIONS. MFD DF &6.97114E-05 DCCURREP IN
ITERATIONS, MFD OF & ,27641E-D5 QCCURRED IN
ITERATIONS. MFD DF 3. 46%¥96E-05 OCCURRED IN
I1TERATIONS. MFD OF B.03316E-05 OCCURRED 1IN
ITERATIQONS. MFD OF 4.37191E-05 OCCURRED IW
ITERATIONS. MFD OF 4.32357E-05 OCCURRED IN
ITERATIONS. WFD OF 3.7833BE-C5 OCCURRED W
ITERATIONS, MFD OF 3.1DB77E-0% OCCURRED IN
ITERATIONS. MFD OF 5.10631E-05 OCCURRED IN
ITERATIONS. MFD OF 3.22598E-05 OCCURRED IN
ITERATIONS. MFD OF 5.16973E-05 OCCURRED IN
ITERATIONS. MFD OF 4.43167E-05 OCCURRED IN
ITERATIONS. MFD GF 9.71353E-05 OCCURRED IN
ITERATIONS. MFD QF Z.39673E-05 OCCURRED 1¥
ITERATIONS. MFD OF 8.B7314£-05 OCCURRED I
ITERATIONS. MFD QF 2.57984E-05 OCCURRED IN
ITERATIONS. WFD OF 9.40394E-05 OCCURRED IA
TUERATIONS. MFD DF B.82452€-05 OCCURRED IN
ITERATIONS. MFD OF &.3£939E-05 DCCURRED IN
LTERATIONS. MFD OF 1.09BB&E-04 DCCURRED IN
TTERATIONS. MFD DF 9.41345E-05 QCCURRED IN
LTEAATLONS. MFD OF 6.10265E-0F QOCCURRED [N
ITERATIONS. MFD OF B.447486E-05 OCCURRED IN
ITERATIONS. MFD OF 9.73599E-05 OCCURRED IN
ITERATIONS, MFD OF 1.45421f-04 OCCURRED [N
ITERATIONS, MFD OF &,92747E-05 OCCURRED IN
ITERATIDNS, MFD GOF 1.63881E~04 DCCURRED IN
TTERATIONS. WFD DF 1.92955E-04 OCCURARED W
ITERATIONS. MFD OF 1.19&30E-04 OCCURRED 1IN
ITERATIONS. MFD OF 5.97024E-0F GCCURRED 1N
TTERATLONS, MFD QF 7.42927E-05 OCCURRED IN
ITTERATIONS. MFD QF 1.98791E-04 OCCURRED 1M
ITERATIONS. MFD OF §.7247ZE-05 OCCURRED 1IN
ITERATIONS. MFD OF 2,29465€-05 DCCURRED 1IN
ITERATIONS. WFD OF 5.B1B53E-0% OCCURRED IN
LTERAFIANS. WFD OF B.519S8E-05 OCCURRED [N
ITERATIONS, MFD OF 1.37030E-0¢ OCCURRED IN
ITERATIONS. MFD DF 1.84536E-0¢ QCCURRED IN
ITERATIONS. MFD OF 7.Z2B429E-05 OCCURRED 1Kk
ITERATIONS. MFD OF 1.1802BE~04 DLCURRED IN
TTERATIONS. MFD OF 1.73745E-04 OCCURRED IN
ITERATIONS, MFD OF 1.22183E-04 QCCURRED 1IN
LTERATIONS. MFD DF 1,.48127E-0&4 OCCURRED [N
ITERATLONS, MFD OF 1.58B42E-04 DCCURRED IN
ITEAATIONS. MFD GF 1.50994E-04 DCCURRED IN
TYERATIONS. MFD OF 1.12931E-04 OCCLRWED IN
ITERATIONS. MFD OF 1.25521E-04 OCCURRED IN
ITERATIDNS. MFD DF 31.93275E-04 OCLURRED IN
ITERATIONS. MFD OF 1.67178E-04 OCCURRED IN
ITERATIONS. MFD OQF 1,50999E-04 OCCURRED IN
ITERATIONS. MFD OF 1.401862E-04 OCCURRED IH
ITERATIONS. MFD OF 1.25476E-0L OCCURRED W
LTERATIONS. MFD DF 1.19150E-D4 DCCURRED IN
LTERATIONS, MFD DF 1.09§74E-04 DCCURRED IN
TTERATIONS, MED OF 1.,B5011Er0L OCCURRED IN
ITERATIONS. MFD OF 1,.77922E-04 CCCURRED 1IN
ITERATIONS. MFD OF 1.71303E-04 DCCURRED IX
ITERATIONS. MFD OF 1.68248E-D4 OCCURRED IN
TTERATIONS. MFD OF 1.65627€-94 OCCURRED 1K
ITERATIONS, MFD OF 1.61658E-04 OCCURAED N
ITERATIONS. MFD OF 1.57004F-04 OGCURRED IW
ITERATIONS. MFD OF 1.52382E-04 OCCURRED IN
ITERATIONS. MFD DF 1.49700E-O¢ DCCURRED IN
TTERATIDONS. NFD OF 1.49110E-04 OCCURRED IN
ITERATIONS, MFD OF 1.47889E-04 OCCURRED IN
TYERATIONS., MFU OF 1,44970FE-04 OCCURRED IN
JTERATIONS . MFD OF 1.4601BE-04 OCCURRED IN
ITERATIONS. NFD OF 1.43945E-04 OCCURRED IM
ITERATIONS. MFD OF 1_44BOOE-04¢ OCCURRED W
ITERATIONS. MFD OF $.44177E-04 OCCURRED IN
ITERATIONS, MFD OF {.45103E-06 OCCURRED IN
ITERATIONS. MFP OF 1.43014E-C4 CGCCURRED IN
JITERATIONS, MFD OF 1.40B3BE-04& QCCURRED INW
ITERATIONS. MFD OF 31.41547E-04 OCCURRED IX
ITERATIONS. MFD OF 1.31984E-06 OCCURRED IN
ITERATIONS, MFD DF 1.31063E-0& OCCURRED IN
LTERATIONS. MFO OF 1.3157BE-OL ODCCURRED IN
[TERATIONS. MFD OF 1.9965BE-04 DCCUARED IN
ITERATIONS. MFD OF 1_.44479E-04 QCCURRED IN
ITERATIONS. MFD 8F 0.0 UCCURRED IN
ITERATIDHS. MFD OF 7.20829E-05 OCLURRED IN
ITERATIONS. MFD OF 1 _198B3E-04 OCCURRED IN
ITERATIONS, MFD OF 1.46759E-04 DCCURRED IN
TTERATIONS, MFP DF }.04433E-05 DCCURRED 1IN
ITERATIONS., WFD OF 4.51579E-04 QCCURRED (N
ITERATIONS. MFD OF 2.088C6E-05 OCCURRED IN
ITERATIONS. MFO OF 8,12:93E-08 OCCURRED 1N
ITERATIONS. MFD OF 2.85B9SE-Q5 QCCURRED 1IN
ITERATIONS. MFD OF 2.228B09€-85 QLCURRED EN
IFERATIONS. MFD OF &.9351P€E~05 OCCURRED [N
ITERATIONS. MFD OF Z.01744E-05 OCCURRED IN
ITERATIONS, MFD OF 1.72778E-05 DCCURRED N
ITERATIONS. MFDP OF 3.43893E-05 DCCURRED IN
ITERATIONS. MFD OF 2.9420BE-05 DCCURRED IN
ITERATIONS. MFD OF 2.38015E-05 GCLURRED IN
JTERATIONS. MFD OF 5.93455E-05 DCCURRED 1IN
JTEHATIONS. MFD OF 5.4720SE-05 OCCUARED IN
ITERATIONS. MFD OF 2.3A883E-05 OCCURRED IN
ITERATIONS. MFD OF 1.621L1€-05 DCCURRED LN

?.9988806E-01 g.0
¢.99BBB0LE-O1 o.o

F.9999964£-01

G.PIPRLLE-O

LAMBDA]

INT.
IHT .
INT.
INT.
INT,
INT,
INT.
INT .-
INT,
INT.
IKT.
INT.
INT,
INT.
INT.
INT.
INT. 1
INT,
INT. 15
INT . i5
INT. is
INT, 2
INT.
INT. 3
INT . 5
INT. 5
INT. 5
INT. ]
INT. 5
IRT. 1
INT. 4
INT. 5
INT. 5
INT, 5
s
1
&
1
2
H
1
1
-
5

LEERV PR P R WIE EVERE S NN PR

INT,
INT,
INT.
INT.
INT.
INT.
INT,
INT.
INT,
INT.
INY, 15
INT . 15
INT. 10
INT. 14
INT. 1
INT. 1
INT . 14
INT . 1a
INT. 1
INT, é
INT. &
INT. &
INT, i
INT. 10
LNT . 12
INT. 1

INT. 1
INT, H
INT. 1
INT. 1
INT. 1
INT. 1
INT. 1
INT. 1
INT. 1
INT. 1
IHT. 1
INT. 1
IRT. 1
INT . 1
INT. 1
INT. 1
INT. 1
INT. 1
iNT. 1
INT. i
INT. 1
INT, 1
INT. 1
INT, 1
INT, 1
INT. 1
INT. 1
LINT. 1
INT. 1
INT 1
INT, 1
INT. 1
INT. 1
INT. 1
INT. 1
INT. 1
INT. 1
INT. 1
INT. 1
INT. 5
INT, ¢
INT, | 1]
INT. 15
INT. 15
INT. i
INT. -1
INT. 1
INT . 9
INT. 1
INT. 1
INT, 1
INT . 1
INT. 18
INT. 1
INT, 1
INT . 2
INT. 16
INT. 30
INT. 1o
INT. 12

1.000000CE+00
1.000C000E+00

Q.0

X3

a0

LAMBDAZ

ANG. FLX OM

FINAL MONITOR

1
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sxzsxs DUTER ITERATION LIMIT REACHED

ELAPSED. TIME 1.87 MIR.

sxr SCALAR FLUX WAS DUTPUT TO A DATA POOL
NODE NAME = EGRP- 777-SFX0Q

xasx INFORMATION OF PATA POOL USAGE ex=x

LOGICAL UNIT NO.

DATA SET NAME

¥0. OF WRITTEN RECORDS
REMAINS RECORDS

DIAC SAMPLE PROBLEM WNOD.1%

= 1
= J1446 _POOLE7 . DATA
a 4
= ?582

(IRON-AIR} CONFIGULAT

1RT. 20NE NUMBER RADIUS INT. MIDPOINT AREA

1 1 ©.0 2.00000E-Q1 0.0

2 1 4&.000QDE-01 &6.39999E~-01 2.01062E+00
3 1 B.79999E~01 1.41571£+00 9.7313FE+00
4 1 1.95143E+00 2. 4B714E+00 4 _78534E+01
5 1 3.02285€6+00 3.55B857E+00 1.14827E+02
] 1 4,0942BE+00 4,52999E+400 2.104652E+02
7 1 S_14571E+00 S5.7Q0142E+00 3.53328E+02
B 1 6.23714E+00 6.77285E+400 4. BBESSE+O2
9 1 7-30856E+00 7.B442BE+00 6.71234E+02
10 F 8.37999E+00 B.B7PYPE+Q0C B.82465E+02
11 2 9.37999E+00 ¢, B7YPPE+00 1.105484E+03
i2 2 1.03800E+01 1.08800E+01 1.35395E+03
i3 2 1.13800E+01 1.23B00€+01 1.62740E+03
H 2 1.33800E+D1 1.58800E+01 2.2498BE+03
15 2 1.B3800E+01 2.33B00&+01 4.24521E+03
16 2 2.8380DE+01 3.83800E+01 1.01212E+04
17 2 4.B3800E+01 4.337%9E+01 2.94131E404
18 2 7.83799E+01 9. 33400E+01 7.72004E+04
19 2 1.083008+02 1.33525E+02 1.473BPE+05
20 1.58750£+02 3.14892E+03

Analyze Radiation Transport for Shielding Safety Evaluation

VOLUME
2.4B082E-01
2.5B645E+00
2.82730E+01
B.45742E+01
$.7178B7E+D2
2.89912E+02
L. 38950E+02
£.18899E+02
B.29764E+02
9.91958E+02
1.22770E+03
1.48B858E+03
3.86033E+03
1.59754E+04
&.97378BE+O4
5.78588E+05
1.54265E+046
3.50377E+06
1.143735E+07

EISS1ION DENS

CCOCDOEOO00D0o00DOD

R

COoO0CDO0O00OODDOO0OOCOOOD
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D1AL SAMFLE PROBLEM HO.1

Appendix I Sample Output Lists of RADHEAT-V4

TOTAL FLUX(BY MESH POINTS,ROT MIDPDINTS)

INT. GRP. 1 GRF, 2
1 1,4508BE-08 ]1.964%1E-D7
2 31.3897i8E-0B Z.03025E-D7
3 3.74801E-05 2.D84FJE-D&
L 4.6946BLE-06 2.5BATOE-OS
§ 1.51836E-05 @.39315E-06
& 6.87552E-07 1.82202E-08
7T L.6B8493E-07 2.0444BE-0&
B 2.1434BE-07 1.191466E-04
9 1.31199E-07 F.27B2SE-O7
10 B.52117E-DB &.T70PS7E-07
11 6.49B47E-DB  3.69340E-07
12 5.62110E-08 2.98511E-07
13 4.4A390E~08 2.45700E-0Q7
14 3.22039E-08 1.77010E-07
15 1.7006B8E-08 9.30402E-08
16 ?7,1105D€-0% 3.B9304E-08
17 2.43932E-0F% [.3364L5E-0B
18 9.26548E-10 5.070B3FE-09
19 4, 0447E-10  2.&5470E-09
ZD  2.24548E-10 1.23180E-0F
INT. GRP, 9 GRF. 10

3.60812E-05 4_82384E-05

2 2.675%3E-05 3.61448€-05
3 5.08025E-03 4_BLRIS55E-D%
& &.S1418E-0& S.29233E-04
5 2.15138E-04 2.10173E-04
& Q.BYLY7E-05 9.71645E-0C5
7 5.30335E-05 S 24742E-05
8 2.92342€-05 2.BA333€-05

9 1.81284E-05

1.78609E=05

10 1,12403E-05 @.0%287E-05
11 2,54735E-0G8 8.34207E-06
12 &.9P1206E-06 6.648B41E-08
13 5.473B1E-Q6 5.4&6B13E-06
14 &4,03998E-0& J.87232E-06
15 2.8511138-06 2.02E16E-06
16 8. 81779E-07 B_L3RLIE-O7
17 3,026R27E-O0F 2.BY724E-07
15 1.15092E-07 3.10255E-07
19 &6.01034E-08 5.738B0E-08
290 2.79t45E-0B 2.67S04E-08
INT. GRP. L7 GRP, i@
1 6.204B3E-04 4.56157E-0%
2 5.71094E-04 4,10700E-C4&
3 1.24331E-02 1.19893E-02
4 1.99203E-03 1.971%0E-0)
5 7.97109E-0&f H.1283%E-04
6 h,24458E-04 & LLS0UE-GL
7 2.30043E-04 2 LE2ZZE-O4
8 1,.7QFFE-04 1.8173BE-04
¢ B8.99945E-05 1.01¢70E-D4
10 5,358BCE-Q5 6.12595E-05
11 3.971Q3E-05 4, 553540E-05
12 3.11420E-05 3.57574E-05
13 2.52¢B9E-05 2.90330E-0OF

DlAL SAMPLE PROBLEMN NO.1

ANGL
1
10

SHELL

ANGL
1

SHELL

ANGL
10

SHELL

ANGL
10

SHELL

ANGL

SHELL SQOURCE 1IN INTERVAL 2 -
GuN+ 1 GeN+ 2
0.0 0.0
ANGL 2 THRUW ANGL °
7.52817E-05 &, §2623E-04
ANGL 11 THRU ARGL 17
SOURCE LN INTERVAL 2 -
GeNy 1 G=N+ Z
c.0 0.0
ANGL 2 THRU ANGL ®
1.00712E-02 9.56052E-03
ANGL 11 THRU ANGL 1?7
SOURCE IN INTERVAL 2 -
GuM+ 1 G=Nt 2
a.0 .0
ANGL 2 THRU ANWGL [
2.34537E-02 2.25164E-02
ANGL 11 THRU ANGL 17
SOURCE IN INTERVAL 2 -
GeN+ 1 G=Nt 2
0.0 0.0
ANGL 2 THRU ANGL 9
1.97771E-02 1.03232E-02
ANGL 11 THRU ANGL 17
SOURCE JIN INTERVAL F
=N+ 1 GuN+ 2
0.0 0.0
ANGL 2 THRU ANGL [

SHELL

ANGL
1

190

SHELL

ANGL
1

SHELL

ANGL
1

3.5429BE-03

3.00298E-03

ANGL 11 THRU ANGL 17
SOURCE TN IMTERAVAL 2 -
G=N+ 1 G=h+ 2
0.0 0.0

ANGL 2 THRU ANGL ?
6.94P1SE-04 6.13334E-04
ANGL 11 THRU ANGL 17
SOURCE IN INTERVAL 2 -
Gax+ 3 GINe 2
0.0 0.0

AMGL 2 THRU ANGL 1?7
SOURCE 1N IKTERVAL 2 -
G=N+ 1 GaH+ 2
0.0 c.0

ARGL

2 THRU ANGL

GAP. 3

4. BFE53E-OT
&.193B8E-07
3.61270E-04
4. 53S75E-Q5
1.47538E-05
6.72837E-06
F.60327€E-048
2.09907E-04
1.27841E-08
8,235026-07
5.44713E~0D7
5.20535E-07
4. 29906E-07
3.08220E-07
1.61E98E=-07
&.77353E-08
2.32543E-08
E.BLBLIE-DY
4,62169E~09
2.14507E-0%

GRP, 11
9.02422E-05%
6.81377E-05
1,17753E~02
1.509%3E-03
L. 9TST1E-CG
2.27543E-04
1.21747E~04
6.64L433E~05
4.08084E-05
2_CPLO7E-D5
1.90913E-0%
1.523462E-05
1.Z49535E-03%
8. 50830606
4.84115E-046
1.9373%E-D4
6.6439CE-07
2.52610€E-07
1.31903E-07
$.11347E-08

GRP. 1%
&.35623E-04
5.90958E-04
1.13531E-02
1.87%52€-03
T.TEFITE-OL
4. 27620E-04
Z.38B14E-D4
1. 83F27E-04
%.70083E~05
5.81006E-0%
4,3C812E-05
3.3I740FE-05
2.73590E-05

G=GROUP NO.

. G=N¢ 3
0.0

CIRCN-KIR) CONFIGULATY

GRP, &
1.38893E-08
1.539L7E-Q4
4.80851E-04
B.S3416E-05
2.76752E-05
1.25726E-05
&.70883E-08
J_BABIBE-O6
Z.3550DE-08
1-51154k-06
1.18275&=08
F.54563E-07
7.88133E-Q7
5.6L820E-07
2.¥&3LTE~DY
1.24073E-07
4.24017E~08
1.61957E-08
S . L8731E-09
3.93008E-0¥

GRF. 12
1.40545E-04
1.15328E-04
V.T4BI5E-0)
1.3017tE-03
L. L5Z25E~04
2.09395€-04
1.12812E-04
6.20478E-C5
3.87535E-05
2.3JL4LPE-0S
1.74801E-05
1.4036HE-03
1.14769E-05
4.13771E-08
4. 23980E-0&
1.76800E-06
6. 08034E~07
2.30232€-07
1.2012BE-0Q7
5.57219E-0B

GAP. 20

. 18964E-04
B.67TLRAGE-DG
1.09737E-02
2.02588E-03
?.05120E-0¢
5.18003E~04
2.98280E-04
1,97380E-04
1.25485E-04
7.559¥3E-05
5,58009E-D%
4.365353E-05
3.53428E-0Q5

CIRON-ATRY CONFLIGULAY

LI ]

G=N+ &
9.0

SAME AS ABOVE

7.20686E-04

1.23721E-03

SAME A5 ABOVE

G=GROUP NO.
G=N+ 3
0.0

G=N+ &
0.0

SANME AS ABDVE

2.33170E-02

1.91481E-02

SAME AS ABDVE

G=GROUP NOD.

GeNe 3
0.8

M= 14

GaN+ &
c.a

SAME AS ABOVE

2.12861E-02

SAME AS ABOVE

G=GROUP KO.

G=N¢ 3
a,0

1.99582€-02
N= 24

GaN+ &
0.0

SANE AS ABOVE

B.PP5E4E-0Q]

7.TPRE0E-D3

SAME AS ABDVE

6=GROUF NO,

GeNe 3
Q.0

W= 32

G=N+ 4
0.0

SAKE A5 ADDVE

2.54058E-03

2. 54310E-D3

SAME AS ABOVE

G=GROUP WO,

GuNs 3
0.0

= LR

GaNe 4
0.0

SAME AS ABOVE

L.B30L2E-Q4 4.28330E-~0&
SAME AS ABOVE
G=GRAUP ND. N= 48

G=H+ 3 LD Y
0.q 0.0
SAME A5 ABOVE
GeGROUP NO. We 54

G=N+ 3 G=N+ &
0.0 c.0
SAME AS ABOVE

GRF, §
4.10309E-D6
2.56097E-04
1,31 780E-03
1,05324 =04
5.35833E-05 .
2.43203E-05
1.29572E-0%
T.4PIVSE-O8
4.51983E-06
2.B91PLE-08
2,.23934E-06
1.82144E-08
1.50305E-0¢
1.07631E-06
%.64890E-07
2.36237E-07
8.111702-08
3.08428E-0%
1.81248E-08
T.LALATE-0O9

GRP. 13

2. DLSOCE-DL
1.74740E-04
i.10581E-02
1.52390E-0%
5.38280E-04
Z2.6005BE-04
1.45627E-04
8.03507E-05
5.10304E-05
3.0P284E-05
2.33074E-0%
1.84588E-0Q5
1.50703E-05
1.046V7E=-05
§5.55381E~Q¢
2.31529E-06
7.973B21E-07
3. D1690E-D7
1.57401€-07
T.29466E-08

GRP, 21
A.30390E-D4
7.B3014E-D&
1.00153€-02
1.86805E-03
8.55816E-04
4. AeT3TE-04
3. 02720E-D4
1.98397E-04
1.25300E-04
7.7T1254E-05
5.47762E-05
4. 43531E-D5
1.58949E-05

GeN+ 3
a.o

2. 42501E-03

G=H+ 5
0.0
2.14154€-02

G=N+ 5
6.0

1.B2305E-02

G=N+ 5
0.0

4,70044E-D3

G=W+ 5
0.0

1.79264E-03

0.0

GEN+ 3
0.0

GeNe 3
0.0

GRP. &
6.61103E-06
4.68070E~048
1.59091E=-03
2.0184BE-04
6.57524£-05
2.99592E-05
1.40103E-0%
#.28133E-046
5.3840ZE-06
3.56640E-08
2.TT4LBE-0O8
2.23230E-06
1.8374BE-04
1.31523£-048
6.8922YE~O7
2.BELPE-0Q7
P.BP74TE-Q0
3.758399E~08
1.9683LE-08
9.138352E-0%

GRP. 14
3.06883E-06
2.71185E-04
1.17617€=02
1.467960E-03
4. 11082E-04
3. DFTSFE-04
1.54179E-04
F.4ESVLE~OS
£.04223E-05
3. 40045E-05
2.69349E-05
2.1254BE-Q5
1.73198E-058
1,.22383E-05
6.34366E-06
2.65220E-04
9.09612E-07
3.458B7E-07
41.680470E-Q7
8.35452E-08

GRP. 22
T.1B101E~0L
&, 7B953E-04&
¥.1111%E-02
1.70278E-03
7. .89160E-04
4. 15291E-04
2.84133E-QL
1 -AB9L2E-D&
1.21242E-04
T.41004E-05
5.82240F-05
4.40023E-05
J.56502E-05

6N+ 4
o.0

3. 18457E-03

GuN+ &
2.0

2.27975E-02

Gl &
¢.0

1.48418E-D2

EaN+ &
0.0
5.75211E-03

GeNe 4
0.0
1.5074BE-03

G=Nt &
0.0
0.0

Gels &
0.0

GaN+ &
¢.0

GRP. 7
1.01299€E-05
TLANR4E-08
2.14333E-03
2.73432E-04
B.918R2E~-05
4 .06418E-05
2.17086E-05
1.256430E-05
7.5143BE-08
4.76427&~08
3.69543E-06
2.94755E-06
2.4L240E-05
1.74389E-006
$.12875E-07
I OL8L6E-DT
1.31025€-07
&, PREZALE-DS
2.6055BE-08
1.20926E-08

GRP. 15
S.H62B5E-04
3.II054E-Q4
8. 41420E~03
1.31703E-03
5.16562€E-04
2.7050BE-045
1.44855E6-04
$.21432E-03
5.62320E-05
I.IPITPE-QS
2.4B804E-05
1.95135E-05
1.58674¢E-05
1.12494E-05
5.84275E-08
2.43612E-04
B.36044E-07
I I81SEE-DF
1.55993E-07
7,604 3BE-04

GRP. 23
6.39220E-04
4.02627E-D4
B.19772E-03
1.54530E-05
7. AEQ7BE-QU
4.07215E-04
2.84743E-04
1.84633E-04
1.329818-04¢
8.39719E-05
6.076¢5E-05
L. 714461E-Q5
3. BO3Z1E-05

GuNt 7
0.0
£.30269E-03

GuN+ 7
9.0
1.59817E-D2Z

GeNe T
¢.0

1.497836E-02

GeNs 7
¢.0

&.91988E-03

GuN¢ T
0.0

1.24590E-03

S=ly 7
0.0

0.0

GEN+ 7
¢.0

GEN+ 7
o.p

GRP, &
1.77368E-05
1.94664E-03
5.64234E-0)
7.080856-04
2.28937E-04
1.0343LE-O4
§.&7741E-05
3.14209E-05
§.86008E-55
1.14873E-05
9.05781E-0&
7.270346E-08
5.9B204E-04
L. 26977E-06
2,234C3E408
®.53951E-07
3.20556E-07
1.7184VE-0O7
£.37172E-08
2.75780E-08

GRP. 18
5.51493E-04
5.00699E-04
1.81245E-02
2.4145BE-03
F.21913E~0%
4, 76494LE-0C
2.54599E-04
1.41593E-04
9.F447HE-QF
4.08T20E-05
t.535B5E-05
3.57411E-0Q5
2,90358E-05
2.05135E~05
1.04520E-D5
4.43562E-06
1.51982E-06
S.TPLTSHE~OT
3. 011&8E-07
1,39840E-07

GRP. 24
4. 79ASLE~D4
4, 67238E-04
7.20832E-03
1.32946E-03
6,24021E-04
3.30047E-04
2.37643E-04
1.3532kE~D4
1.12997E-04
7.25303E-05
5. 24654E-05
4 ,.0708%E-05
3.28376E-05

G=Ne 8
Q.0

1.32326E~02

G=N+ 8
Q.0

M.097TOLE~D2

Gal+ B
0.0

1.332E7E-02

G+ &
0.0

4.19435E-03

(L LT ]
c.o

£.1057T1E-03

GuNt+ B
c.0

0.0

GeN+ B
0.9

G=Nt B
e.0

261
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SUMMARY FOR fOME 1 BY GROUP INCLUDING SUM FOR ALL GROUPS IN LINE 121

5 SOURCE 1N SCATTER SLF SCATTER OUT SCATTER ABSDRPTION LEAKAGE BALAKCE

9.9 7.40808E-05 L.0I100E-04 L1.3CBY6E-05 7.O1893E-05F 9$.99957E-01
1,36485E-0% 4.BB2ODE-04 5. 587BSE-04 7.B2044E-05 3I.BS155E-04 ¥#.99958E-C1
4.14755E-05 §.6345PE-04 1. 0B154E-Q93 1, ISIQLE~04 6. EFHBSE-0L §.9995PE-01
1.18003E-04 2.03373E-03 2.01A57E-03 §.97156E-04 1.22627E-03 ¥.99981E-0%
2.48075E-04 L. 42B0LE-03 &,031626-03 3. 12090E-D4 2.3333&E-0] §.999461E-01
5.1B507E-04 5.BB243E-03 3,16441E~03 3.099SBE-06 2,.B4357E-03 9.99964E-01
T.7LP70E-04 B_52260E-03 7,22503E~03  3_25861E-04 3 7S1L2E-Q03 9.999465E-G1
1.22395E-03 2.22B4PE-0Z 1.59142E-02 &4.1458BE-DL  F.F0SL6E-03 9.99964E-01
3.09F65E-03 2. 11349E-0Z 1,.B&TOLE-02 4.220246E-04 B.E7299E-03 9.99947E-01
3.94582E-03 Z.05580E-02 1.B79B4E-02 2.97304E-04 B,2BLL0F-03 9.79970£-01
4.80S39E-03 4,.9A73SE-02 4.23302E-02 5.29316E-04 1.90519E-02 9. 99949E-01
9.90155E-0% 4.38054E-02 3.F073BE-02 3.76710F-04 1.73464E-02 9.99973E-01
1.40891E~02 5.25518E-02 4.L0D5FE-02 3.493485-04 2.28733E-02 9.99972E-01
1.9019BE-02 6.25954E-~02 4.8454BE-C2 2.BPE8EE-04 2.5909BE-02 9.99F70E-01
2.52927E-02 &.016BFE-02 4.05148E-02 1.7SYT7BE-04 2. ITLZ1E-02 §.99979EF-01
3.25323E-02 9.57204E-02 6.58683E-02 2.11444E-04 £.33251E-02 $.99972£-01
4.2I93E-02 W.Z1BRBE-02 6.24124E-02 1.28232F-0Q4 3,.72943E-02 ¥.99PYIVE-C1
¢.2973TE-02 7.69317E-02 5.50998E-02 1.03014E-06 &.2P147E-02 ¢.99978E-01
4. B33LSE-02 T.153B7E-02 4.C1031E-02 9.41432F-05 (.02670E-02 9,999BOE-C1
§.217S7E~02 B.7114BE-02 5.91327E-02 1,1754CE~04 5.18058E-07 9.99983E-01
5.52127E-02 B.PFO091E-DZ 4.724485E-02 1.21328E-04 5.24941E-02 9.99982E-01
S B2645E-02 6.4D216E-02 &.8SA25E-02 1.2¥3IPE-Q4  5.2316BF-02 ¥.99981E-01
5.05953E-02 Y.45834E~02 3.14745E-0Z2 1.4449BE-0& 5 _SL057E-02 9.999B1E-01
3.90524E-02 7.25127E-02 2.374C6E-02 1,B7?35BE-04 4.7768BE-02 9.99979E-01
£.43791E~02 1.5C7S%E-01 3.40421F-02 2.14884E-D4  3I.5¥457E-D2 F.99087(-01
5.85004E-02 7.73100E-02 1.BL231E-02 2.89073E-0¢ 4.30718E-92 9,99986E-01
4, 24677E-02 5.30503E-Q72 1.74852E-02 2.06033E-04 4,44085F-02 ¥.99983E-01
3.74L29E-02 &.71418E-82 2.2217BE-02 1.8B211E-04 3.43568£-02 9.99987E-01
3,78955E-02 6.37206E-02 2.LE3BBE-02 1,.53B2FE-04 2.99133E-02 9.99P8BE-01
5.83327E-02 7.35124E-02 3.045TVFE-02 1.273486E-04 1.¥B247E-02 9.99992E-01
4.23274E-02 S5.16340E-02 1.02299E-02 1.90227%-04 4.39573E-02 9.909986E-01
2.13642E-07 3.11403E-02 4.@0303E-03 1.36071£-04 2.451708-02 9. 99983E-01
1.L7693E-02 Z.05355E-02 4.30344E-03 B.29146E-05 1.70403E-02 §_99¢9B3E-01
£.S3088E-02 2.50837E-02 &.462228E-03 9¢.36111€-0% 1.39458E-02 §.99987E-01
1.56666E-02 2.79185E-02 8.25643E-03 9.240126-05 1.35400E-02 §.999BYE-OL
1,63105E-02 2.74B456-02 1.01125E-02 &.33994E-05 Q.3B3L4E-C3 P .99997E-01
1.43499E-02 1.6244L4E-02 5,13458E-03 4.7TO7IE-05 1.35561E-32 §.9998BE-O1
8.8334BE-03 1.26237E-02 B, TA5SB2E-03 2.BOE90E-05 3.71153E-03 9.9P992E-01
1.34914E-02 1,.19019E-02 2.87171E-03 &.0Z474E-05  1,38601E-02 §.999RSE-01
4.02699E-03  1,.135394E-02 5.14007E-03 3. B9B76E-05 6.00510E-03 §.99783E-01
7.18006E-0% 1.13318E-02 5,25701E-03 3.72413E£-05 3.58771E-D3 9.99995E-01
6.69109FE-03 1.l14050E-02 £.07222E-03 3.06Q49E-05 2.09035E-03 ¢.39998E-01
7.56711E-03 1.3239FE-02 2.04373(-03 5.93502E-05 &.464705E-03 9.9999%E-01
3.74784E-03 9.91775E-03 1,28543F-03 3. 42531E-053 3I.350BR1E-03 9.99992E-01
2.46391E-03 2.7LCOLE-03  1,}4938E-03 9P.189ISE-046 1.10683E-03 1.000GOE+00

GRP. FIX SCURCE
1 1,80381E-04
2 1.,0104%9E-03
3 1.76492E-03
4 5.32372E-03
5
I3
?
[

F
0

[]

]

]
6.43047E-03 0
7.79BB4E-03 O
1.05371€-02 ©
2.75079€-02 0

§ 2.46439E-0Z2 O
10 2.34328E-02 O
11 5.71022E-02 0
12 4.68927E-02 O
13 5.29334E-02 O
1t 5.58Z99E-02 0
15 3.913B84E-02 O
16 7F.5E44TFE-02 [}
17 5.74368E-02 O
18 $.51415t-67 @
1% 5.21288E-02 QO
20, &4.BR?SSE-D2 O
21 &.48458€-02 O
22 L.07S5LLE-02 O
23 }.66451FE-02 0
264 3.26413E-02 O
25 2-BB415e-02 O
26 2.52809E-02 O
27 2.202%9E-02 O
28 1._90%B4E-02 O
29 1.64091E-02 O
30 1.40B68E-02 D
Q

9

]

o

4]

[}

¢

o]

o

o

[+

/]

o

Q

o

a

o

[

a

Q

Q

o

o

Q

]

o

4]

0

o]

coooooooaom

31 1.204B5E-02
32 1.G271TE-02
33 B.47E57E-03
3L 7. 35L14E-83
35 6.22174E-03
36 5.24853E-03
37 &.39009E-03
X8 1.49LTLE-Q]
3% 3.10012E-03
L0 S.1547BE-03
41 1.70161E-03
&2 1,50202E-03
L3 1.1829SE-03
44  }.D440&4E-C3

e e R LN R R R L T ]

4. B024LE-03 L.2(4678E-04 ~2.32831E-09 L, 79ASXE-03 4.149B5E-08 §.99994E-01

iz2o
3.30222E+00 Z.BO9STE+OD 2.38068F+00 5,.22730E-81 1.19889E+Q0 9.99990E-01

121

45 0.0 -

&8 0.0 - 1.98267E-03 7.73958E-03 1.36099E-03 7.48414E-06 &,14179F-04 1.00000E+00
&7 0,0 - 1.8BL73E-03 3, 34848E-03 1.1B445E-03 3,17994E-0&6 4.98681E-04 1.00000E+00
48 0.0 . 1.64490E-03 2.61505E-03 1.12871E6-03 2.77493E-06 5.33403£-04 1.000CGOE+D0
&9 0.0 - 1.51062E-03  2.S3481E-0F% 1.15020E-03 &.&4397E-06 I, 5374BE-04 1.00000E+4+00
50 0.0 - 1.£B642E-03 2.69X74E-03 1.29332€-03 4.&3099E-06 1.88463E-D4 1.00000Es00
&1 0.0 - 1.401556-03 1.73283E-03 1.56443E-03 1.49B27E-08 3.54225E-05 1.000C0E+00
52 0.0 . 1.86607E-03 3. 60001E-03 7.5915iE-05 1.50%%2E-05 J.77505E-03 1.000CQ£+00Q
53 0.0 - 3.16938E-04 7.4109&E+~05 4.34(521E-05 1.18272E-06 2.72303E-0é 1.00000€400
54 0.0 2.24562E~04 1.10520E~D& 5.23875E-05 3.BB253E-07 1.7)1785E-04 1.0QCOQE+00
§5 0.0 2.18719E-DL  1.44525E-0% 4.67S513E-~05 2.4914SE-07 1.51719f-04 1.0CC0CE+D0
¢ 0.0 3.07069E-06 2.56178E-0t 3.11575E-0¢ 1.3BL14E-Q7 1.953558€-04 1.000C00E+00
37 0.0 7.0%405E-06 1.170648E-03 2.31127E-0¢ 2,343B9E-06 4.8F911E-04 1.00000E+00
58 0.0 . 7.6359LE-04 1.7B2BEE-03 4. 20396E-04 5.17BE7E-08 3.3B020E-0¢ 1.C0000GDE+QQ
59 0.0 7.45015E-04 4,264B7E£-03 §.0049&E-0¢ 1.07330E-05 1.33774E-04 1.00001E+400
&0 0.0 a.o 7_.7LVABE-0L 4. 23TYFE-0Y i _444H9E-0& 9,1B741F-04 D.01320E-04 1.00001E+00
61 Q.0 0.0 5.47661E-0C 1,74B41E-03 3,07257E-04 2.Z1195€-04 .5B18BE-0C 1.00000E+0Q
4z 0.0 2.0 3.64542F-04 1,39178F-0) 2.05219E-04 2.%4342E-05 1.53577E-04 1.COQDQE+00
43 0.0 0.0 Z.47051E-04 B.4B3S7E-O& 1.4BC67E-04 &.75448E-07 9.83050F-05 1.000D01E+00
44 0.0 Q.0 1.TLIBPE-DC  &_3BSALE-O0L 1_11065E-C4  6.4410DE-07 &6.24774E-05 1.00001E+00
&5 ©.0 0.0 t.28866E~04 L.PBEOUBE-04 B.421586E-05 9_35294E-07 4,1713%5€-07 1,00001E+00
44 0.0 0.0 @.B2AASE-05 J.FP602E-0C &.BEGGLE-05 4 52B48E-07 2.91583E-05 1.0000CGE+00Q
8?7 0.0 0.0 7.68948E-05 32.05150E5-04 4.90474E-05 7.967B0E-08 1.98FASE-05 1,00000E+¢00
48 0.0 G.0 T, 4440 E-0F  2,.31516E+04 3.95652E-05 J.FA7IZE-07 L.44999E-05  1_0000LE+OQ
&9 C.0 [ ] 4. 32870505 1.B9JOSE-04 3.1¥BOPE-05 3I.4S5L5BE-0Q7  1.09L05E-05  1.0000CE+D0
c ¢.0 (] 1.45875€E-05 1.543111E-04 2.5FBZ5E-05 3.0BB12E-0? B.27603E-06 1 .00000E+DD
71 ©.0 0.0 2.77709£-05 1.25B27E-0D4 2.1090BE-Q5F 2.79542F-07 &.40036E-05 1.00000£+00
72 ©.0 G.0 2.24236E-05 1.026B0E-04 1,71552E-05 2.52896E-07 5.01547E-04 1.00000E+00
73 0.0 0.0 1.B149BE-0% 8.386222E-05 L.394%8E-05 2.29V0¥E-07 3.97020E-06 1,DC00LE400
7L 0.0 c.o 1.48571E-05 &.7E735E-0% 1. 12799E-05 2.09294E-0F7 3,3&4T6EE-06 1.00001E+00
75 0.0 c.0 1.1B438E-05 5._4B2566E-05 B,124BBE-0& [.89487€-07 2.52931E-04 L1.00001E+00
76 C.0 c.0 9.5189FE-06 &4 .40402E-05 7.372376f-06 1.72622£-07 2.02248E-C& 1.0OCODOLE+0DOQ
7T 0.0 0. 7.627T4BE-04 X.SQ237E-05 5.85508E£-04 L.548389E-07 1.61613E-0é 1.Q0001E+00
78 0.0 6.0 6. 0%184E-06 2. BOSLLE-O5 &, 44ZBBE-08 1.410§3E-07 1,2874BE-06 1.00001E+Q0
% 0.0 G.0 4. BL7IBE-CA 2.22539E-05 3.89870F-046 1.2654BE-07 1.02185E-06 1.00001E+00
B0 0.0 0.0 3.84232E-06 1.75782E-05 2.92163E-06 1.13357E-07 &.07Z95E-07 1.00000E+Q0C
a1 0.0 [ 3.03344E-046 1,32245E-0% 2.29751E-06  1.01009E-07 6.34BVLE-O7 1.C0001E+00
B2 ©.0 ¢.0 2.3B4B2E-C4 1.0B2ZC0E-05 1.7985PE-0¢ B.PIEBLE-08 L. 9&BZ7E-97 1.00C008+00
83 0.0 0.9 1.866506-06 B.42B48E-04 1.40075E-04 7.90214E-08 3.84711E-07 1.00000E+00
BL 0.0 0.¢ 1.45371E-06 6&.52192E-06 1.083(2E-04 &,.93844E-0B 2.98BEBE-07 1.00000E+00
B5 0.0 6.0 1.12512€-06 5.0164GE-08 &.35140E-07 6.0387BE-08 2.29581E-07 1.000Q1E+CQ
Bé €.0 ¢.0 B.45794E-07 3.B34&BE-05 5.38193E-07 S5.2383ZE-0B 1.75205E-07 1,00C01E+O0C
B? 0.0 0.0 6_82298E-07 2.90404E-04 & .BLB3MBE-07 4,5QD2ZE-0B 1,326LBE-07 :.0000IE+00
88 wo©.C 0.0 §.02427E-07 2.18B4SE-0& 3.64518E-07 3_BLOISE-08 ¢.9LPB2E-08 1.00001E+CD
89 o0.C¢ 0.0 3,7B457E-07 1.63502E-04 2.722B7E-07 3.24414E~-0B 7. L104RE-QB 1,00000E400
90 0.C [ 2,83524E-07 1.21033E~0& 2.01588E-07 2,72881E-08 5_46457E-QF 1,00001F+00
#1 0.0 0.0 2.10331E-07 A_B7S5LE-07 1.4783BE-97 2,.2594FE-0B 3_9PAPLIE-O8 1.00001E+00C
%2 0.0 0.¢ 1.54654E-07 46.43890E-07 1,072£3E-07 1.86036E-08 2.87860E-08 1.00000E+00
¢y o0.0 0.0 1.12575€-07 &, 597B7E-07 7.70932E-08 1.50T4L2E-02 2 _0L0646E-0B 1.00001E+490
Q4 0.0 a.o 8,07462E-08 3.24161E-07 5.44224E-0B 1.20485E-08 1.47742E-00 1.COO01E+00
%5 0.0 Q.o 5.72457E-OB 2.2577¢E-~07 5.7B930L-08 9.4997S5E-09 9§ .85224£-09 1.00001E+00
94 0.0 0.0 L. D14?FE-DB 1,52643F-07 2.&2B92E-0B 7.29i66E-0F &.58371E-0%9 1.0000Q0E+00
¢r 0.0 0.0 2,74120E-0B  3,011208-07 1.94463E-08 5. 48251E-0% L.28288€-0% 1,00000E400
98 0.0 0.0 1,B3I962E~-DB &.6345BE-08 1.156THE-O8 4.06267E-0% 2.7&573E-09 1.00CO00E+00
9% 0.0 (1) 1.45691E-08 9.64000E~08 3. §365BE-09 7.25192E-09 3.38037E-09 1.000036+00
100 0.0 0.0 5.59828E-0F 2,50494E-08 &,70930E-11 4.B1335E-0% 7.17788E-1C 1.0000CE+CQ
101 0.0 0.0 ¢.0 c.0 0.0 0.0 0.0 1.00000F+00
i02 0.0 0.0 7.70030E~08 1.22124E-07 2.579A3E-06 3.31633E-04 1.BOL15E-04 9.99999€E-01
i¢3 0.0 0.0 1.22854E-03 2.7G247E-05 L.482211E-04 &.4B1&68E-~04 3,16272E-04 9.99%965E-01
16 0.0 ¢.0 2.03510LE-03 5.2466716-05 B.98G38E-04 &.227731E-04 5.122B5E-04 9. 99987E-01
105 0.0 0.0 3.86482E-03 1.55774E-04 1.97043E-03 9.4P051E-0L 9. 47358E-Q4 9. 999F7[-0%
166 0.0 0.0 5.39150E-03 7,3160BE-04 3.18220E-D3 9.71441E-0L 1.25903E-03 9.99892E-01
167 0.0 0.0 3.02212E~02 2.04B70E-03 1.99813E-02 3.74533E-03 6.49520E-03 %,99991E-03
108 0.0 0.9 2.53658E-02 1.328%9E-03 1.84772E-02 L.B5701E-03 5.03261E-03 . 99%80E-01
i0e 0.0 ¢.0 &.31482E-02 3.18594E-03 3.32814E-02 L.TBB9YSE-03 E.09320F-03 9. _90996E-01
110 o.0 ©.0 4.49B51E-02 3.20705E-03 3.62972E-02 1.00214E-0% 7 ._8BS10E-03 9.99996£-01
i1l o.0 [ L.0D2P55E-02 3.81312E-03 3.28919E-02 4.0¥530E-04 &.9F4ECE-0F 9.99971£-01
i1z o.o ¢.0 7.99310E-02 1.15828E-02 &, 73357E-02 4.63973E-04 3.16319E-02 9.99996£-01
113 9.0 0.0 4.91458E-01 6.74F39E-02 4.344VSE-D1  3,74808F-03 S5.36430E-02 9.99992E-01
114 0.0 t.o 1.91301E-01 3.8L105E-02 1,62894F-0) 2.8&455E-03 2.80434E-02 1.DGCOQE+OQ
115 0.0 0.0 Z2.293038-01 B.21695E-02 1.93090E-01 6.59120FE-03 2.96238E-02 1.00000E+00
118 ¢.0 0.0 2.07521€6-01  &.9&455E-02 1,74799F-Q1 1.2B4BBE-02 1.7B734E-02 1.00000E+00Q
11?7 0.0 a.o0 3_78071E-01 7.195B1E-0% 2.9323LE-01 &.37283E-02 2.31083€-02 1,Q0000F+«00
116 ¢.0 0.0 4, 24758E-0) &.32990E-01 1.15825E-01 2.95331E-01 1.15987F-02 1.0C0O000E+00
119 0.0 a.¢ 1.16388E-01 3.5T4B2E-02 Z.93540E-03 1.13138E-01 3.14¢22E-04  1.00000E+00

0.¢ o.C
1.0 u.0

COO0DE+DD



JAERI 1316 Appendix I Sample Qutput Lists of RADHEAT-V4 263

GAP. RT BODY FLUX RT 8DY J+ RT BOY I RT LEAKAGE LFT LERKAGE FI155 RATE TAOTAL Frud BERSITY

1 8.52117E-C8  7.95373E-08 7.9S370E-0M 7.01893E-65 0.0 0.0 F.IBEZLE-0L ¥_18625E-0%
2 4.T09ETE-07 4.36454E-07 4, B6454E-07 3.A5155E-04 0.0 0.0 5.08320E-03 5.08320E-03
3 B.23582€-07 7.5BBBIE-07 7._S8EM1E-QF 4.594B5E-D4 0.0 9.0 8.93305E-0} B.93305E-03
& 1.51154E-08 1.38B940E-08 1.3D9S9E-Go6 1.22427€-03 0.0 0.0 1.68639E~02 1.646639E-02
5 2.BP198E-06 2.64417E-D8 2,64418E-08 2.33334E-03 0.0 0.0 3.21B00E+02 3.21B00E-D2
6 3.56480E-06 I.2223FE-06 3.22231E-06 2.BL3ISTE-0Y 0.0 0.0 3.9548B0E-02 3.95481E-02
T L.THA2VE-06 4 _26224E-06 4. 26207E-04 3.76112E-03 0.0 [ ] 535314602 5.35314E-02
8 1,18B73E~D5 1.04315E-05 1.04312E-05 ©.20516E-03 0.0 6.0 1.35905E-01 5.I5V05E-01
1.12003E-05 9,.82BL8E-06 9 .857814E-05 §,.87299E-03 0.0 e.0 1.29492E-01 1,2¢49ZE-01
10 1.092B7E-G5  9.3BB43E-06 9.3B781E~06 8.28440E-03 0.0 6.0 1.26834E-01  1,26834E-01
11 2.49407E-C5  2.913907E-05 2.15895E-05 1,90519E-0¢ 0.0 0.0 2.P7E5CE-D1  2.97154E-01
12 2.33449E-05 1._%&8582€-05 1.96570E-05 1.73464FE-02 0.0 L] 2.72436E-01 2.72434E-01
13 3.09284E-05 2.58962E-0% 2.56932E-05 2.24733E-02 o0©.0 0.0 3.38539E-01 3.3B5L0E-D%
14 3.60045E-05 2.93483E-05 2.934607€-05 2.5909BE-02 ¢.0 0.0 3.92557E-0)  3.92357E-01
15 3.39379E-05 Z.69319E-05 2.6VO0S54E-05F 2.37431E-02 0.0 Q.0 J.LBLPLE-01 3. LHLVSE-01
16 BL.04720E-05 4.F0F¥95E-05 4. .9093%E-05 &.33231E-02 0.0 c.o 6. 1P2L2E-01 6.19242E-D1
17 S.35BBOE-Q5 4.2249PE-05 4,22644E-05 3I.7¥94BE-02 0.0 0.¢ 5.46291E-01 5.16291E-0%
18 &.12595E-05 &.BS3B3E-05 4 .88306E-05 & ,.29147E-02 0.0 0.o S.7B3LLE-01 5.78344E-01
19 5.081804€-05 4,56377E-05 4_.54301E-05 &.02670E-02 0.9 0.0 S.54735E-01 5.50835E6-01%
20 7.55993£-05 5.87147E-05 5.87059E-05  5,18058E-02 0.0 0.0 6.78310E-01 6.78%11E-01
21 7.71254E-05 S.P4A97PE-05 5._94E5BE-Q5 5.24941E-02 0.0 2.0 6.59379E-01  A.SP3II9E-O1
22 7.6100LE-05 5_929&2E-05 S5.9284VE-05 S5_23148E-02 Q.0 0.0 G.1929LE-01 & 1920LE-D1
23 B.39719E-D5 4.28020E-05 4.27M52E-05 5.58057E-02 0.0 0.0 4.13911F«01 &.13911E-01
24 7.25103£-05 5_.41510E-05 §5.4131%E-05 4 .77A8BE-02 0.0 0.0 5.16143E-01  5,16143€-01
2% 4. 3BZITE-O05 4.41825E-05 4.44558E-05 D3.B9657E-02 0.0 ¢.0 5.19A73E-01 5.19873E-01
26 1.0073RE-0L F.37497E-05 7.373BBE-05 4.%50710(-02 0.0 0.0 6.4ZQ34E-D1  6.42035E-01
27  7.15478E-035 3.28276E-0F 5.2B1&2E-CY 4.66085(-02 0.0 0.0 4. 72919E-G1  4.72919E-01
28 5.57365E-0%5 J.8F4¥¥E-05 3_2932RE-C5 3.43562E6-02 0.0 0.0 3.95632E-01 3,935432E-01
29 4. 92473E-05 3.39087E-05 3.3BY?S5E-05 2.99133E-02 0.0 0.0 3.48379E-01 3.883I7FE-01
30 3.48L49E-05 2,247L1E-05 2.264452E-05 1.98247E-0Z 0.0 0.0 3.07074E-0%1 3.07074E-01
31 7.O00398E-05 4.PBRL0E-05 4.FB120E-D05 4.39573E«02 0.0 0.0 4.51270E-03  4.51270E-01
32 4.17357E-05 3.00542E-0% 3.004BBE-05 2.65170€-02 0.0 9.0 2.47085E-01 2.4670B5E-01
33 2.6403LE-D5  1.93311E-05 1.P309%E-05 1,70403E~02 0.0 0.0 1.7¥503E-01 1.79503(-01
34 2.26474E-05 1.5B14BE-DF  1.58030E-0% 1,.39456E-02 0.0 0.0 1.8875BE-01 1.647588-01
35 2.24224€-05 1.5352LE-05 1.53434E-05 4.35400Q8-02 0.0 0.0 1,66285E-01 1.46285E-01
34 1.61429E-03 1.Q6406E-05 1.D4332E-05 9.38344E-03 0.0 0.0 1-30444E-01 5.30465E-01
37 Z.18B38E-05 1.53685E-05 1.53617E~-05 1.35541E-02 6.0 0.0 1.46F43F-01 1.48243E~01
38 5.49122E-06 L.21137E-06 4 .2Q5B7E-D6& 3.711533E-03 0.0 C.0 &6.22049E-02 6.22049E-02
3% 2.155B2E-C5 1.54859E-05 1.54794E-05 1.344601E-02 0.0 0.0 1.33689E-01 1.334BCE-D1
40 9.48334BE-04 6.BOB26E-DE S B04P2E-04 4.GOS:O0E-03 0.0 0.0 7.92C45E-02 7.92045E-02
4«1 &,3078CE-04 «.Q7Z06E-06 4.D6555E-06 3I.SA771E-03 0.0 0.0 5.5D&L1E-BZ2  5.50441E-02
&2 3. B770sE-08 2.37261F-06 2.36B77E-0& Z.0903ISE-03 0.0 0.0 4.02059E-02 (.D2060E-02
43 1,0B129E-05 7.5345PE-D6 T.¥3I21ITE-0& &.44TO05E-93 0.0 9.0 7.80557E-02 7.80557E-02
&4 5.900B2E-06 3I.97BOIE-Q6 3J.97AZAE-O& JI.S0891E-03 0,0 0.0 4.50B1BF-07 4.50818E-02
45 1.88B05E-06 1.25556E~06 1.251F9E-06 1.104H3E-03 0.0 0.0 1.49584E~02 1,495BLE-0F
&5 1.0B54FE-04 6.9B2BIE-07 6.95V81E-07 4,1417RE-04 0.0 ¢.o 9.75404E-03 $.75406E-03
7 1.2185%E-06 7.90371E-07 7.89472E-07 6.96481E-04 0.0 0.0 1.0B211E-02 1.0B211E-02
43 $.3EOBBE-D7 §,04933E-07 &.04447E-D7 5.33403E<04 0.0 0.0 8.48017E-03 EB.44017E-03
49 6.41304E-07 4 _C1387E-07 4L.00884E-07 3.53768E-04 0.0 o.o &.59505E-03 &.39305E-03
56 31.50431E-07 Z.11&690€-07 2.13298E-07 1.86L53E-D4 0.0 2.0 4. 47332E-03  4L,47332E-03
81 7.9ISTLE-08 L QLORLE-0B 4 . 0L&405E-DB  3.54225E-05 ©.0 0.0 1.39413E-03 1.39413F-03
£2 2.87704E-06 2,01162E-06 2.01144E-06 1.7750%58-03 0.0 0.0 1.89813E-02 1.8%9813E-02
53 4.126458-07 3.08795F-07 3.0BST1E-07 2.72303E-D4 0.0 ¢.0 2.3229Q0E-03 2.32290E-03
56 2.70464E-07 1.95762E~-07 1.94665E~07 1.7178S5E-04 0.0 0.0 1.61497E-03 1.41497E-03
55 2.L0743E~-C7 1.72294E-07 1.71¥28FE-07 1,51719E-04 0.0 ¢.0 1.LADI9E-03 1. ALOL9E-O3
56 3.14817F-07 2,21533E-07 .21375E-~07 1.95354E-04 0.0 a.o 1.84593E-03 1. 86593E-D3
57 7.94948E-07 5.32B12E-07 5.32499E-07 4.469F11E-04 0.9 0.0 5.29900E-03 5.29900£-0%
58 5.990QF7E-07 3.83451E-07 3.83041E-07 3I_3BO20E-04 0.0 Q.0 5.25917E-03  5,25917E-03
39 2,59748(-07 1. S1BYLE-07 J.51S5¥LE-G7 1,3I7VLE-04 0.0 t.0 L. 07178E-03 4.07178E-03
60 5.44574E-07 3. 41605E-07 3.41453E-07 3.01320E-04 0.0 0.0 $.620855E~03 &, 42855E-03
61 4.522S9E-07 2.9PH5RE-G7 Z2.92574E-07 2.58183E-0& 0.0 g.0 4, 36T10E-03 L. 3L210E-03

2.79880E-03 2.79830E-03
1.76523E-03 1.76523E-03
1.19968E-03 1.19968E-03
B.54597E-04 B_S4S9YE-D4
&, 52351€-04 4.323I55E-04
4. S5729E-04 4. 5S5T29E-O&
3.38507E-04  3,MRA07E-DL
2.51630E-04 2.&15630E-04
2.042B2E-D& 2. DARB2E-04
1.41644E~0L  1.4144LE-00
1.286897E-04  1.288°7(-04
1.03270€-04 1.63270€-04
B.2950BE-05 B.29509E-05
4.65439E-05 4.65439E-05
5.32840E-05 5,328340F-05
4. 257B4E-05 4 .257B4E-05
3.3P085E-05  J._3F0Q85E-05
2.68¥73E~05 2Z2.&48973E-05
2.12459E-05 2.12459E-05
1.,47089E-05 1.47089E-95
1.36798E~05 1,3C79BE-05

62 2.75407E-07 1,7427BE-07 1.74032€-07 1.53577E-0&
63 1.76093E-07 1.1@353E-07 L.11398E-07 9.43050E-05
&4 1.13009E-0Q7 7.08%%3E-08 7,.07990E-DB &6.24776E-05
45 7. 58S4LE-0B L. 73F3CIE-QB  5.72693E-08 L.17135E-05
486 S.3L9TLE-0B I.3IDBXSE-0UB I.J0IRTE-G8 2.91563E-05
&7 3.64044E-08 2.25573E-08  2.25263E-08 1.9B7RSE-DY
68 2. 6BTAPE-0B 1.46794E-QB 1.48577E-08 1.48999E-0%F
69 Z.008L34E-08 1.24137E-08 1.23977E-08 1.09L05E-05
70 1.52747E-08 9.39042E-09 9. 373R2E-0F% B.27603E-04
TL 1.17830E-08 T.26206E-09 7.25282E-09 &6,.40034E-06
72 9.23971E-0% 5.69CTO0E-0% 5.6834i8FE-09 5.01547E-D8
T3 7.3173LE-0F 4. S0LBLE-09 4.LP909E-09 3.P702BE-06
74 5.83B64E-09 3.59L14E-DF 3,.5BYSEE-D9 N,16788E-06
75 4.66313E-0% 2.B6986E-0% 2.BS61VE-09 2.52931E-C8
76 3.7ABTLE-0F 2.294BOE-0F 2.2F1R4E-0F 2.02244E-06
77 R.9795BE-09 1,8337BE-0% 1,E3139E-0% 1.51413E-08
78 2.374L01E-09 1.46111E+-0% 1.45918E-0% ],28T75BE-04
7% 1.BEIRSE-09 1.159LRE-0% 1.15795E-0% 1.02i85E-08
80 1,4BB45(-09 9.38040E-1C 9.34819E-10 B.07295E-07
B1 1.17061E-C% 7.2040CE~40 7.19433E-10 &.54B7&E~Q7
82 ®.1E1IPE-10 S5.63VELIE-A0  5.53000E-10 4. 9&B27E-Q7

R R R R N N N

COCCOPOODOCORODDO0OOBDD

CDOCDOCDOOCDOOUDOOGCO O

COOO0CPODUOCDROCDOOBEODD

83 7.1M50E-10 4(_38813E-10 4 _3B17E-10 I .BET711E-07 0.¢ 1.01871E~05 1.01871E-05
84 5,51265£-10 3.3F161E-10 I 3BE97E-1C 2.9BBEJE-O7 O Q.0 7.B8258E-06 7.BB25BE-06
B3 4,23495E-10 2.6051BE-10 Z.60159&-10 2.29581FE-C7 O. 0.0 4.086293E-06 &.08293E-08
£8 3.23242€-10 1.9E817E-10 1.9B541E-10 1.7520%E-07 O, 0.0 4. 63LEBE-06 L.6366BE-06
87 2.44415E-10 1.50300E-10 1.5008¥E-10 1.32¢4BE-07 Q. ¢.0 3.51233E-06  3.51233E-0¢6
88  1.83648E-10 1.12%10€-10 1.12750E-30 9.9L0B2E-0F O, 0.0 2.64501F-06 Z.64301E-04
B89 1.34B14E-10 B.L0939E-11 B_39741E-11 7.41042E-08 0. ¢.0 1.97812E-06 . 97861ZE-0&
#0  1.00923E-10 6.20132E-11 &6.19240E-11 5.46457E-08 0.0 0.0 1.46285E-04 §.48285E-08
91 F.ITOFLE-11 4. 52735E-11 &.52074E-11 3. PBSL1E-DA 0.4 [ :3 1.07274E-06 1.07274E-08
$2 %,32097E-11  3.26681E-11 J.26200E-11 2,.87H&QL-02 0.0 e.o ?.7B2ME-0Q7 T.7821AE-07
93 3.T7TLTOE-11 2.31592E-11 2.31245E-11 2.04064E-08 0.0 0.0 5.%572SE-07 5,.55725E-07
$4  2.64231E-31 1.62001E-I1 1.41754E-11 1.42742E-08 0.0 .0 3.91801E-07 I.F¥1801E-07
95 1.B2538E-11 1.118:PE-11 1.11&45E-11 9,.85274€-09 0.0 2.0 2.72086E-07 2 _T2BAGE-CY
96 1.21845E-11 7. A5210E-12 7.44020E-12 46.54573E-0% 0.0 0.0 1,864F5E-07 1.B&495E-07
@7 7.94205E-12 L. 8412BE-12 4. BSIIRE-12 4.2B2BBE-0P? 0.0 6.0 1.22220E-07 1.22220E-07
98  S5.15145E-12 DJ.13931E-12 3.13L10E-12 2.74573E-0F 0.0 0.0 8.02145E-08 B.0Z1453E-08
99 6,35630E-12 3.83711E-12 3.83040E-12 3J.3BO3TE-0F 0.0 0.0 1.035BAE-07 §.035BSE-O7
100 1.41028E-12 B.15271£-13 A.133931E-13 7.177EBBE-10 0.0 0.0 2.5960FE-08 2.59410E-0Q8
101 4.0 0.0 0.0 b.¢ a.0 9.0 0.6 0.0

102 2.95432E-09 2.04743E-0¥ 2.04&45E-06% 1.BOK1S5E~06 0.0 0.¢ 2.57BALE-05 2.57B&LE-03
103 5.14633E-07 3JI.586130E-07 3I.341Z9E-07 1.14272E-04 0.0 0.0 L.03382E-03 4.03382E-03
104 B.523L4E-07 S.BOS7ZE~Q7 5.B0S14E-07 S.122BSE-04 ©.0 0.0 6_FTO2ITE-C3  &.70237E-03
195 1,52995E-04 1.07373E-06 1.07354F-04 9,.47358§-04 0,0 2.0 1.27739E-02 1.27737E-02
106 2.04141E-06 1.42682E-06 1.42472E-04 1.25903E-03 0.0 0.t 1.7314%E-02 1.7814FE-D2
107 1.06432E-05 7,.36086FE-04 7.34029E-D& &.47520E-03 0.0 0.0 F.5L268E-02 ¥.54264E-02
108 A.F5252€E-06 S5.70F94E-06 5.70290F-08 5.08283E-03 0.0 0.0 7,40114€-92 7.40114E-02
10% 1.334BBE-C5 9.17745E-06 9.17480E-06 B.0982CE-03 0.0 6.0 1.307431E-01 1.20761E-01
1§50 1.2785BE-05 B8.70¥681E-04 A&.7090831E-08 7.6B610E-03 0.0 0.0 1.36312E-61  1.36312€-03
111 L. M4ZP2E-D5 7. QI4&4AE-D4 7. 9260LE-Dé 4.FPLBOE-CGI 0.0 0.0 ¢.66220E-02 9.5422BE-02
112 1.9439F7E-05 1.31B12E-05 }.MB11E-05 1.46319E-02 0.0 0.0 1.831319E-01 1.83119E-01
113 9.93997E-05  §£.07B7BE-053 6.07870E-05 5.36430E-02 Q.0 0.0 1.01791E+00 1.01791E+00
134 L,255B4E-05 2.9510ZE-05 2.9%101E-05 2.404t6E-02 0.0 0.0 J.41287E-01 3.612B7E-01
115 5.0379LE-05 3,35699E-0Q5 I ISAFLE-O5 2.96Z3BE-02 0.0 Q.0 £,228152E-01  4.32152E-01
116 3.27945E-05 2_02551E-05 2.025641€-05 1.7B734E-02 G.0 Q.0 3.22778E-01  3.22779E-01
117 &.05591E~05 2, ,39315E-05 2,39197E-05 2.11QB3E-02 @.0 0.0 5.T?R14E-01 5.77914E-01
118 Z.2958B8E-05 1.31649E-05 1.31430F-05 1.1598E-02 0.0 Q.0 4,82953E-01 4.82993E-C1
119 EB.93ITOLE-07 3.521B1E-07 3.56074E-07 3.342226-0f2 0.0 ¢.o 2.29326E-02 2.29326E-02
120 ®.7264CE-09 L,.77513E-09 L.72524E-0F% L.16PB5E-~06 0.0 c.0 1.31026E-D¢  1.31028E-04
121 1.B6219E-03 1.35894E-03 1.35857E-03 L.198B%E+00 0.0 0.0 1.63635E+01 1.63835E+01
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SUMMARY FOR SYSTENM

GRP .

RADHEAT -V4: A Code System to Generate Multigroup Constants and
Analyze Radiation Transport for Shielding Safety Evaluation

FIX SOURCE
1.84341E-04
1,0104%E-03
1.74L92E-03
3.32372E-0)
4_4304L7€-03
7.79B84E-03
1.05371E~02
2.75079E-02
2. h6639E-02
2.36328E-02
5.71022€-02
4. 68F27E-02
5.29350E-02
5.58299E-02
3.,913B4E-D2
7._58447E~02
5.7436RE-02
5.51415E-02
5.21286E-02
4, BB7STE-02
L, 4E6LSBE-02
4 ,07584E-02
3.66451E-02
3.28413E-02
2.BALISE-G2
2,52B09E-02
2.20299E-02
1.90%84€-02
1.8L091E-02
1.40B6SE-DZ
1.20485E-02
1.02717E-02
B_6745TE-03
7.35414E-03
§.2217LE-03
5.2LB53E-03
L, 39009E-03
3. 691TLE-O3
3.10012E-93
§5.15678E~03
1.701B1E-0X
1.50202E-03
1.18295E-03
1.04406E-03
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0CCO00COCODOOODOO

oooonooaanncoccbnooacoonoooooococoocoonuoooaaoooonnooacoboacoo
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e
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0
a
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o
0
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Q
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DD 00D ODO 0000000000000 S0 000000 CDoVODOGCODC00C0C0D0O0ODOCDO0™
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/)
0
-0
a
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o
o

aeﬁonannanceeuoobooooooooqnnocaanocoooanoooeccooucooaooooonoob

COOD OO0 0COD0O00D00C000DC000000D000DOADNDNDOBONRTOD00000O0ODOC0OOR

IN  SCATTER
¢.o0 .

1.18126E-05
&, 24BOPE-DS
1.19972E-D4
2.50140E-0k
5.2703LE~0G
7. B7LR5E-O4
1.24228E-0Q3
J.134PLE-O3
J.99452E-03
4. 85834E-03
9.99579E-03
1.42250E-02
1.921808-02
2.55124E-02
3.2752E-02
4. 25895E-02
4.33672E-02
L B75B7E-C2
6.270%0E-02
5.5853s8E-02
5.BOSBIE-O2
5.12729E~-02
J.PRLTLIE-OR2
4. 51883E-02
5.P04B7E-02
L,33145E-02
3.84233E-02
L.84045E-02
3.70037E-02
4.2B579E-02
2.19B10E-02
1.55361E-02
1.58147€-02
1.80444E-02
1.486547E-02
1.44548E-02
§.14484E-03
1.35984E-02
6.29779E-03
7.4354BE-0)
&.83163E-03
7.65204E-01
3.91743E6-03
2.61357E-03
2.05582E-03
1.91678E~03
1.68981E-03
1.5327BE-03
1.50088E-03
1.61185€-03
1.87037E-03
3_5P68PE-0k
2.59¢e8E-04
2.30204E-04
3.1479BE-D4
7.14991E-04
7.7B535E-DL
7.56239E-04

T.TRTLE-DL
5.7T496E-DL
3.734BZE-04
2.524610E-04
1.77797E-04
1.31188E-04
9.98605E-05%
7.80113E-0%
5.5L378E-05
&_.38433E-05
3,500C&E~05
2.81011E-05
2.24HLBE-0Q5
1.83542E-05
1.48201E~05
1,19752€-05
9.42551€E-06
7.71330€E-06
5 14044E-06
4.F0214E-06
3.BB&O3E-04
3.06004E-06
2.41207E-04
1.88784E-08
1.47034E-06
1.138QCE~D&
8.756928-07
6. 49857E~07
5.08145E-07
3,E3155E-07
2.66727E-07
2.12694E-07
1.56382E-07
1.13823E-07
8,.14313E-00
5.7865VE-08
4, 057465E-08
2.7698%E-QR
1.85BL0E-OB
1.64925E-DB
5.63562E-09
0.0

7.BEQBLE-De
1.27441E~03
2.03463E-03
3.87937E-03
$.39815E-03
3.02270E-02
2.53734E-02
L,31994E-02
&.50020€-02
4.03398E-02
7.997848E-02
G, 91914E-0)
1.91560E-01
2.29716E-01
2.07F10E-03
3.70744E-08
&, 25304E-03
1.18473E-01
4.B0L15E-03
3.32010E+00

SLF SCATTER
7.647B3E~05
4.90221E-04
9. 6ETETE-D4
2.0388%E~03
4. LYSATE-03
5, 89313E-03
8.53727E-03
2.23245E-C2
2.11953E-02
2.05920£-02
L.P1790E-02
&.39058E~02
5.24B41E-02
4.27049E-02
&.02403E-02
9.58549E-02
8.23233E-02
7.71720E-07
7.17704E-02
B.T43LLE-C2
9.02875E-02
6.k346LE-DZ
7.503216-02
F.EP2B4E-02
1.10937E-01
7.745756-02
5.32785E~02
6.73B54E-02
4.41835E-02
7.37585E-02
5.19039E-02
3.13973E-02
2.04508E-02
2.51851E-02
2.80170E-02
2.77559E-02
1.43519E-02
1.26556E-07
1,70167E-02
1.53932E-02
1.13836E-02
1.14254E-02
1.33043E-02
?.¥5388E-03
2.75690E-03
2.7L8%1E-03
3.35648E-03
2.62138E-03
2.54099F-03
2.49817E-83
1.73338E-03
3.62259E-03
7.81184E-05
1.132926-04
L LB74RE-04
2.56977E-04
1.18340E-03
1.79245E-03
4, 27098E-0)

4. R2444PE-03
1.774435E-0Q3
1.39651E-03
B.51497E-04
5.50587E-00
L. 99PTRE-Q4
&.00375E-0&
3.05824E-04
2.32017E-0¢
1.89483E-04
1.54400E-04
1.26052E~04
1.02858€E-04
E.37547E-03
&.79882E-05
5.49193E-035
L, 41150E-05
5.52839E-05
2.81025E-0Q5
2.22%21E-05
1.760BSE~05
1.3B4BLE-~05
1.08407€E-05
B.4L323E-08
6.53310E-0¢
5.02%05E-06
3.B4129E-Cé
2.91106E-06
2.19221E-0¢
1.43782E-06
1,21239E-06
8.BR0E3E-Q7
5.4L980E-07
i, 60580607
3.24702E-07
2.2614BE-0Q7F
1.52893E-07
1,01283E-07
4.64714E-08
9.66397E-D8
2.51095E-08
a.o

1.224D3E-07
2.74B7FE-035
5.27B4E-05
1.55619E-04
2. 51901€E-04
2.,05281E-03
1.33164E-03
3,19220£-03
3.21317E-03
3.82113E-03
1.14040DE-02
&.77931E-02
3.B¢BB2E-01
B.23291E-02
4.95461E-02
2.19790E-0%
L. 3I265E~01
3.57815E6-02
L.20952E-04
2.B1670E400

oUT SCATTER
1,01605€~04
S.415V4E-D4
1.03432E-03
2.02711E-02
4.DLETIE-O3
5.18410E-03

7.25282E-03

1.897G1E-02
1.87317¢=-02
1.88425E-02
A.Z4TBLE-D2
3.92384E-02
4.422316-02
4.BBB23E-0L
4,07014E-02
4.52004E-02
&, 27720E-02
5.55990E-02
6.043I07E-0Q2
5.98173E-02
L. THPLIE-D2
4.73184E-02
3.25543E-02
2.43L10E-02
3. 44004E-02
1.94522E-02
1.82%81E-02
2.27704E-02
Z.A956FE-C2
3.10077E-02
1.12473E-02
5.42477E-03
&.7L599E-03
8.95454E-03
2.59701E-03
1.035588-02
5.69180E-03
&.AFILLE-OD
3.24918E-03
T.31547E-03
5.34817E-03
&, 13805E-03
2.25002E-03
t.38389E-03
1.39082E-03
1.38430E-03
1.21004E-03
1.54871£-03
1,565802E-03
1.30098E-Q3
1.56438£-03
1.46747E-04
5.400B9E-05
46.10503E-05
7 36FLBE-O5
1.20318E-04
2.48107E-0%
&.31560E-CE
&.0515&E-0¢

L. 7438LE-0K
J.16183E-04
2.14327E-04
1.51845E-04
1.133469E-04
8.7778FE-03
6.97763E-05
4.98155E-0%
&.01385E-05

3.2411BE-05 -

2.63112E-05
2.134B1E-03
1.73569E~05
1.41121E-05
1.141C9E-05
§.23085E-04
7.40¥08E-035
5.92367E-04
L.7177%E-D&
3.7L24L2E-08
2.955625E-08
2.32477E-04
1.01994E~048
1.43173BE-05
1.0982TE-04
B.45004E-D7
6. ABTIRE-O7
4.9057&E-07
3.4BB4BE-0Q7
2.75520E-07
2.03973E-07
1.49581E-07
1.08519E-07
7.79821E-08
5.50423E-08
3.832C0E-DE
2.65763E-08
1.78348E-DE
1.16895E-08
3.97724E-09
4. 74537611
0.0
2.5B559E-06
4.63277E-04
8.9BOBRE-04
1.97482€-03
3.14%04E-03
2.002586E-02
1.85145€6-02
3.33277E-02
3.43682€-02
3.29628E~02
6. 79634E-02
4.35143€-01
1.83243E-01
§.93488E-01
4. 7TDBEE-D1
2.93551E-01
1.159352E-01
2.93712E-03
-2, %2831E-0%
2. 5VBL4E4DD

ABSORFTION
1.52246E-0%
T.H3B7E-05
1.267089E-04
1.99578E-04
3.15927E~04
3.14413E-04
3,31485E-04
&.2B8025E-D#&
4. 32467TE-D4
3. 14102E-04
5.84606E-04
4, 29359E-04
4. 11327E-04
J.45555E-04
2.10059E-04
2.5012BE-04
1.53497E-04
1.388528-04
1.09727E-04
1.72512E-04
1.38834E-04
1.2817RE-04
1.49120E-04
1.90852E-04
2.2077BE-D4
3.37899E-06
2-265B1E-D%
1.72535E-04
1.64232E-00
1.27631E-D4
1.90713E-04
1.14373F-04
8.51123E-05
9. 3759S6E-05
Q.25533E-05
4. 35049€-05
&.TA57SE-05
2.81124E-05
&.03989E=05
3.90540E-05
3.72832E-0%
3.062%1E-05
5.#4330E-05
3 (293LE-05
9.20304E-05
7.49185E-06
3.38817E-04
2.7TB144E-DE
6. 450L9E-9%
4,83350E-0&
1.498B4E-06
1.51194E-Q5
1.38711E-08
3.71388E-07
2.51758E-07
1.418354E=-07
2.374B2E-C4
5.1BA06E-08
1.07364E-05

¥.19558E-06
7.22010E-06
2.14903E-06
4.79492E-07
&.47013E-07
§.3T4SE-07
W BASPZE-07
7.98914E-06
3.99855E-07
3.48405E-07
3.09623E~07
2.80253€-07
2.53327€-07
2.302758-07
2.09804E~07
1.89949€-07
1:73041€207
1.567L9E-07
1.41358€-07
1.28858E-07
1.13634E-07
1.01258E-07
8.98075E-00
7.92152E-08
4.95533E-08
6.05347E-08
5.25103E-08
4.51112E-08
Y.84943E-08
3.25398E-08
7.78537€-08
2.24512E-08
1.84481E-08
1.51100E-G8
1.20749E-08
%, 52200E-09
7.30951E-09
5.49499E-09
£.07181E-09
7.28727€-09
4.B2252E-09
0.0

3.31845E-06
4 _LBLITE-OL
6.23169E-0¢
P.4FE41E-04
P.72023E-04
3.74739E-03
1.85801E-03
1.78987€-03
1.00240E-03
4.09683E-04
L 64LQDLE-DL
3.74613E-03
2. 3a459E-D3
6.59131E-03
1. 284 MSE-D2
4.57288E~02
Z.95333E-01
1.13138E-01
4.79841E-03
5.2334BE-01

LEAKAGE
6.9580CE-QS
S.m1B46E~04
S ELTSSE-DL
1.23784E-DT
2.¥1959E-03
2.82928E-0DY
3.74276E-03
P.15024E-03
B.64214E-03
B_27555E-03
1.89095E-Q2
1.72314E-02
2.25433E-02
7 .5B355E-02
2.37519E-02
4 .51463E-02
3.7220%5€e-02
4. 27753E-02
4.03B74E-02
5.161486E-02
S.24942E-02
5.22331E-02
5.%2201€-02
4. 7ITBLE-DR
3.92029E-02
6.45B50E-02
4. 6BLESE~O2
J.45929E-92
Z2.97946E-02
1.99624E-02
L_34B83E-02
2.47227€-02
1.74209E-02
1.43142E-02
1.35821E-02
.4B7&TE-DS
1.36904E-D2
3.91352€-03
1.3L945E-02
4.10255E-03
3.73315€-03
2.14573E-03
4. 52T99E-0%
3.560462E-03
1.21389E-03
4,65 203E-0L
7.03552E-04
5.384B3E-04
3, 62217E-04
1.95340E-04
4. 397B0E-05
1.7090BE-03

*3.02594E-04

1.9807FE-04
1.563135E-04
1.9L408E-0L
4. 6666 ZE-00
3. 41893E-04
1.40373E-04

2.94250E-04
2.59170E~D4
1.57052E-04
1.00312E-04
&.3T979E-Q5
4 .24B2SE-O5
2.96201E-05
2.0231VE-05
1.4%032E705
§.10882E-05
8.381F7E-Q¢6
& 4TLLTE~DS
5-07094E-08
4.01279E-04
3.20015E-0¢
2.55520E-04
2.043548E-08
£.563328E-08
1.30140E-00
1.03309E-04
8.16359E-07
&, 42154E-07
5.02455E-07
3.91359E-0Q7
31.02597E-07
2.32511E+07
1.774B7E-07
1.54201E-07
1.00BZ3E-0O7
7.51134E-08
5.54129E-08
4&.047T32E-QB
2.92213€-08
2.07357€E-08
1.45159E-08
1.002608-08
6. 89246E-09
4.37024E-09
2.82335E-09
1.44875E-09
7.4%408BE-10
0.0

1. 97743606
3.1308B8E-04
5.134F0E-04
9.55275E-04
1.25872€-03
6.4509FE-03
5.003I79E-03
8.0B50B8E-03
7.43643E-03
&.970L4E-03
1.15541€E~-02
5.305036-02
2.59620E-02
2.94446BE-02
1.79802E-02
2.1470GE~02
1.20819E-02
3.97¢83E-04
5.58725€-06
1.59882E+00
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BALANCE
¥.-9P8068E-01
¥.97B84E-01
F.OFATLE-OL
¥.99870E-01
§.99873E-01
¥.99885E-01
9. 9988%E~01
?.99893E-01
%.$989BE-01
F.99VOLE-D]
9.¥9901E-03
9.7990&8E-0Y
2.99201E-01
9. oVRCSE-OL
9.99903E-01
9.995B9E-01
§.9PPD1E-Q1
9.99888€-01
9.9989HE-O1
9.998B89E-0L
¢.99878E-01
®.99275E-01
9.99855E-01
9.9984BE-01
2.99890E-01
9.99637E-Q1
§.99844E-C1
¢.99878E-01
¥.79B8FE-01
F.9F927E-01
F.99837E~01
¢.99HIBE-Q]
9. P9BLPE-T
§.P9RTIE-U
9.,99EB0E~-0Q1
9.99911E-01
9.99860E-0X
9.FPIL2E-QL
?.¥9835€-01
g.vos82t-01
.99928E-01
©.99955E-01
¢.99851E-01
9.95870E-01
F.9FYIBZE-01
§.99957E-01
§.9994TE-D1
¢.¢FP53IE-01
§.99964E-01
9.99FB2E-01
9.99999E-01
¢.9PBLsE-01
P P9BACE-Q1
¢.99BVRE-01
§.79845E-01
§.99B9LE-01
9,99893E-01
9.F99IZE-0F
®.99¥EIE-O1

9.99948E-01
P.9993BE-01
F.99FLOE-OL
9. 999LTE-OL
?.99953E-01
9 .999E0E-01
$.99950E-01
9.¥9F54E-QY
9.99966E-01
9.99945E-01
9.99969E-01
9.99970E-Q3
9.99971E-03
9.99074E-D1
9,99974E-01
9.99976E-01
9.99976E-01
9. ¥9975€e-01
P.99975E-01
9.99977E-01
9.99F7IE-OL
9.¥9974€E-03
9.99972E~0)
9.99974E-01
9.FIITLE-OL
9.59974E-01
9.999VTE~O1
9.99%77E-01
¢.9997TE-D1
9.99976E-01
9.99¥7BE-Q1
9.99978E-01
9.9997TE-Q1
¢.9997GE-D1
®.999B1E-01
9.99981€-01
9 .99980E-01
$.99982£+01
¢.99983E-01
$.99972E-01
%.99987€-01
1.00000E+00
€.99955E-01
9.99F20E-01
§.999428-0%
9.99933F-01
9.99850E-01
¢.99951E-01
9.99943E-01
9.999&2E-01
G.9PPESE-OL
§.99959E-01
9.99971E-01
¢.99PTLE-DL
§.999746E-01
§.99979E-01
§.99¥47E-01
¢.Pe¥92E-01
g.99997E-01
1.000G0E+00
9.99¥94E-Q1
?.99959E-01



JAERI 1316 Appendix D Sample Output Lists of RADHEAT-V4 265

GRP, RT BDY¥Y FLUX RT BDY J+ RY BDY J RT LEAKAGE LFT LEAKAGE F15S RATE TOTAL FLUX DENSITY

1 2.264546E-10 2.1%710E-10 2.19710E-10 &.938QLE-05 0.0 0.9 1.29923E-02 1.29923£-02
2 1.231460E-0% 1.20574E-09 1.20574E-09 3 _81B46E~0¢ 0.0 e.0 7.2026BE~-02 7.20268E-02
3 2.91¢507E-09 2.09908E-09 2.09904E-09 &.464755E-04 0.0 .0 1.25290E-01 1.2529QE-01
& 3.930CBE-OF 3.845%2E-09 3,BASIZE-D® 1.21VBLE-03 0.0 a.0 2.29659E-01  2.29459E-01
5 7. 4LBSSTE-09 T7.32LL3E-0F 7.I2443E-0F 2.3195VE-03 0.0 a.¢ €. 3TI1BE-91 6. 57213E-01
4 9.13832E-09 B.93386E-0% B.F3386E-09 2.832928E-03 0.0 6.0 §.3E534E-01  5.32534E-0%
7 1.20926E-08 1_1B3H3E-08 1.18183E-08 3I.TL274E-03 0.0 0.0 7.04515E-01 7.04515E-01
& 2.95780E-CB 2.BF1B5E-0B Z.391B5E-08 9.15824E-03 0.0 0.0 1.72775E¢Q0  1,72775E+00
¥ 2.TPI45E-080 2.728B8E-~0B ?2.72B00E-08 E.64214E-03 ©.0 0.0 1.43520E+00 1.63528E+00
10 Z.4TSO4E-0B 2.61313E-08 2.61313E-0B §.27335E-03 0.0 0.0 1.5653VE40D0  1.56539E400
11 &6.1I347E-08 5.97096E-08 5.97096E-08 1.890%5€-02 0.0 0.4 3.57635E+400 3.576353E400
12 §.5T219E-08 5.44107E-08 5.44107E-08 31.72354E-02 0.0 G.0 3,26841E400 3.2604FE+00
13 7.29448E-QB  7.11838E-06 7.11832E-08 '2.25433E-D2 0.0 6.0 4.253BLE400  L,253RLE+D0
14 B.36432E-08 B,15793€-08B B.157Y3E-08 2.58355E-07 0.0 o.0 4.BE75IE+00 & .BSTSIE+OQ
1% 7.86943BE-GH  7.50002E-08 7.50002E-08 2.37519f-92 0.0 e.¢ & 4L3BIE+O0  L.443B2E+Q0
16 1.39440E-07 1. N&304E~07 1,36304E-07 4&.B5643E-92 0.0 Q.¢ S.07L22E+00 B.O7422E+00
17 1.20544E-07 1.17529E-07 §.17529E-07 3.72205E-02 4.0 0.0 4. P5L30E+0C &.75130E+00
18 1.3B591E-07 1.35069E-07 1.3504YVE~07 4&_2775X3E-02 0.0 0.9 T.95395E+00  T7.95195E+00
19 1.30314E-07 1.2489BE-07 1,2489BE-07 4.01874E-02 0.0 0.0 T AP118E400  7.47118E+00
20 1.67375E-07 1.4298B7E-07? 1.42947E-07 S.16184E-02 C©.0 [ ] §.553835E400 9.55&35E+00
21 1.70347E~D7 1.8575BE-07 1.&5758E-D7 S.24942E-02 0.0 2.0 F.AETTLESQD 9.46477LE+0OD
22 1.89519E-07 1.AL934E-07 1.64934E-07 5.22331£-02 ¢.0 a.o P.60314LEHGD F.00314E+00
23 1. 7PLLOE~Q7  1.74365E-07 1.74365E-07 3.52201E-02 0.0 0.0 1.01010E+01 1.01010E+0]
26 1.55973E-07 1.5349VE~DF 1.5149¥E=07 L. }?YVELE-02 Q.0 0.0 B.TAAL1E+00 B.T44L2E+0Q
25 1.27857£-07  §.237BPE-07 1.237B¥E-07 3.92029E-02 0.0 Q.0 7.18780E+400 7_18TRB1E+DO
26 Z.09553E-07 2.03937E-07 2.03937E-07 &.435850E-02 0.0 Cc.o 1.1734BE+01  1.1734BE+D1
27 1.52L54E-07  1,47912E-07  1.AT7912E-07 L. 68423E-02 0.0 0.0 A 4BI6LE+O0 B.4B3ALE+O0
28 1.17B37E-D7 1,09232E-07 1.09232€-07 3.4392VE-0Z 0.0 0.0 6. 20589E+00 5. 20486FE+Q0
29 ¥,.71555E-08 9.40872€-08 G.40B72E-084 2.97964E-02 0.0 0.0 5.453374E+400 5.45374E+400
30 6.530935E-0B &4.30342E-08 & .30342E-08 1.99424E-02 0.0 0.0 3.707SBE+D0 3, 7074BE+00Q
31 3L E1342E-07  1.373I4E-07 1. 37314E-07 & J34B83E-02 0.0 8.0 7 PDITSEHO0  T.9D57SE+QD
32 B.73044E-0F 8.438CBE-08 O.43Q0BE-08 2.67227E-02 0.0 a.o 4. BEPS1E+00 4 .B&961E+QD
33 5.72845E-08 5.50091E-08 5.50091E-08 1.74209E-02 ¢G.0 0.9 J.17280E+00 3.17281E+00
34 4.S1EFPE-DE L _4SPLIE-OB  L.ASTL1E-08  1.41142E-02 0.0 0.0 2.59738E400 2.5973BE+00
15 4.4329QE-08 4, 28BYLE-CB  4.ZBATLE-08 1.35%5821E-0Z2 0.0 0.0 2.50097E+Q0 2.50017E+00
36 3.1DBQ3E-08 2.99¥SBIE-GA 2.99581E-08 ¢, L8TLTVE-03 0.0 2.0 1.75246E+00 1.75284E+00
37 4. 39B77E-03 4 _2597FE-0B & .25979E-0B 1.34%04E-02 0.0 9.0 2.45645E+00 2.15645E+400
38 1.3032BE-08 1.23733E-08 1.23733E-03 3I.¥1852£-03 0.0 6.0 7.29086E-01 7.298BSE-01
39 4L_J9520E-QB 4. 2610BE-O8 4.28108E-08 1.3549485E-02 0.0 0.0 2.65613E400 2.45513E«00
40 2.0Q53I9E-08 1,92697E-08 1.92497E-08 &.10253E-03 0.0 c.o 1.12765E+00 1.12765E+00
41 1.23999E-08 1.)17RE0E-08& 1.178B0E-00 3.73315E-03 0.0 Q.0 6.89005E-01 &.3F006E-01
42 T.31583%E-09 &_83B60E-0F 6.B3BAQE-0F 2.¥6573E-03 @.0 9.9 4.09018E-01 £ .DP018E-D1
&3 Z.12401E-08 2.04131E-D08 2.046131E-08 ¢.5279%E-03 Q.0 0.0 1.19300E+00 1.19300E+00
£k 1,14455E-08 1.11927E<08 1_.11927E~08 JI.5&482E-03 0.0 c.0 6.48717E-01 &.48717E-01
&5 4,11058E-09 3.83304£-09 3.83304E-0F 1.21389E-03 0.0 ¢.0 2.216466E-01 2.21464E-01
486 2.23416E-0% 2.09732E-09 Q. OYTIE-OF L. 44Z203E-04 0.0 (] 1.23507E-01  1.23307E-01
47 2.31321E~0% 2.22157E-09 2.22157E-0% 7.03552E-0&4 0.0 0.0 1.30938E-01 1.309¥35E-01
48 1.772B9E-0% 1.70034LE-0F 1,70034E-0F 5.384B3E-D4 0.0 0.0 1.D00083E~C1  1.000B3E-R1
4% 1.19¥1BE-09 1,.14375E-09 1,164375E-09 3,.62217E-04 0.0 0.0 &.B076LE~02 45.BOTLLE-C2
50 6.52147E-10 6,16B14E-10 6.78B1KE-10 1.95340E-04 0.0 0.0 3.753146E-02 33.75315E-02
51 1.53544E-10 1.38847€-10 1.3BB4TE-10 &.39780£-05 o©.0 9.0 B.79974E~03 8.79974E-03
52 5.54533E-0% S5.39684E-0F S5.3IP66LE-09 1.70908E-03 0.0 0.0 3.11534E-01  3.11536E-01
33 1.03621E-09 9.55486E-10 #,.554B4E-10 3.02594E-0& 0.0 0.0 5.317328-0¢  5.31732E-02
S£ 4, B19B9E-10 6&.25464E-10 &.25464E-10 1.7B079E-DL 0.0 0.0 3.61324E-92 3.8132¢E-D2
5% 5.18771€-10 4. 93581E-10 4.93581E-10 1.58313FE-04 0.0 G.0 2.B55056-02 2.85505E-02
5& &.38043E-10 A.13844E-10 &.13BELE-ID 1.94406E-05 0.0 o.o 3.54234E-02 3. 582MLE-02
57 1.53104E-D9 1.47355E-09 1.47355E-09 (_466642E-04 0.0 o.c B.S53254E-02 B.33Z54E-02
58 1,13048E-D% 1.0793BE-09 1.07958E-09 3.41BF3E-04 0.0 0.0 &.38913E-02 &.389135E-D2
5¢ A.E9R08E-10 4. 4324BE-40 &_43248E-10 1.40373E-04 0.0 Q.0 2.7FBL2E-02 2.7¥A42E-02
A0 9.72ZRBIQE-10  §.35L52E-10 9.35452E-10 2.94250E-04 0.0 a.0 5.86070E-02 5.46B70E-02
41 B.55413E-10 B.143656E-10 B.183I46E-10 2.59170E-04 0.0 0.a- L.86925E-02 4,86925E-02

2.95982E-02 2.95982E-02
1.B8936E-02 1.BB934E~D2
1,20B44E-02 1.20864E-02
8.10431E-03  B.10431E-G3
5.489156-03 JF_4AFISE-D)
3.90857E-03 3.90857E-03
2.8BIS0E-03 2.A8360E-03
2.15483E-03 2,15483E-03
1.6354T7E-03 1.83547E-03
1.26744E-03 1.28TLLE~0D

82 S5.22114E-10 4. ¥5914E-10 4. 95914E-310 1.57052E-04
43 3.33351E-10 3. 1&751E-10 3.34751E-10 1.00312E-0QL
&4 2.1212BE-1Q 2.01L531E-10 2.0Q5451E-10 &.37979E-05
85 1.41185E-10 1.34145E-10 1.34145E~10 4.20828E-05
66 ¢.BL3C1E-11 9.3ISHLYE-11 P BS5549E-11 2.96281E-0F
67 4.72732E-11 &.3BBSIE-1§ S 3BAS3E-11 2.02319E-05
68 6.95015E-135 4.70591E-11 &.70%91E-11 1.49032E-05
&9 3. AE353E-1 3.50125E-11 3.501235£-11 1.10BB2E-03
7O 2.7BALTE-1Y 2.64673E-11 2.64873E-11 E.3B197E-D&

4.0Z4B7E-04 &.D2487E-O04
3.21870E-04 3.21870E-04
2.54507E-04 2.546507E-04
2.035B9E-04 2.0358FE-0L
1.40877E-0k 1,60877E-04
1.2654BE-04 1.28548E-04
?.705F9E-05 9F.9059FE-03
7.,71308E-05 7.71309E-0%
5.94432E-05 5.96433E-05
& .58350E-05 4_5B3I50E-05
J.L9FG2E-05  3.49962E-05
2.6L72HE-05  2.84726E-05
1.98973E-05 1.98973E-C5
1.48301E-05 1.483011E-08%
L.OF66LE-05 1.09461E-05
7.99931€-06 7.99951E-04
5.TT941E-08 5.77941E-04
4.10436E-D& & ,J0434E-06
2.87612E-04 2.8B7652E-04
1.98206E-04 1_9PBB8GE-OS
1.330126-06 1.33012E-06
B.7DLBI1E-07 B.70481E-07
5.63711E-0F 5.83712E-07
& . PLTIZE-OF 6.9471R2€-07
1.5475QE-07 1.5&750E-07
0.0 a9.¢

I.STBIPE-04 . S5TRIGE-04&
5.68137E-02 5.6413BE-02
§.I34409E-02 F#.34409E-00
1.74328E-01 1.74328E-01
R.T9CIIE-D1  2.29YTIE-0%
1.18858E+0C 1.1B8853E+00
?.20651E-0t 9.20451E-91
1.4B4LIE+Q0 1, 4B8C1E+OC
1.40594E+400 1.405%4E+00
1.27794E400 1.27794E+00
2.13802E+00 2.13B02E+00
P.8Y531E+00  §.89531E+00
4 _T2950E+00 4. 72950£+00
S5.36147E+00 5.3614TE+QD
3.29527E+00 3_29527E+0D
4.12152E000 &.12132E+00
2.4993LE+00 2. 49F34EN00
%.00251€-02 #.00261E-02
1.0B134E~D3 1.DBL14E-0}
2.21435E+02 2.Z21435E+02

74 6.79202E-L12 H.495253E-12 &4.45253E-12 2.04346E-06
77 5.43055E-12 5.15731E-12 §.15731E-12 1.8332BE-0¢
78 4.32B48E-12 4.110G0E-12 4.1100CGE-12 1.30180E-06
79 5.43605E-12 3.26214E-12 3.246214E-12 !.03309E-0é
B0 2.71554E-12 2.577?77E-12 2.57777E-12 @8.16359E-¢7
81 2.13636E-12 2.02749E-1Z7 2.0274RE-12 &.42154E-07
82 1.67248E-12 1.58721E-1¢ 1.S8721E-12 35.0E2655E-07
B3 1.30233E-12 1.23S77E-12 1.23577€-12 3.91359E-07
B¢ 1.00711E-12 9.55495E-13 9.55495F~13 3.02597E-07
85 7.73957E-13 7.34187E-13 7.3L1B7E-13 2. 32511€E-07
B4 5,.908B4E-13 5.60642E-13 5.80442E-13 1.774B7E-O7
87 4.46863E-13 (. 237?SHE-13 4.237S58E-13 1. 34201E-Q7
88 3.35774E-13 3.1P3I70E-13 3,1037QE-13 1.0P0823E-07
8% 2.5019%E-13 2.371BJE-13 Z2.37182E-13 7.51134E-08
90 1.BLG10BE-13 3, 7497LE-13 1.T4974E-13 5.54129E-08
91 1.34888£-13 1.2780DE-13 1.2VBOOE-13 4 .D&732E-08
92 9.73957E-14 $.2Z70&£-14 9.22704€-14& Z.92213E-08
93 4.913B3E-14 AH.5473IBE-1& L. .547SME-14 2.07ISVE-Q8
G4 L _BALGAE-14 4, 5BISIE-14  4.5836TE-14 1.45159E-0a
$5  J.3L4Q4E-24 J3.16587E-t14 3.14587E-14 1 .DO2GODE-0R
F6 2.23451E-34 2. 11324E-1é 2. 11324E-14  £.49244E-09
97 1.4S59PFE-4 1.37997E-14 1,3VOVVE-14 L .I7028E-09
%8 9.43¢B5E-15 B.91514E-15 A.¥15i4E-15 2.82335£-0%
$9 1,15295E-314 1.0B900E~14 1.0B900E-14 3. LLATLE-O¥
100 2.50898E-15 2.35437E-15 2.35437E-15 7.4560BE-10
101 0.0 ¢.0 0.0 0.0

102 4.58464E-12 6.26401E-12 6.24401E-12 1,977¢3E-06
103 1.01212E-09 9.8B&Z22F-10 $.HB&22E-10 3.33088E-04
104 1.446399E-C% 1,.52183£-09 1.62183E-0% 5.13620E-Q4
105 3,102%5E-C% 3.01442E-09 I.01642E-0% 9.55275E-04
106 4&.O7SVSE-0% 3I.9745BE-09 3J._9T4L5BE-0% 1.25872E-03
107 2.08BBPE-D8 2.04015E-08 2.Q4015E-DA 4,48099E-D3
108 1.61769E-08 1.5BD02E-08 1.5800G2E-CB8 5.00379E-03
109 2.6187¢E-08 2.5529BE-0R 2.53529BE-08 E.0B50BE-C3
110 2.44B39E-08 2.L1C6BE-0B 2.L108BE-08 7.63443E-03
151 2.25534E-08 2.20102E-08 2.20102E-08 &.97044E-QD
112 3.7364BE-0B 3.44900E-GB  3.464900FE-08 1.15561E-02
113 1.71749€E-07 1.6751LE-O7 §,47514F-07 5,30503E-07
114 B, LDL4LE-0B B.197E7E-0B 2.19787E~08 2.59620E-02
115 ®.6335LE-08 9,3614CE-0B 9.36140E-00 2.9644BE-02
116 5.87699E-OD 5.LVFS0FE-08 5,&67750F-08 1.79802E-02
3117 7.05088E-00 6.77945E-08 0.779458-08 2Z,147008-02
118 3_9806LE-08 3.308738-08 3.BOSTIE-OB 1.20619£-02
119 1, 4D01BBE-09 1.25505E-0% 1.25505E-0% 3.97463E-04
120 1.98194E-11 1.76426E-11 1.76426E-11 S.58725E-06
121 3.59454E-06 3.70SL5E-0& 3.78%545E-06 1.19BEZE+QC

T1 2.15053E-11 2.04L41E-11 2. 04441E-11 &, 4744T7E-D& - -

72 1.4844BE-I1 1.60122E~11 1.460122E-11 5.070V4E-06 . . P.9S1LFE-04 9 .95140E-04&
73 1.3IZ09E-)11 1.26710E-11 1.24710E-11 4. C127VE-04 . . T.BDAFOE-DL T BBOTYE-O4
74 1.06321E-11 1,01049E~11 1.0104¥E~11 3.20015E-06 . . &.29852E-04 6.29052E-04
75 B.4916FE-12 B.06B42E-12 B.06BL2E-12 2Z.55520E-06 . 5.03333E-04  S.0333JE-04

OO O DO0CCOBODO00O0dOOACOODoD
OO CDCOE0OCO0D0OB 00000000

CEOOODDOODDO0OOOBONOCOEADNOODoO™D

CDCOODOOCCDCOOBOODOODDOBEDOG

CODCODODCDD0OOG0O0U0QO00OBOD00

OO DO OO D 0D POO OO0 OO00ALECODOOEOOC0
OO DOCCOCONOCDO000OD0OC00CREDDGO0

ELAPSED TIME 1.92 MIN.
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RADHEAT-V4: A Code System to Generate Multigroup Constants and
Analvze Radiation Transport for Shielding Safety Evaluation

D.6 Sample Problem for FDEM

MEMBER NAME > BiFDEM.TXT —---msemomm oo oo o ommmmo oo oaoaeoo oo

LINE NO:

0o~ OO o —

B kB Dk B e T

//JCLG JOB
// EXEC JCLG
//SYSIN DD DATA,DLM='++"
7/ JUSER SEStadss, &3, s4add, $h8e I8
T.5 |.4 P.O W.2 C.2 SRP
OPTP PASSWORD=###&#4ss
//FDEM EXEC LMGO.,LM="J1446.FDEMX',OBS|ZE=137,0RECFM=FA
//FTOLFO01 DD OSN=&&F1.UNIT=WK10,SPACE=(TRK, (58.10)}.
/7 DCB=(LREGCL=13064,BLKS1ZE=19068, RECFM=VBS}
//FTO2FCQY DD DSN=&&F2,UN1T=WK10,SPACE=(TRK. (50,10)),
// DCB=(LRECL=19064.BLKS1ZE=19068,RECFM=VBS)
//FTO3F001 DD DSN=&&F3,UNIT=WK10.SPACE=(TRK, (50.103),
// DCB=(LRECL=18064.BLKSIZE=19068,RECFM=VBS)
//FTO4F001 DD DSN=&&F4,UNIT=WKI10,SPACE=(TRK. (50, 10}},
// DCB=(LRECL=19064,BLKSIZE=19088,.RECFM=VBS)
//FTOBFO01 DD DSN=&&F8,UNIT=WK10,SPACE=(TRK, (50,10)},
// DCB=(LRECL=18064.BLKS|ZE=18068,RECFM=VBS)
//FTI0F001 DD DSN=&&FA.UNIT=WK10.SPACE=(TRK, (50.10}).
// DCB=(LRECL=19064.BLKS|ZE=19068,.RECFM=VBS)
//FT11F001 DD DSN=&&FB.UNIT=WK10,SPACE=(TRK, (50.,10)).,
// DCB={LRECL=19064.,BLKS|ZE=19068,RECFM=VBS)
//FT12F001 DD DSN=&&FC,UNIT=WK10,SPACE=(TRK, {50,10)),
// DCB=(LRECL=19064.BLKSIZE=19068, RECFM=VBS)
//FTSIFO01 DD DSN=J1446.P00L87.0DATA.DISP=SHR,LABEL={(,.,QUT}
//SYSIN BD %
FDEM SAMPLE PROBLEM NO.1 (ICAL=2,IFLX=1,1CELL=Q)
&UNIT FXSN=91,SFLX=91.NFEW=91 &END
1¥¥ 2 100 20 4HEGRP 28 5 4HSB32 1 2 2 2 0 0 O 1 4807
2¥¥ 16 0 0 O
3¥¥ BR1 4RZ 3R3 3R4 2RS 3RG6 3RT 2R8 9 3R10 3R11 3R12 3R13
3R14 3RIS 3R16 3RIT 2R18 3R19 5R20 6R21 BRZ2 6R23 5AR24 3R25 ZR26
QR2T 2R28
4¥¥ 5R! 5R2 5R3 4R4 5
5¥¥ 4HEGRP 4H TT7 4HSFXO
11¥¥ 4HEGRP 4HFXI86 4HIRCN 4HAIRO
13%¥ 1 2
T
CLFE IRON (ENDF/B~IV) COLLAPSED 8Y ZONE 1 FLUX OF DIAC
CAIR AIR (ENDF/B-IV) COLLAPSED BY ZONE 2 FLUX OF OIAC
+4+

/"

JAERI 1316
PAGE 1
+ .}



Appendix D Sample Output Lists of RADHEAT-V4

NO. OF FINE NEUTRON GROUP

HODE NAME DF FINE GROUP STRULTURE

HQ., OF FEW GAMMA GROUP
KIND DF WEIGHTING FLUX

NO. OF QUTPUT MATERIAL OR RESPONSE FENC.
CELL AVERAGE ( O0/1 = NOJYES)

OUTPUT FORM OF RESPDNSE FUNLTION

JAERI 1316
1€ ARRAY 19 ENTRIES READ
T
*2»  LIST OF INPUY PARAMETERS a=a
TITLE = FDEM SAMFLE FRAOBLEN MO.1 C(ICALw2,1FL¥=1,ICELL=0)

ICAL KIND OF COLLAPSING H ING
16G NO. OF FLNE GAKMA GROUP 20 HODEL
INGF NO. OF FEW NEUTRON GROUP 28 iGGF
NODEZ NODE MAME OF FEW GROUF STRUCTURE s832 IFLX
HTP NO. OF INPUT MATERIAL DR NESPONSE FUHC. 2 KTFO
1M KO, OF REGION IN BIAC CIFLX=1) 2 1CELL
IRESPL INPUT FORM OF RESPOMSE FUNCTION L] JRESPCD
I1PRT FRINT OFT10NM 1
NN1 LENGTH QF INTERP, TABLE FOR MEUTRONS CIFLX=&} 1]
HG1 LENGTH OF XNTERP. TABLE FOR GAMMASCIFLX.NE.1) ]

Z¥ ARRAY 4 ENTRIES READ
3% ARRAY 100 ENTRIES READ
L¥ ARRAY 20 ENTRIES READ
5% ARRAY 3 ENTRIES READ
11& ARRAY &L EMTRIES READ
137 ARRAY 2 ENYRIES READ
T
=== NEUTRDN

GROUP ENEARGY RANGE
1 1.6487E+O7 1.4550E+07
1.4550E+07 1.2840E+07
3 1.2840E+97 1.1331E+07
[ 1.13315£+0Q7 1.0000E+07
5 1.0000E+07 8.825CFE+08
& 8.8250E+08 7.70B0E+08
7 7.7B8RE+0S 8. .B729E+DE
a 6.8729E+06 6. 0453E+CE
bl H.0653E+06 5.3528E¢06
10 5.3528E+06 4 .7237E+06
11 4.723TE+DE 4. 1586E+08
12 4.1486E+00 3.670BE+06
13 3.6TABE+0% 3.2445E406
14 3.2445E+08 2. BES0E+06&
15 2.B&S0E+DS 2.528LE+Q6
16 2.52B4E+0D& 2.231XE+06
17 2.2313E+06 1.94691E104
18 1.9691E+04& 1.7377E+08
19 1.7377E+Q6 1.,5336E406
20 1.533AE406 1.3534E4+06
21 1.3534E406 1.1943E+06
22 1.39463E£+406 1.0540E+0Q0
23 1.0340C+04 9.3014E+05
24 S, 3IQILE+OT 8.2085E+05
23 8,2085E+05 T .2L40E+05
26 7.2440E405 &6.3928E+05
27 &.3928E+05 5.6416E+05
28 5.641L6E405 4 . 9TA7E+05
29 4.97BPE+DQS 4. 3937E+05
30 4,3937E+Q5 3.BTTLE+OS
31 3_8774E+05 3.4218E+05
32 J.421BE+ 05 3.0197E+OS
33 3.0197E+05 2.844FE+O5
34 2.6645E+05 2.3518E+05
35 2.351BE+05 2.0754E+0%
34 2.0754E+05 1.8314E+05
37 1.8316E+05 1.4143E405
38 1.8143E+05 1.4284E405
39 1.4284E405 1.258BE+C5
40 1.2588E+05 1.1109E+05
L3} 1.,5109E+05 F.B037E+G4
‘2 9.8037E+04& B.6517E+04
&3 B.6517E+04 7_.A351E+04
4h T.6351E+0¢4 6. 73I7FE+OL
45 & .7379E+04 B.9LB2E+04
LY} S.9462E404 5.287SE+04
47 5.2475E+04 4. 6309E+04
£:] L_4630%F+04 L,08&BE+04
ie 4, 0B8BE+04 3. 6065E+04
50 3.6086E+04 3.16828E+04

ENERGY

GROUP

GROUP

S5TRUCTURE

ENERGY HRANGE

3.1828E+D4
2.B0ARE~0&
2.4708E+D4
2.1B?5E+04
1.9305E404
1.7038E+04
1.5034E+04
1.1709E+04
9.11BEE+0]3
7.1017E+D3
5.5308E+D3
L.J07AE4CS
3.3546E+03
Z_.8126E+03
2.0347E+03
1.5848E+03
1.2351E+03
F.8112E+02
7.6352E+02
5.B295E+02
4.5LD0€E+02
3.335TE+O2
2.7534E+02
2.1445E402
1.6702E+02
1.3007E+02
1.C130E+02
7.B8893E+01]
4.1642E+01
4.7851E+01
J.TR2S6TE+DY
2.9023E401
2.24G3E+0
L PS03E+DL
L3710E401
06778401
-3153E+00
-4 T60E+DD
S.DAISE+O0
3.F2TFE+CD
3_0590E+00
2.3A24E%00
1.BS34E+00
1. 4430E+00
1.1254E+00
B.7842E-01
6.8256E-01
5.3158E-01
4.1399E~01
1.5183E-01

On 08 g an

2.8088E+0%
2.47B8E+QL
2.1B73E+0&
1.9305E+04
1.7036E404
1.5034E+D4
1.1707E+404
§.1358BE+03
7.1017E+03
5.5308E+03
4.3074E4+03
3.3546E40%
2.6126E+03
2.03R7E+03
1.5848E403
1.2341€+03
961126402
7. 4B32E+02
S.8295€£402
&4 _SLOOE4Q2
3,5357E+02
2.7534E402
2-1445E402
1.6702E+02
1.3007E+02
1.0130E+02
7.BA93IE+01
6.1442E+01
A.7O51E+D1
3.7287E+D1
2.9023E+01
€.2405E+01
1.7803E+Q1
1.3710E+401
1,.0677E401
8.3153E+00
6.4740E400
5.0435E+0D
3.9279E+00
3.05P0E+00
Z.3824E+00
1.8554E+00
1.4450E+00
1.1254E+00
8,76426-01
&.B6256E-01
5.3t58E-01
4L, 1399E-01
1.51p3E-01
3,5238E~Q4

=== GANMA GROUP

GROUP ENERGY
1 1.4000E+Qd7
2 1.200CE+07
3 1.000CE+07
¢  B.ODOQE+08
S  6.5000E+0&
4  S.CODOE+0S
7 4.0Q0DE+06
&  3_00CDE+0&
L 2.5000E+06
10 2.0000E+06
11 1.480Q0E+06
12 1.3300E+08
13 1.0000E+06
14 8.0080E+0S
15  4.000CE+05
14 4.DO0O0E+0S
17 3.0000E+05
15 2.0000E+05
17  1.00C0E+05
20 S.0Q00E+04

NN2  LENGTH OF FLUX TABLE FUR MEUTRONS {IFLX=&}
WG2 {ENGTH OF FLUX TABLE FOR GAMMAS (IFfLX.NE.1)

RANGE

1.2000€+07
1.0000E+07
2 .0CO0DE+D&
& .500CE+Ce
5.0000E+06
4.0000E+06
3. CODQE+D6
2.5000E+04
2.00C0E+06
1.6600E+0¢&
1.3300E+046
1.0000E+08
8.0000E+05
&.0000E4+05
4, DC00E+05
3.0000E+05
2.0000E+05
1.000CE+05
5.Q00CE+G&
Z.C000E+04

100
EGRP

OO

ao

267
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RADHEAT-V4: A Code System to Generate Multigroup Censtants and
Analyze Radiation Transport for Shielding Safety Evaluation

ENERGY GROUP STRUCTURE

--- MNEUTRDN GROUP -=-— ——— GAWMA GROUP

GRQUP ENERGY RANGE GRouP EWERSY RANGE GROUP EMERGY
1 1. &4LBTE+OT 7.78B0E+0¢ 1.4D00E+07
5.0000E+06

7.7880E+08 L.T257E+08
L. 7237ET0S 3.2645E+04
3.2645E400 2.2313E+04é

W

1.7377E+08 1.1943E408
1.1943E+04 B,20B5E+05
B.20B5E+0Q5 &.3928E+05

[ 4.392BE+05 5.4414E+Q5
30 5.8414E405 3. B774LE405
11 I.BTTLEHDOS 2.5649E405
12 2.6849E+05 1.08314E405
13 1.8314E+405 1.258BE+05
14 1.2588E105 B.6517E+404
15 3.4517E+D4 5. 9LE2E404
18 5.9442E404 4. GB6BE+D:
17 4. O840F+04 2.BOABE+DL
18 2.BDBRE+OL 2.1R75E+04
19 Z.1875E404 1-5034E+04
20 1.5034E+04 4. 307LE+D3
21 4, 3074E403 §.6112E+02
22 9.6112E+02 2.,1445E402
23 2.14L5E402 4 _T851E+03
ok 4. 7851E+01 1.371DE+0%
25 1.3710E+0] &.4THOE+00
2& &_ATEDE+0D 3_92T7FE+DO
27 3.9279E+00 4.1399F-01
s 4.1399E-01 3.523BE-04

H
3
&
5 2_2313E+00 1.7377E+0Q06
£
7
L}

ELUX FROM DIAC

Z0ME 1NPUT
ROGE

1 TRON

2 ALRO

USED PATA AREA =

eres WELGHT FLUK wuss

NODE HAME=EGRP 777 ¢(DIAC SAWPLE PROBLEM WNO.1 (IRON-ATIR) CONFIGULAT

asss MATERIAL ASSIGNMENMT =aun

ouTPUT

HODE
LLFE ( IRON (ENDFsB=-iv} COLLAPSED BY IOWE 1 FLUX OF DIAC
CAIR ( AIR (ENDF/B=ivy COLLAPSED BY IONE 2 FLUK OF DIAt

8107 {ALLOCATED AREA =104000 )

1.640Q0E+04
4 .QDOOE+S
5.0000E+04

RANGE

5.0000E+04&
1-48600E+Q6
4.000CE+03
5.0000E+Q4
2.000DE+04

JAERI 1316
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Appendix D Sample Qutput Lists of RADHEAT -V4

wxs FEW GAODUF CROSS SECTIONS wmrxn

INPUT NODE WAME = EGRP FX14 IRON

OUTPUT NDDE

MAME= 5B32 FX1& CLFE

WEIGHTING FLUX = Z20NE

1GM= 33  1HHx 34

IHT=

i
3  JHS=

TRON BY EKDF/B-IV AT 300K
CCLFE IROW (ENDFFB-IV) COLLAPSED BY XOME I FLUX OF DIAL

&  NUPs

srx MACRO CROSS SECTION WAS DUPUT TQ & DATA POOL

NODE RAKE + SB3Z-FX16

~{LFE

L]

POS, GRF., 1 GRP. 2
1 1.00235€-02 3._72)01E-03
¢ 0.0 9.0
3 2.69132e-T1 J.09H04E-08
L 1 43475E-01  L.78651E-01
3 0.0 1.B6422E-02
4 0.0 0.
¥ oo.0 0.0
a o0 0.0
? 0.0 0.0
10 Q.0 0.0
i 0.0 0.0
12 0.0 o.0
POS. 13 THRU POS. k1
POS. GRP. ¢ GRP. 10
1 &£.35863E-04 4, 19657E-04
2 0.0 0.0
3 1.5C008E-01 2.463099E-01
* 1.12174E-01 2.34233E-01
5 1.55905E-02 3.74300E-02
& 0.0 ¢.0
7?7 B.B1094E-03 0.0
8 5.975B2E-0& 1,8021%E-02
9 6.22262E-04 1,54541E-83
10 4.98083E-03 2.63331E-03
11 2.51745€-03 1.01793E-02
12 1.95859E-03 5.32426E-03
13 0.0 &_33113E-03
14 0.0 0.0
15 0.0 0.0
16 0.0 a9.0
17 ©@.0 9.0
18 0.0 0.0
19 0.0 G.0
¢ e.0 0.0
PQS. 21 THRU POS. 35
PO GRP. 37 GRP., 18
1 1.02526E-03 7.64077E-04
2 0.0 a.0
3 B.8%463E-01 1.PAB2VE-O1
4 7.38B3ITE-01 1.76023E-0%
5 J.BAVLIE-02 1.235546E-01
& 0.0 0.0
POS. 7 THURU POS. 13
14 3.97P47E-04 Q.0
15 1.35696E-05 2.30341E-04
16 3.92A37E-046 4 .B2222E-06
17 3.70192E-05 1.38460E-0¢
18 B.928BBE-05 1.32159E-0%
19 3.29992E-0¢ 3,2443CE-05
20 1.93580E-0L 1.50¢30E-C4
21 ©.0 9.41113E-05
22 0.0 G.0
2} 0.0 0.0
24 0.0 0.0
25 0.0 .0
28 0.0 0.0

GRP. ¥
1.3823%E-03
Q.0
2.99623E-01
1.80024E-0Q1%
1.98208E-02
1.B42BLE-Q2

AS ABDVE

GRAP. 11

. 33492E~0%
9.0
1.39264E-0%
1.31812€-01
2,B4524E-02
0.0

0.0
4.05410E-03
5.662B4E-O3
B, 3B3A5E-04
1.45830§-03
6.24992E~03
5.16BD3E-03
2,42042E-03

0.
o.o
[
]
0.0
a.0
SAME AS ABDVE
GRP. 1%
1,57655E-04
¢.0

1.50925E-01
1.280P0E~01
2.03929E-03
0.0

SAME A5 ADODVE
0.0

0.0

2.54961E-04
3.9IB73E-06
1.16257E-06
1.07908E-C5
2.79563E-05
1.76432E-04
1.03616E-04

o000
ocooo

0

ISO0TROPIC CROSS SECTION TABLE

wraw
GRP. & GRP. 5
4. PTTLAE-D4  2.07397E-04
N o.o

2.7433BE-01
1.B1838E-01
3.P8076E-02
2.1&4313E-0Q2
2.19P9FE~C2

GRP. 12
5.38094E~D4
0.G
2.3204BE-01
2.105t18F-01
7.02383E-03

(-]

5798E~D3
0529E-04

3172€-0Q3
LYBVE-D]}
1159€-03
B243E~03

OCO0OHUHUNWLEA rDAOD D
L Y . R X-F -]

GRP. 20
1.15¥923E-03
0.0
5.94862E-01
5.83475E-01
2.26728E-Q2

1
¢
o
[*]

ooo o

8.BUS96E-04
¥.33120E-08
P.31485E-07
9.-87BI0E-06
2.83370E-Q5
2.749B6E-C4
1.42485E~04
0.0

0.6

c.0

2.4417BE-01
1.59043€-01
3.7235)E-02

5.37302E-01.

1,947245-02
1.34147E-82
]

GRP. 13
4.54028E-04
Q.0
1.68710E-01
1.59878E-01
2.18231E-02

4T25E-03
-2B281E-C4

0.0

6.42355E-04

1.53187E-03

1.53784E-03

B.87565E 04
[}

¢
0.0
0.0
0.0
5.2
2

GRP, 21
1.44471E-03
0.0
46 _18548E-01
6.10507E-01
1.20006E-02
0.0

- X-2-%-1
cooo

£.23530E-05
4£.55068E-07
1.55642E-07
1.389B3E-06
4.51152E-04
B,8L041E-05
5.08877E-05
D.e

0.8

GRP, &
1.75981E-04
-0
2.19404£-01
1.55F41E-01
3.30451E-02
4.07548E-02
1.599348E-02
2.15696E-02
1.81903E-02

coo

-6
-0

GRP. 14
6.12383E-04
0.0
2.90344E-91
2.55084€-01
§.39570E~-02

EQS54E-93
1.04812E~04
1.53937E~05
2.931L5E-04
8.30283E-0¢
1.020463E-03
5.9635BE-04
[

omo

-a
-0

GRF. 22
1.51454E-03
0.0
B8.684BYE~01
8.53885E-01
6. 3433IE03
-0

o

“wadoooo
coooo

-07937E-D6
2.75847E-00
T.66296E-0%
3.7B2L2E-08
3.82472E-07
1,92799E-05
1.13100E-05
0.0

GRP. 7
2.71641E-D4
9.0
1.79262E6-01
1.40163E-01
1.45797E-02
&.85228E-02
4.635526-03%
1.81752E-D2
1.73220E-02
1.10549E-02
Q.90
0.0

GRP. 15

T 4L421E-04
-0
2.2204BE-01
2.11548E-01
I.4L8062E-D2

OCoOGo
oO®ocooo

1.¥2503E-03
5.97384E-DS
1.71630E~0%
1.40981E-04
4.08158E-D4
§.PR59ZE~D4
4, 09B0BE-04
0.0

0.0

GRP. 23
3.25099E-03
2.0
9.64234E-01
9. 4P089E-01
1.16649E-02

o

[-X -

bccomoooo

Q454E~0B

CCOWDDOOOD ©

7.467180E-D8
& _30191E-Q4
2.52359E-08

GRP. B
A.2622RE-DE
0.0
2.03934E-01
i.8792%E-01
1.07358E-02
1.49&A7E-D2
1.222351£-03
2.20418E-03
1.11656E-02
&.61203E-03
4. 97123E-05
0.0

GRP. 14
4.59739E-04
0.9
4.26758E-01
3.87410E~-01
9.767B4E-D3

coboCcoo
acoo0ooco

6.03387E-04
2.85807E-05
8_2L4LBE-DS
7.47%12E-05
1.BAB61E-04
L B0137E-O4
2.81450E-04
e.¢

GRF, 24
6.54318E-03
0.0
9.TLILS53E-03
P.L9ZILE-O1
1.2083LE-02

7217E-0B
15B4E-0O7
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RADHEAT-V4: A Code System to Generate Multigroup Constants and

Analyze Radiation Transport for Shielding Safety Evaluation

¢ 0.0 0.0 0.0
28 0.0 6.0 0.0
POS. ¢9 THRU POS. 36 SAME AS ABQVE
POS. GRP. 2§ GRP. 28 GRP. 27
1 1,11030E-02 1.%53350E-02 2.4780%E-02
2 0.0 ¢.0 a.0
3 9. 7629LE~01 9.B0527E-01 9 _90654E-01
& 9.30935E-01 9.06116E~01 9.46264BE-01
5 1.54B94E-02 3.3I9974E-02 5.88175E-02
& 0.0 0.¢ 0.0
7 0.0 0.4 a.o
8 0.0 0.% 0.0
§ 0.0 0.0 0.0
10 9.0 0.0 0.0
11 0.0 ¢.0 0.2
12 ¢.¢ 0.0 0.0
13 ¢.¢ 0.0 0.0
14 Q.0 0.0 0.0
15 0.0 0.0 [N ]
14 0.0 0.0 0.0
i¥ 0.6 0.0 c.0
18 ¢.0 0.0 ¢.0
i¢ 4.0 0.0 0.0
20 0.0 c.o 0.0
21 0.0 0.0 0.0
2z @.0 Q.0 0.0
23 0.0 0.0 Q.4
26 0.0 0.0 0.0
25 Q.0 ¢.0 0.0
26 3.13098E-09 0.0 c.¢
27 1.BATB3E-D7 1.16122E-0% Q.0
28 1,09571€-Q07 4.57953E-08 1.50135E-09
29 0.0 3.B5970E-08 9.07331E-08
3o 0.9 0.0 5.32255E-08
31 Q.0 0.0 c.o
32 0.0 C.0. c.o
33 0.0 0.0 G.0
3¢ 0.0 0.0 0.0
35 0.0 () 0.0
3& 0.0 0.0 0.0
POS . GRP. 33
1 3.56227E+01
2 0.0
3 3.¥BE3RE01
4 3.2L119E+D0
5 Z.08699E-03
6 0.0
POS. 7?7 THRU POS. B SAME A5 ABAVE
9 3.76328E-02
10 9.85538E-03
11 &.CPASTE-03
12 4 .4152BE-03
13 2.40199E-03

14 1.292B1E-03
15 4.02281E-04
16 7.05%P0E-0%
17 9.48150E-05
18 5.41482E-03
1% 3.34BFSE-OL
20 4.95524E-04

sxx FEW GROUP CROSS SECTIDNS aks

1HPHY NODE NAME = EGRP FX16 AIRD

CUTFUT NODE NAME= $B32 FX1& CAIR

WELGHTING FLUX =
IGM= 33 [IHM= 34

IONE 2
HT=

3

IHS= L3

(CAIR AIR

Nup=

oo
oo

GRP. 28
¥ .31345E+02
0.0

1. 06153E+00
¥ .64P0OCE-D1
2-25187E-D3

B&BELE-10D
4BYRE-QE
?092E-0F

OO GRHODPOCOOOC0OODO00NOO000O00
CCOOONDBODOO VO DO DDOOLOODBDOBBDD

co
oo

GRP. ¥
B.S5945FE-D2
0.0
2.37511E~C1
1.B&3B5E-02
8.2417TE-C2
2.194P4E-02
1.35954E-02
9.BL350E-03
5.80093E-01
2.8B222E-03
L.34273€E-03
L E4TYSE-03
1.01223E-03
1.31763E-04
&.TTP57E-D4
7.97563E-04
3.4F63VE-06
5,48B05E-04
4, 67T917E-O4
3.4844BE-04
&, I13D4E-DL
3.314931-04
3.53118£-04
3.444630E-04
3.3B9SSE-Q4
2.1734LTE-04
1.34399E-04
¥ L7LEFE-OS
7.14B17E-05
L.B84435E-0F
I.058HAE-Q3
2_.B2243E-02

cooo
owoo

oo
oo

asp, 3o
2.20940E€-02
9.0
3_O8319E-0OL
4. 248T72E-02
5.57772F-02
5.3B544E-02
1.42500£-02
8.82504E-03
& _JEPSIE-DF
3.76551E-03
1.B7091E-03
B.71595E-04
9.92551E-04
4. 00L37E-D&
1.08077E-04
&k.&43207FE-04
B.2409TE-O4
4. 145L2E-04
b ASLAQE-OL
5.30952E-04
3.9530BE~-04
4. B2&21E-04
3. ¥140LE-04
3.95524E-04
A.11714E-04
4.,02598E~D&
2.58157E-04
1.59634E-04
1.38855E-04
7.93369E-03
6.13512£-02
1.09818E-01
1.31152€-01

ooo

-a
.0
-0

-X-]
oo

GRP. 31
4.52320E-03
o.0
5.32623E-01
Z.081490E-01
1.43815E-01
5.64281€-02
2.55727E-02
6.BOTOOE-03
4.21239E-03
3.04%%1E-03
1.79735E-03
8.73021E-04
4. 16031E-04
4.84553E-04
I AI694E-04
4. 50746E-05
2.1271BE-Q4
3.39535F-04
1.85745E6-04
2.79041E-04
2.29549E-04
1.7094QE-04
2.114TPE~D4
1.7204PE-04
1.7378BE-04
1.80%Q2E-C4
1.78897E-04
2.730838E-02
5.0304P€-02
7.02043e-02
3.771%9E-02
1.47542E-01
1.B80L1E-0%
1.98611E-01
e.0
c.0

CENDF/B~I¥) COLLAPSED BY IONE 2 FLUX OF DIAC

L]

srs KACRD CROSS SECTION WAS QUPUT TOD A DATA POOL

NUDE MAME = SB32-FXN14-CAIR

5.171S5E-07
0.0

GRP. 32
3.46841E-01
0.0
1.39217E+00
9.55242E-01
2.4L4DFE-O1
S.P8206E-02
2.0702FE-02
1.69958€E-G2
4. 47009E-03
2.TE4E3E-03
2.902856-03
1.18031E-03
5.8443BE-D4
2.73203E-04
L.14B06E-D4
5.28529E-05
2. ATLE6E-OS
1.56034E-04
3.19364E-04
1.53370E-04
2.178L8E-04
1.79201E-04
1.33447E-04
1.62765E~C4
1.32050E-04
1.32525E-0Q4
1.37BB7E-0L
1.34834E-Dé
B.645Y4E~D5
5.34432E-05
3. 74897E-05
2.84349E-05
1.92704E-05
4.305359E-03
1.39502F-02
0,0
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Appendix T3 Sample Output Lists of RADHEAT-V4

JAERI 1316
ssss  [SOTROPIC CROSS SECTLION TABLE asss

POS. GRP. 1 GRP. 2 GRP. 3 GRP. & GRP. 5
1 1.0080BE-05 9.00501E-06 1,64731E-05 B.02489E-06 . 4.12044E-04
2z 6.0 0.0 0.0 6.0 ¢.a
3 7.20641E-05 7.0467RE-0F 1.020PBE-04 7.STYSVE-05 9. 4LOTT7PE-0O5
& X.52551€E-05 4 .3BOSOE-05 5. 4L1AYAE-05 3. 93B60E-DF 4.31823E-07
5 0.0 1.53971E-05 1.34979E-05 3. 07351E-05 2.7B101E-05
& 6.0 0.0 3.07310E-06 B.02293E-07 7.81998E-08
700 0.0 9.0 3.4609BE-06 & 7PR14E-C7
a 0.¢ c.,0 0.0 0.0 1.915386E-068
¥ 0.0 0.0 G.0 a.0 2.0
¢ 0.0 0.0 ¢.0 0.0 0.0
1 0.0 0.0 0.9 0.0 Q.0
12 0.0 Q.0 D.o o.0 .0

POS. 13 THRU POS. 34 SAME AS ABOVE

POS GRP. ¢ GRP, 10 GRP. 11 GRP, 127 GRP. 13
1 2.5150BE-06 1.C42B4E-0& &6.57087E-0B &.51541E-CB &.50B24E-08
2 0.0 a.0 0.0 0.0 0.0
3 1.07R7PE-04 1.87677€-04 1.72929E~D4 1.87251E~04 2.05883E-D4
4 2,82673E-05 1.32544E-04 1.248%50E-04 1.25758E-04 §.25050E-0¢
S 4.72487E-05 7.45154E-05 5.40763E-03 4. 62117E-03 A6.14280E-0Q5
4 3.60323E-07 2.27BASE-05 0.0 0.0 0.0
7 0.0 Q.0 ¢.9 a.c a.o
a o.¢ .o c.a g.0 0.0
$ S.0AI51E-09 0.0 Q.9 0.0 0.0
10 T.BS335E-09 1.L1465E-08 0.0 0.0 0,0
11 1.32251E-Q7 3.51975(-08 &.75504E-09 0.0 0.0
12 1.1T025E-07 2.49497E-~07 &.33533E-08 3.02481E-0F% 0.0
13 0.0 2.512¢1E-07 1.11023E-07 3.ZASRSE-OR 1.50309f-09
14 ©.0 0.0 1.437TR9E-D7 4 ,.9ARIVE-0B 1.7[35]E-08
13 0.0 o.o 0.0 7.75632E-08 2_5LP11E-08
16 0.0 0.0 0.0 ¢.0 4,17575E-08
17 0.0 0.0 0.9 ¢.0 Q.o
18 0.0 0.0 o.0 6.0 0.0
1% 0.0 0.0 a.0 0.4 0.0
20 0.0 0.0 0.0 0.0 0.¢

POS. 21 THRU POS5. 36 BAME AS ABOVE
FOS GRP. 17 GRP, 18 GRP. 1% GRF, 20 GRP. 21

1 7.4625%E-08
2 9.0

3 3.00026E-04
L 2. APIZPE-O4
5

&

7

8.2¢885E-08
.o

3.20344E-04
1.99L05E-04

P.42974E-02
0.0

I.37825E-04
2,14115E-04

1.40487E-07
o.¢

J.62PH5E-D4
3.274V1E-04

2.52972E-07
0.4

3.PATITE-Q4
I.E3308E-04

F.47590E~05 5.0261TE-05 1.207%6E-04 1.23811E-04 3. 53436E-05

o.¢ 0.0 3,60B78E-07 0.0 0.0

0.0 o.e 0.0 e.0 9.0

FOS. 6 THRU POS, 16 SAME AS ABOVE
17 1.9374%E-10 0.0 0.0 6.0 6.0
18 1.10306E-09¢ &.54255E-11 0.0 c.9 0.0
19 1.99217E-0% 4.19B93E-10 B.&%9077E-11 0.0 0.0
20 &.BL239E-0F  7.64250E-10 3.57113E-10 1.10400E-10 0.0
21 0.0 2.B7323E-09 7.7576ME-10 3.ZVR4FE-10 1.461225E-11
22 0,0 .o 1.94219E-09 B.0B120£-10 4.57371E-%11
23 0.0 6.0 0.0 1.69425E-09 1.04284E-10
24 0.0 0.0 0.0 0.0 2,15391E-10
5 0.0 '] 0.0 a.a c.o
76 0.0 o.0 0. 0.0 0.0
27 0.0 0.0 0.¢ 0.0 0.¢
28 0.0 a.0 0.0 0.0 0.0

POS. 29 THRU POS. 34 SAME AS ADQVE

POS. GAP. 2% GRP. 24 GRP. 27 GRP. 28 GRP. 2%

1 4.113B7E-06 5.6BB6SE-0& 9.17208E-04 3,404F2E-05 4.25433E-06
2 0.0 0.0 0.0 . 8.0
3 &.70433E-0&  4.746B9E-04 4. 7HZO2E-04 5.07935E-04 3.091D7E-05
&  &.OMOFEE-0UL  B.STHAIE-04 4. 62042E-04 L.0BL61E-04 3.29803E-04
5 2.878316-05 &.23748E-05 1.08043E-04 3.91281E-04 1.72114E-04
¢ 0.4 G.0 a.0 c.0 L, 67773E-D7
7 0.Q 0.9 a.0 c.0 2.90534E-07
& 0.0 o.o 2.0 0.0 2.09872E-07
¢ 0.0 0.0 0.0 6.0 1.23974F-07
10 0,0 0.0 ¢.0 0.0 4£.15077E-08
11 0.0 0.0 0.0 6.0 Z.B7018E-08
12 0.0 0.0 0.0 0.0 1.208845E-00
1} 0.0 a.C 0.0 0.0 7.15234E-0%
14 Q.0 a.¢ e.0 0.0 4.83720E-0¥
15 0.0 a.0 °.0 .0 4.0ZB25E-0%
15 0.0 0.0 0.0 0.0 J.40142E-DF
17 0.0 0.0 0.0 0.4 2.87826£-0%
18 0.0 Q.0 0.9 6.0 2.25C01E-0%
17 0.0 0.0 0.9 0.0 1.88241E-9F%
2¢ 0,0 8.0 0.0 Q.0 1.55404E-0Y
21 0.0 0.0 0.0 0.0 1.22441E-0%
22 0.0 Q.0 Q.Q 6.0 1.082B8E-09
23 0.¢ Q.0 o,o 0,0 1.U59%8E-09
264 0,0 0.0 o.0 ¢.Q 1.07983E-09
25 0.0 0.0 0.0 R.0 1.099Z4E-D9
26 0.0 Q.0 8.0 c.a 1.19343E-09
27 0.0 0.0 0.0 6.0 1.51463E-09
28 1.2487DE-17 0.0 0.0 0.0 1.2290BE~0Y
2% 0.0 2.26345E-38 0.0 0.0 B.05150E-1D
3 0.0 0.0 1.30264E-18 0.0 ¥.12017E-10

0.¢ 0.0 0.0 1.4

0.0 Q.0 a.¢ ¢.0

0.0 0.0 0.0 0.0

0.0 0.% 6.0 0.0

[N ] 0.0 0.0 ¢.0

o.0 Q.0 o.¢ 0.0

31 - . .46334£-20 E.B?IS0E-Q7
32 - . B.51637E-04
33 . . 9.0
35 0. 0.0
3s . . 0.0
3¢ - - 9.0

. GRP. 33

1 1.02700E-04

2 0.0

I 3.91795E-04

& 2.89058E-04

5 1.7603BE-G7

& 0.0

POS. 7 TMRU POS. 34 SAME AS ABOVE

INFORMATION CF DATA POOL USAGE #wx
91

LOGICAL UNIT NO. -
DATA SET HAME * J1446.POALET. . DATA
HO. OF WRITTEN RECDRDS = 70

HEMAINS RECORDS - #3510

GRP. &

I BIAISE-06
a.0

1.55080E-04
7.5248RE-05
L. 67730E-D5
S.12300F-07
1.57874€E~07
E.22958E-07
1.703514E-00

6.0
¢.0
0.0

GRP. 14

4. S3L1TE-OB
€.0
2.23640E-04
1.67994E-04
L.07482E-05

CCOWNNIODOOODO0

T148E-10
2330E-09
F099E-DB
213BE-08

CHEBUSEINODDRODODO

GRP. 22
5.41842E-07
0.0
4.3127LE-D4
4_1122DE-D&
1.11251€-05
Q.0
0.0

0775E-12
L207E-12
erilE-12
1877€-11

@oo-~NwecoDoD
OvoNPWUNBDOBD

GRFP. 3D
1.08265€-06
0.0
5.12382E-03
1.10138E-05
¥.80119E-06
1.16163E-06
3.15702E-07
1.95949E-07
1.41642E-07
8. 356640E~08
4.15024E-08
1.93504E-08
4.45083E-00
L.74551E-0%
3.14E70E-0F
2.58032E-0%
2-13141E-0%
1.75020E-0%
1.50748E~0%
¢.85513E-10
7.1i74BE-10
4.15293E-1C
1.45588E-10
1.288£2E-12
4.i%028E-13
3.81171E~-3)
3.22603E-13
2.69041E-13
2.2%122€-12
L_31200€E-0Q8
8.40C179E-07
5.49761E-08
9. 81193E-04

0

coa

.0
o

GRP. 7
4,02822E-07
0.
1.20281E-04
B_17784E-05
3.62968E-D
a.0
&.19155E-10
9.1169FE~08
6.77252E-07
8_05701E-07
0.0

0.0

GRP. 15

6. 46509LE-0B
8.0

R LT2VTE-CGL
1.99241E-04
%.558aVE-05

[}
4
-}
a
Q
]
0
o
8

LPSAE-10
15613E-09
¥3271E-0¥
L435L0E-08

CoOMDFrODOBMOBOODO

a
.0

GRP. 23
1.20459E-06
0.0
4, 57531E-Q4
4.34CDBE~D&
1.94131E-05
0.0
0.0

ocomoooo

S26LE-14
!IZélE 13
114B89E~13
73123E-15

DO - ~ OO0 0OO

oo

GRP. 31
1.78343E-08
Q.0
?.Z7631E~05
4 . 80354E-05
2.87235E-05
?.926428E-08
®.58327E-09
2.4C075E~ 09
1.41485E-09
1.16729E-0%
4. 89182E-10
J.41815E-10
1.59378€-10
7.13358E-11
3.92027E-11
2.61165€-11
2,16752E-11
1.7828BE-11
1.47393E-11
1.15718E-1)
8.5¥854E-12
6.43173E-12
L.11819E-12
2.03084E-12
B.&PZ4IE-1T
7.6760BE-12
7.06490E~-13
5.9B107E-13
&.98839E-13
L.28792E-13
3, 68296E-13
1.41333E-07
2.47SB1E-D4
4 40948E-06
0.0
0.0

GRP, 8
3.Z0B43E-06
a.o
1.23573E-04
4.93259£-05
3. 7TIVSE-DS
9.0
8.0
&6.71193E-09
2.64305E-08
3.35739E-07
2.93547E-07
0.¢

GRP. 14
6_89011E-08
o.0
E.7TITRE-0OG
1.B295LE-0L
£, 73973E-0%

WoOOUDDOoOODODODODOD
LR E-E-E-T-F-T-%.1

145BE-10
2_12059E-C9
3.44862E-0F
7. 14556E-09
0.Q

AP, 24
2_43258E-0¢6
¢.o0
A.AFT2IE-GL
L,35465E-04
2.2D463&E-05
(-]

D,o

S

ONOoOODDOOEDOOC

PLEIE-14

O-ocoOOoODODOoOD

GRP. 32

3. 75923E-07
0.0
1.49960E~04
1.49408E-04
LL4TLID3E-OS
1.04585E-05
3.6L0BPE-Q8

wocooobepbopoo

bhuboBODOODODODD

354E-10
G45E-07

OH P00 00D0DDADOOLOEE0OL0CS0D0C
& o
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D.7 Sample Preblem for ESPRIT

MEMBER NAME > B:EMCROS.TXT  ~-r------=-=-s-sme-omoom oo oo oo m—mmmm— oo PAGE @ |
LINE NO: ...+, .4, 020 ok 0 30 0k 40 4 0B kB v T8
: //7JCLG JOB

// EXEC JCLG

//SYSIN DD DATA.,DEM="++"

/7 JUSER H#SHS88E, it SHFH8E, 3844

T.2 1.3 P.0 W.2 C.4 SRP

OPTP PASSWORD=####438%

// EXEC LMGO,LM="J1446.FCSTEP2X'

//FTOBFO01 DO DUMMY

: //FT11F001 DD DSN=&&F1,UNIT=WK10,SPACE=(TRK, (50,20}).

10 = // DCB=(LRECL=19064,BLKS|ZE=19068&, RECFM=VBS}

11 ¢+ //FT13F001 DD DSN=&&F3.UNIT=WK10,SPACE=(TRK, (50.20}).,

12 : // DCB=(LRECL=16804,BLKS|ZE=16804.RECFM=F)

13 : //FT14FQC1 DD DSN=&&F4,UNIT=WK10,SPACE=(TRK, (50.20)),

14 ¢ // DCB=(LRECL=18064.BLKS|ZE=13068,RECFM=VBS}

16 ¢ //FTIGFOQ1 DD DSN=&&FE.UNIT=WK10.SPACE=(TRK, (50.20)).

16 : // DCB=(LRECL=18064.BLKS|ZE=13068,RECFM=VBS}

1T ¢ //FTITFOO1 DD DSN=&&FT.UN!IT=WK10,SPACE=(TRK. (50,20)),

18 ¢ // DCB=(LRECL=18064.BLKS|ZE=19068.RECFM=VBS)

19 ¢ //FTI18FO01 DD DSN=&&F8,UN|T=WK1G,SPACE=(TRK. (50,20)),

20 : // DCB=(LRECL=19064.BLKS|ZE=19068.RECFM=VBS)

21 : //FT2IFQOt DD DSN=&&FA.UNIT=WK10,SPACE=(TRK, (5Q0,20}1},

22 ¢ // DCB=(LRECL=19064,BLKS|ZE=19068.RECFM=VBS)

23 ¢ //FT22F001 DD DSN=&&FB.UNIT=WK10.SPACE=(TRK. (50,20)).

24 ¢ // DCB=(LRECL=190854.BLKS|ZE=13068,RECFM=V8S)

25 :  //FT23F001 DD DSN=&&FC.UNIT=WK10.SPACE=(TRK. (80.20)).

26 ¢ // DCB=(LRECL=19064.BLKS|ZE=19068,RECFM=VBS}

27 : //FTSIFCO1 DD DSN=J1446 PCOL8T.DATA.DISP=SHR.,LABEL=(.,,QUT}
28 ¢ //SYSIN DD %

0o~k W —

29 FAIR-CROSS STEP-2 FOR GAMMA-RAY SKYSHINE PROBLEM
30 &UNIT FXSN=81 &END

31 1%% 2 4 0 9 15 4HGOS 11 7T

32 3%x ) .BG0E+6 1.330e+6 |.000E+6 0.BO0OE+§ 0.600E+6 0.400E+6
33 : 0.300E+6 Q0.200E+6 O.i0DE+6 O0.050E+8 T
34 ¢ AIR CROSS SECTION BY EMPIRICAL FORMULA

35 : 4¥¥ 4HAIR 0 0 1 1 0

36 : S5¥¥% B T 8 1

37 8XxX 6.0 7.0 8.0 1.0

38 : Sxxk 7.5847-9 3.9099-5 1.0537-5 7T.i18991-¢

39 T0%x 300.0 300.0 300.0 300.0

40 T

41 ;  1T¥¥ 10 ¢ 00 2 2 T

42 29%¥ 0 1 0 C T

43 1 4+

44 /7

45 ¢ FAIR-CROSS STEP-2 FOR GAMMA-RAY SKYSHINE PROBLEM
46 : BUNIT FXSN=91 &END

a7 1%¥% 2 3 0 9 16 4HGO9 1T v T

48 3%kx 1 .660E+6 1.330E+6 1.000E+6 O0.B00E+6 0.600E+6 0.400E+6
49 0.300E+6 0.Z200E+6 O0.100E+6 O0.080E+6 T
80 : CONC CROSS SECTION BY EMPIRICAL FORMULA

81 4¥¥ 44CONC 0 0 1 1t Q@

52 : B¥¥ ] 8 14

53 ¢ 8Xx% 1.0 8.0 14.0

54 9%x 5.5183-3 4.2401-2 2.3250-2

55+ 10%x 300.0 300.0 300.0

56 T

B7 ¢ 1T¥¥% 10 0 0 0 2 2 T

b8 : 29¥X 0 1 0 Q T

53 1 ++

60 : //
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MEMBER NAME > B:FDEMDCSE.TXT

LINE NO: A R T - e B ST STV IS - TV S

Do~ hi Wwhy —

Appendix D Sample Output Lists of RADHEAT-V4

//7JCLG JOB

// EXEC JCLG

//SYSIN DD DATA.DLM="'++"

/7 JUSER BRESEEER, &8 #uddds FHEE 43

T.2 1.2 P.O W.0 €.3 SRP

OPTP PASSWORD=##¥84s48

/¢ EXEC FORTTT.SQ="J1446.FDEM™ ,A="ELMOX}, NCS®

// EXEC LKEDTT.PRVLIB="'J1446.DPOOL2"

// EXEC GO.QRECFM=FA,CBS|ZE=13T

//FTOIFO01 OD DSN=&&F1.UNIT=WK1Q,SPACE=(TRK. (50.107).
// DCB={LRECL=19064.BLKSiZE=15068,RECFM=VYBS)
//FTO2F001 DD DSN=&&FZ2.UNIT=WK10.SPACE=(TRK. (50.10}).
// DCB=(LRECL=19064,BLKSIZE=19068,RECFM=V85)
//FTO3F001 DO DSN=&&F3.UNIT=WKI10,SPACE=(TRK, (50,10)),
// DCB=(LRECL=18064.BLKS|ZE=19068,RECFM=VBS)
//FTO4FQ01 DD DSN=&&F4,UNIT=WK10,SPACE=(TRK, (50.10)},
// DCB=(LRECL=19064.BLKS|ZE=19068,RECFM=VBS)

//FTS1FO01 DD DSN=J1446.POCL8T.DATA,DISP=SHR, LABEL=(,.,.0UT}

//SYSIN DD *
FDEM REGISTRATION OF DOSE CONVERSION FACTOR
&UNIT INFX=91.RESD=91 &END
t¥¥ 5 0 9 4HGDY ¢ 9 4HGO9 o1 ' 00
T
DOSE PHOTON DCSE CONVERSION FACTOR
0
i
PHOTON DOSE CONVERSION FACTOR

2.30000E-03 2.10000E-03 1.800C0E-03 1,40000E-03 1.00000E-03 7.100C0E-D4

4,80000E-04 2.7000GE-Q4 1.50000E-04
++

//
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MEMBER NAME > B:ESPRIT.TXT

LINE NO: AU BT S-SR DANIS: FENINE S SR R e SR - S

0~ DU AW —

RADHEAT-V4: A Code System to Generate Multigroup Censtants and
Analyze Radiation Transport for Shielding Safety Evaluation

/4JCLG JOB
/4 EXEC JCLG
//8YSIN DD DATA.DLM="'++’
// JUSER #3B##Rddt, S8 fH#EsE, #808 48
7.7 {.5 P.0 W.3 C.5 SRFP
OPTP PASSWORD=#H##H##HE
//FORT EXEC FORTTT
SUBROUTINE ALOCAT (LOC.SUB}
DIMENSICN D(300000)
IF{LCC.GT.0) GO TO 10
.0C=300000
CALL DTLIST
GO TO 999
10 CONTINUE
CALL suB<D.LOC}
999 RETURN
E N 0
//F2 EXEC FORTTT.,S0="J1446.ESPRIT',As"ELM(%),NOS',DISP=MOD
//LINK  EXEC LKEDTT.PRVLIB='J1446.0P0O0L2Z’
//ESPRIT EXEC GO:ORECFM=FA,OBSIZE=137,58YSQUT=%
//FTO1FO01 DD DSN=&&F1.UNIT=WK10.SPACE=(TRK., {10Q,100}) .
// DCB={LRECL=18632,BLKSIZE=18636,RECFM=VBS)
//FTO2FOC! DD DSN=8&&FZ,UNIT=WK10,SPACE=(TRK. (100,100},
// DCB={LRECL=18632,BLKS|ZE=18636.RECFM=VBS)
//FTO3F0Q1 DD DSN=&&F3,UNIT=WK10.SPACE=(TRK, (30Q,1001),
// DCB=(LRECL=18632.BLKS|ZE=18636,.RECFM=VBS)
//FTQ4F001 DD DSN=&&F4.UN|T=WK10,SPACE=(TRK, (300,10C)).,
// DCB=(LRECL=18B632.BLKSIZE=18636, RECFM=VBS}
//FTOOFC01 DD DSN=&&F9.UNIT=WK10.SPACE=(TRK, (100.1002),
// DCB=(LRECL=18632,BLKSIZE=18636,RECFM=VBS)
//ETIOFO0T DD DSN=&&FA.UN!T=WK10,SPACE=(TRK. (100.100})},
// DCB=(LRECL=18832,BLKSIZE=18636,RECFM=VBS)
//FT12F001 DD OSN=&&FB,UN|T=WK10.SPACE=(TRK, (100,100)),
/7 DCB=({LRECL=18632,BLKS|ZE=18636.RECFM=VBS)
J/FTI3F0CT DD DSN=&&FC.,UNIT=WKIO,SPACE=(TRX, (10C.1003),
// DCB={(LRECL=18632,BLKSIZE=18636.RECFM=VBS)
//FT14F00) DD DSN=&&FD,UNIT=WK10,SPACE=(TRK, (10G,100}) .,
// DCB=(LRECL=18632.BLKSIZE=i8636,RECFM=VBS3)
//FTIBF001 DD DSN=&&FE.,UNIT=WK10,SPACE=(TRK, {10Q.10C}) .
// DCB=(LRECL=18632,BLKS|ZE=18636,RECFM=VBS}
//FT30F001 DD DSN=&&FF,UN|T=WK10,SPACE=(TRK. (10Q.10C)),
// DCB=(LRECL=18832,BLKS|ZE=18636,RECFM=VBS}
//FTAIF001 DD DSN=J1446.POOL8T.DATA.DISP=SHR
//SYSIN DD %
ESPRIT SAMPLE PROBLEM NO .
EUNIT FXSN=91,RESC=91,FLX1=0.FLX2=0 &END

G60¥¥ 0 g 3 1 a 1
61¥¥ 0 16 2 41 29 ] 3 4 12 o
0 2 2 1 48 ! 1 D 0 0
1 60 60 o} -6 2 0 0 0 a
0 0 fa 0 0 0 0 0 0 Q
4 0 0 o) 1 1 0 0 Q 0
2 2 4 0 0 0 0 Q 0 0
0
B2¥¥ 2 3 4 14 15 9 10 a 12 13
| 83 1 5
B3%x 0.0 0.005 0.005 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 €60.0 0.237 1.0 100.0
0.0 0.0 0.0
T
TH¥ -.3086067 - 2182179 .2182179 - 6172134 - .57T73503

JAERI 1316
PAGE 1
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JAERI 1316

MEMBER NAME > B:ESPRIT.TXT
I S I -

LINE NO:
63 :
64 :
65
B6 :
57 :
58 :
69
70 : Bxkx
71
T2 -
73 ¢
T4 13%%
185 T
76 k%
77 ¢ T
T8 1 %%
79 : 2%k
80
81 : 4%%
82 : 1
83 kX
84 B¥¥
85 :
86
87 9¥¥
88 :  33%kx
B9 ©  34%xX
g0 :  36¥%¥
91 :  38¥
92 : T
g3 :  ++
94 : //

Appendix D Sample Qutput Lists of RADHEAT-V4

-.2182179 M2

-. 8164966 -.7867958 -.57T3503 -.21821749

-, 9759001 -.9511897 -.7867958 -.5773503 -.2182178 1M4

1924
3R-.9511897 5SR-.7867958
3R.G8511897 5R. 7867958
T
0.
.02529318 .01829035
0.0 .02665019
iN4 1024 T

4HGOY 4HFX18 4HCONC 4HAIR

FO.0
0 300.0 B00
1000.0 3120C0.0 9110000
.Q 7110.0 141410
0 1114C00.0 1122000
0 FO.0
2 15R1 17R2 2Q41

24R1  17TR2 9Q41

100

TR-.5773503

0 2R. 02665019 0.0 4R.02529318 C.0

28000.0 3132000.C

9R-.2182179
9R. 2182179

.02529318 .CZ2B8501¢

781.03

313000.0
56000.0
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RADHEAT-V4: A Code System to Generate Multigroup Constants and

276 Analyze Radiation Transport for Shielding Safety Evaluation JAERI 1316
1¥ ARRAY & ENTR1ES READ
T
3+ ARRAY 10 ENTRIES READ
T
XY MAIK TITLE raas

FAIR-CROSS STEP=-2 FOR GAMMA-RAY SKYSHINE PROBLEM

axas MAIN CONTROL PARAMETERS =swx

SELECTION OF THE CALCULATIQNAL STEF - 2
NO. OF NUCLIDE OR MIXTYURE TG BE PROCESSED -=-- 4
NO, OF NEUTRON ENERGY GROUPS ———- [+]
¥0. OF GAMMA-RAY EMNMERGY GROUPS - L
¥O. OF ANGULAR MESH IN CROSS SECTION TABLE--- 16
MODE NAME OF ENERGY GROUP STRUCTURE --- GO¢

TYPE OF INPUT NEUTRON GROUF STRUCTURE - 1
TYFE OF INPUT GAMMA-RAY GROUP STRUCTURE b 1

zax MATERIAL COMPOSITION IN THIS REGION =x»

‘w-=- MATERIAL RO. ---- ATOMEC ATOM TEMP.
ENDF/B F-TABLE NUMBER DENSITY
1 & 0 6. 7.5846E-09 300.0
2 I 0 7. 3.909%E-05 300.¢
3 & 0 8. 1.0537E-05 300.9

4 b 0 1. 7.1990&-0% 300.9Q



JAERI 1316

Appendix D Sample Output Lists of RADHEAT-V4

CROSS SECTION TABLE

POS GRP 1 GRP 2

t 1.19862E-07 1.46151E-~08
2 o.e 0.0

3 4.17627E-05 7.02873E-05
¢ 6,25775E-06 1.00014E~05
5 8.0 1.29063%-0%
4 0.0 &.90

7.0 0.9

8 0.0 Q.0

¢ 5.0 0.0
10 0.0 c.0
i1 0.0 c.0

12 0.0 0.0

POS GRP ¢

1 7.97723E-0a4

2 0.0

3 2.11187E-0k

4 ¥.03209E-04

5 3.902011-03

& 0.0

POS ? THRU POS 12

GRP 3

4, E9975E-0%

a.c

7.97405E-05
1.03109E-05
1.262746E-05
7.69331E-05

GRP &

0.0

GRP 5

8.33504E-09 2.00596E-08

0.0

B.F7761E-05 1._04R42E-04
1.64109E-05 2 .98244E-05
2.03111E-05 3,.13750E-05
1.22023E-05 1.91319E-05

E.142536E-04 1.33B70E-03

SAME AS ABOVE

1.01284E-C5

sxsxu MACRO CHOSS SECTION TABLE WAS OUTPUT TO A DATA POOL
MODE NAME = GO9 -~FXI&~AIR -

«=s INFORMATION DF DATA PDOL
LOGICAL UNIT NO.

DATA SET NAME

#xx MATERIAL COMPOSITION IN THIS REGION s=s

USAGE »»s

91

10203

MATERTAL NO. ----

ENDF/B F-TABLE
1 1 4]
2 [ o]
3 14 o

&
= J1446.POOLA7.DATA
KO. OF WRITTEN RECORDS =

REMAINS RECDRDS s

ATOMIC
NUMBER

1.

8.

14,

ATOM
PENSLITY

5.51B83E-03
4.2401E-02

2.3250E-02

GRP &
5.21034E-08
0.0

1.2042BE-04
3.125%1E-05
2.B74L3E-05
§.30930£-05
1.13308E-05
9.01179E-06
7.324B3E-06
.0
-9
o

(=M= -3

TEMP.

300.0
300.0

300.¢0

GRP 7
1.4B542€E-0C7
0.0

1.3708BE-D4
5.43860E-05
5.23911E-05
2.97932E~05
2.21940E-05
1.81403E-05
1.30425€6-05
¢.17171E-0D8
0.0

0.0

GRP &

8. 78%31E-07
0.0

1.66855E-04
1.26957E-04
8.25531E-05
3.67255E-05
1.58797E-OS
L.E692T3E-08
5.30812E-07

2.0
0.0
0.G
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278 Analyze Radiation Transport for Shielding Safety Evaluation JAERI 1316
CROSS SECTION TABLE
POS GRP 1 GRF 2 GRP 3 GRP 4 GRP 5 GRP & GRP 7 GRF 8

t 3.59326E-04 7.05293E~05 S5.98427E-05 §.DA3THE-04 2.55673E-0k 6. 407SVE-C& 1.387F0E-03 1.03391E-02
2 0.0 0.0 0.0 6.0 6.0 ¢.o 0.0 0.0

3 1.1SR00E-01 1.317056-01 1.C9S1LE-DL 3.6841ME-01 3.9S9S7£-01 2.27150E~01 2.60L98E-03 3.24235E-01
L 1.17643E-07 1.8B113E-02 1.94382£-02 3.099338-02 5.63973£-02 5.96490F-02 1.040976-01 2.LD353E-01
5 0.0 2.01597€-02 2.36379E-02 3.80209€-02 53.8731BE-0Z 5,38073E-02 §.60724E-02 1.54533E-01
6 0.0 0.0 1.660336-02 2.2B4186-02 3.5B1335-07 2.83529E-02 S.5TTOPE-02 4§.B7L7LE-02
7 0.0 6.0 0.0 1.52797E-02 2.50395E-02 2.12104E~02 4.154%3E-02 2.97257(-02
8 0.0 .0 0.0 .0 1.BPSSPE-02 1.8B454E-02 3.39574E-02 B.7HLLSE-03
$ 0.0 0.0 0.0 0.0 0.0 1.371156-02 2.441476-02 9.934396-04
10 0.0 0.0 0.0 0.0 0.0 o.o 1.71683E-02 0.0

11 0.0 [ ) 0.0 c.0 6.0 Q.0 ¢.0 Q.0

12 6.0 0.0 0.0 0.0 0.0 .0 0.0 0.¢

POS GRP ¥

1 9.52321E-02

2 0.0

3 £.97579E-01

& 4.023470-0)

5 7.308276-02

& 0.9

POs 7 THRU POS 12 SAME AS ABDVE

=sv¢ WACRD CROSS- SECTION TABLE WAS DUTFUS TO A DATA PDROL

WCDE NAME = GO¥ -F¥16-CONC-
INFOARMATION OF LATA PDOL USAGE =ss
LOGICAL UNMIT RO =
DATA SET MAKE =
NO. OF WRITTEHW RELGRDS =
e

pez
91

11444 . POOLBT .DATA
1¢

1018%

REMATNS RELORDS

ESCFEERELEEECEETECEEEEZELSEE
EEE EEE ESCTEE

EEEEEEEEECEEE

EEEEEEELEEEEEELEE EEEEEEE

EEECEEZEEZEEEEE EE EEEEEEED EECEEEEEEEE EE EE EESE

EEEEEEEEEE EEEEEE EEEEEEEZEEEEEE EEEEET KEf FEEGECEEESEGEEEFECECEEEFEEEETE EE EEEEEE EE EEEEEE  EEEE
ECEEEEEEEE E fEE EE EEEEEE FEEEECEEEEEEEEE EEEEEE EE ECECEEEEEEECEECEECEEEEEEEEEEEE EE EEEEEE EE EEEREE  EEEE

EEEER €Ff EE EE EEZEEFE EEEECEEEEEEEEE CEECEE  £E EEEEEEEEEEEEEEECEEEEEEEE EE  EEEEEE EE EEEEE

EEEEE EfE E EE FEEEEEE EEEEEEEEEEEEEE EEEEEE SE EEXEEESEEEEFEEEEEFEREESE €L  EEEEEE  EE ESEEE

EEFEETEEEE EEEE EE EEEYEE EEEEEEEEEEEEEE EEEEEE EE EEEEEEEEEEEEEECEEEEEFEEE EEEE EE EEESEE EE  EEEEEE EEEE
EZELEEEEES ECEEE EE EEEEEE EFEEEEEEFEEEEE EEEEEE EE ECEEEEEEEEESEESSFEEEEEEE EERE €7 EEEEEE EE  EEEEEE ESEE

EE EE ECCEEZESEEZEEEE EE FEEEEEEEECEECEEEEEEEEELE £E EE EEEE

EEEE EE EE ECEREEEEEEEZEEEEE EEE EEECEEEEEEEEEEEEEEEEEEEEE EEEE EEE EREEE

FECCFECFEFEESSEEEFEEFFEFEES FEEEEEEEEEEEEEEESFEEEEEFEEEFEFEFECEC EEEC CEFEEEEEEEEEEEEEEEEECECEEEFEEEEEEECEEEEEEESEEEEEEEEEEEEEEEE
EEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEKEEEEEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE;;

TGTAL CPU TIME --- 9.0 HIN



JAERI 1316 Appendix D Sample Output Lists of RADHEAT-V4
1Y ARRAY 19 EMTRIES READ
v
e LIST GF INPUT PARAMETERS zas
TITLE = FDEM REGISTRATION OF DDSE CONVERSION FACYDR
1CAL XEIND OF COLLAPSING 5 ™6 WO. OF FINE NEUTRON GROUP 0
166 HD. OF FINE GAMMA GROUP §  WDDE1  NODE NAME OF FINE GROUP S$TRUCTURE 509
INGE  KO. OF FEW WEUTRON GROUP @ NGGF  NO. OF FEW GAMAA GROUP 9
WODEZ  WODE NWAME OF FEW GROUP STRUCTURE T EFLX  KIND OF WEIGHTING FLUX °
HTP NO. DF INPUT MATERIAL OR RESPONSE FUNC. i NTPO MO, OF QUTPUT MATERIAL DR RESPONSE FUNC. 1
12M NO. OF REGION IN DIAC {LFLKx1) 8 ICELL  CELL AVERAGE ¢ 0/5 = NO/YES) o
TRESPI INPUT FORM OF RESFONSE FUNCTIDNW 5 IRESPO QUTPUT FOHM OF RESPONSE FUNLTION 1
IFRT PRINT OPTION 0
NN1 LENGTH OF INTERP. TABLE FOR NEUTAONS (EFLX®&) 0  WN2 LEWGTH OF FLUX TABLE FOR MEUTRONS (IFLX=4) )
#G1 LENGIH OF [NTERP. TASLE FOR GAMMAS{IFLX.NE.T) 0  WG2 LENGTH DF FLUX TABLE FOR GAMMAS (IFLX.NE.1} 0
T
sa:  FEW GROUP AESPONSE FUNCTIONS sus
1 PHOTON OOSE COWVERSION FALTOR
[NFUT FUNCTIDN
1 2.3000E-0% 2 2.1000€-03 3 1.8000E-03 4 1.40006-03 5 1.0000£-03 & 7.1000E-g¢
7 4.9000F-0& B 2.7000E-0% 9 1.5000€-04
QUTPUT ®ANE = DOSE PHQTDA DOSE COMVERSION FACTOR
COLLAPSED FUNCTION
1 7.3000E-03 2 2.1060E-03 3 1.B000E~03 & 1.4000E-03 5 1,0000E-03 & 7.1000F-04
7 4.9000F-0k $ 2.7000E-b4 ¢ 1.5000E-04

RESPONSE FUNCTIION WAS DUTPUT TD A DATA PODOL
NODE HAME = GO% -RESD-DOSE

INFORMATIQN QF DGATA POOL
LOGICAL UNLIT NG, =
DATA SET WNAME "
HO. QF WRITTEN RECORDS =
REMAINS RECORDS =

USAGE #anw
&1
J1444 _PODLA?.DATA

2
10187

EEEECREFECFEECEXEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECEEEEEEEEECEEECEEEEEEEEEEEEE
EEEEEEEEEEESEEEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEE

EEEE EEE

EEEE EE EE

EEEE EEEEEEEEEf EESEEE EE EEFEEE

EEEE EEEEEEEEEE FEEEEEZEEE EEEEEE

EEEE EEEEE EEE

EEEE EEEEEE EE

EEEE EETECEECCEECEEEEEE EE EEEEEEE
EEEE EEEEEEEEEE EFEEEEE EE EEEEEEE
EEEE EE EE EEEEEEE
EEEE EEE EEE EEEEEEE

EXE
EE
EE
EE
EE

EE

EEE

EEE

EEE

EEE

EEEEEE EEEEE EEEE

EEELE EEEEE EEEE

EEEEEE EEEEEE EEEEEEEEEE EEEEEEEE
EEEEEE EEEEEE EEEEEEEEEE EEEEEEEE
EEEEEE [EEEEEEELEE EEEEEEEE

EEEEEEE EEEEEEEEEE EEEEEEEE

EEE EECEEEEEE EEEEEEEEEE EEEEEEEE
EEEE EEEEEEEE EEEEEFEEEE ECEEEEEE
EEEEE EEEEEE EEEEEEEEE EEEEEEEE
EEEEEE EEEEE EEEEEEEEE EEEEEEEE

EEEECEEEEEEEEEFFECECEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECEEEEEEELEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFREREEEE

EEEEEEEE EEEEEEEEEE EEEE
EEEEEEEEEE EEEEEEEEEE EEEEEE
EE EE EE EE EE
EE EE EE EE EE

EEEEEEEE EE EEEEEEEE EE EE

EEEEEELE EE EEEEEEEE EE EE
EE 13 EE EE EE
EE <EE EE EE EE
EEEEEEEEEE ET EEEEEE

EEEEEEEE EE EEEE

EEEEEEEE EEE EEEEEEEE
EEEEEEEEEE EECE EEEEEEEEEE
€ EE EE EE EE EE
EE EE EE EE
EEEEEEEEEE EEEEEEEE EE EEEEEEEEE

EEEEEEEEE EEEEEEEE EE EEEEEEEEEE

EE EE ER EE
EE EE EE EE EE
EEEEEEEEEE EEEE EEEEEEEEEE
EEEEEEEE EEEE EEECEEEEE
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RADHEAT-V4: A Code System to Generate Multigroup Constants and

ESPRIT SAMPLE PRUBLEM NOD.1

NG
1114
HR1
WR2
LLE
NR&

A2
AQ3
1IM

1M

Ju
1GM
IHT
IHS
1Te
HC1

MR
MTP

1P5
Aoé

I1GE

BO3

171

[0
[¥13
162
mOs
1Bl
IP}

IAFT

1PL

11

Homorown neARE R KR L) WM kRN KM RANA RWEAEA AEEINET WARRNTN

LRI

cooeon
cocooo

SO uwoD

B NNG DN B

-

CCOM.

o CcoOooo Y- P Y Y] - - -y - ooao DooCco conoo ococoomn

LEIE R X}

-

10

12
13

o1
65

10000E-01
OCOOE-D1

E-R-N-N-]
comao

Q.0

0.46000E+0
0.2370DE+00
0.30000E+01
0.100C0E+03

Analvze Radiation Transport for Shielding Safety Evaluation

NUMBER OF NEUTRON GROUP
NIMBER OF GAMMA—RAY GROuUP
071/2/3=ND EFFECT/REACYION RATE CAL. USING RESPONSE FUNCTION FROM CARDS/TAPE{FYS1)/BDATA POOL(RESD}
WUMBER OF AKIAL INTERVALS 70 BE PRINTED THE REACTION RATE
HWUMDER OF NEGTRON RESPONSE FUNLTIODMS

NUMAER OF GAMMA-RAY RESPONSE FURCTIONS

071 » FORWARD/ADJOINT CALCULATION

ANGLES 1M ANGULAR CROSS SECTION
MATERIAL IONES

RADIAL INTERVALS

AKEAL INTERVALS

NIIMB
NUMB
NUMB
NUME

NUME

HOT

NOT

ER OF
ER OF
ER OF
ER OF

ER OF

USED

UsSED

ENERGY GROUPS

POSITION OF TOTAL CROSS SECTIDA
PDSITION OF SELF-SCATTER CROSS SECTION
CROSS SECYION TABLE LENGTH PER GROUP

NUHBER OF MATYERIALS FROM NLI®

TOTAL NUMBER OF MATERIALS

G/1 = FLUXES AMD MOMEWTS IN CORE/STOGRED EXTERWALLY
MAXIMUM WUMBER OF ANGLES IN ANGULAR SUADRATURE

or1/

LEFT DOUNDARY COMNDITION,

2 = X-Y/R-I/R-THETA GEOMETRY

2QTYOM BOUNDARY CUNDLITION, SAME AS FOR BOZ
Y0P BOUNDARY CONDITEON, SAME AS FOR BOZ

OUTER IVERATION MAXIMUM

INETEAL INWER E[TERATION MAXIMUM, USED UNTIL ABS(LAMBDA~1.0}.LT 10EPS
INNER ITERATION MAXEMUK FER GROUP CTF WEGATLIVE, LIMIT [5 IN 287 ARRAY)
071727344 » REXED/LINEAR/STEP/MEIGHTEC/MIXED L1IMEAR WEIGHTED
0/172/34675767-6 = Q/E/ALPHASC/Z/BNDRY SRC/USE 18T COLL SRC OW NPSO/FCALL AMALYTIC 3ST COLL SRC, WRITE ON WPSC

0/142

= WEGULAR SCALING/OVER-RELAXATION/SPACE DEPENDENT

07142 » NO PAAAMETRIC EILGENVALUE SEARCH/KFALPHA

NUMBER OF RADIAL ZIOKES FOR 20NE THICKNESS SEARCH

HUMBER OF AXTAL IOXES FOR ZIONE THICKNESS SEARCH

0N = NO EFFECT/ENTER N ZONE -NUMBERS [N 352¥ ARRAY FOR IOMES OF CONVERGENCE

NGT USED

of1 = WO EFFECT/ENTER NUMBER OF QUADRATURE ARGLES PER GROUP BY GROUP 1IN 9% KRRAY,

JAERI 1316

071727544 » VACUUM/REFLECTED/PERIDDIC/BOUNDARY SOURCE{CARDS) /BOUNDARY SOURCE(TAPE)
#1GT BOUNDARY CONDITION, D/1/2/3/4/5/6 = D,1,2,h,4 SAME AS FOR BO1, 3/WHITE.,

2ER0 FOR DIFFUSION THEDRY

OfN = WD EFFECT/ENTER N MWUMBERS IN 33v AND 343 ARRAYS, AWGULAR DISTRISUTION OF POINT SOURCE FOR ]104i=-6
FLUX [NPUT, 0/7472/374/5 & ACGIINCT, JY G ACGINNLI, I} /ACGIBLII=CCII/(BEI)NCE))InG/FLUK GUESS DN UNIT F50

BESTRIBUTED SOURCE INPUT. SAME AS MO7, EXCEPY

-N/N
-NiN
~NiN
-HiN

+ INTERIOR BOUNDARY SDURCE AT RADIAL BOUNDARY N INPLUT FAOK TAPE/CARDS

LI

INTERIDR BOUMDARY SQURCE A7 AXIAL BOUNDARY N INPUT FROM TAPE/CLARDS
ANGULAR FLUX LEFT/RIGHT AT RAGIAL BOUNDARY W WRITTEN OW WBFT BY GROUP
ANGULAR FLUX DOWN/UP AT AXIAL BOUNDARY N WRIFTEw OM NBFT BY GROUP

OfN = WO EFFECT/FINAL TOTAL SCATVERING SDURCE WRITTEN ON W BY GROUP

0s/1/2/3 v MO EFFECT/NG X-§5 PRINT/NO FLUX PRINT/BOTH

_W/N = CALCULATE W IDNEWISE ACTIVITIES/N ZDME AND POINMT ACTIVITIES

0/H = NO EFFECT/ENTER N IONE NUMBERS IN 50F ARRAY FOR IONE BALANCE TABLES
= NO EFFELT/PUNCH FISSION DISTRIBUTION

ar1

©/172/3 « NO ANGULAR FLUX DUYPUT/WRITE ON LOG NAFT/FRINT/BOTH

©0/1 = NO EFFECT/ANGULAR FLUX WITHOUT EXTHA DUTER ITERATION

SFAR
SPAR

E
E

MLINIMUM 5PS ITERATIONS {0 DEFAULT = B2
MAXIMUM SPS ITERATIONS {0 DEFALLY = 10O)

MUMNBER OF INNER 1TERAT]ONS BEFORE SPACE-POINT RESCALING
NUMBER OF INNEH 1TERATIDNS BETWEENM SUCCESSIVE SPACE-POINT RESCALINGS
BAMPING CONSTANT FOR SPACE-POINT RESCALINGS

SFAR

Qf1HN = NO

E

EFFECT/PREPARE & FLUX GUESS FROM Lﬂﬁlcil UNET NN AS SPECIFIED AY I, WRITE ON WFLUX)

NUMBER DF GROUPS FOR FLUX GUESS INPUT
ORCER DF SCAYTER FOR FLUY GUESS INPUY
NUMBER OF ANGLES FOR FLUX GUESS INPUT

a/N = NO EFFECT/COPY
D/N = KO EFFECT/LGPRY

07172 = NG PRINT/PRINT UNCOLLIDED FLUX, MUS AND ETAS/AS 1 ¢ PRINT FIRST COLLLSIDN SDURCE

DalA
DATA
DATA
DATA
DATA

DATA
DATA
DATA
DATA
DATA

L{+as
L1+h}
DN
Q7N

SET
SET
SET
SET
SET

SET
SET
SET
SET
SEY

USED
Useb
= WO
= ND

AEF
REF
REF
REF
REF

REF
REF
REF
REF
REF

HO., SCRATCH €0 DEFAULT = 2]

HD., SCRATCH (& DEFAULT » 1)

WO., SCRATCH (O DEFAULT = &)

®0., BOUNDARY OR VOLUME-DISY. SOURCE IWPUT (0 PEFAULT = 14)
KD., FIRST COLLISI1ON SDURCE INPUT (D DEFAULT = 15)

NO., SCALAR FLUY AND MOMENTS DUTPUT (0 DEFAULT = %}

NO.. ANGULAR FLUX OUTPUY {0 DEFAULT = 107

MO,.., INTERIOR BOUNDARY ANGULAR FLUX DUTPUT {G DEFAULT = i
KCG.. ACTIVITY OUTPUT {0 DEFAULY = 12}

WO., SCRATCH FOR IONE BALANCE JTABLES (0 DEFAGLY = 132

EFFECT/LOMER AXIAL ENTERVAL FOR ANGULAR FLUX OUTPUT
EFFECT/UPPER AXIAL INTERVAL FOR ANGULAR FLUX OUTPUT

SOURCE NORMALIZATIDN FACTYOR

GENERAL CONVERGENCE CAITERIONCINTEGRAL INNER ITERATICH, LAMBOA AND FISSION DENSITY)
POINTWISE FLUX EAROR CRITERION (IMTEGRAL INNER LTERATION VEST USED IF GO&=0.0)

MAXIMilW CPU TIME FOR THIS PROBLEM
PARAMETAIC EIGENVALUE FOR SEARCH (K DR ALPHA}

FIRST EIGEWNVALUE GUESS

EIGENVALUE INCREMENT TD BE ADDED TO EV

LINEAR EXTRAPOLATION USED WHEN CONYERGED CLOSER THAN LaL
CONVERGENCE CRITERIDM FOR CHANGING EV [N SEARCH

UPPER {IMIT ON ABS{LAMBDA-1.0) LN LIMEAR SEMACH, R.V. = 0.45

PARAMETER OSCILLATIOH DAMPER, R.¥V. = €.75

HEIGNT OF PDINT SDURCE

COSINE OF AWGLE WITH I AXIS INTD WHICH SQURLE 1S EMITTED
SOUACE MAGKRITUDE

EXCLUDED RADIUS

SPAR
SIPAH

E
E

SPRCE-POLNT RESCALING CONVERGENCE CRITERION (0 DEFAULT = 1.E-43

S=SOURCE ON LOGICAL UNLT WBSD

FIXED SDURCE FROM LOGICAL UWIT ¥ TO WB50 FOR 104 = 5, TO NPS0 FDR 104 = 4
GROUP - OROANIZED CROSS-SECTION TAPE FROM LOGECAL UHIT ¥ TD NCRY
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Appendix Id Sample Output Lists of RADHEAT-V4

PROBLEM STORES FLUXKES AND MOMENTYS EXTERNALLY

PROBLEM REQUIRES

PROBLEM REQUIRES

1o,

7= ARRAY %4 ENTRIES READ
aTt
68 ARRAY 48 ENTRIES READ
aT

13¥ ARRAY 4 ENTRIES READ

or

Iv ARRAY ® ENTRIES READ
aT

1= ARRAY 9 EMTRIES REAPD
23 ARRAY 3D ENTRIES READ
Lx ARRAY &2 ENTRIES READ
S5 ARRAY 7 ENTRIES READ

BY ARRAY 1189 ENTRIES READ

9% ARRAY 2 ENTRIES READ
33+ ARAAY 2 ENTRIES READ
342 ARRAY 2 ENTRIES READ
36Y ARRAY 1 ENTRIES READ
38¥ ARRAY 3 ENTRIES -READ

o7

232054 LOCATIONS FOR CONPUTATION, VS, AVAILABLE

Ipoode

30789 LOCATIONS FOR CROSS SECTION INPUT, ¥S§., AVAILABLE

Jvogoo

IHPUT FARAMETERS. M2, MO, K7. WO, M7, WS, RO, I0 HAVE BEEN WRITTEN DK NAFT=

ITONE NUMBER BY INTERVAL

SYMBOL

HUMBER

. 2222222222228222222222222222222222 2022

2222222222202227222221 2222223220222
222222222227222227222222222222222222220232
2¥222222022222222222222 22 222
222z22Eg2R22e222222022222R22 32
22222222222222222R 22222
222222223222222722223222202222222222%22222
222222222222222220222222222227222 222222
2222222222222722222 222222 qaq el
22222222222223282222222222222222222222222
22222322222222220222222222 22272222222
2222222222222 2222222222 22222
222227222222R220222222 22 22222222202
23222222202 22202 T2 02w aqR2zz2azazzae
22222237722232222222222222222222 2222222220
222222222222222222222222¢%222222%222222220
1111111311111111111110182223 2323223228222

o 1111181311213111111112111122222222222222222

1141112123111113111318111122222222222222222
111131113151111131118111122222222222282222
1111311141111113111113111222222222222222%2
11111113131151131111151122222222222222222
111111113131133111111111122222222222232:222
11111111311131141111211312222223 8222022
11111111111141111111 18122222222 22222222
111311111311113%1111114422222222222223222
22222222211111111111111122222222322222222
7722222227111111111111212222222222222027
22222222211311111191111122222222322222222

12345478901234567A901 2345678901234 5870901
D000G0000111111113122322222228333333333344

1 2

- 1 2

0.

281
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RADHEAT-V4: A Code System to Generate Multigroup Censtants and
Analyze Radiation Transport for Shielding Safety Evaluation

ESPRIT SAMPLE PROBLEN NG.1

LR RNE. NEPAFRE Ny

MLIXTURE SUM

CROSS-SECTION EDIT

POS

(LYW VAN

AT 1.
3.99324E-04
Q.0
1.158D0E-01
1.174643E-02
0.0

POS & THR

C{OMPONENT DENSITY

MAT 2
1.19862E-07
9.0

6_17627E-05
6.257756-04
a.0

RADIUS
°

1.C000E+01
4. 00D0OE+01
1.4000E+02
1.54000E+02
2.1080E+42
2.4DORE+Q2
5.1D00E+02
3.6000E+D2
4.1000E+02
4 ,.3000E+D?
4. 5000E«02
4.700DE+C2
4. POCDE+C2
5.100DE+02
5.3000E+02
5.5000E+02
5.7000E+02
5.9000E+02
4. 10D0E+02
6.300QE+02
&, 5000E+0Q2
6. 7000E+02
6.9000£402
7.1C000E+02
1.0000E+03
2.0000E+03
3.0000F403
5.0000E+03
7.0000E+03
?.0000E+03
1.7000E404
1.4000E+D4%
1.2000E+04
2.2000E+D4
2.5000E+04
2.B000E+04
3.2000E+D4
3.3000E+04
4 .AQU0E+Q4
5.0D00E+04
5.6000E+0¢

xrraa GROUF

y POS 12 SAME AS ABOVE

R MIDPOINT
5.0000E+Q0Q
3.35000E+01
A.5000E+0T
1.3300E+02
1.8500E+02
2.3500E+02
2.B500E+02
3.3500E+02
3.B500E+02
4. ZOCDE+DQ
4.LDOOE+02
4,6000E+02
4, BOODE+OR
5.0000E+02
5.2000E+02
5.4000E+02
5.4000E+D2
5.BODOE+02
6.0000E+02
6.2000E+02
6.40Q0E+02
6.6000E+Q2
6.B000E+02
7.0000E+Q2
B.5500E+Q2
1.5000E+93
2.500CE+0}
L .CO0OE+Q]
6.CO00E+QY
B.COOCE+Q]X
1.C000E+0D4
1.250CE+04
1.6000E+04
2. 0000E+04
2.3500E+04
2.58500E+C&
3.0000E+04
3.50C0E+04
4. 1D00E«C4
4. 7TOQ0E+GC&
5.30C0E+04

HEIGHT
Q

-3.0000E+02

6.0000E+02
7-.4000E+Q2
7.4303E+02
7.4503E+02
7.4703E+02
7.4903E+02
T.T103E«Q2
r.7303€+02
7.7503E+02
T.7703E+02
7.7T903E+02
7.B1D3E+O
1.0000E+0Y
2.0000E+03
4.00C0DE+D3
4.D000E+03
4. 0000E+03
1.0000E+04
1.5000£+Q4
2.,0000E+04
2.5000E+04
3. 00D0E+Q4
J.5P00E+04
4, 0000E+04&
4.5000E+0&
5.0000E+04
5.5000E+04
4, 0000DE+0&

1 CROS5-SECTIONS wanwa

NUFLSSIDON CROSS-SECTIONS HAVE BEEN WRITTEN DM ANGULAR FLUX TAPE

Pas

0 AR LR e

HAT 1
7.03293E-0%
0.0
1.M705E-01
1.88113E-02
2.41597E-02
9.0

PQS 7 THR

MAT 2
1.486151E-08
a.0
7.020873E-05
1.00014E-05
1.29083E-0%
[ ]

vewzz GROUF

U POS 12 SANE AS ABDVE

2 CROSS5-SECTIONS suwxx

HUFISSION CROSS-SECTIONS HAVE BEEN WRITTEN ON AWGULAR FLUX TAPE

POS

O e

MAT 1
5.9B427E-05
0.0
1.69514E-01
1.94582E-02
2.36379E-02
1.44013E-02
0.0

Fas 8 THR

MAT 2
4.699TS6E-DF
0.0
7.974605E-05
1.03109€-05
1.26278E-05
7.69331E-06
o
|

sssxx GROUP

a
POS 12 SAME AS ABOVE

3 CROS5-SECTIONS masws

MUFISSION CROSS-SECTIONS HAVE BEEN WRITTEN ON ANGULAR FLUX TAPE

POS

LN SR Y N

HAT 1

1. 06378E-04
c.0
1.68438E-01
3.09933E-02
1.8020FE-02
2.28418E~02
1.52797E-02
0.0

POS ¢ THR

MAT 2
B.33504FE-09
e.0
8.97761E-05
1.44109E6-05
2.035111E-05
1.22023E-03
B.16258E-08
o.0

«sssz GROUP

U POS 12 SAME AS ABOVE

& CRDOSS—SECTIOHS smwan

NUFISSEDN CROSS-SECTIONS HAVE BEEN WRITTEN OGN ANGULAR FLUX TAPE

POS
i
2
3

WAT 1
2.55673E-04
0.0
1.95957E-01

MAT 2
2.0059¢E-D8
0.0
1.0A242E-04

sesrw GROUF

S CRAQS5-SECTIDNS sersx

H KIBPOENT
1.5000E+02
4.5000£402
4.BOBOE+OZ
7.61516+02
7.6403E+02
7.6803E+02
7.6B03E+02
7.7003E+02
7.7203E+02
7.7403E402
7.7603E+02
7.7BDBE+OZ
7.8003E+02
B.905IE+DZ
1.3000E+03
3.0000E+03
5.0000€+0Y
7.6000E+03
9.00G0E+03
1.2500E+0¢
1.7500E40Q4
2.2500E+04
2.7500E+04
3.2500£404
5. 7SO0E+04
4. 2500E+04
4. 7500E+04
5.2500£40L
5.7500£+04

MAT BY 20NE

S

=

[E-N-N-E-N-N. ..

JAERI 1316

VELQCITY
1.00CDE+00
]

oocoooo
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UMCOLLIDED FLUX OWE HMAP - - -

IDNE NUMBER 8Y INTERVAL

22222222¢222222:22222222 220222 22222222222
2232279222222722222222¢ 2202222222222
222222222222922233222p2z 2 2822222222222
@22R2222¢22222222222 2222222222222 222222
22222222222222222222222 2222222222222
722207222222222222222222222322222222222222

- 22E22E227223237222222022822222222222 2220
. 2222222222222322222220222222R22222R22 82
- 2222222222228222272222727282evE 22z

2222222222222 2222 220¢eR2e22ve22222022
222222223¢222¢8220222222220220222222
§222222222222222272722¢82222222222282
22e2222222)22222 2022222222220 222
22222222222222e22v22 222222
222222222222202¢222 822222222
gZi2e2eRe2eaz2aranazzrzez?
111111111311

1111211131111%

1i1111131111

111311111113

11111131131

11111111111

11111311130

1111111111

11311111131

113111131

1234567BP012XL5678901234547890123455670901
00000000015 111111312222222222333333333344

SYMBOL = 1 2

NUMBER = 12

FIRST {OLLIS10K SOURLE FOR GROUP 1 ON LOGICA{ UNIT 15

FIRST COLLISION SOURCE FOR GROUP 2 ON LOGICAL DNIT 15

FIRST COLLISION SOBRCE FOR GROUF 3 ON LDGICAL UNIT 15

FIRST COLLISION SOURCE FOR GROUP & ON LOGICAL UNKIT 15

FIRST CDLLISION SOURCE FOR GROUP % ON LOGICAL UNIT 15

FIKST COLLISION SOURCE FOR GROUF & DN LOGICAL UNIT 1§

FIRST COLLISION SQOURCE FOR GRDUF 7 ON LDGICAL UNWEIT 15

FIRST COLLISION SDURCE FOR GROUP B ON LOGICAL UNIT 15

FIRST COLLISION SOURCE FOR GROUP 5 GN LOGECAL UNIT %5

UNCDLLIBED FLUX FOR GROUP 1 OH LDGICAL UNIT 15

FLux 2 1c ] 11 il NE O.0 Tl 0.04 ERS 0.0
PGV, 52,54 1 ©.0 c.o
GROUP 1 INNER ITERATION = 1 FLUX ERROR » 0.I000DE+Q1 MAX AT { 1.
GROUF 1 INKNER [TERATION = 2 FLUX ERROR = Q.844FaF+00 MAX AT ( 4D,
GROUP 1 INNER ITERATION = 3 FLUX ERROR = O.97824F+00 MAX AT ( 38,
GROUP 1 IMNER ITERATION = & FLUX ERROR = O.1B214E+0D0 MAX AT 3,
GROUP 1 INKER ITERATION = 5 FLUX ERROR = O.30520E-01 MAX AT ( 19,
GROUP 1 INNER ITERATIDN = & FLUX ERROR = C.P22%0E-02 MAX AT { 12,
ANGULAR FLUXES FOR GROUP 1 WRITTEN ON HAFT= 10
GROUP 1 INNER ITERATION = ¥ FLUX ERROR » D.95035E-02 MAX AT ( 12,
GRDUP 1 INNER ITERATION = 7 FLUX ERRDR = O.9A03SE-02 MAX AT ( 12,
GROUP 1 FLUXES WRITTEN ON LDGICAL UNIT &

16V, UPL, X5, FLX= 1 0.0 1.1764E-02 & .0382E-21

SCAT,ASCAT= 5.2128-18 B.159E-21

16Y,52,54= 2 5.2119E-14 B.159CE-21%
GRQUP 2 INKER 1TERATION = 1 FLUX ERRDR = O,J0C00E+Q) MAX AT ( 1,
GROUP 2 INHER ITERATIDN = 2 FLUX ERRDR = Q.74212T+D0 MAX AT ( 25,
GROUP 2 ISNER ITERATIGN = 3 FLUX ERRCR = 0. 18742E4+00 MAX AT C 24,
GROUP 2 INNER ITERATION = & FLUX ERROR = O.6A4VLE+OC MAX AT ( 31,
GROUF Z INMER ITERATIO% = 5 FLUX ERRDR = 0.25026E-01 MAN AT ( 12,
GROUP 2 YWMER 1TERATION = & FLUX EXRDR = D.25073E-D1 MAX AT ( 12,
GROUP 2 INNER [TERATION =~ 7 FLUX ERROR = O.24873E-01 MaX AT ¢ 12,
GROUP 2 INWER [TERATION = B FLUX ERROR = Q.25093E-0Q1 MAX AT { 12,
GROUP 2 INKER ITERATION = & FLUX ERROR = {,.24852E-D1 MAX AT ¢ 12,
GAOUP 7 INNER ITERATION = 30 FLUX ERRODR = Q,25D93E-01 MAX AT ¢ 12,
GROUP 2 INNER TTERATION = 11 FLUX £RRDR = O,.24BO3E-D01 MAK AT ¢ 12,
GROUP 2 INHER ITERATIDH = 12 FLUX ERROR = U.25096E-01 MAX AT ( 12,
GROUP " 2  INNER ITERATION = 13 FLUX ERADR = D.2477SE-D0) MAX AT ¢ 12,
GRDUP 2 INNER JTERATION = 14 FLUX ERROR = 0.Z50%5E-OL1 HAX AT ( 12,
GROUP 2 INMER ITERATION = 15 FLUX ERROR ¢ 0.Z4752E-D1 MAX AT ( 12,
GROUP 2 IMMER ITERATION = 16 FLUX ERRDR » O_Z5ORSE-QL MAX AT ( 2,
GROUP 2 IHWER ITERATION = 17 FLUK ERROR = D.2473JE-C1 MAX AT ([ 12,
GROL?P 2 IRNER [TERATION = 18 FLUX ERRDR = D0.250V6E-DI MAX AT ¢ 12,
GROUP 2 INNER ITERATION = 1% FLUX ERROR « O.247I7E-D1 MAX AT ({ 12,
GROUP 2 1NNER TTERATION = g0 FLUX ERROR = 0.25096E-C1 WAX AT ¢ 12,
GROUP 2 INNER ITERATION = 20 FLUX ERRDR = O.25094E-01 MAX AT ( i2,
ANGULAR FLUXES FOR GROUP 2 WAITTEN ON HAFT= i0
GROUP 2 IMNER ITERAT]IDN = 21 FLUX ERROR » [,2470QE-01 MAX AT € 12,
GROUP 2 INWNER ITERATION = 21 FLUX ERRCR = G.24700E-D] MAX AT { 12,
GROUP 2 FLUXES WRITTEM ON LOGICAL LWIT 9

16V, UPL, X5,FLX= 2 0.9 1-BE11E-D2 1.5945E-11

SCAT, ASCAT= 3.107E-18 ¥.09B£-21
SCAT,ASCATw 5.520E-14 3.549E-20

1Gv.52
GROUP
GRDUP
GROUP
GROUP
GROUF
GROUF
GROUP
GROUP
GROUP
GROUP
GADLP
GROUP
GROUP
GROUP

FSke 3 5.120Z2E-16 J.S5LVLE-2Q

5 INNER JYERATIDN = 1} FLUX ERRDR = C,10C0DE+D1 MAX AT ¢ 1.
3 INNER ITERATION = 2 FLUX ERRDR = §.72351E+00 MAX XT ( 1,
3 INMER ITERATION = 3 FLUX ERROR = O 33BYSE+00 MAX AT € &1,
3 EMNER ITERATION « & FLUX ERROR = 0,.26062E+00C MAX AT ( 1%,
3 INNER 1TERATION = 5 FLUX ERRDA « D.39201E+0C MAX AT ( 20,
3 INNER [TERATION = 6 FLUX ERRDR = D.62759E-01 MAX AT { 20,
3 INNER TTERRTION = 7 FLUX ERROR = O,.6BL21E-01 MAX AT (¢ 20,
3 IMNER ITERATION » B FLUX ERROR = D.62597E-01 MAX AT ¢ 20,
3 INNER ITERATIDN = 9 FLUX ERRQR = Q.6B2ZIPE-0]1 MAX AT ( 20,
3 INNER ITERATION = 10 FLUX EHRUR = D.62605F-01 MAX AT ( 20,
3 INNER ITERATION = 11 FLUX ERRDR = C.4313PE-~01 MAX AT ¢ 20,
3 INNER ITERATIODN » 12 FLUX ERROR = 0.82413E-01 MAX AT ( Z0.
3 INMER JTERATIDN = 13 FLUX ERROR = D.6A016E-01 MAX AT ( 20,
3 INWER JTERAVION w 14 FLUK ERROR = D.62821E-01 MAX AT ( 20,

1!
152
261
93
10}
13

1%
133

EV

WWESOL
WWESQL

WWESDL

WWESOL
WWESOL
WHESQL
WWESDL
WWESOL
WWESOL
WWESOL
WRESOL

WRESOL

WWESOL

WWESOL
WRESOL
WWESOL
WWESOL
WWESDL
HWESOL

WWESOL

o.

Appendix D Sample Output Lists of RADHEAT-V4

o

REQUIRED 22

REQUIRED

REGUIHED

REQUIRED
REQUIRED
REQUIRED
REGUIRED
REQUIRED
REQUIRED
REQUIREP
REQUIRED

REQUIRED

REQUIRED

REQUIRED
REUVIRED
REQUIRED
REGUIRED
REQUIRED
REQUIRET

REQUIRER

@

u

-

n

-

L]

LA D.0

ITERATLONS,
ITERATLONS,

ITERATIONS,

ITERATIDNS,
ITERATIDNS,
ITERATIONS,
1TERKTTONS,
ITERATIODNS,
JTERATIONS,
ITERATIONS,
ITERATIONS,

ITERATIONS,

ITERATIONS,

ITERATIONS,
ITERAT1ONS,
ITERATIONS,
ITERATIONS,
ITERATIONS,
TTERATIDNS,

IFERATLIONS,

ERRDR
ERKOR

ERRUR

ERRON
;RRDR
ERRDR
ERRDR
ERRCR
ERROR
ERROR
ERROR

ERRDR

ERROR

ERRDR
E#kuﬂ
ERAQR
ERRUR
ERROR
ERROR

ERROR

-

=

2483

0.AB56T1E-O4
0.39721E-05

0.17694E~-05

C.3646BE-0+
0.BOD4LBE-DS
0.10506E-05
0.B0215E~06
0.89539E-086
Q. B3SLFE-D6
0.96733E-086
D.¥2512F-D6

0.BB2BR2E-06

Q.BLIOBE-06

D.51201E-04
D.4529TE-O3
0.47T17E-05
C.46L9FE-D5
C.42684E-05
0.395323E-05

0.4D44T7E-O5
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GROUP 3 INHER ITERATION = 15 FLUX EARCR = 0.47934E-01 MAK AT € 20, 117
GROUP 3 INNER ITERATION = 16 FLUX ERAOR = D.62626E-D1 MAX Al € 20, 11} WMESOL REGUJRER & ITERATIONS, ERROR = 0.33082E-03
GROUP 3 INNER ITERATION = 17 FLUX ERRDR = O_47AS7E-01 MAX AT ( 20, 11}
GROUP 3 INMER STERATION = 18 FLUX ERROR = D.4I629E=01 MAX AT { 20, 11} WWESOL REQUIAEP O ITERATIONS, ERROR = 0.29724E-03
GROUP 3 IWNER ITERATION = 19 FLUX ERROR = 0.8T791E-01 MEX AT ( 20, 11}
GROUP 3 INNER ITERATION = 20 FLUX ERRDR = 0,42438E-01 MAX AT { 20, 11)
GADUP 3 INNZR ITERATION = 20 FLUX ERROR = 0.62634E-01 MAX AT { 20, 11} WWESOL REQUIRED ® ITERATIONS, ERROR = 0.28390€-03

ANGULAR FLUXES FOR GROUP 3 WRITTEN OGN NAFT= 10

GROUP 3 EHHWER ITERATION = 21 FLUX ERROR = 0.87733E-0%1 MAX AT { 20, 11)
GROUP 3 IMWER ITERATION = 21 FLUX ERROR = 0.&7733E-01f MAX AT { 20, 1D
GROUP 3 FLUKES WRITYVEN DN LOGICAL uNIT ¥

LGV, UP1, XS, FLX" 3 0.0 1.9458£-02 1. 7S7HE=11
SCAT ASCATE 3.2956E-16 1.144E-1F
SCAT ASCAT= 5.242E-16 1.857E-19
SCAT, ASCAT= 8. 812E-1¢6 3.683E-1%
16V, 82.8um 4 B.B121E-16 3.6825E-19

GROUP & INNER ITERATICGN = 1 FLUX ERRDR = 0.10000E+01 MAK AT { 1, 1)
GROUP & INNER ITERATIGN = 2 FLUX ERAOR = Q.70026E+00 MAX AT ¢ 1, 1} MWESOL REGQUIRED 22 ITERATIONS, ERROR = 0.71002E-D4
GRAUP 4 INNER ITERATICGN = 3 FLUX ERROR = 0.21573E+00 MAX AT ¢ 2, 23
GROUP & INNER ITERATION = & FLUX ERROR = O, 4A38B8E-01 MAX AT ( 23, 1) WWESOL REQUIRER 0 IYERATIONS, ERROR = 0.1179BE-04
GROUP 4 INNER TTERATION = 5 FLUX ERROR = O.2093%E-01 MAX AT ( 39, 2%
GAQUP 5 INNER ITERATION = & FLUX ERROR = O.15883E-01 MAX AT ( 22, &) WWESOL REQUIRED B ITERATIONS, ERAQR » Q.133726-05
GROUP & 1NNER TTERATION = T FLUX ERROR = Q.16076E-01 MAX AT ( 22, &)
GROUP ¢ INNER ITERATION = 8 FLUX ERROR = 0.15812F-01 MAX AT ( 22, 43 WWESOL REQUIRED & ITERATIONS, ERROR = O0.10994E-05
GROYR & INNER ITERATLON a 9 FLUX ERROR = O.3140&5E-01 MAX AT { 22, &}
GROUP & INNER L[TERATION = 18 FLUX ERROR = ©,15800E-03 MAX AY ( 22, &) WWESOL REQUIRED B8 ITERATIONS, ERROR » 0,P8433E-06
GROUP 4 INNER TTERATION = 11 FLUX ERRDR = 0.14QZ3E-D)1 MAX AP ([ 22, &)
GROUP & INMER ITERATION = 312 FLUX ERROR w Q.15801E-0%1 WAX AT { 22, &) WWESOL REQUIREP B ITERATIOMS, ERROR = 0.10228E-05
GROUP & INNEKR 1TEHATION » 13 FLUX ERROR = G.159BSE-O%1 MAX AT { 22, &)
GROUP &4 INNER ITERATLON = 1% FiuXx ERROR = 0,15804E-01 MAX AT { 2%, &) WWESOL REQUIREP B ITERATIONS. ERROR = ¢.97215E-08
GROUP 4 INNER ITERATION = 15 FLUX ERRDR = 0.15952E-9) MAX AT { 22, &)
GROUP & INNER 1TERATION = 14 FLUX ERROR = Q.1%806E~0F MAX AT { 22, &) WWESOL REQUIRED 0 [TERATIONS, ERROk = O.PBE25E~06
GROUP L INNER ITERATION = 17 FLUX ERROR = 0,15925E-01 NAX AT { 22, &)
GROUP L INMER ITERATION = 18 FLUX ERRDR = 0.15BO8E-G1 NAX AT { 22, 4) WWESOL REGADIRED & IYEWATIDNS, ERROK = 0.70821E-Ds
GROUP & INNER ITERATION « 1% FLUX ERROR = 0,15901E-01 MAX AT { 22, &)
GROUP & INMER ITERATION = 20 FLUX ERROR = O.15810E-01 MAXN AT ( 22, 4}
GROUP 4 TNNER ITERATION = 26 FLUK ERROR = 0.1SB10E~01 WAX AT ¢ 22, &) WWESDL REQUIRED 8 1TERATIDNS, ERRODR « 0.104B8BE-05

ANGULAR FLUXES FOR GROUP 4 WRAITTEN ON WAFTw= 10

GROUP & IRWER ITERATION-= 2i FLUX ERRGR = 0.15B7¢¥E=-01 MAX AT ¢ 22, &)
GROUP & INNER J1ERATION = 21 FLUX ERROR = O.1587FE-01 MAX AT ¢ 22, &)
GROUP 4 FLUXES WRITTEN ON LOGICAL UNIT ¥

IGV, UPL, X5,FLX= 4 0.0 3. 0P93E-02 4.2707E-11
SCAT,ASCAT= L.ORFE-16 4.B29E-18

SCAT ASCAT= §.224E~10 8.293E-18

SCAT ASCAT=E 9.5SA7E-16 9.5Q8E-18

SLAT ASCAT= 2.299E-15 1.316E-17

1GV,5Z,84% 5 2.2986E-15 1.3160E-17

GROUP § IMNER ITERATIOGN = 1 FLUX ERROR = 0.10DQ0E+G) MAX AT { 1, 1)

GROUF s INNER ITERATION = 2 FLUX ERROR = D.6BOAGEYCO MAX AT { 24, 1) WWESOL REQUIRED 23 ITERATIONS, ERROR = 0.30579E-04&
GROUF 5 ENNER ITERATION = ¥ FLUX ERRDR = Q_.3077HE+«00 MAX AT ¢ 1, 2)

GROUF 5 [INNER ITERATION = & FLUX ERROR » O.P8S21E-Q1 WAX AT ( 1, 3) WWESOL REQUIRED &8 1TERATIDNS. ERROR = 0.35315E-04
GROUP 5 INNER ITERATION = 5 FLUX ERROR = Q.10435E+00 MAX AT ( 41, 29)

GAOUP 5 INNER LTERATIDN » & FLUX ERROA = O,82Z330E-01 MAX A1 { 34, 28) WWESOL REQUIRED 8 ITERATICONS, £RROR = O0.18D71E=05
GROUP 5 INNER [TERAIIDN « 7 FLUX ERROR = O_&47743E-02 MAX AT ( 21, 11}

ANGULAR FLUXES FOR GROUP 5 WAITTEN ON NAFTa= 10
GROUR 5 SHNEA ITERATION = & FLUX ERROR » Q. 5332VE-02 MAX AT ¢ 22, &)
GROUP 5 INNER ITERATION = 8 FLU¥X ERROR = O.5§329E-82 MAX AT ¢ 22, &) WWESOL REGUIRED & ITERATIONS, ERROR = 0,97B43E-G4

GROUP 5 FLUXES WAITTEN DN LOGICAL UNIT 9

[GY.UPY, X5, FLX= 5 0.0 5.4397E-02 7.5957E-1Q

SCAT, ASCAT= 2.958E-16 7.,206£-17

SCAT,ASCATs 4.395E-16 %.011E-17

SCAY ASCAT= 6.387E-14 1.0136-1¢

SCAT, ASCAT= 1.2B3E-15 1.177E-16

SCAT ASCAT= 2.312€~14 2.022E-14

16V.52,54= 6 Z.ILIFE-1L 2.0217E-16

0.10000E+01 MAX AT

QROUP ¢ INMER ITERAYION = 1 FLUX ERAOR = [4

GROUP & INNER ITERATION = 2 FLUX ERROR = O.4814&E+00 MAX AT ( 23, 1) WWESDL REQUIRED 22 ITERATIONS, ERROR =« Q_29292E-04
GROUP & INWER L[TERATION = 3 FLUX ERROR = D,19934E+00 MAX AT ( 41, 1)

GROUP & IKNER LTERATION = & FLUX ERROR = 0.537873E-01 MAX AT { 22, 1) MWESDL REQUIRED # ITVERATIONS, ERROR = 0.ZB703E-04
GROUF 4 INNER ITERATION = 3 FLUX ERROR = O.59374E-01 MAX AT { 20, L}

GROUP & IHNMER ITERATION = & FLUX EAROR = O,.13437E-01 MAX AT { 22, &) WWESOL AEQUIRED ® ITERATIONS, ERAQR = Q,.75058E-0Q5
GROUP & IHNER ITERATION = 7 FLUX ERROR = O0.1&375E-01 MAX AT { 17, 7y

GROUP & INMER ITERATLON = B FLUX ERROR = G.14185E-D1 MAX AT ( 22, &) WWESOL REQUIRED & ITERATIONS, ERROR = ©.40408£-05
GROUFP ¢ IHNER ITERATION = ¥ FLUX ERROR = O.15433E-C1 MAX AT ¢ 17, 7) "

GRQU#F 4 AINMER ITERATION m= 10 FLUX ERROR = Q,14244E-01 MAX AT ¢ 22, ®) WWESOL RERUILRED 8 ITERATIONS, ERROR = 0.54924E-05
GROUF & INHER ITERATION = 11 FLUX ERROR = O0.15521E-01 MAX AT { 17, 7)

GROUP & IHMER ITERATION = 12 FLUX ERROR ~ 0.14246E-01 MAK AT ( 22, #) WWESQL REQUIRED 8 ITERATIONS, ERROR = 0,.52202E-05
GROUP & INMER ITERATIDN = 13 FLUX ERROR = 0, 1543%E=-01 MAX AT ( 12, 7

GROUP & INNER [TERATION = 14 FLUX ERROR = 0.1424%E-01 MAX AT ¢ 22, B) WWESDL REQUIRED & I1TERATIONS, ERROR = O.446033E-05
GROYP & LINNER ITERATION = 15 FLUX ERRDR = 0.1534PE-O0! MAX AT ( 17, 72

GROULP 6 IHNER ITERATIGN = 38 FLUX ERROR = D.14255E~Q1 MAX AT 22, 8) WWESCL REQUIRED 8 ITERATIDNS, ERROR » 0.42137E-05
GROUP & LIMNER ITERATIGN = 17 FLUX ERROR = D.15314E-Q1 MAX AT ( 17, 71}

GROUP & [INNER ITERATION = 18 FLUX ERROR » [.14259E-D1 MAX AT ¢ 22, @) WWESOL REGUIRED B [TERATIGNS, ERROR =« o, X7943E-05
GROUP & INNER JTERATION = 39 FLUX ERROR = 8,152863E-D1 MAX AT { 17, 7}

GROUP ¢ INNER LTERATION = 20 FLUX ERROR = O.14243E-01 MAX AT { 22, &

GROUP ¢ INMER [TERATION = 20 FLUX ERROR = O_14243E-01 NAX AT ¢ 22, 83 WWESDL REQUIRED B8 ITERATIONS, ERROR = 0.38152E-05

ANGULAR FLUXES FOR GROUP & WRITYEN OH NAFT= 10

GROUP 4 IHNNER ITERATION = 21 FLUX ERROR = 0.15220E-01 MAX AT ( 17, )
GROUP 4 INNEA TTERATION » 21 FLUX ERAQR = D.15Z20E-01 MAX AT ¢ 17, 7
GROUF 6 FLUKES WRITTEN OW LOGICAL UNIT 9

16V, UP1, X5, FLXw & 0.0 S5.9649E-02 &4 .2U4L4LE-DP

SCAT, ASCAT= J.T0LE-1S 1.049E-15

SCAT,ASCAT= 5.783E-16 1.575E-15

SCAT,ASLAT= B.97T2E-1¢ 2.224€-15

SCAT,ASCAT= 1.845E-15 3.114E-15

SCAT,ASCATE R.&4BE-T4 &, FBLE-15

SCAT,ASCAT= 2.495E-13 1.055E-14

1GV, 52 ,84c T 2.4%LEE-13  1.0545E-14

1. 1}

GROUP 7 INWER ITERATION = 1 FLUX ERROR = §.310000E+0% MWAX AT (

GROUP 7 INNER lTERATION = 2 FLUX ERROR = O_S9B27E+00 MAX AT { 21, 1} WWESOL REQUIRED 22 ITERATIONS, ERROR = 0.37277E-04
GROUP T INNER !TERATEION = 3 FLUX ERROR = O_17470E+00 MAX AT { 37, 1)

GROUP 7 INNER ITERATION = &4 FLUX ERROR = 0.B84193E-01 MAX AT { 21, 1) WWwiSOL REQUIRED 10 ITERATIQNS, ERROR = 0.87139E-04
GROUP 7 IHMER ITERATION = 5 FLUX ERROR = O0.39B43E-01 MAX AT ( 2%, 25)

GROUP T IMNER ITERATION = & FLUX EARDR = Q_427B7E-01 MAX AT ( &3, 2%) WWESQL REQUIRED & ITERATIONS. ERROR = D.16357E-04
GROUP 7 INNER ITERATION = 7 FLUX ERRDR = O_14799E-01 MAX AT ( 19, &)

GROUP 7 INNER 1TERATION = & FLUX ENROR = 0.25432€-01 MAK AT { 39, 29) WWESOL REQUIRER 8 ITERATIONS, ERROR = Q.25973€-05
GROUP ¥ INNER ITEWHATION = @ FLEX ERAROR = D_JIIOQE-G2 MAX AT ( 11, 102

ANGULAR FLUXES FOR GROUP 7 WRITTEN DN KAFT= 10

GROUP 7 INMER I[VERATION = 10 FLUX ERROR = D_24817E-02 MAX AT ¢ 11, 10}

GROUP 7 INRER ITERATION = 10 FLUX ERROR = 0.26417E-02 MAX AT ( 11, 10} WWESCOL REAQUIRED 8 ITERATIONS., ERROR = C.10402E-05
GROUP 7 FLUXES WRITTEN ON LOGICAL UNIT @

16V, UP1, X5, FLX= 7 0.0 $.0410E-01 3.2819E-0B

SCAT, ASCAT= 9.3306-18 7.053E-1?

SCAT, ASCAT= 2.097E-16 1-291E-15

SCAT,ASCAT= 3.227E-14 4. QHFE-14

SCAT, ASCAT= 1.700E-13 $.058E-12

SCAT ASCAT= 2.8638-22 3_B3SE-12

16V, 52,5¢6= 8 2.9428E-12 3I.B3S51E-12

GROUP 2 INNER [TERATION = 1 FLUX ERRODR = O.1000CE+01 MAX AT ¢ 1, 1}
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GRQUF & INMER LITERAYION = 2 FLUX ERROR = Q.58Q13E+00 MAX AT { 22, 2) WWESDL REQUIRED 27 ITERATIONS, ERROR = 0.54061E-04
GROUP B INNER ITERATION = 3 FLUX ERROR = O_3I1810E+00 MAX AT ¢ 25, )
GROUP 8§ JHNER ITERATION = & FLUX ERROR = O,14726E+400 MAX AT { 30, 1) WWESOL REQUIRED 1B ITERATIONS, ERAOR = 0,004 B1E-D4
GROUP 8 INNER ISERATION = 5 FLUXK ERROR = 0.72573£-01 MAX AT € &1, 290
GROUP B INWER ITERATION = 6 FLUK ERRGR = 0.19BB2E-01 MAX AT  3&, 1) WWESOL REQUIRED & ITERATJONS, ERRDR = O.56559E-04
GROUP 8 INMER ITERATION = 7 FLUX ERRDR = 0.218B4E-D1 MAX AT ( 1&, &)
GROUP & INNER ITERATION = 8 FLUX ERROR = 0,13657E~Q1 MAK AT ¢ 19, 7} -WWESOL REQUIRED B ITERATIONS, ERRDR = C.1395iE-D4
GROUP & INNER ITERATION = 9 FLUX ERROR = O.204L88E-01 MAX AT € 41, 283
GROUP 8 INNER ITERATION = 10 FLUN ERROR = O_12484E-01 MAX AT [ 40, 29} WWESOL REQUIRED B ITERATIONS, ERROR = 0.290L0E-GS
GROUP 8 INNER JTERATION = 11 FLUX ERROR » Q.17788E-Q1 MAX AT ( 41, 1)
GROUP 8 INNER JTERATTION = 12 FLUX ERRQOR = 0.13057E-01 NAX AT { 41, 1) WWESOL REQUIRED 8 ITERATIONS, ERRGR = Q.1480BE-05
GROUP 8 IMNER I17YERATIDN = 13 FLUX ERROR = 0,146827E-0) MWAX AT { 48, 2) .
GROUR B INHER ITERATION = 34 FLUX ERROR = 0,47458E-02 MAX AT ( 39, &) WWESOL REQUIREC & ITERATIONS, ERROR = 0.10163E-05%
ANGULAR FLUXES FOR GROQUP B WRITTEN ON HAFT= 10
GROUP 8 INNER ITERATION = 15 FLUX ERROR = 0.49229E-02 MAK AT ¢ 23, &)
GROUP B INNER ITERATION = 15 FLUX ERROR = O.49229E-02 MAX AT ( 23, ™
GROUP 8 FLUXES WRITTEM ON LDGICAL UNIT @
1GV.UPY, X5, FLX= B ¢.0 2.4035E-01 I .ZB01E-08
SCAT,ASCAT= 1.3%7E-1¢ 2.635E-12
16V, 52,54« $ 1_3970E-12 2.48348P-12
GRGUF 9 INHER ITERATION = ) FLUX ERROR = 0,10000E+01 MAK AT ¢ 1§, 31}
GROUP ? INNER ITERATION = 2 FLUX ERROR = O.S6732E+00 KAX AT ¢ 30, 1) WWESOL REGUIRED 42 ITERATIONS, ERROR = G.77533E«04
GROUP ¥ INHER ITERATIDN = 3 FLUX ERHOR = 0.2292FE+00 MAX AT ¢ 25, %)
GRAOUP ¥ INNER [TERATION = & FLUX ERROR = O.13833E400 MAX AT ( 41, 1) WWESOL REQUIRED 33 ITERATIONS., ERROR = D.44&BRE-0L
GROUP ® INNER ITERATION = % FiUX ERROR = O.1135BE+00 NAX AT & 3%, 1%}
GROUF  § INWER ITERATION = & FLUX ERROR w» 0.43466E-OT MAX AT ( 27, 1) MWWESOL REQUIRED 13 ITERATIONS, ERROR # 0.74006E-04
GROUP ? INMER 1TERATIDN = 7 FLUX ERRCR = C,22438E-Q1 MAX AT ( 14, @)
GROUP 9 TWNER ITERATION = B FLUK ERRGR = 0.11612E-01 MAX AT { 314, &) WWESDL REQUIRED B ITERATIONS, ERROR = O.50L1SE-04
GROUP 9 IWNER TTEKATION = 9 FLUX ERROR = D.79621E-02 MAX AT ¢ 17, 7)
ANGULAR FLUXES FOR GROUP ¥ WRITTEN ON WAFT= to
GROUP ¢ INNER 1TERATION = 10 FLUX ERROR = 0.62428E~02 WAX AY [ 17, 5)
GROUP 9 INNER ITERATION » 10 FLUX ERROR = 0.62426E-02 MAX AT ( 17, %) WWESOL REQUERED B8 ITERATIONS, ERROR = 0. 18201E~04
GROUP 9 FLUXES WRITTEN Onx LDGICAL UNIT &
16V, UP1, X5, FlLX= ® 0.0 4. D2I5E-01 2.2246E-03
ESPRIT SAMFLE FPROBLEN NO.)
® 3 x NOTE - SUMMARY FOR SYSTEN CCGNTAINS COLLIDED INFORMATION DNLY % %
SUMMARY FOR SYSTEM, INCLUDING SUM DVER ALL GROUPS 1IN GROUP 10
GROUP FIXED 50 FISS10N SO IN+-SCATTER SELF-SCATTER DUT-SCATTER ABSORFTIONS BALANCE
1 3.800756-02 0.0 c.0 4.27450E-03 3.76950E-02  1.24216E-04 P _99PVIE-O1
2 T.BR5SO4LE-D2 0.0 8.73251E-03 . 1.43993E-02 B.540L85E-02 4 .98B18E-05 ¢.99995E-01
3 4, 4532BE-02 G.0 2.3328B2E-02 1.03913E-02 4.F4ATRE-D2 2.83920E-05 P.99975E-01
& L.93712E-02 ¢.0 4.33634E-02 2.07452E-02 ?.20109E-02 6.30722E-CS5 9.PP9BLE-D1
5 &.12499E-0¢2 ¢.0 B.45T79E-O2 5.791456-02 1.43225E-01 2.3R495E-Q% 9.P99583E-01
& 4.43041E+02 0.0 1.03493E-01 5.09708E-02 1.42843E-01 5.02994E-04 R.99979E-01
7 5.567516-02 6.0 2.12260E-01 1.67121E-01 2.48840E-01 . 2.67398E-03 ?.99¥17E-01
B 0.0 G.¢ 3.L6aTBE~-0Q1 §.33270E-01 2. BL53BE-D1 3.65158E-02 9.99220£-012
e ©,0 €.0 2.84801E-01 1.63729€+00 -77IB0E-05 2.34255€6-01 P.99746E-01
14 3.72991E-01 a.0 1.1052BE+00 2.BR&37EHOD 1.10495E4+00 2. PLFLTE-O1 P.F9FTTE-OL
SROUP HI-LEAKAGE  LFT-LEAKAGE RT~LEAKAGE VT-LEAKAGE  TOP-LEAKAGE  BOT-LEAKABE  NET~LEAKAGE
1 4.2108BE-0Q5 .o 4.2108BE-0O5 1.46038E-04 1.25340E-C4 -2.06975E-Q5 1.88147E-04
2 1.02852E-04 6.0 1.02452E-D& 2.75433E~04 2.50478E-04 -2_49553E-05 3.78D85€-04
3 ?.83845E-05 ¢.0 §.&63845E~0% Z.LLTLOE-O4 1.B0722E-04 ~6.5D245E-0% 3.43131E-04
3 1.54305E-04 0.0 1.54305E-04 5.04843E-0% ?.14790€-04 -Z.87853E-04 6.5B958E-04
5 2.49036E-04 0.0 Z2.49036E-04 2.115BBE-03 2.7¥147E-04 ~), A3673E-03 2.346451E-03
& 1.73444E-04 0.0 1.73444E-04 4.2TETTE-OD 1.73333E-04 ~4.31014LE-Q) 4. LLB21E-03
7 2.55181E-04 o.¢ 2.55181E-04 1.59881E-02 2.31799E-04 -1.57563E-02 1.626433E-02
8 7.58063E-04 0.0 T.58843E-04 2.249S58E-02 6. 49206E-04 -2.1B484E-C2 2.325L5E-02
9 3.B2549E-03 0.0 J.B254%E~03 2.67345E-02 2.692156+0% ~2.40444E-02 3.05620E-02
10 5.85747£-03 0.0 5,ASTLTE-03 7.27BI7E-02 L. T79BGE-C3  -6.TRHLTE-~G2 F.B4L11E-02
FLUX & L 1 il 134 NB O.999TTTE+OC T1 4.02 EGS ©,D E¥Y 0.0 LA Q.1DDQ00E+01

FINAL WALUES OF DATA EN VO.R1.Z1, HAVE BEEN WRITTEN UN ANGULAR FLUX TAPE
sukax UNCOLLIBED FLUXES. ADDED TG COLLIDED FLUXKES
saexy SCALAR FLUXES, MOMENTS AND BOUNDARY ANGULAR FLUXES HAVE BEEN WRITTEN ON LOGICAL UNIT §
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RADHEAT-V4: A Code System to Generate Multigroup Censtants and
Analyze Radiation Transport for Shiclding Safety Evaluation

ESPRIT SAMPLE PROBLEM NO.1

=
»
=

X P VN

Y7 1
4.03822€-11
5.1496PE-11
&,43%095-11
7.51467E-11
6.43103E-11
5.25750E-11
4,68275E-11
4.54728E-11
4.,26029E-11
A.BL955E~12
2.20969E-12
5.T4915E-13
1.57533E-13
4,41905E-14
1.26895E-16
3.70322E-15
1.09LF6E-13
3.28855E-16
7. BLIOVE-17
3.03233E-17
1.1%285€E~17
1.45249E-17
&, B8562E-17
4,.58268E-18
&.PA5L1E-15
1.33414E-14
J.41&55E-14
§.2228%E-14
1.27068E-14
9.34931E-15
3.35B93E-15
2.376%BE-15
1.34664E-15
8,70585E~16
8.81847E-156
&.3383BE-16
4L BSSSAE-14
2.,1%929E-15
1.70033E-15
F.4T83ICE~17
4. TBAL6E~1T

YiT ¥®
1.80025§-04
1.55574E-08
B.228612€-07
J.59924E-07
1.L4BE1E-O7
&.03100E-08
2.63642C-08
1.12669E-048
5.58001E~-0%
2.9075HE-0%
1.89343F~09
Z.32QL5£-10
6.02086E~1)
1.51855E-11

YiT o1
1.59447E-11
1.85612E-11
2.22153E-11
Z2.44601E-2)
2.B174¢FE-11
3.41268E~11
4, 76231E-11
5.91572€-11
7.70358E-11
2.13158E-11
6.20855E-12
1.71094E-12
4. BBASIE-13
1.37783E-13
3.7aBG0E-14
1.32445E-14
3.25131E~15
9.36213E-16
2.72267E~16
7.98531E-17
2.66851E-17
2.35527E-17
8.48612E-17
4.BEBSLE-14
B.03I79E-13
2.15055E-14
& .40296E-10
5.02B22E-14
7.26719E-14
5.77407E-14
1.46574E-14
2.15508E~14
1.04388E-14
8.75414E~15
7.59155E-15
& .76C00E~15
3. 1FL00E-15
2.24794E-15
1.28243E-15
§.78P6BE-14
4. 34748E-18

Y271 9
5. Q3ST7E-Q7
4. 72992E-07
2.766346E-07
1.3955BE-07
6,11337E-08
3.0948TE-GB
1.50586E-08
7.94708E-09
& T7030E-O9
2.20954E-09
1.05944E-09
3.£10G7E-10
?.65780E-11
2.03596E-11
5.37245E-12
1.42380€-12

GAMMA-RAY FLUX FOR GROUP

¥iv 2
1.53735E~10
1.B3537E-10
1.81512E-10
1.55299E-10
1.324T4E-10
1.29656E-10
1.36082E-10
1.48129E-10
1.6002%E-10
4. LA2BBE-11
1.32440E-11
3.BB336E-12
1.15770f-12
3.657F0E-13
1.03¥17E-13
3.1Z247DE-14
9.421B0E-15
2.BLLI2E~1T
B.62004E-16
2.63963E-14
B.58733E~17
£,.51507F-17
1.07344E-14
4_.39315E-16
1.37619E-14
2-11465E-14
Z.037BIE-14
1.966493E-14
1.4Z7H0E-14
4.212085E-1%
3.83421E-15
¢.-40001E-15
1.29835E-45
1.086449E~15
B.55520E-%8
7.02252E~14
4.05500E-14
2.LZ090E-16
1.62027E-18
1.04812E-16
5.95858E-17F

YIT 10
1.40551E-08&
1.21392E-06
& 2LDGLE-O7
2.62973E-07
9.98411E-08
3.90016E-00
1.594605E-C8
LL945BE-D9
.84932E-09
LFOLLSE-0%
.26172E-10
.&69013E-10
L0S3RIE-11
L161BFE-11

L Y R R

YT 3
7.49920€-10
7.86123E-10
&.04202€6-10
4.29579E-10
5.71260E-10
0,.397TH%E-1C
9.96564E-10
1.10233E-0¥%
1.12777E-09
3.35973E-1¢8
$.80058%E-11
2,293545E-11
8. 493B0E-12
2,49754E-12
7.33328E-1)
2.158613E~13
&.35904E-14
1,87B49E-44
5.40134E-15
1.753I0E-15
4.13076E-16
2.91567E-14
3.C2B2BE-1¢
1,03837E~15
3.74T45E-14
L. 0BITRE~14
3_30779E-14
2.835855E-14
1.25538E-14
5.55742E-15
3.82175E-15
2.22¥11E-13
1.3248%E-1%5
1.28037E-15
9.15864E-18
6.3FIFTE-14
4.05100E-14
2.35266E-16
1.BLSSRZE-14
1.10245E-16
5.26290E-17

YT 11
1.09718E-0&
9.47799E-07
4.74857E~07
1.93019E-07
6.95194E-08
2.556524F-0B
9.7B&0E~DF
31.B604FE-0F
1.865715E-09
9,543 73E-10
5.10584E-10
2.77693E-10
3,5BB45E-11
1.04091E-11

GAMMA-RAY FLUX FOR GROUFP

LEA
5.31542E-11
T.B0143E-1]
4. 13905E-11
7.596L7E-11
1.480178-10
2.5B307E-10
3.89256E-10
4. B6L42E-1Q

6.0&932E~10

1.74L904E-10
5.22395E-11
1.4423BE-11
& 15398E-12
1.17453E-12
3.375e7E-12
9.61905E-14
2.77508E-14
7.95B22E-17
2.30569E-13
46 .46B51BE-146
?.0209BE-16
8.23571E-17
1.3334LE-58
&, LY22AE-14
2,22BARE-14
4.35182E-14
8.55280E-14
?.B7168E-14
B.79377E-14
3.30584E-14
2. 15056E-14
2.,08495E-14
1.05525E~14
9.093226-15
B.5101&6E-15%
3.90913E-15
4,000864E-15
1.97528E-15
1.59804E-15
7.509808-10
4. 42170E-14

YIT 10
&.A2BSBE-O7
4.18368E-07
2.3%037E-07
1.14157E-07
4 ,BI1B7LE-O8
Z2.319B6E-08
1.0B57FE-08
5.58729£-0%
3.07190€E-0%
1.69506E-09
6.682000-10
2.%3L73FE-10
7.74420E-11
2.00304E-11
5.34974E-12
1.45715€-12

YT 3
2.07777E-10
2.,26790E-10Q
2.L7439E-10
7.47172E-10
2.1B5%4E-09
I.4BY0GE-O9
4.21014E-0%
L 41124E~09
L.722B9E-Q9
1.34243E~09
1.90277E-10
1.05227E-10
R.93574E-11
B.1410%E-12
2.26430E-12
&.3BSTLE-1T
1.78944E-13
5.00442E-T4
1.62754E-14
4.1245BE~-15
1.3G550E-15
5.155953E-14
4.0P057E-16
1,042&44F-13
9.83278E-14
1.57502E-1%
1.851B2£-13
1.4209BE-313
G.TAITLE-L4
2.74807E-14
3.03792E-14
1.8B490E-14
1.30772E-14
B.BLS1FE-LS
7.519469€-15
3.86555E~15
I.9365BE-15
1.95100E-15
1.53398E-15
f.62090E-1¢&
5.09361E-14

YIT 11
3.83383e-07
1.42956E-07
2,02787E-07
9.22115E-08
3.88357e-06
1.75291€E-0B
7.99802E-09
3.86475E-09
2.05911€-0%
1.15664E-09
5.491186-10
1.941006-10
&.91098E-11
1.54785€-11
.. SBEIBE-12
1.41016E-12

YIT 4
4.53408E-0¢
5.79428E-06
3. BESPLE-DE
2.12084E-08
1.2471CE-D&
8.02060E-07
5.30417€-07
3.63k17E-0T
2.58%04E-07
1.78L57E-Q%
3.64434E-10
8.02629E-11
1.84826E-11
4. 31134612
1.11254E-12
2.83922¢8-13
T.4BO2&E-1%
2.17110E-14
B.34511E-1%
4,63963E-15
I.75B77E-15
J.34L68E-15
3.29893E-15
&£.1B435E-15
B.26214E-16
5.14BAAE-14
3.37115E-14
3.21800E-14
.¥9BL40DE~15
4.28135E-15
3.54988E-1%
2.31B03F-15
1,242864E-15
1. 44592815
T.39FL16E-18
5.90802E-18
4.22761E-18
2.19847E-18
2.02529E~16
§.38133E-17
4.¥24IDE-17

YiT 12
A.54520E~07
T.4041FE-C7
3.41FRVE-Q7
1.42407E-07
.90280E-08
.73220E-08
LZRATLE-OR
.LID5EE-0F
LAITIIE-LD
&.17523E-10
3.00208E-10
1.45308E-10
B.13005E-11
9.11BBOE-12

-~

O

YIT
2.42524€-07
2.17048E~07
1.90028E-07
1.4744BE-07
1.00520E-07
7.24780E-08
5.16988E-08
3.52354€-05
2.53083E-08
4, B5544E-09
9.32587E-10
2.97345E-10
4. 906HEE-1T
1.19007E-11
2.96098E-12
7.4937LE-13
1.95681E-13
5.41845E-14
1-B0924F-14
8.13410E-15
5.79112E-15
C.BLIREE-15
4.B4673E~15
4.BAGA5E-13
3.30562E-13
2.34035E-13
1.98442E-13
$.53204E-13
5.16752E-14
I.711478-14
2.56662E-14
1.90?54E~14
1.199108-14
1.017238-1L
4.19989E-15
&.51452E+13
3.59037E-15
2.10980E-15
1. 44303615
B.35543E-186
4. 83303E-16

YT 12
3.ZB130E-0O7
I.10333E~07
1.7Q0S5E-Q7
7.35B8EBLE-CB
3.07405E-08
1.28751E-08
S5.FLYILE-OP
2.71710E-0%
1.53880E-09
B.27523E-10
4.01887E-10
1.41832E-10
5.314562E-11
1.24004E-11
4 .092B4E-12
1.30529E-12

Yir %
4, E17T0E-04
4,23018E-08
2.55007E-04
1.3745BE-00

T LERLSE-DT -

4.,18088E-07
7.49120E-07
1.50874E-07
9. 67736E-08
6.k5030E-G
B.3ELB4E~10
1.64783E-10
I.34471E-1Y
7.05259E-12
1.5%918E-12
3:493FPE-1)
B_L65E3E-14
2.3439BE~-14
9.?71534E-15
5. BL1B7E-15
5.17125E+15
4.498B3E-15
4.62FS0E-15
5.25719E-15
B.73453E-14
5.341BYE-14
3.37002E-14
3.2356BE-14
§.26B72E-15
4, 26348E-15
3,55221E-13
2.31434E-13
1.24275E-15
1.45075E-15
7.34955E-14
5_PBLOLE-I6
4. 22P04E-16
2.19527E-16
2.03189E-56
§.34260E-17
4. R1274E-37

YItT 13
&.6B730E-07
S.7BATOE~-Q?
2.7677TE-OT
1.04704E-07
3.51927€E-0C8
1.17220E-08
4,17728E-09
1.56798E-09
5.83174E-10
4_2223LE-10
1.70276E-10
8.725684E-11
4 .56B26E-11
7.41023E-12

YIT 5
5,40192E-07
4 ,BXB7IE-O7
J ATRG4E-0O7
Z.438B2E-07
1,50082E~07
4.88504E-08

5.¥1110E-08 -

3.629376-08
2.62149E-CH
9.37301E-0%
1.52053E-09
2.BS31B7F-10
6.12017E~11
1.3707BE~11
3.19496E-12
T.74I83E-13
1.973463E-13
5.50B02E~14
1.98563E-14
1.01944€-34
7.54915E-13
6.73902E-15
6,53730E-15
4.45426E-15
3.57740E-13
2.32752€-13
1.94883E-13
1.53780E-13
5.12126E-14
3.70535€E-14
2.55240E-14
1.90532E-14
1.20092E-14
1.01760E-14
&.19011E-15
4.52371E-15
I SBEQLE-13
2.11209E-15
1.44206E-15
8.34I07E-16
4. 62898E-146

YT i3
2.7B154LE-07
2.62364E-0O7
1.61282E-07
S.BYS04E-0&
2.42105E-08
§.4B130E-09
L, L2478E-D9
1,75901E-09
1.0B598E-0F
&.22439E-10
2.949BIE-10
1.20472E-10
1.90758E-11
1.11293E-11
3.97063E-12
1.46848E-12

YT 4
J.7T103E-04
3,ZA999E-Q6
1.91370E-04
?.70133E-C7
4, BPL52E-07
2.50074E-07
1.37137E-07
7.58787E6-08
4. 41BV1E-08
2.88774E-02
7.3568BE~10
2.00776E-10
4.58697E-11
1.029&BE-11
2.29932€-12
5.1B447E-13
1.218383E-13
J.27562E-14
1.2704LE-14
T.7&775E~135
6.85802E-15
5.98375E-15
S.98987E-135
6.51812£-15
P.I4011E-14
5.11F116-14
3.35977E-14
3,24970E-34
9.18273E-15
4.25180E~-15
3. 5546ZE~15
2.31479E-15
1.Z4272E-15
14548315
T.32129E-18
5.7BLABE-14
4,23011E-18
2.19273E-14
2.03709E-14
9.31r21E-1?
4,90382E-17

TIT 14
1.34592E-07
1.43490E-07
1.263¥0E-07
8.21324E-08
L.92925E-08
2.B6E10E-08
1.604B6E-08
B.8520LE-09
4.BSOURSE~-OY
3,17304E-09
2.50%40E-09
1.97TB11E-09
{.58093E-0%
1.23473E-0%

YiT &
&.05449E-07
5.47154E-07
3.59834E-07
2.1B272E-07
1.25390E-07
4. FIF03E-CB
4.3B554E-08
2.51255E-08
1.69191E-08
B.15229E-09
1.2924%E-0°F
3.43442E-10
7.58305E-11
1.70780E-11

(3.93501E-1%2

9.3484E5-13
2.33161E-13
6. 4LB3CE-14
2.38775E-14
1.270B9E~-5L
F.64035E-13
9. 324 LBE-15
B.13747E-15%
8.85937E-15
3.81233E-13
2.314620E-13
1.968%3E-13
1.54240F-13
5.09027E-14
3.70079E~14
2.5567BE-14
1.90365E-14
1.202318-14
1.01795E~14
4.18162E-15
4.53199E-15
3.58219€E-15
2.11641E-15
1. 440B0E-1T
B.37581E-1¢
4. 62531E-1¢

YIT 14
4.41406E-08
B.X073BE-08
6.27945E-08
3.52524E-0B
1.92214E-0B
1.22LZ5E-08
7.29705E-0%
&.55133E-0¥9
2.B3ESYE-09
2.02461E-09
1.68704E-09
i.3B2BTE-OQF
1.1L499E-09
$.47FPESE-1Q
7.90124E-10
&,83092E-10

¥ir 7
2.PLFLFE-D6
Z.560VEE-04
1.44039E-08
£.91287E-07
1.2079RE-D7
1.52950E-07
7.71352€~08
3.91223E-08
2.10T8LE-D8
1.33440E-03
8.95447E-0F
2.90822E-10
6. 4P0B1E-13
1. L49B8E-1Y
3.54BB7E-12
7.6%272E-13
1.822E6E-13
4, BAZ16E~14
1.77395E-14
1.06815E-14
8.581902E-15
2. 29558E-15
7.54393E-15
B_&17F1E-15
9 .5690RE~-14
5.09204E-1¢
3.37001£-14
S.24356E-04
9.09610€-13
L_23998E-15
3.55749E-L5
2.31304E-15
1.2627BE-15
1.45841E-15
T.29327e-14
5.98351E~14
£.23102E-14
2.17029E-14
2.04226E-18
9.29189E-17
L _BARLEVE-1T7

Y71 15
1.17285E-08
1.642492E-08
1.46538E-08
1.44393E-08
1.32731E-08
1.11840€-08
9.49280E-0%
B.55037F-0%
7.5B4B2E-09
6.932¢9E-D9
&.58024E-09
&.24053E-09
5.91218E-09
5.59568E-09

YIir 7
&.QO7OTE-Q7
5.50758E~-07
3.43344€E-07
1.99755E-07
9.F0L12E-08
5.349008-08
3.30207E-0C8
1.469525€E-08
1.07172E-08
8.09LFBE-OF
1.97047E«00
3.97545E-10
8.B88377E-11
2-05274E+11
& B2438E-12
1.15879E-12
2.B9A5TE-13

8. 0315PE-14

3.04115E~14
1.64212E-14
1.27065E-1&
1.22649E-14
1.14581E-14
1.16437E-14
4,CA36BE-13
2.30220E-13
1.97127E-13
1.54896E-17
5.05903E-14
3.69645E-14
R.SE502E-14
1.90205E-14
1,20884E-14
1.01833E-14
&£.172461E-15
§.56085E-15
3.57YT5E-15
2.11709E-15
1.L3P1LE~-T5
8.39261E-18
A 61990E-16

¥IT 15
6.53571E-09
7.54480E-09
9.295246E-0%
9.39994E-09
B.LOZ75E~09
6. 464C9E-OF
4. 91581E-09
J.BLSIE-OF
3.08853¢-0%
2.45151E-0%
2.43)83BE-09
2.24504E-09
2.07478E~09
1.514617E-09
1.77BA4E-OF
1.85052E-09

JAERIT 1316

YIr 8
2.30501E-D¢
1.99524E-0¢
1.08713E-C¢
L.PBETLE-DT
2.13610E-07
P.523¥8%E-08
4.48T27E-0B
T.03998E-08"
i.08013E-0DB
5.40876E-09
4.13861E-0%
2.75687E-10
§.99310E~-1}
1.73834E-11
4. 2L528E-12
1.C3040E-12
2.55258€-13
6.87B823E-14
2.528LBE-14
1.43301%-14
1.19042E-14
1.10134E-14
1.0261DE-34
1.107555-54
1.00271E-13
S.06051E-14
3.37078E-14
3.27754E-14
9.00919E-15
L.22857E-15
3.54017E-15
2.31104E-15
1.24297E-15
1.48208F-15
7.265)1E-16
5.PB254E-16
4.Z3187E-18
2.18790E-15
2.04740E-16
§.26857E-17
4. BBAOFE-17

TIT 14
1.25L%0E-09
1.L4B12E-0°
1.53755E~-09
1.53033E-0%
1.F0938E-09
2.04862E-09
2.03328E-09
1.987C4E-0F
1.89250E-09
1.BQ2L5E-09
1.75174E-09
1.70235E-0%
1.65L73E-0%
1.60913E-09

YiT &
5.40011E-07
5.20532€-07
3.54633E-07
1.68323E-07
7.73534€-08
£.11273E-08
2.15280E-08
1.11482E-08
T.21643E-09
3.229CBE-09
1.60553£-09
3.B14BDE-10
7.43808E-11
2.11241E-11
§.323I7E-12
1.34531E-12
3.L9276E-1D
1.00980F-13
3.BB1ABE~1%
2.15146E-14
1.7352BE-14
1.83039E-14
1.60546E-14
1.541B3E-14
4% _.33258E-33
2.2B512E-13
1.9739ZE-13
1.55144E-13
5.02766E~14
F.6V2IIE-14
2.56512E-14
1.900S1E~14
1.20498E-14
1.01875E-14
£.16305E~15
4, 5504 1E-15
3.57266E-15
2.12022E-1%
1.43704E-15
B.41368E~16
4. 61256E-1¢4

YIT 16
4. 1B27RE-10
5.8L97PE-10Q
B_S9ISTE-30
1.20774E-09
1.56744E-0F
1.73977E-09
1.774L08E-0%
1.7574E-09
1.8876&5E-0%
1.57232E-09
1.49607E-0%
1,41991E-09
1.34503E-0D9
1.27214E-09
1.1908489€-0%
1.12995F-a%
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sus  REACTION RATE wss» DOSE -PHOTON DOSE CONVERSION FACTOR
RESPOMSE FUNCTIDM 15,
2.3000E-D3 2.1000E-03 1.8000E-03 1.4000E-03
1.5C00E-04
GROUP TOTAL
¥ITs 1
3 3.3013E-11 2 4 ._014BE-11 3 L.T167E-11 4 5.0352€-11
8 3.433BE-11 ®  3.3NRVE-11 10 B.1B843E-12 11 1.827&E-12
15 4.1489E-15 16 9.&093E-18 7 2.1991E-1é 18 5.1315E-17
22 1.4495E-14 23  7.BATSE-14 24 L.2879E~15 25 I.LTLE-14
29 2.7350€-14 3¢ L.7I15E-14 31 1.1699E-14 = 52 7.BBO7E-15
34 1.3041E-15 37 9.1009E-16 38 5.3124E-186 39 2.9020E-14
THIS PROBLEM TERMINATED AT 4.03 SEC,

NINP
HOUT
RCR1
NSCRAT
NBSO
NPSO
NFLUXL
NAFT
WELSY
NIBT
MBFT
NGANM

13
11
12

ESPRIT SAMPLE PROBLEM NO.1

TINE SUMMARY

(MINUTESY OF TIME IN JTEAATLION PHASE - -

QUTER INHER WANDR GRIND WVESOL
REAL TIME= 0.52 2.40 ¢.02 0.%8 0.97
CPU TIME = 0.52 Z.40 Q.02 0.98 .07
TOTAL REAL TIME = 3,98
TOTAL CPU TIME = 3.98
TIME SUMMARY (PERCENTAGES) OF TIWME IN ITERATION PHASE - -
QUTER INNER WANDR GRIND WWESOL
REAL TIME= 13.06 50,22 0.+41 24 .50 1.81
CPU TIME = 13.0¢ £0,21 0.41 24 .50 1.82

1.0000E-03

5 4.87326-11
12 3.89%5E-13
1% 1.3733E-17
28 5.6201E-14
33 4. P060E-1S%
L0 1.S011E-14

Appendix D Sample Output Lists of RADHEAT-V4

7.1000E-04

4 .900DE-D4
4. 3473E-11 T
B LBL3E-14 14
B3.B0QVE-18 21
41444 E-1L 8
2.8038E-15 35
T.5505E-17

2.7000E-04

3. 9197E-11
1.8534E-14
2.7721E~17
3.8687E-14
1.8755E-15%

287
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D.8 Sample Problem for MCACE

MEMBER NAME > BIMCACE.TXT —------=mmmommmomm oo mmwmsmcmm oo e s PAGE : 1
LINE NO: ...t . ..l 4. .2 0+, 0300 4 80 05,008 0 b 0Bt T 0+ 8
1 //JCLG JCB
2 @ // EXEC JCLG
3 //SYSIN DD DATA.DLM='++"'
4 7/ JUSER HHGR¥BEE. B3 SHASEE, FE4S . B
5 : T.5 1.7 P.OW.1 .4 SRP
B OPTP PASSWORD=#iitritf##é#
T : //MCACE EXEC LMGO,LM="J1446.MCACEX"
8 : //FTIBFO01 DD DSN=&&F1,UNIT=WK10.SPACE=(TRK, (100.20)}.
g : // DCB=(LRECL=15064,BLKSI|ZE=19068,RECFM=VES)
10 : //FT41FQ01 DD DSN=&&F2.UNIT=WK1J,8PACE=(TRK. (100,20)),
11 + /7 DCB=(LRECL=19064,BLKS1ZE=15068,RECFM=VBS)
12 : //FTY92F001 OD DSN=J1446.P00L.87.DATA.DISP=SHR,LABEL=(.,, .QUT)
13 ¢ //SYSIN DD %
14 : MCACE SAMPLE PROBLEM NO.1
18 : 200 240 80 1 9 0 9 9 0 0 10 2 0 0
18 i} 1 0 01.0 0.02 +6 0.0 0.0 2.2 +5
17 0
18 g.0
19 : 1.0
20 : 1.33 +8 1.0 +6 0.8 +6 0.8 +6 0.4 +6 0.3 +6 0.2 +6'
2! 0.1 +§ 0.05 +6
22 : 0123456789
23 : a | 0 0 0 4 g 0
24 : 1 1 9 1 1 4 100.0 1.0 -31.0 -2 0.0
25 : -1
286 0
27 o} g SKY-SHINE PROBLEM
28 RCC 1 0.0 0.0 0.0 0.0 0.0 7.6 +2
29 4.1 +2
30 : RCC 2 0.0 6.0 0.0 a.0 a.a 7.8103+2
31 7.1 +2
iz RPP 3 -6.0 +4 6.0 +4 -6.0 +4 6.0 +4 0.0 6.0 +4
33 : RPP 4 -6.01 +4 6.01 +4 -6.01 +4 6.01 +4 -10.0Q G.01 +4
34 : END
35 : AR +]
36 WAL +2 -1
a7 AlIR +3 -2
38 vID +4 -3
39 : END
40 1 2 3 4
41 : i 2 1 0
42 CROSS SECTION FROM DATA-POOL
43 0 0 9 g g 12 4 2 2 0 0 -186 0
44 0 0 a Q 0 0 -1 0
45 = &DPUNIT NLIB=92 &END
45 GO9 FX16 AIR CONC
47 ¢ SAMBO INPUT TOTAL FLUX AND DOSE RATE
48 3 1 9 9 0 [ -1 H 1
49 t.0 +4 Q0.0 1,58 +2
50 : 2.0 +4 0.0 1.8 +2
51 : 3.0 +4 0.0 1.5 +2
52 ¢ RESPONSE FUNCTION (MR/HR}
53 : &DPUNIT RESD=92 &END
B4 : G083 RESD DOSE
55 : PHOTON/SEC/CM%X2/EV
56 : 1 2 3 4 5 6 T 8 g
57T : PRT 1 1 1 0 0 0 9 g 0 0 0
58 : 0.0 0.9 1.5 +2 0.0 0.0 1.0
59 : 1.0 0.0 0.0
60 : 70.0 +2 80,0 . +2 110.0 +2 140.0 +2 180.0 +2 220.0 +2 250.0 +2
61 : 280.0 +2 320.0 +2 380.0 +2

g2 : t ! 1 | | i 1 i 1
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MEMBER NAME > B:MCACE.TXT
B TR IS SR

LINE NO: LH
6.283 G.

63

64
65
66
67 ¢
68 :
69 :

71

70 :

Appendix D Sample Qutpur Lists of RADHEAT-V4 289

0.0

6.283 0.c 8.

0.0 §.283 0.

SOURCE 1 5
0.0 Q.
0.0 a.
0.273 0.

1
1.2% +6§ 1.0

END OF SAMPLE PROBLEM -

4
124

283 0.0

a 6.283

3 1.33 +6 0.02
0 660.0

a 0.0

0
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mes HUACE CARD INPUT DATA IMAGE LIST asaws

1-> MCACE SAMPLE PROBLEM WO.1

2-> 200 2o 40 1 ¢ ] 9 v ] ] 14 2 ] Q
3-> [} 1 0 0 1.0 c.02 +4 0.8 c.0 #£.2 +5
4> 9

5-» 0.0

&= 1.0

7-2 1.33 +& 1.0 +4 0.8 LI- T Y ) +6 G4 +6 0.3 4 0.2 £2-]
B-» 0.1 +6 0.03 +8&

$-> DI2345878%

10=> 0 1 2] o o L] v ]

11-> 1 1 ¥ 1 1 4 100.0 1.9 =3 1.0 -2 0.6

12-» -1

13-> L]

1h-> ] o SKY-SHINE PROBLEM

15-> RCC 1 0.0 0.0 0.0 0.0 .0 7.8 2
16> 4.1 +2

17-» RCLC 2 0.0 0.0 0.0 0.0 0.0 7.8103+2
18-> 7.1 +2

ip-> RPP 3 -&.0 +h £.0 +4 -6.0 +4 6.0 44 0.0 4.0 +h
20-> RPP 4 ~5.0% 44 6.01 +4h -4.01 +k 5.01 +4 -10.0 6,01 44
21-> END

22-> A1R +1

23-> WAL +2 -1

h=-> k1R +3 -2

23-» vip +& -3

26-3 END
27-» 1 2 3 &

26-> 1

29-> CROSS SECTI0N FROM DATA-POOL

30-> ] Q ? e @ 12 L3 2 2 a [ ) [
31-> [} Q a Q 9 o -1 [

32-> LDPUNIT NWLIB=92 LEND

33-» GO9 FX1& ALH CONC

S4=-> SAMBO TNPUT TOTAL. FLUX AND QOSE RATE

35-> 3 1 k4 14 D [} -1 1 1

3b-> 1.0 +4 0.0 1.5 *2

Iv->» 2.0 t4 0.0 .5 +2

3g-> 3.0 + 0.0 1.5 42

I9-> RESPONSE FUNCTION {MR/HR}

40-> EDPUNIT RESLE=92 EEND

41-» GO® FRESD DUSE

&2-> PHOTON/SEC/CHm 22 SEV

L3-> 1 g 3 4 5 & 7 -3 9

44-» PRT b1 1 1 1] ] o g 1 L] a ¢

&5-» 0.0 0.0 1.5 +2 0.0 Q.0 1.0

46-2 1.0 0.0 0.0

47-> ?0.0 *2 0.0 +2 110,28 +23 14C,0 2 180.0 +2 220.0 +2 25C.0 +2
LB-> 280.Q ¢2 320.0 *2 3BO.D ¥

Lg-> H 1 H 1 1 1 1 1 1

50-> ¢.0 &.283 6.0 50283 ¢.0 6.28B% o.0

$1-> &.783 0.0 4.283 Q.0 6.2a3 Q.0 6.283
52-» 0.0 &.283 c.a &.283

53-3 SDURCE 1 5 3 1.33 +6 0.02 +b 3

S4-> 0.0 Q.0 6450,0

55-> e.0 Q.0 G, 0

Sé=3 n.273 o.a

E7-» 1

Sg-> 1.25 e 1.0

$%-> FHND OF SAMPLE PROBLEM : FROGRAM MCACE TERMINATED

MCACE 5AMPLE PROBLEM ND.1)

NETRT= 200 WHDET= 240 NITS= 80 NaQUy[T* 1 KGPRQTN= ¥
NGPATG= ] NMGP= v NMTG= & NCOLTP= Q [AD M= o
MAXIMUM EXECUTION TIHE = 10 MINULTES HEDI A= 2 MEDALB= [ IREST= 1}
ESOUR= ] NGPFS= 1 [SBLASs Q9 NRESPw= Q
WISERT= 1.DOOCE+D0 EBDTN= 2_COJDE+04 EBOTG= ©.0 TCUWT= Q.0 VELTH= 2.2000E+05 1B0OT> o
XS5TRI= 0.0 YSTR¥= O.D I5TRT= 0.0 AGSTRT= 0.0
UINP= Q.0 VINRE 0.0 WINPe .0
SOURCE DATA
GROUP UNNORMAL ! TED NORMALIIED
FRACT1ON FRACTION
1 1.0000c+0Q 1.000009
TOTAL 1.0000C +00
GROUP PARAMETERS. GROUP NUMBERS GREATER THAN % CORRESFOND TD SECONDARY PARTICLES
GROUP UPPER EDGE VELDCIYY
CEVY (CM/SEC)
1 1.3300E+06 1.4927E+0%
2 1.0000E+08 1.3120E+0%
3 £.00C0E+0% 1.1571E+09
L 6.0000E+D5 §.7793E+08
5 4.0D00E+05 8,1819E+08
& 3.G000E+05 &.9150E+08
7 2.000QE+05 5.1563E+08
a 1-B00CE+05 3.7875E+08
L 5.00Q00E404 2.2000F+05
INITIAL RANDOM NIMBER = L567R900
W3PLT= Q NEKILi=® 1 WPAST= O NOLEAK= [ IEBLAS= 0 MXREG® & MAXGF= § IREGX= @ NITSO= 9

WEIGHT STANDARDS FOR SPLITTING AND RUSSIAN RQULETTE AND PATHLENGTH STRETCHING PARAMETERS

NGPY NDG NGP2 WNRGY NDRG NRGZ WTH1H1 WTLOW: WTAYE1L XNU F YaR WTAVEZ
1 1 ¢ 1 1 4 1.0000E+02 1.0000€-33 1.0000E-02 0.0 3.35751E-79 6.0733E-7%

NSDUR= 0O MF15TP= ] NKCALC= © WORMF= O
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NE PROBLEM
IVOPT = 0
14 1 0.0 o.¢
0.41000000+03
[i144 2 0.0 0.0

0.7100000D+03
~0.40000000105

RPP 3

4 -0.80310000D+05
s

F

F

RER
END

HUMBER

LENGTH

0.0 0.0
BODIES L3

FRD-ARRAY &2

ATR
wal
AR
Vi
END
NUMBER
NUMBER
LENGTI

coooo

i
2
3 -2
<
o

coooo

INPUT ZONES )
CODE IQNES 4
EHTEGEAR ARRAY

OF
QF
oF

COPE I10ME EHPUT QUHE

1
34

43
52

e

2
3
i

RRI(L} KR2Z{1}

1 1

2 2
3 3
& 4

MORSE REGIDNK IN JWNPUT ZONELL) ARRAY

1 2 3 4

MORSE HEDIAR IN [HPUT JOMWEC

1 z 1 o

CROSS SECTION FROM DATA-POOL

of
DF
OF

PRIMARY GROUPS (NGP)
PRINARY DUWNSCATTERS
SECONDARY GROUPS (NGG)Y

NUMBER
KUMBER
NUMBER
NUMBER OF
NUMBER OF PRIM+SEC GRUUPS (INGP)
TABLE LENGTH (ITDL)

LOC OF WITHIN GROUP (51C Ga)
HUMBER OF MEDIA (NMED)
NUMDBER OF 1NPUT ELENENTS (NELEM)
NUMBER DOF MIXING ENIRIES C[HKIX}
RUMBER DF LOEFFICIENIS (NCOEF)
NUMBER DF ANGLES (NS5CT)

RESTURE COEFF (I1STAT:

ADJOINT SWITCH (FRUM MORSE)

INPUT/0UTPUT GPYJONS
IRDSG (AS READ)
ISTR {AS STORE)
TFMU {(HUS)»
THOM (MOMENTSY
IPRIN (ANGLES.PROB)
IPUN (IMPOSSIBLE COEF)
CARD FORMAT (IDTF3
INPUT TAPE CIXTAFE)
MORSEC TAPE (JXTAPE}
QeR TAPE (1D&RT)

T - - )

~
N

P.P, UNIT NUMBER --- LIB =

READ WODE MAME 1MW XSEC -- [:1r iy

READ THE ANGULER MESH
-1.000E+«00 ~-%_.72BE-01
3.721E-01 5.412€E-01

BOUNDARIES

THE ANGULER HESH INTERWALES
2.715E-02 6.22%E-02
1.6928~01 1.4924E-01

STORAGE ALLOCATIONWS

CROS5 SECTIONS START AT
LAST LOCATION USED (PERM)
TEMP LOCATIONS USED
EXCESS SICRAGE (TEMP)

1199
4299

Z4873

*Fr  GO9 FX15 AIR
«xx SUB. STORE! ENTER IE= lxrs
v GOY FX16 CLONL

sss SUB. STORE1 ENTER 1&= FAREY

1

0.&000000D+05 -0.40000000+03%
0.46010000D+035

sococoo

IONE DATA LDC,

11 A

(NDS)

SECONDARY DOWNSCATTERS (NDSG)

LI5GoY

FX14

-9.106E-01
&.90BE-Q1

®.514E-02
1.2L6E-01

129% YO

beG = 0
BOCY DATA
0.0 0.0
0.0 0.0

¢, 400000
Q.6G1000
6.0

~0.4010000D+0%
Q.0

TNPUT I0NE DATA

R X-F-)
[-X=N-N-E-}
X=X

NC. OF BODIES RE

1
2
2
2

MRIZC1Ys1=3. &)

RRAY MMII(L}.I=1, &)

=

'
-
o T T )

AER CaNC

-8.154E-01
§.154E-01

-4.9CBE-D1
9.104E-01

1.248E-01
9.514E-02

I.496E-D1
&.225E6-02

5127

CROSS SECTION READ swa

CHANSS SECTION READ #aw

-0.0
0.0
aD+05 0.0
CD+05
9.0
o o I
o o 1
@ 1
[ o 7
o o1
GION NOD.
1
2
3
-
-5.412E-01
?.72ME-0O)
1.6%2E-01
2.715E-02

=~0.10G00000+02

[LRRTE

HED1A NO.

XN

=3.721E-01
1.00CE+00

1,B24E-01

Appendix D Sample OQutput Lists of RADHEAT-V4

0.76000C00+03
O.7EE03000+03
0.6000000D+95

0.6010000D+05
0.0

-1.B895E-01

i.895€-01

12
21

37

e.0

1.895€-01

1.895€-01

1.826E-01

291
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SAMBD INPUT TOTAL FLUX AND DOSE RATE

Np= 3.N5% 1. NNEx 9, NEx ®, Wi= O, MA= §. NRESP= -3, HEX= 1. NEXKDE= 1, EPSc

BET X ¥ R 4 RAD To
1 1.CDODE+0s 0.0 1.5000E+02 1.0001E+94 6.6993E-08
2 2.0000E4104 2.4 1.5000E+0Q2 2.0001E+04 1.3399E-05
3 I.000QE+O4 Q.6 $.5000E+02 3.0000E+04 2.00%7E-DS
GROUP RESPL 1)
] 2.30Q0E-03
2 2.1000E-03
3 1.B00DE~03
c 1.4000E-03
5 1.000DE-03
6 7.1000E-04
7 4.9000E-D4
] Z.7000E-04
¥ 1.5000E-04
RUMBER GF PRIMARY ENERGY BINS ]
TOTAL MUMBER DF EMERGY BINS L]
LOWER LOWER
8IN NO. LIMIT ENERGY DELTA
GROUP LIMIT E
1.3308+08
1 1 1.0CCE+Dé 3.300E+08
2 2 &.0C0E+05 2.C00E+0Q5
3 3 &.0C0E+O5 2.CDOE+0S
4 & 4 ,000E+05 2.C00E+QS
5 5 3.000E+05 1.C00E+05
[ [ 2.000E+D5 1.000E40%
T ? 1,000C+0% 1.000E305
B 8 5.000E+404 5.000E+Q4&
] L] 2.000E«Qk 3.00CE+04

NUMBER OF TIME BINS [}

KUMBER OF ANGLE BINS O
UPPER LIMITS OF CDSINE BINS

EaTEFIARRIFERNEIACAIIERILLT

wxrr SURFACE DETECTOR sexma

PR AAZISAINENARTEATEIENENED

SURFACE NO. ---—- 1
1 YEXP + 1 IFLMK = | JLEARX = Q JANG = O IOUT = O

ITYPE #PRT TREAL =

MESHT = P MESH2 = ¢ IETA = 9 IPHT = O IPRT = ¢

%0 = 0.0 Yo = 0.0 I0 = 0.150E+03

uo = 0.0 V3 = 0.0 w0 = O,10DE+01

Ul = O_1DDE+01 V1 = 0.0 Wi = Q.0 RARINS = 0.0

730 SELLS USED BY AMALYS515,2137) CELLS REMAIN UNUSED.

YOU ARE USING THE DEFAULT VERSIOW OF STRUN WHICH DAES NOTHING .

START BATCH 1 RANDOM® 1164413164
sexssErEavEEESERIEECSEADE
«ax SOURCE IMPUT DATA sxs

ALTIEEARNTARIEEANAAREIENRS

#x% PFOINT SDURCE sxacx

X0-TR 20 X3 X2+ T1,¥2.21.22 = ¢.0 0.¢ &60.C0 0.0

BIASED ISDTROPIC EMISSTON
UINF, TIHES= 0.273 2.753

MONDENERGY = O.12500DE+C0T7EV

YOU ARE USING THE DEFANLT VERSIOM OF GTMED WHICLH ASSUMES GEOMETRY AND XSELCT MEGL1A ARE IDENTICAL.

W= T.2699E407 HAVE= 3.48673E-D2 VAVEs -2,3839E-02 WAVES

c.0

&.4575E-01

1AVE" 1.00 XAVE= 0.0 YAVE= 0.0 IAVE® &§.6000E+02

E AL AP IR T AN AREENARAEEXININASIRRTARAER

GEDMETRY SEARCH ARRAY FULL

S EEEASRETFIIEESEAVARRCER ST ARSTAZIZANES

NUMDER DF COLLISLONS OF TYPE NCOLL

0.0

AGEAVE=

E-CUT TIMEKILL R F
1] [

SOURCE SPLITID} FISHN GAMGEN REALLOLL ALBEDO BORYX ESCAPE
206G o i} o 8427 [+] 587 P
STARYT BATCH 2 RANDON= $318%1770
wT= 7.28699E+01 UAVE= 4.9081E-D2 VAVE= -2.3755E-02 WAVE™® 6.0515E-01
IAVE= 1.00 AAVEFR 0.0 YAVE= 0.0 1AVE= 4.6000E+02

NUMBER OF COLLIS:ONS DF TYPE NCOLL

AGEAVE®

E~CUT TIMEKILL R R
0 1}

SQURCE SPLITID) FI1SHN GAMGEN REALCOLL ALBEDD BDRYX ESCAPE
tn a a ] 4722 0 408 #a
START BATCH 3 RANDOM= 1518395848
Wi= 7.2699E+01 VAVE= 1.8876E-03 VAVE" 4.F2BAE-02 WAVE™ &_41BFE-O1
TAVE= 1.00 AAVE=S 0.0 TAVE= 0.0 TAVE= 6.8000E+02

NUMBER OF COLLYISIONS OF TYPE NCOLL

AGEAVE=

E-CUT TIMEKILL R R
0 Q

SOBRCE SPLIT(D) F1SHN GAMGEN REALCOLL ALBEDD BORYX ESCAPE
200 [ [ . ¢ 6768 1] S62 73
START BAICH 4 RANDDM= 1222473934
W= T.28699E+01 VAVEs ~3.0813E-0Q2 VAVE= ~3.5127E-02 WAVE= 6L.ESTLE-O1
[AVE= 1.00 RAVE= G.0 YAVE= 9.0 LAVE= 4.6000E+02

NUMHER COF CQLLISIONS OF TYPE NCOLL

AGEAVE=

E-CUT TIMEXILL R R
Q [}

AGEAVEF

E-CUT TIMEKILL R R
Q a

SOURCE SPLIT(D) FISHN GANGEN REALCOLL ALBEDD BDRYX ESCAPE
200 a a 1] 43529 o 582 87
START BATCH 5 RANDOM= 1831727350
W= 7.2699E+01 UAVE® 6.652%E-03F vavE= -7.9512E-03 WAVE= 8.3187E-0D1
TAVE= 1.00 KAVE= 0.0 TAVE= 9.0 TAVE™ 6.60C0E+0T
HUMBER DF COLLISIUNS OF 1YPE NCOLL
SOUKCE SPLIT(D) FI1SHN GAMGEN REALLOLL ALBEDOD BDRYX ESCAPE
200 0 a [ 8143 0 6hé 9
START BATCH [ RANDDH= 1014835529¢

Wi T.2AT9ETO2 (AVE = 1,5130E-02 VAVEE -2.4873E-02 WAVE=

&.2BB1E-01

AGEAVE®=

KILL R

108

KILL R

104

0.

KILL R

127

0.

KILL R

113

Q.

KILL R

101

1]

-0

0

]

a

.0

R

SURV
11

SUAY
13

SURV
12

SURV
14

SURV

JAERI 1316

GAMLOST
2

GAMLOST
]

GAKLOST
[

GAMLOST
[+]

GAMLOST
<
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Appendix D Sample Output Lists of RADHEAT-V4

CASE WAS HUN DN

PHOTON DOSE CONVERSION FACTOR

RESPONSES{BETECTOR) RESPONSE FUNCTIDN (MR/HR)
LWEOLL TOTAL
DETECTOR RESPONSE UNCOLL RESPONSE
1 2.BLASE-28 0.00048 1.00596-14
2 3_97ESE-29 0.00038 2.1454E-15
3 9. 4000E-30 0.00065 6.0602E~K6
FLUEMCECENERGY, DETECTOR)  PHOTON/SEC/CMex2/EY
DETECTOR NO. 1 F4 3
ENERGIES
1.330E+106
3.75TE-31 5.257E-32 3.86TE-24
0.601 0.001 1.000
1.000E+06
3,620E-23 7.519E-34 1.4556-23
1.000 0.185 1.000
B.0D00E+QS
1.422E-10 9.004E-20 2.130E-2¢
0.958 0.488 0_4s0
&.000E+0S
7.279E~19 1,33LE-19 6.593E-20
©.485 0.37% ©.33%
4.0C0E+0S
G.274E-18 1. 47SE-18 3,316£-19
0.192 ©.130 0.13%
3.0DCE+0S
1.511E-17 4.494E-18 E,DOOE-1%
0.171 0196 0.151
2.000E+0S ’
C.109E-17 9.802E-18 1.822E-18
¢,092 R.164 Q.13%
1.000E+05
2.791E-16 3.388E-17 [.304E-17
0.199 0.128 0.277
5.000£+04
5.183E-16 1.199E~14 &.566E~17
0.076 0.108 o.158
2.000E+04

* SPAVIAL MESH »

ARESSERITIERMI SN Ak TR RN
#a* SURFACE CROSSING ss=

ERENLEI TN RN ESEIRIRLAE

B tshEFreTATINICMIAESAT IS ARIE
* 1} FLUX =
- REAL CROSSING =

MRS AEEEATEREIIENAAsvAbbAbRany

AR EANEREEIEAIRANEETRETRERARRY
& SURFACE WD, = ¢ L4
* SURFACE TYPE = PLANECR-T) ®

AR NI IAN AR ENATIEN T IR

£SD
TOTAL
0.49383
0.07885
9.12057

RADILS KZIMUTHAL ANGLE

7000.00G0 o.c 6.283
f0Q0.000 0.0 &.283
11000.090 0.0 &.283
14000,000 (] 6.283
18000.000 6.0 6.283
22000.000 a.o &6.28)
25000.0G60 g.o 6,283
ZB8000.000 0.0 & 283
32000,000 0.0 &.283
380¢0.000

ENERGY

ENERGY

RESPONCE NO. = 1 MEAN VALUE = 3. 045PE-16 ( 0.2040)
SPATIAL MESH ; REACTION RATE ; F.5.D
1 2 3 i 13 [y r z
L
#.70BOE-15  1.2999E-15 1.1122E-15 4.628ME-16 B.3649E-17 §.9873f-17 5.647TE-17 &, 1B56E-14
1.4063E-17
©.3R43 0.56802 C.57%8 0.3847 0.43%90 0.2935 0,599 Q.5068
0.5991
» FLUX SPECTRUN =
7 MEAN VALUE  F.5.D
1 2 - 3 & 5 & 7 E
9
G.0 Q.0 0.0 0.0 0.0 2.5B2TE-19 7.1B20E~19 9,.&4559E-1m
2.7424E-17
0.0 0.9 9.0 g.0 0.0 0.7558 Q.621% 0.3782
0.2163
SPATLIAL ME5H
1 2 3 4 5 [} 7 8
¥
c.o 0.0 0.0 0.0 0.0 a.0 e.0 o
c.0
0.0 a.0 0.0 0.0 0.8 0.0 Q.0 0.0
0.0
a.c Q.0 0.0 o.0 0.8 ¢.0 Q.0 0.9
0.0
Q.0 0.0 0.0 6.0 Q.a ¢.0 0.0 0.0
c.o
0.0 0.0 0.0 c.0 ¢.o .0 Q.0

* REACTION RATE =

293
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¢.0 0.0
6.0
& 0.0 0.G
0.0
0.0 ¢.0
0.0
5 0.0 0.¢
0.0
0.0 0.0
L)
6 0.0 o.o
Q.0
a.o 0.0
a.0
7 6.6KELE-18  1.4395E-17
(381}
1.0000 1.0000
G.o
B 7.9539E-17 5.6B59E-18
6. 4271E-19
C,?74L 1.0000
1.0000
¢ 2.9296E-16 3.14BTE-14
1.58148-18
¢.46290 0.B272
0.53%%

= SPATIAL MESH =

RADIUS RZIMUTIHAL ANGLE
7000.000 0.0 6.283
fcoe. 000 o.o 4.283

131C00.000 0.0 &.283
140C0.000 0.0 $.283
18600, 000 a.0 5.283
22000.000 9.q &.283
25000.000 0.0 &.283
ZBOOO. 000 0.0 6.283
3zp00.C00 0.9 4,283
38000.000

RESPONCE NQ.

SEATIAL MESN i REACTIOH RATE
1 Fd

9
1.9529E-1¢ 1.3164E-14
£.5100E-15
0.1335¢ 0.13%2
U.216%

EMERGY ; MEAN WALUE 7 F.5.@
1 2
[
3.1757€-35 4.3835E-36
1.B1S56-18
0.732% 0.371%
0.0808
ENERGY SPATIAL MESH
1 z
14
1 9.2852E-34 3.4334E-34
4.3040E~42
1.0000 1.0000
1.0000
2 4.B240E-3s B,44B8E-37
0.0
0.7773 0.7079
©.0
3 Z.5866E-~38 &,B162E-37
0.0
0.489% 0.6783
0.0
L 2.3586LE-1B E.1B7TE-40
5.247BE-20
1.0000 0.97%2
1.0000
5 2.9943E-17 1.9563&-17
1.8067E-18
o,5977 0.5434
0.8850
6 1.3842E-17 2,18%8E-17
&.55L0E-19
0.49712 0.4221
0.2957 .
7 9.048BE-17 S.4032E-17
1.3494E-18
Q,2204 ©.2158
0.2877
B 4.1835E-1¢ 2.7872E-1¢6
9.9857E-18 -
0.1591 0.21%4
0,5043
g 1.0780E-135 7.2072E-18
4.82628-17
0.1132 0.1253
0,105%
ELAPSED TIME . 4.25 MIN.

1.3375E-18
1.0000
& . 9TIEE-1T
0.81%7
B.3382E-17

0.4378

F.5.0
3

B.3772E-15

0.1534

3
1.8593E-19

0.7013

3
1.0227E-35
c.9a32
2.6CB9E-25
0.8707
3.1314E-39
0.9143
3.6236E-18
0.8045
5.1856E-10
0.6114
&.59216-10
00,5412
2.B218E-17
0.25&%
2.2007E-16
0.244%
4.17BTE-16

0,10%2

0.0 0,0
c.0 0.0

0.0 0.0
c.0 0.0

c.0 .0
6.4492F-1% 0.0

1.40000 0.0
o.¢ Q.0

0.0 0.0
1.9044E-17 0.0

0.5823 c.0
I.2293E-17 1.B5BRE-17

0.603% 0.4390

0.0

5.5876E-18

1.0000

2.4311E-15

0.8524

AT I RSN PR SRS ARk S AL ARERRANE

= {1} FLUX

® EXPECFEP CROSSING

*
*

FETEERI AR A EINARE A EURERIARANAE

SIS TI LR LL
» SURFALE NOG, = 1

P ATYEERATRAZINELE

*

» SURFACE YYPE = PLANEC(R-T) *

MM LR AR ERAMARE Y FAN I EAERIFEARIIRY

4 REALTION RATE a

1 MEAN VALUE =

& 5
5.9494E-15 2,B354E-15
0.1123 G.1¢444

= FLUX SFECFRUM =

4 5
3,4080E-19% 3.1317E-13
G.548) 0.3021
4 5
. 0.0
0.0 Q.0
2.9515E-35 2-2653E-38
0.4798 Q.8100
1.0397E-18 7._8932E-19
1.0000 1.¢09¢
7.8299E-40 2,5100E-19
0.9P%41 1.0040
4.9711E-18 1.0487E-13
0.7019 0.5170
B.4B55E~-18 3.4291E-1B
0.3298 05447
2.574TE-17 &£.3584E-18
0.2433 0.2030
1.3366F-18 &.0057E-17
0.193%9 0.208%
3.1323E-16  2.2451E-14
0.0%88 Q.1988

é
1.7203E-15

Q.165¢9

&
3}.7069E-18

0.1407

1.1130E-34
o.9s858
0.0
9.0
2.B3adE-17
1.0000
3.0883%-19
1.0000
2.0935E-18
0.6258
4,94B1E-18
0.279E
3. 33T0E-17
0.i8%0
1.4903E-10

G.2508

0.0
0.0

¢.0
1.2550E-17

0.59%¢&

2.¥180E-15 ( O.0A16)

7
1.7¢06E~15

0.1607

7
1.0503E-17

G.1114

7
?,.5381E-37

1.0000
[}

6.0

2.3839E-18
0.5177
1.9857E-158
04949
4, LA02E-18
0.3B8é
3.1209E-17
0.240%
1.3851E-1&

a.z2122

1.0505E~18
1.0000
A 9TMIE-1¥
1.0000
1.264PE-17
1.0000
I.3012£-17

Q.5548

1.3788E-15

0.1718

B
&.2572E-17

0.0a58

8
2.0
o,0
1.6049E-39
1.9000
7.1517E-42
1.0000
1L O0BSLE-19
1.0000
1.1B23E-18
0.7621
2.B887BE-1B
Q.4038
3.6443E-18
0.2862
2.3880E-17
Q.3732
7.2050E-17

0.1496
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JAERI 1316 Appendix I3 Sample Output Lists of RADHEAT-V4

D.9 Sample Problem for BREM

MEMBER NAME > BiBSTEP2.TXT  ====e--==ms=mcmscmsmm e

LINE NO: ...+ .. 1. .+ . 2. 04000 300 v 4, .+ .5+, ,,.8....
i //JCLG JCB

// EXEC JCLG

//SYSIN DD DATA,DLM="++'

/7 JUSER HHffistd, . s#sas, f4ds . #8

T.2 1.3 P.0 W.2 €C.4 SRP

OPTP PASSWCRD=H#u##3iiit#

// EXEC LMGO,LM='J1446.FCSTEP2Z2X"

//FTOGF001 DD DSN=J3631.DLC15.DATA,DISP=SHR,LABEL=(,.,IN)
o JJFTUIF001 DD DSN=&&F) . UNIT=WK10.SPACE=(TRK. (50.20)}.

10 ¢+ 7/ DCB=(LRECL=19064,BLKSIZE=18068,RECFM=VBS}

11+ //FTI3FQ01 DD DSN=&&F3.UNIT=WK!O.SPACE=(TRK. (80,20},

12 ¢ // OCB=(LRECL=16804,BLKS|ZE=16804,RECFM=F)

13 ¢ //FT14F0C1 DD DSN=&&F4.,UNIT=WK10,SPACE=(TRK, (50,20)},

14 ¢ // DCB={LRECL=15064,BLKS|ZE=19068, RECFM=VBS)

15 ¢ //FT1BF001 DD DSN=&&F&.UN|T=WK10.,5PACE=(TRK. {50,200},

16 + // DCB=(LRECL=19064.BLKS|1ZE=19068,.RECFM=VBS)

17+ //FTITFOQ1 DD DSN=&&FT.UNIT=WK10,SPACE=(TRK, (50,20)1}.,

18 ¢ // DCB=(LRECL=19064.BLKS{ZE=19068.,RECFM=V8S)

19 : //ET18FC0] DD DSN=&&FB,UN[T=WK10,SPACE=(TRK, (50.20})),

20 ¢ // DCB=(LRECL=19064,BLKS|ZE=19068,RECFM=VBS)

2t ¢ //FTEZ1F001 DD DSN=&&FA.UNIT=WK10,SPACE=(TRK. (50.20)).

22 ¢ // DCB=(LRECL=19064,BLKS!ZE=19068,RECFM=VEBS)

23 :  //FT22F001 DD DSN=&&FB,UNIT=WK13.SPACE=(TRK, {50.20}).

24 : // DCB=(LRECL=19064,BLXSIZE=19068,RECFM=VYBS}

25 : //FT23F001 DD DSN=&&FC,UNIT=WK10,SPACE=(TRK, {(50.20)).

26 ¢ /7 DCB=(LRECL=19064.BLKS|ZE=18068,RECFM=VBS}

27 ¢ //FTS1F001 DD DSN=41445,PCOLBT.DATA.DISP=SHR,LABEL=(,,,.0UT)
28 @ J/SYSIN DD %

OO h Wy —

29 ¢ FAIR-CROSS STEP-2 FOR BREMSSTRAHLUNG SAMPLE PROBLEM

30 : &UNIT FXSN=91 &END

at 1¥¥ 2 1 0 19 16 4HEGI9 1 1 T

az : 3%k 7.235E+6 T7.065E+6 6.215E+6 6.045E+6 6.535E+68 65.025E+6
33 4.515E+6 4.005E+6 3.495E+5 2.985E+6 2.475E+B 2.135E+6
34 : 1.795E+6 1.455E+6 1.115E+6 O.775E+6 O.G0SE+6 0,435E+6
35 : 0.265E+6 0.085E+6 T

36 ¢ LEAD CROSS SECTION BY DLG-15

ar 4%¥% 4HPBOO 0O 0O 3 + O

38 5¥% a2

39 8%k 82.0C

40 ¢ EE+3 3.295E-2

41 :  10%x 300.0

42 T

43 1T¥¥ a 0 0 o0 2 2 7

44 ©  29¥¥ 0 I 0 0 T

45 1 ++

48 I/
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RADHEAT-V4: A Code System to Generate Multigroup Constants and

296 Analyze Radiation Transport for Shielding Safety Evaluation JAERI 1316
MEMBER NAME > B:BDIAC1.TXT  =—-==sw=m=-----—-—ssoso— oo ——w-comomo oo ooooooo oo PAGE 1
LENE NO: oot b b 0 2o 30 b8 b 0B e B r T8

1 //JCLG JOB

2 : /7 EXEC JCLG

3 : //SYSIN DD DATA,DLM="++"'

4 ¢ /7 JUSER $3&uSfid, §8, S88d, s8u8 4k

5 : T.3 1.4 P.O W.2 C.4 SRP

6 : OPTP PASSWORD=##i####4%

7 : //DIAC EXEC LMGO,LM="J1446.DIACX",0BSIZE=13T.CRECFM=FA
8 : //FTOIFDO1 DD DSN=&&F1.UNIT=WK10,SPACE=(TRK, (304.100}),

9 : // DCB=(LRECL=13064.BLKSIZE=19068,RECFM=VBS)

10 : //FTQ2FCO1 DO DSN=&&F2.UNIT=WKI10.SPACE=(TRK, (300,100}),
11 : /f DCB=(LRECL=19064.BLKS|ZE=19068,RECFM=VBS)

12 : //FTO3F001 DD DSN=&&F3.,UNIT=WKTQ,SPACE=(TRK, (300.t00)),
13 ¢ // DCB=(LRECL=19084,BLKSIZE=19088,RECFM=VBS)

14 : //FTO8F001 DD DSN=&&F8.,UNIT=WK10,SPACE=(TRK. (300.100)),
15 : // DEB=(LRECL=19064.BLKS|ZE=19068 RECFM=VBS}

16 ; //FT12F001 DD DSN=&&FB,UNIT=WK10,SPACE=(TRK, (300.100)),
17T+ // DCB=(LRECL=18064,8BLKSIZE=19068,RECFM=VBS}

18 : //FTSIFOOI DD DSN=J1446.POOLST.DATA,DISP=SHR

19 : //SYSIN DO %

20 : DIAC SAMPLE PROBLEM NO.! FOR BREMSSTRAHLUNG OF 5CM LEAD

21 BUNIT FXSK=91,FLX1=91,FLX2=0 &END

22+ 14%¥ 0l 0 0 0 0 0 1 0 0 O

23 : |5¥¥ 500 0 18 18 1 D O 1 12 @ 189 3 4 22 0 0 1 1 |
24 G 0 1 1 5 o 0 O O 1 2 0 O O 1 Q O
25 : I6%x 1.0 @.1 t.0-4 1.420892 3R0.0 0.0 0.0 0.5 t.0-4 3RO.0T
26 ¢ B¥k 0.0 0.0244936 0.0413296 0.0392569 0.0400796 0.0643754
27 : 0.0442079 0.109085 0.13T71702 1N8

28 : Tkx -0.89902984 -0,.9805009 -0.90%2855 -0.8319966 -0.T7467506
29 : -0,6504264 -0.5370966 -0.3922893 -0.1389568 IM8 T

30 @ 13¥¥ 4HEGI9 4HFX16 4HPBOO T

31 : I18kkx 17TRO.07 1TRO.0 117RC.93 FO.0 T

32 ¢ 3k F0O.0 T

33 1% FC.0

4 4%xx 1110.0 6.0

35 5%% F1.0

36 8¥¥ F1

37 g¥¥ 1

38 . 21%x 0.0 10R1.0 0.9

39 T

40 ¢ e+

a1 1/



JAERI 1316 Appendix D Sample Output Lists of RADHEAT-V4
MEMBER NAME > B:BDIAC2.TXT  =-=-rm-m--rermecsmcecen e mmmmcmme e e e oo PAGE :
LINE NO: R I - e D S T S TN S B T A
1t //JCLG JOB

2 1 // EXEC JCLG

3 ¢ //SYSIN DD DATA.DLM="++"

4 // JUSER $S88##8d. 484 SERERE, S8 48
5 : T.3 1.4 P.O W.2 C.4 SRP
g ¢ OPTP PASSWORD=###H#5#8#

7 : //BREM EXEC LMGO.LM='J1446. BREM'.

8 . // ORECFM=FA.0BSIZE=137.5Y50UT=%

9 : //FTOQIFOD! DD DSN=J1446.BSOURCE.DATA,UNIT=TSSWK,SPACE=(TRK, (10.5)).,
10+ // DCB=(LRECL=19064,BLKSIZE=19068,RECFM=Y8S) . DISP= (NEW.CATLG.DELETE)
11+ //FTY91F001 DD DSN=J1446.P0O0LS8T.DATA,DISP=SHR
12 : //SYSIN DD *

13 : BREMSSTRAHLUNG SOURCE CALCULATION FOR LEAD
14 : SUNIT FLX1=91,.BREM=81 &END
15 : 1% 10 1 12 1+ 1 O 0 O T
16 : 2¥¥ A4HEGIS 4H 500
1T ¢+ 13¥¥ 4HEG19 4HFX16 4HPBOO
18 ¢ 2%k 0.0 10R1.0 0.0 7T
19 /%

20 //DIAC EXEC LMGO.LM="J1446.D1ACX".OBS|ZE=137,0RECFM=FA

21 //FTO1FO0) DO DSN=&&F1.UNIT=WK10,SPACE=(TRK., (300.,10Q3}.,

22 // DCB=(LRECL=19054.BLKS|ZE=19068,RECFM=VBS)

23 //FTO2F0O01 DD DSN=8&F2.UNIT=WK10.SPACE=(TRK, {300.100)),

24 // DCB={(LRECL=19064,8LKS|ZE~18068.RECFM=VBS)

25 //FTO3F001 DD CSN=4&F3,UNIT=WKi0,SPACE=(TRK. (300.100)),

26 // DCB=(LRECL=190864.BLKS{ZE=19068.RECFM=VBS)

27 //FTO8FQO1 DD DSN=&&F8,UNIT=WK10,3PACE=(TRK, (300.100}},

28 /4 DCB=(LRECL=19064,BLKS|ZE=E9068,RECFM=VBS)

29 //FTI2FO0T DD DSN=8&FB.,UNIT=WK10,SPACE=(TRK. (300,100}).

30 // DCB=(LRECL=19064,BLKS|ZE=19068,RECFM=VBS)

3 //FT20F001 CD DSN=J1446.BSCURCE.DATA.DISP=SHR

32 : //FTQIF001 DD DSN=J1446.POOLST.DATA.DISP=SHR

33 @  //SYSIN DD %

34 © SAMPLE PROBLEM NO.2 FOR BREMSSTRAHLUNG &CM LEAD

35 : &UNIT FXSN=91.FLX1=91,FLX2=0 &END

36 :  14¥¥ 019 ¢ 0 0 0 O ! 0 0 0

3T ¢ 5% 600 0 6 16 1 0 0 1 12 0 19 3 4 22 ¢ 0 1 1 1
38 : g 2 0 0650 000 01 2 0 00 1 0D O
39 16k 1.0 0.1 1.0-4 1.420892 3R0.0 0.0 0.0 0.5 1.0-4 3RG.0 T
40 6% 0.0 0.0244936 0.0413296 0.0392569 0.0400796 0.0643754
4] 0.0442079 0.109085 0.1371702 1NB

42 T¥xk -0.9902984 -0.9805008 -0.9092855 -0.8319965 -0.7467506
43 -0.6504264 -0.5370966 -0.39228983 -0.1389568 1M8 T
44 :  13¥¥ 4HEGI9 4HFX16 4HPBOO T

45 3%k FC.0O T

48 1% FOQ0.0

47 4%x 1110.¢ §5.C

48 5%k F1.0

48 8%¥¥ F1

50 9¥¥ |

51 21 0.0 1CR1,0 ©D.0

g2 T

93 4

54 f/
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MEMBER NAME > B:BREM.TXT
U S I S-S A D T R R B T :
//JCLG JOB

// EXEC JCLG

//SYSIN OD DATA,DLM="++"

/7 JUSER HABHEFRE, BH . BHSBER. HABE BE

LINE NO:

O -0 O A W —

RADHEAT-V4: A Code System to Generate Multigroup Constants and
Analyze Radiation Transport for Shielding Safety Evaluation

T.1 1.2 P.OW.0C.T SRP
CPTP PASSWORD=###u#4#Y

//BREM EXEC LMGOQ,LM="J1446.BREM".,

//  ORECFM=FA.OBS|ZE=137,8YSQUT=%

//FTYIFOD1 DD DSN=J1446.POOL8T.DATA.,DISP=SHR,LABEL=(...0UT)
//SYSIN DD *

BREMSSTRAHLUNG EDIT CALCULATICN FOR LEAD

SUNIT FLXI1=91,FLX2=91,FLX3=51 &END
1¥%¥ 700 2 12 v ( 1 0 0 T
3¥¥ 4HEGIS 4H 500 4H 600

13¥¥ 4HEG13 4HFX16 4HPBO0
21%% 0.0 10RV.0 ©.0 T
++

£/

JAERI 1316
PAGE i
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1¥
1
3

T

ARRAY

ARRAY

SECONDARY PHOTON

SWK .

B T ™

50C. 1
0.0
1.33147E~05
B.71879E-04
4,554964E~05
1.20B61E-04
2.32083E-04
S.00877E-04
P_ADLLRE-QL
1.77216E-03
3.11980E-013
3.40482E-03
4.93142€-03

Appendix I3 Sample Qutput Lists of RADHEAT-V4

& ENTRIES READ

20 ENTRIES READ

Eres MAIR TITLE LA EES

FRIA-CROSS STEP-2 FOR BREMSSTRAHLUNG SAMPLE PROBLEM

PRODUCYION BY

spc. 2
0.0
3454675808

2.26323E-046
1.72123€E-05
&.99TTLE-OS
1.55620E-04
3.99624E-04
B.45653E-04
1.53446E-03
2.9744BE~0)
3.31007E-03
{_B189BE-O3

?.75524E-03  7.64559E-03
1.23912E-02 1.22955E-~02
2.21753E-02 2.21408E-02
1.73743E-0¢ 1.7T1553E-02
2,57559€-02 2.53777E-02
3.20578E-02 3.14475E-02
3.3B6B83E-02 3.474623E-02
s0¢, 9 spc, 14
0.0 0.0

SHK. 2 THRU SHK. 7
1.05181E-07 0.¢

3.03417E-05 0.0

1.25625E-04 1.00242E-03
2.3L572E-04 4.75099E-05
S5.04764E-00 31.37927E-04
1.026B7E-03 L.16935E~0L
2.13500E-03 1.09147E-03
&.79758E-03 2.90877E-03
4.55487E-03 3.02166E-03
7.397L2E-03 S5,2153¢E-0)

1.22518E-02
1.75078E-02

soc. 17
0.0

$.36890E-03

1.54336E-02
soc. 18
0.0

SNR. @ THRU 5NK, 19

saxe MAIN CONTROI PARAMETERS =axs
SELECTION QF THE CALCULATIODNAL STEP ——
NO. OF NUCL1IDE OR M]XTURE TO BE PROCESSER ---
NO. OF NEUTRON ENERGY GROUPS -
NO. DBF GAMMA-RAY ENERGY GROUPS -
NO. OF ANGULAR MESH IN CROSS SECTION TABLE--~
NODE WAME OF ENERGY GROUP STRUCTURE ——
TYPE OF INPUT NEUTRON GROUP STRUCTURE -—

TYPE OF INPUT GAMMA-RAY GROUP STRULTURE -

BREMSSTRAHLUNG

50C. 3 50C. 4 $0C. 5 500, &
e.0 0.0 9.0 [

0.0 6,9 9.0 o.0

.0 0.0 0.0 2.0
5.91645E-06 2.90400E-06 1.04305E-06 G,0
4.75867E-05 Z.137BCE-05 7.831589E-046 0.0
1.CA728E«04 35.2B190E-05 1.B88187E-05 0.0

3.33671F-04 2.09386E-C4  1.5027T1E-04 &4.56217E-05
7.76349E-04 5.24150E~04 4.30C40E-04 2.11894E-Q4
1.57618E-03  1.15403E-03 1.03565E-03 S5.80G15E-04
£.94L1VE-0F  2.28834E-03 2.14423E-03 1.3026%E-03
3.334H2E-03 2.6B430E-D3 2.5B27HE-03 1,.65145E-03
4.B7392E-03  4.02044F-03 3.91392E-03 2.41134E-03
T.BLIBIE-O03 4.588TIE-03 6.4F783E-03 & .44570E-03
1.23766E-02 1,07450E~02 1.D6342E-02 7.51881E-03
2.27535e~02 1,973A7E-02 1.96346E~02 1.42BISE-02
1.75791E-02 1.56245E-02 1.56844E-07 1.17B74E-02
2.5L28BE-D2 2.23ITLE-02 2.18524E-02 1.67BMEE-Q2
3.13999E-02 2.BLSO03E-02 2.799L0QE-D2 2.27848E-02
3.5927BE-02 3.IBS4FE-02 5.X9A73E-02 2.B5535E-02

50C. 11 50C. 12 50C. 13 S0{. 1&
0.0 0.9 9.0 ¢.Q
SAME AS ABOVE
0.Q Q.0 0.0 a.o
0.0 a.0 0.0 0.0
c.o 0.0 0.0 0.¢
3.Z4389E-06 2.73348E-07 0.0 a.¢
4.57B83E~05 4.70101E~Dé6 E.508B40E-08 0.0
1.70084E-04 5.19722E-05 B.09557E-0&6 3.91143E-07

5.45343E-04 3.51133E-04 2.3470ZE-D4 3I.DBB27E-05
1.71282E-03 1.36726E«03 1.20157E-03 4.17303E-0¢
1.95119E-03  1.84906E-03 1.54236E-03 7,071B0E-D&
3.56142E-03 3_11283E-03 2.9B321E~03 1.55224E-03
&.77509E-D} 5. BVOFTE-Q3  5.60511E-03 3. 32496E-03

1,22617E~02 1.19214E-02 1.20412E-02 7.09192E-03
soc, 1¢
o.0

SAME AS ABOVE

19
14

£G19

T.434B6E-05
2.96303E-04
8.00780F-04&
1.10632E~03
1.8V420E-03
J.20439E-03
5.77958E~03
1.12832€6-02
?.02028E-03
$.4R405F-02
2.02513£-02
2.49L43E-02

$CGc. 15
Q.0

coococoo
cooocoo

3.90405€E-05
1.0928LE-D4
2.TBITLE-D4
& 6FLAZE-04
1.42613F-03

11114 B
]

6.0

0.0

Q.0

0.0

0.0

0.0
I.00579€-07

B.67250E-05
3.27BZ4E-0L
5.28905E-0¢
1.013463E-03
1.B7L463E-03
3.57587€E-03
7.38736E-03
$.65307E-03
1.03567E-02
1-593g3¢-08
2.05314E-02

s0C, 16
0.0

cocobocpooccon
cCCcoDOoOGCUPDOOCOOO
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RADHEAT-V4: A Code System to Gengrate Multigroup Constants and
Analyze Radiation Transport for Shielding Safety Evaluation

CRDSS SECTION TABLE

POS GRP %
1 3.304266-01
2 0.0
3 5.08350E-01
¢ 1.B5241E-03
5 0.0
& 0.0
0.0
a 8.0
¥ 0.0
10 0.0
11 0.0
12 0.0
POS 13 THR

POS GRP
1 1.70198E-01
2 0.0
3 4, 689656-01
L 1.Bas09E-02
5 7.51513£-02
6 1.94917E-02
7 1.591118-02
B 1.3081VE-02
9 1.12713E-02
10 - §.7¢382E-03
$t1  8.90CO9E-03
12 §.13382E-03

13 Q.0

it 0.0

15 9.0

16 0.0

17 Q.0

8 0.0

19 0.0

20 0.0

FOS 21 THR

POs GRP 17
1 B.37506E-01
7 0.0
3 1.73981E+00
4 2,72512E-01
5 2.07601£-01
& 1.13B71€-01
7 7.35036E-02
B 5.73236E-02
g L. 7LE57E-02

10 &,12¢2TE-02
11 3,57088E-02
12 3.057BBE-02
13 2.7079BE-02
14 2.3911LE-02
15 2.22619E-02
16 1.97628E-02
17 1.84290E-~Q2
18 1.BL321E-C2
18 1.67164E-02
20 1.7319&E-02
21 0.0

GRP 2
3.14267E-01
4. 9PTHAE~D1
7.65626E-02
1.28220E-02

FOS

~
~
v

GRP 10
1.41401E-01
o0
4, 7345CE-01
2.57830E-02
3.36517E~02
2,52253E-02
2.02704E-02
3.40L459E-02
1.48558E-02
1.129826-02
1.23301E-02
$.A771TE-D]
B.4S138BE-03

GRP 18
2,47114E+00
0.0 -
3.56310£+00
5.55190E-01
3. 29444€-01
2.006475E-01
1.435264E€-01
1.084B3E-01
8.¥2073E-02
7.62ELBE-02
4.6L157E-Q2
5.723B2E-D2
& ,94003E-G2
4.31953E-02
3.BY485E-02
3.L8191F-02
3.20651E-02
2.99945E-02
2.99718E~00
2.62130E-02
2.63237E-02

GRP 3
2.9TISFE-01
a.0
L.94085E-01
2. 46124E-03
2.787Y5E-03

*»o000COG0Q

A3 ABOVE

GRP 11
1.20298E-01
.Q

4. B366ZE-D1
2.58321E-02
3.12544E-02
2.214%3E-02
1. T614TE-02
1.38894E-02
1.15798E-02
#.80790E-03
B.L&H69E-D3
7,62529E-03
7.48218E-03
6.7BESGE-03
c.0

c.0
0.0
0.0
o.¢
0.¢
SAME AS ABOVE

GRP 19

1.89F47E+0L
0.¢
2.Q949TE+D1
1.97301E+00
5.346763E-01
2.50347E-01
1.57349E-01
9.5234FE-02
L.62779E-02
3.T6831E-0R
2.73514E-02
2.09140E-02
1.563D0E-02
1.20054E-02
P.57225E-03
7.81378E-03
&4.62275E-03
5.60381€-03
S.0298TE-Q3
4.91050E-03
4.02271E-03

GRE 4

2. A5T74E-01
¢.0

L, A9E33E-01
6.26494E-03
9.4%100E-03
8.07440E-03
&6 .B3ZB¥E-Q3

GRP 12
1.310208E-01
a.0
5.16027E-01
3.51797E-02
L.33455E~02
3.13381E-02
2.29107E~02
1.80182E-02
1.L8081E-02
1.55418E-02
1,02474E-02
1.05566E-02
£.Q2052E-G3
BE.22805E-03
?.05641E-03
0.0

cooo

o000

GRP % GRP &
2.664433E-01 2.45010E-01
a.0 0.0
4, 837SQE-01 &.T7702E-0%
7.41381E~-CG3 B.95797E-03
1.08887E-02 1.2V460E-02
2.41230E-03 1.05756E-D2

+24152E-03 . 9,.T40R5E-D)
L72558E-03  T.78BOPE-Q3

Q0.9 4.8539¥E-03
6.0 a.0

o.0 2.0

0.0 9.0

GRP 13 GRP 14

1.05727E-01 1.28507E-C1
c.0 .
5,57B71E-01 &,&4034E=01
5.05774E-02 7,¥1217E-02
%, P4iP1E-D02 B.53488E-02
4. 30859E-02 3. BYESLE-02
3.17654E-02 4. A3SBYE-02
2.45214E-02  3.49095E-02
1.98921E+82 2.74862E-02
1.71610E-02 2.3C37SE-Q2
1.38960E-02 1.P4626E~02
1.32988E-02 1,.85B18E-02
1-123545€~02 1.51I27E-02
1.07BG1E-D2 1.49053E-02
1.01769€-02 T1.5164%E-D2
P.ITSILE-O3  1.26218E-02
6.0 1.190T0E-02
0.0 o.¢

0.0 0.0

0.0 0.0

GRP 7
2.21493€E-01

6.0
¢.72500E-01
1.11273E-02
1.574C8E-02
1.28461E-02
1.08893E-02
6.84299E-0%
8.24245E-03
7.95659£-03
0.0

0.0

GRP 15
2.38788E-01
0.0
8.51445E-01
1.41399E-01
1.32468€-01
8,52338E~02
&.33923E-02
5.1%040E-D2
L. 19244E-0%
3.47086E-02
2.P6721E-02
Z2.Y3060E-02
2.31790E~02
2.23557€-02
1.99937E-02
1.94581E-02
1,74997E-02
1.758631E-02
¢.0
a.o

GRP 8
1-96127E-01
9.0
4. 4BYO2E-C1
1.41723E-02
1.97851E-02
1.53069E-02
§.33126E-C2
L.0F776E-02
9.069FHE~O]
§.01274E-C3
5.01501€-03
g.v

GRP 14
&_5B445E-01
0.0
1.18L6TE+00
1.460798E-D1
1.1B708E-01
6.54726E-02
L. 67504E-02
3.79463E-02
3.12383E-02
2.44130E-02
2.249B1E-0Q2
1.997L4E-D2
1.74540E-02
1.58679E-02
1.45B71E-02
1.34254€-02
1.33C3I3E-02
1.19773E-02
1.19941E-02
0.0
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JAERI 1316 Appendix D Sample Output Lists of RADHEAT-V4 01

DI AC CONTROL OPTION

ING WD. OF NEUTRON  EMERGY GROLP °

166 MO, OF GAMMA-HAY ENERGY GROUF 19

NREAET ©/1/273= REACTION RATE WO/CARD/TAPE/DATA POOL o

NHELM ND. OF NEUTRODN HESPONSE 4

NGELM NO. OF GAHMA-RAY RESPONSE Q

I1ANLL  0/1=PRINT ANGULAR FLUX ALL/INPUT o

1180UD  ©/1=PRINT TOTAL FLUX AT KID,/BOUND., 0

IISFTM 0/1/2=PRINT SPECTRUM NQ/DELTA E/PELTA U 1

HACTPA O/1=PRINT ACTIVITY MORMAL/DETALC 4]

MRESAT DOs1sUSE RESTART CPTIDN ND/fYES ]

NPLUT Q/1=0UTPUT PLOT DATA NO/YES [:]

10 PROBLEM 10 NO. s00 IVA 071 w REG./ADJ, 0

ISCT KO, OF ANGULAR MESH 16 ISN  QUAORATURE ORDER 4

I6E 17243 = PLAJCYL/SPH i IaL O/1/273 = ND REFL/REFL/PER/WHITE o

1ER RT. B.C. SAME AS LEFY B.C..M0L 7 1IM ND. DF IONES 1

IN WG, OF INTERVALS 12 IEVT  0/3/2/374/5/68A/KIALPHAIC/TIRIH o

1GM NO. OF GROUPS 19 IHT POS. OF SIGMA T 3

1HS POS. OF S1GHA G5 & [HM TABLE LENGTH 22

HS  NOT USED @ BCR  NOT USED 0

MTP  NO. MATLS. FROM LIE TAPE : NT NG, DF WATLS. 1

1DFK  G/1=NONE/DENSITY FACTORS(21} I IPNT  G/1/3=NONE/K/ALPHA 1]

19 0/1=NOWE/DISY. SDURCE ) IPN  C/1/1M=NONE/S (NM.IPP) /S NM, 1M} 1

1PP INTERVAL OF SHELL SOURCE 1 iIM INKER ITER. MAX, 50

161 Qf172/3=NO/FRNT ND/FNCH N/BOTH ] bz NOT USED L]

ID3  O/W=HOJN ACT. BY ZOME h 104 O/1=HO/N ACT, BY INT, 0

TCH  OUTER ITER. MAX. 1 IDATY D/1/2=NO/MINIMAX TAPE 2

1DAT2 0/12NO/DIFFUSIONC24Y) ¢ IFG  C/1~ND/FEW GRP. o

IFLU  0/1/2eBOTH/L INEAR/STER 0 IFN  G/1/2=INPUT 23/3a/PREV. CASE 1

IPRT 071 = PRINT X-SEC/DQ NOT 0 IXTR  O/1=CALC/READ P-L CONSTANTS o

EV  EIGENVALUE GUESS 1.60000E+00 EVM  EIGEWVALUE MODIFIER 1.00000E-01

EPS  PRELISION BESIRED 9.99998E-05 BF  BUCKLING FACTOR 1.42089E+00

DY CYL OR PLA REIGHT 0.0 D2 PLAME DEFTH 9.0

OFM1  HT. FOX vDID CORR, G.0 KNE  NORK, FACTOR 0.0

Py IP¥Tel1/2 - K/ALPHA N ¢.0 RYF LAMBOAZ RELAXATION 5.C0000E-01

XLAL PT CRVRG EPS. IF .ME.D 9 ,999¢BE~DS XLAH  1-LAMBDA MAX.~SEAACH 0.0

EQL EV CHANGE EPS.-SEARCH 0.0 XNPM  NEW PARAM. MOB.=~SEARCH 0.0

QUTER INNER WEUT BAL  UPSCATTER RATIO  EIGENVALUE LAMEDAL LAKBDAZ
o © 0.0 0.8 9.9999964E-01  D.D 0.0

GRP. 1 REQUIAED 3 ITERATIONS. MFD OF 3.21571£-05 OCCURREL [N INT. 12

GRP. 2 REQUIRED 3 ITERATIONS. MFD OF §.393A26-05 OCCURRED In INT. 12

GRP. 3 REQUIRED 3 [TERATIONS. KFD OF 5.8CL37E-03 OCCURRED IN INT. 12

GRF, & REQUIRED 3 ITERATIONS. MFD OF 5.7A972E-05 OCCURRED IN INT. 12

GHP. 5 REQUIRED 3 ITERAYIONS. MFD OF B.004126-05 OLCURRED LN INT. 12

GRP . & REQUIRED 4 1TERATIONS. MFD OF 4,33154E-06 OCCURRED IN IWT. 12

GRE . 7 REQUIRED % ITERATIQNS. MFD DF ?.35003E-07 OCCURRED 1IN INT, 1

GRP. 8 REQUIRED ¢ 1TERATIONS, MFD OF 3.93464E-08 OCCURRED IN INT. 1

QRP. ® REQUIRED &« ITERATIONS. MFD OF 4.84213E-0& OCCURRED IN INT. 1

GRE. 10 REGUIRED & I[TERATIONS. KFD OF 6.794Z26-06 OCCURRED IN INT. 1

GRF. 11 RERUIRED ¢ LTERATIONS. NFD DF 4.04784E-06 OCCURRED N [NT. 11

GRP. 12 REQUIRED 4 ITERAVIONS, MFD OF 1.32B65E-05 OCCURRED [N INT. 11

GRP. 13 REQUIRED & ITERATIONS. MFD OF 3_945CAE~05 DCCURRED IN INT. 1%

GRP, 1{ REQUIRED 5 ITERATIONS. MFD OF L.P&306E-05 OCCURREG IN INT, 12

GRP. 1% REQUIRED 5 ITERATIONS. MFD DF 7.86105E-9% GCCURRED 1IN INT. 12

GRP. 16 REQUIRED & JTERATIONS. MFD OF 9.263856-05 OCCURRED IN INT. 30

GRP. 17 REQUIRED & ITERATIONS. MFD QF & _&434FE-05 OCCURRED IN INT. 3

GRF. 18 REQUIRED  « [TERATIONS. MFD OF 9. 4BPS4E-05 OCCURKED IN INT. 12

GAP. 1% REQUIRED 5 ITERATIDNS. MFD OF 1.90301E-05 OCCURRED IN LNT, 12 ANG. FLX OW 2
1 74 1.9000048E +00 .o S.PFPORLLE-D 1.0000000E+00 0.0
1 74 1.0000C4BE+D0 Q.0 $.9999944E-01  1.0000000E+08 0.0 FINAL MGNITOR

msssas DUTER LTERAYION LIMIT REACHED

ELARSED TIME

#s+x SCALAR FLUX WAS QUTPUT TD & PATA POOL

s

.03 MIN.

KRODE NAME = EG19- S0G-5F%0
INFORMATION DF DATA POOL
LOGICAL UNIT HO. -
DATA SET NAME =
M. OF WRITTEN RECOADS =
HEMAINS RECDADS -

USAGE wss
91

9588

J14c6. POOLBY.DATA
2
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RADHEAT-V4: A Code System to Generate Multigroup Constants and
Analyze Radiation Transport for Shielding Safety Evaluation

DEAC SAMPLE PROBLEM ND.1 FOR BREMSSTRAWLUNG

TOTAL FLUX

INT. GRP, 1
1 3.50100E-02
2 2.43210E-02
3 1.4BIBLE-CZ
i §.S0192E-03
5 &.30572E-03
& 4.2947SE-Q3
7 2.98131E-03
B Z.0PPIRE-0Q3
9 1.49LQBE-03
10 1.07246E-03
11 T.749B52E-QL
12 &.51837E-0&

INT, GRF. 9
1 4. 30B43E-04
2 1.81098€-03
3 3.2Z607E-03
& 5.17237E-03
§ 2.B4550QE-03
& 2.L447LE-Q3
7 Z.PVRTSE-03
8 1,75370E-03
% 1.45815€-03
10 1,20098E-03
11 9,B4982E-04
17 B.BEI4L1E-04

INT GRP. 17

2.54823E-03
3.78828E-03
4.39351E-03
3,55B03E-0)
2.93549E-03
2.30615E-03F
1.84358E-03
1.45615E6-03
1.14B75E-03
10 9.1L692E-0¢&
11 &4.3B98%9€-04
12 4.423I25E-0L

CO NV A

GRP. 2
1.44524E~05
1.42456E-0D4
2.67563E-0i
2.51669E-04
2-.18540E~D4
1.83302E-04
1.50&108E-04
1.22159E~04
9.82256E-05
7.85102£-0%
& 24745E-Q3
5.53027E-405

GRF, 1D
1.03575E-03
2.57058£-03
& 188L9E-O3
4.08731E-03
3.45970E-03
3.16936E-01
2.47206E-03
2.25883E-03
1.87806€-03
1.55110E-0)
1.27300E-03
1.145226-03

GRP, 18
3.00129E-01
J.94814E-0)
1.87708E-03
2.93794E-03
2.7EDCZE-0]
1.7B8821E-03
1.38825E~0)
1.1055BE-03
B.5385BE-04
6. 9605 3E-04
£.3Z991E-04
2.01651E-04

GRF, 3

4. 631B8E-D1
3,25152E-01
2.00490E-D1
1.29597E-01
A.&67L00E-02
5.95479E-07
4.164B5E-02
2.953RAE-02
2,11745E-02
1.53058E-02
1.,1135808€-02
9.40157E~Q3

GRP. 11
6.F103DE-0&
1.60484E-03
2.¥083ME-O3
2.47294E-03
2.41940E-03
2.118156-03
1.81465e-03
1.53572E-03
1.28756E-03
1.07121E-03
B.A5454E-04
7.9B951E~-04

GRP. 1¥

1.73474E-04
I.1PI37E-04
33324804
2.84194E-04
2.1126LE-D4
1.70631E-04
1.33576E-04
1.09654E-04
B.35051E-05
T.54445E-08
4.5281TE-05
1.60583E-05

TOTAL FLUX SUMED DVER GAMMA GROUP

1 S.18811F-01

3.873}5€E-01
3 2.7055B8E-03
L 1.901%7E-D%
5 1.37779E-DI
& 1.01765E-01
7 7.63045E-02
8 S,7a327E-02
9 4.41346E-02
10 3, 3FL0LE-02
11 2.58208E-02
12 2.2005BE-02

SUMMARY FOR SYSTE

GRP FI%  SDURCE
3.52318E-02

BOYTE-C1

-
MOOODODODODOOCDGCOOD FO

GRP. AT BDY FLUX
T 6.51636E-04
2 5.5302FE-03
3 9.t0157€-03
4 6.131259E-04
§ 5.93263E-04
& 8.99L31E-D¢
7 5.TGSSPE-C&
8 7.52599E-0¢
$ 2.B6140E-04
10 1.14522E-03
11 7.98930E-04
12 B.BR357E-04
13 1.082276-03
14 31.30611E-0Q3
15 1.31869e-01
16 5.BEQ24E-Q&
17 4.42325E-04
18 2,01851E-04
19 1.605B2E-05
20 2.20058E-02

F155 SDURLE
Q.0
G.0
0.0
¢.0
0.0
Q.0
0.0
0.0
0.0
0.0
0.0
0.0
6.0
6.0
0.0
Q.0
0.0
a.0
0.0
0.0
RT BOY J«

5.38758E-~04
4. 37210E-03
7.7L868E-03
4.81505E-04
4. 65421E-04
5.45214E-04
4:36058E-04
5.72457E-04
&.70107E-04
8.3882LE-04
5.77963E-04
&.273578-04
7.44973E-0G
8.68121E-04
8.21074E-04
3.37119E-04
2.30132E-0¢
¥.00742E-05
6. 40111E-08
1.46443E-02

ELAPSED TINE 0.05 MIN.

EN  SCAYTER
0.0

4. IB393LE-04
2. 1BO3Z2E-0&
&, 55B58E-0)
4. Z54T3E-03
% . B43B8E-03
3.7702¥E-03
4,82813E-03
5.47BYLE-Q)Y
7.15148E-03
4.91765E-03
5.6292FE-03
T.SOBRLE-D3
1.50167E-02
1.59761E~02
1.256836-02
1.82563E-02
3.07529E-02
1.66554E-02
1.58702€-01

RT BbY J
5.38758E-04
4.37210E-05
T.7LB4E-D3
4.B150SE~-D4
4.65¢621E-04
5. 45216804
4. 38054E-04
5.72657E-04
6.70107E-0k
8. 38824%5-04
S.TT963E-04
6.27357£-04
7.64973€-04
B8,681211-04
B.23074E-04
J.IT1I9E-04
2.301328-04
9.00762E-05
4,40111E-06
1.66443E-02

GRP. &
1.77080E-04%
1.486T1E-03
2.80387E-03
2.45925E-01
2.323467E-03
1.96113E-03
1.82140E-03
1.32297E-0}
1.07005E~03
B.60211E-04
5.8BIBBE-D4
6.11260E-04

GRP, 12
B.62513E-04
1.8B274E-03
2.749R8E-03
2.924B0E-03
2.65342E-03
2.3284TE-03
1.99945E-03
1.69572E-03
1.42459E-03
1.188Q3E-0)
. B13I7E-QL
B.BA3SBE-0&

SLF SCATTER
4.2608B9E-05
S.A73ITRE-DS
1.13258E-03
§.26180E-05
5. 858L9E-05
B.144%50E-05
7.92034E-05
1.30854E-04
3.P4015E-04
3.52340E-04
2.3482FE-04&
3.52613E-04
&, 51619E-04
1.34290E-03
2.82531E~03
1.79P754E-03
J.13144E-02
5.38059E-03
1.71958E-03
1.95686E-02

RY LEAKAGE
5.ABT3RE-QL
4.37210E-0%
7.74BASE-D]
&.81505E-0¢0
&.&BL2TE~-D4
5.45254E-04
L. 3S055E-04
$.72657E-04
£.70107E-G4
B.3BRRLE-C4
S.7TREIE-C4
6 2VISTE-OL
T.LAPTIE-QL
B.48121£-04
B.21074E-04&
. 37159804
2.30132E-04&
9.00Y82E-D5
&.40111E-08
1.4644L3E-02

GRP. 5
1.7026BE-D4
1.37412E-03
2.59841E-03
2. 48295E-03
2.18044E-03
1.85¥BLE~DF
1,537535E-03
§.26121E-03
1.02539E-03
B.28502E-04
6. 6430704
S.93244E-Ck

GRP. 13

1. 55705E-03
2.65028E-03
3.BY960E-03
3.77464E-03
3.3976FE-Q3
2.95910E-03
2.32735E-03
2.13108E-03
1.78047E~03
1.47725E-03
1.209656-03
1.082276-03

OUT SCATTER
5.89095E-03
1.40255E-04
5.910B5E-02
1.66122E-03
1.65873E-03
2.03482E-03
1.70744E=03
2.3BCLCE-03
2.94277E-D3
L 1BTETE-DY
3.11302€-03
3.714PBE-D3
$.17383E-03
T.40T37E-D3
P.ELESTE-DT
6.32078E-03
5.64287E-03%
5.18264E-03
1,06774E~0O8
1.58704E-01

LFT LEAKAGE
=1.741976-03
-2.39052E-0%
-2.347111€-01
-2.58754E-05%
-2, 4F425E-05
-3, 45756E-05
-$.02083c-03
~&.54335E-05
-7.88572E-05
-1.93L15E-04
-1.33408E-04
-1.8244QE-D4
-3.1B360E-04
-5, 40097E-0L
~F.47196E-04
~7,85762E-04
-1.16445E~-03
~1.42042E-03
-9.24120€-05
-2.58033E-01

GRP. &

2. 41936604
1.57718E-03
R-94HS1E-DQ3
2.83510E-03
2.4P965E-03
2.12950E-03
1.777B0E-0Q3
1. 656478E-03
1,19610E-03
¥.70588E-04
T.B3TRLE-OL
&, 9F431E-0L

GRF. 14
2.09304E-03
3. 73454E-03
5.32733E-03
5.93272€-03
4, &75315E-03
J.BA9FSE-TD
3.25026E-03
2.71097E-05
2.24185E+02
1.84181E-03
1.4B234E-02
1.3C611E-03

ABSORFTION
1.11821E-02
2. &T7546E-04
1.37110E-01
2-L0D17E-D3
2.10545E-03
2.22750E-C3
1.57657E-C3
1.80471E-C3
1.78T7S6E-03
1.93257E-03
1.093%2E-03
L. 10484E-03
1.34214E-03
2. 1B124E-03
4. 7T125E-03
5.134B7E-03
1.01990E-02
2.38598E-02
1.65547E-02
.28629E-01

FISS RATE

[ R R R S R R R N g

CCODCODOD0O0OVO0OOSO00

GRP. 7
3.16773E-04
1.25926E-03
2.26409E-03
2.1BIVIE-03
1.93973E-03
1.64L87E-03
1.400%2E-03
1.14352E-03
P.STELGE-DL
7.035064E-04
&.370E3E~04
5.70459E-D4

GRP. 1%
2.98434E-D3
L.P1924E-03
4.59985E-03
£.017¥8E-D3
5.26443E-03
4, 43889E02
5. 68350E-03
3.02423E-03
2.46260E-03
1.99736£-93
1.554L46€-03
1.3189%6-03

LERKAGE
1,B1584E-02
4.81155€-05
2.41659E-01
5.07180E-04
&.F0564E-04
5.81792E-D4
4.8626LE=-04
&.39000E~04
7.48BP8LE-OL
1.05194E-03
T.11371E-04
B.O9YPPE~D4
1.043336-03
1.478228-03
1.78827E-03
1.122%0E-03
1.39458E-0%
1.71067E-03
¢.88131E-0%
2.7T48T77E-D1

TOTAL FLUX
5.16726E-02
8.23735E-04
6.97659E-01
B.772F4E-02
B,7B5431E-03
9.54215E-03
7.58162E-03
9.79538E-03
1.31876E~02
1,47550E-Q2
?.831343E-03
1.08946E-02
1,43033E-02
1.886?32E-02
2.2132BE-02
1.24BB2E-D2
1.29%71E-02
1.12568E-02
9.66331E-04
?.33242E-01

JAERI 1316

GRP. &
£.162228-04
1.81470F-03
£.87850E-03
2.81000E-03
2.50507E-03
2.13725E-03
3.82118E-03
1.531752E-03
1.25307E-03
t.02792E-02
8.38753E-04
7.52599E-04

GRP, 16
2.03073E-03
3.15837E-03
3. 963B0E-03
3.43278E-03
2.92551E-03
2.38702E-03
1.93902E-03
1.56104E-03
1.247936-03
1.00030E-03
7.42902€-04
5.800Z4F~04

BALANCE
1.0C000E+00
1.00000E+00
1.90000E+CD
1.00000E+00
#.99998E-01
¥.999%7E-01
1.00000E+00
§.R9993E-01
§.99993E-01
¥.99992E-01
§.P9PRLE-O]
$.999BFE-01
9.99990E-01
9.¥9992E-01
P.FIFIAE-B]
9.99992E-01
?.99995E-01
9.99997E-01
9.99098E-0F
1.0000CGE+00

DENSITY
5.16726E-02
8.23735E-04
6.97440E-01
0.792¥LE-03
5.28411E-03
¥.56215E-03
7.56167E-053
¥.79538E-03
1.11874E-02
1.47550E-02
#.BI3L3E-03
1.0B966E-02
1.41933E-02
1.86732E-02
2.21328E-02
1.24882E-07
1.29971€-02
1.12588E-02
?.463F1E-04
9.332L2E-01
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FarEzsEZERIEEAESEFERE
. -
= INPUT CATA LIST
= .
AndkAS LR A ER R NEN
[ TET T PO Ppe- S FER T TR PUNSE DT I B ZIERT T
1 BREMSSTAAHLUNG SOURCE CALCULATION FOR LEAD
2 BUNIT FLX1=91,BREM=%1 ZEND
3 iy 10 3 12 1 1 6 @ @ 7T
& 21¥ LHEG1? &H 500
5 13% “HEG}? +&HFX1é6 AHPROD
& 212> 0.0 10R1.0 0.0 T
e B R E TR TLETT RS CRTTL PP PP DU
#wx INFUT DATA END xmx
1¥ ARRAY B ENTRLIES READ
T
24 ARRAY ? ENTRIES READ
13% ARAAY 3 ENTHIES READ
21x ARRAY 12 ENTRIES READ

T

«ex STARTS MODEx) ( SDURCE CALCULATION ) aex

BREMSSTRAHLUNG SOURCE CALCULATION FOR LEAD

sur PARAMETERS IN DLAL CAL. wee

Appendix D Sample Output Lists of RADHEAT-V4

LR R P

TITLE : $1AC SAMPLE PAOBLEM MO.1 FOR BREMSSTRAHLUNG OF 35
)

ING ND. OF NEUTRDN GROUP
16G MO, OF GAMMA~RAY GHAGUP
In ¥Q. OF INTERVALS

IIM WO, OF ZDME

1SN  GUAPRATURE

15CT NO. DF AMGULAR MESH
1GE 3/2/3 = PLA/LCYL/SPH

HT ND., DF MATER[ALS

IDFN USE OF DENSITY FACTORS

SCALAR  FLUX DATA PDOL EG1¥- S00-5FX0

PREM CROSS SECTION GATR PDOL EGI®

SOURCE BY BREMSSTRAHLUNG

INT. GRF. 1 GRP. 2 GRF. > GRP. & GRP. 5
1 0.0 ¢.o a.0 (] ()
2 D.0 JLZLB6TE-0F7  2,12372E-07 3.03BLLE-0& 1,47738E-05
3} c.e 1.98525E-07 1.29979E-07 1.87504E-06 1.03B99E-05
4 0,0 1.2740LE-07 @.3L147E-08 1.211835-06 &.73496E~08
5 0.0 Q.L7265E-08 5.5L728E-CB B.11111E~07 4.520318-08
& 0.0 5.75255E-08 3.7B859FE-08 5.56%43E-07 3.11194E-0s
7T 0.0 4.02218Z-08 2.43343E-08 3.BI6&1E-07 2.1825%E-0&
a8 0.0 2.B31756E-08 1_857BYE-08 2.74429E-07 1.55219E-0%
& 0.0 2.02357€-08  1.32488E-08 1.98216E-07 1.1155SE-06
10 ¢.0 1.45529E-08 9.52519E~09 1.¢3324E-07 B.08572E-07
11 0.0 1.053561E-08 &6.89829E-09 1,04320£-07 35,.8987PE-07
12 0.9 0.0 9.0 0.0 Q.9
IWT. GRP. ¥ GRP. 10 GRP. 11 GRP. 12 GRP. 13
0.0 0.0 0.0 0.0 0.0

1

2 5.80432E-04L }.04381E-03 1,18054E-03 1.72627E-03 2.77635E~DX
3 3.51384E-04 6.58392E-04 T.44OVBE-04 1.09034E-03 1.75643E-03
& 2.297BBE-0& 4. 10166E-04 4. BBLASE-D4 7,14859E-04 1,15841E-03
5 1.55518E-0t 2.91722E-04 3.31748E-04 4 .HVAEBLE-DL 7.B7594E-04
& 1,0793PE-0L  2.02873E-04 2,.310B3E-0L I L0142E-04L 5.5003BE-04
7 7.630B2E-05 1.43706E-04 1.635935F-04 Z.414650€-04 3,9122FE-04
& 5.44%16E-05 1.03194E-04 $.17897E-04 1.740326-04 2.82037E-04
¢ 3,96116(-05 7. 4NBI6E-05 B, 5474LE-0F 1 _24647E-0c 2. 035Z0E-04
10 2.89261€E-05 5.47838E~05 &£.27723E-C5 9.29191E-05 1.S50980E-04&
11 2.12406E-05 &_034031E-05 4_$2852E-05 6.B613%E-05 1.1159FE-04

1z 0.0 0.0 c.o a.e c.0
INT ., GRP, 17 GRF, 18 GRP. 1%
1 0.0 0.0 0.0
2 9.07814E-03 1.12407E-02 1-289&4E-P2
3 S.B0&19£-07 7.24R758-03 B8.3B142£-03
& 3.85221€-03 4.B3GBOE-G3 5.43018E-03
5 Z2.84428E-03 3.33443E-03 3.90¥26E~03
& §.B6110E-03 2,35763E-03 2.78215E-03
b1 33397E-0Y  1.89748E-03 2. OISHIE-03
& 9.4F1B9E-0&L 1.23549E-03 1.48007E-03
9 PLILA7EE-CGL  R.13Z221E-04 L. OFT7?LE-03
10 S5.Z6537E-04 6.7BSBYE-04 B.Z055IE-04
11 3.92065E-0¢ 5.0738BE-04 &.16722E-D4

0.0 ©.0 0.

N

1%
12
1
18
is
1
1
1

GRP. &
0.0
J.9B223E-Q5
Z.487B5E-DS
$.80035E-05
1.07450E-05
T 399T6E-D8
5.19157€-08
3.69322E-0&
2.655336-0¢
1.92503E-06
1.40477E-06
0.0

&RP. 1&
Q.0

4. A36BLE~OY
2.8256B0E-03
1.86643E-03
1.27208E-03
4 _BYYSPE-OL
6.34127E-04
&.3BOZR2E-D4
3.3427BE-04
F.45981E-04
1.BZ13BE-04
0.0

GRF. 7
0.0
1.23303€E-04
7.5659LE-06
4. F2687E-05
3.32111E-05
2.294603E-05
1.616908E-0%
1.15458E-05%
&.33150E-00
&.08190E-08
L LIFLTE-CO
0.0

GRP. 15
0.0
B_DEEVSE-03
5.13135g-03
3.39211E-03
2.31¥53E-02
1-62634E-03
1.15134E-03
8. L0824E-CL
6.14B28E-C4
4. 533LVE-04
3.3439FE-04
0.0

L LR PR

PAGE-Q0D1

GRP. B
c.0
2.7T651E-04
1.7347LE-0C
1.13156E-~04
7.63983E-05
5.28998E-05
3,73112¢€-05
2.848076-0%
1.,92807E-05
1.40L84E-05
1.03029E-05
0.0

GRP. 18
°.0
$-254T0CL-03F
3.99492E=-Q3
2.64803E-03
1.B3549E-03
1,274620€-03
9.158614E-04
&.&2962E-04
&, B40TS4E-0L
3.59283E-04
2.67217E-04
0.0

303
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RADHEAT-V4: A Code System to Generate Multigroup Constants and
Analyze Radiation Transport for Shielding Safety Evaluation

DI AL CONTROL OPTiONW
ING KO. DF NEUTRQN ENERGY GRDUP o
166G NG, OF GAMMA-RAY EMERGT GROUP 1¢
MREACT 0172732 REACTLION RATE NO/CARD/TAPESDATA FOOL a
NHELHM RC. GF NEUTRDN RESPONSE Q9
NGELM HO. OF GAMMA-AAY RESPONSE o
LIANLL ©Q/1=PRENT AHGULAR FLUX ALLsINPUT [}
[1BOUR O/1¢PRENT TOTAL FLUX AT M[D,/BOUND. 1]
LISPTM 0O/71/2=PRENT SPECTRUM NO/DELTA ESDELTA L 1
NALTPR O/1<PRINT ACTIVITY NORMAL/DETAIL o
KRESAT 0/731=USE RESTART OPTION NO/YES [}
KPLOT Q/1=0UTPUT FLOT BATR NO/YES [+
114 FROBLEM LD NO. 400 ITH Qr1 = REG./ADJ. ]
ISCT KO. OF ANGULAR MESH 14 15y QUADRATURE DORDER 14
IGE 37243 w PLAJCYL/SPH 1 IaL 073/2/3 = KD REFL/REFL/PER/WHITE 0
1354 RT. B.C. SAME AS LEFT B_{..IBL [} 1M NO. OF 2ONES 1
in NO. OF INTERVALS 12 IEVT OF1s2/3/&475/6Q/KIALPHA/C/Z/RA/H Q
IGH NO. OF GROUPS 1¥ IHT POS. OF SIGHA T 3
1HS fOs. OF S1GMA GG 4 1HHM TABLE LENGTH 72
MS KOT USED [} MCR NOT USED 0
HTP NO. MATLS. FHOM LIB TAPE 1 NT NOQ. DF MATLS. 1
IDFM  O/71=NONE/DENSITY FACTORS(Zi+¥) 1 IPY¥T O/71/2eNOHE/K/ALPHA o
1aK 0/1=NOKE/D1ST. SOURCE 2 IPM 071/ IM=NONE/S (MM, IPPY/S(HM, 1M} 0
1PP INTERVAL OF SHELL SCURCE [} IIn INNER ITER. MAX. 50
1p1 0/1/273=KO/PRNT ND/PNCH M/BDTH Q Iz NOY USED [i]
D3 QIN=ND/N ACT. BY IDKE Q 104 O/imND/% ACT. BY ]NWT, 0
ICHK QUTER LTER, MaXx. i IDATI 0/1/2aND/HIN/MAY TAPE 2
IDAT2 O/1wHQ/OIFFUSIONLZEY) Q IfG Q7¥mNG/FEW GRP. o
IFLU Dr1/72=BOTH/LIKEAR/STEFR Q IFN QF1/3=1HPUT 2873 /PREV. CASE 1
IPAT  O/1 = PRINT X~-SEC/DO NOT [} 1XTR  Q/1=CALL/READ P-L CONSTANTS o
EV EIGENVALUE GUESS i.00000E+00 (2. ] EIGENYALUE MODIFIER 1.00000E~-C1
EPS PRECISIGN DESIRED F.99990E-05 BF BUCKLING FALTOR 1.420B9E+00
oY CYL OR PLA HEIGHT 0.0 ors PLANE DEPTH 0.0
OFM1  HT, FO® vOID COAR. 0.0 XNF HORM. FACTCR 0.0
PV IPVT=1/2 - R/ALPHA 6.4 RYF LAMBRAZ RELAXATION 5.00000E-01
XLAL PT CHVRG EPS. IF _NEID %.999PB8E-0S XLAH 1-LAMBDA MAX_-SEARCH 0.0
EQL EY CHANGE EPS.-SEARCH ¢.0 XNFM  NEW PARAM. MQD.-SEARCH 0.0
OUTER INNER REUT BAL UPSCATTER RATID EIGENVALUE LANBDAL LAMBDAZ

[+ ] 0.0 Q.0 P.PFIFALE-0] ¢.0 o.¢
GAP, 1 REQAUIRED 1 ITERATIONS. MFD BF ©.0 OCCURRED IN INT. i#
GRP. 2 REQUIRED & ITERATLOKS. MFD OF 1.0¢237E~06 OCCURRED IN IWT. 12
GRP, 3 REQUIRED 3 ITERATIONS, MFp OF 1.47579E-05 CCCURRED IN INT. 12
GRP, & REQUIRED 4 ITERATIONS. WFO OF B.43754E-07 OCCUARED 1w INT. 4
GRP . 5 REQUIRED 4 LTERAVIDNS, MFD OF 7.40840E-07 QCCURRED 1IN INT. 10
GRFP. & REQUIRED ¢ ITERATIONS. MFL OF 1.¢B¥Q4E-06 OCCURRED lw TNT. 11
GRP, 7 REGUIRED % LTERAIIONS. MFD OF 2.B5L54E-06 DCLURRED IN INT. ®
GRP. 8 REQUIRID 4« ITERATIONS. MFD OFf 1.78032E-06 CCCURRED IN INT. 11
GRF. ? REQUIAED t ITERATIONS. MFD QF 3.7883LE-06 GCCURRED IN INT. 11
GRP. 10 REQULRED & ITERATIONS. MFED OF 7.349%Q0E-06 CCCURRED 1IN INT. 10
GRP, 11 REQUIRED & I[TERATIONS. MFD OF 7.80519E-06&6 QCCURRED IN INT. 11
GRP, 12 REQUIRED ¢ LTERATIDNS. MFD OF 1.53107E-05 OCCURRED IK INT. 11
GRF. 13 REGQUIRED 4« ITERATIONS. MFD OF 3.55799E-05 OCCURRED IN INT. 11
GRP. 14 REQUIRED ¢ LTERATIDNS. MFD Of# £.77B51E-0G5 OCCURRED IR INT. 190
GRP, 15 REQUIRED S ITERATIONS. WF$ OF C.0L775E~CS5 OCCURRED IN INT. 140
GRF. 16 REQUIRED S ITERATIONS. MFD OF 1.26930DE-0% OCCURREC IN INT. 5
GRFP. 17 REQUIRED 5 LTERATIONS. MFD OF 2.2B098E-05 OCCURRED IN INT. 1?
GRP, 1B REQUIRED & ITERATIONS. MFD OF &.&7&37E-05 OCCURREC 1IN INT. 1
GRF. 19 REQUILRED ¢ TTERATIONS. MFD OF 4.60668E-05 OCCURRED IK INT. 12

1 75 1.00000&7E+00 9.0 §.PPFIFELE-0] 1.000000CE+DD [

1 s 1.600C04T7E+0D 0.0 §.999996LE-012 1.000000CE+00 ¢.0

ss«ans QUTER ITERAVION LIMIT REACMED

ELAPSEP TIME 0.03 MIN,

eer SCALAR FLUX WAS DUTPUY TO A DATA PODL

NODE NAME

xxn |MFORMATION QF DATA POOL
LOGICAL UNIT KOD. =
DATA SET HNAME =
HO., OF WRITTEN RECORDS =
REMAINS HECCRDS =

= EG1¥- 6GO-SFXQ

USAGE xa=

91
J1446 _POOLBT.DATA

H
§380

ANG. FLX ON

FINAL MONITOR

S

JAERI 1316
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SAMPLE PROBLEN

TOTAL FLUX
INT . GRP. 1
1 0.0
2 0.0
3l 0.0
4 0.0
5 0.0
& 0.0
r 0.0
& 0.0
¢ 0.0
10 0.0
i1 @.0
12 0.0
INT. GRP. ¥
1 L,.28724E-0%
2 5.019998-04
3 5.32303E-04
I3 4. 38200E-04
5 3.L74B%E-04
& 2.72B8RE-04
7 2.12B04E-04
£ 1.66998E-04
9 1.249E3E-04

10 %.63269E£-03

Appendix D Sample Output Lists of RADHEAT-V4

GRP. 2
2.260614E-07
2.67940E-07
2.80506E+07
2.24006E-07
1.73686E-07
1.33302E-07
1.016%3E-07
7.7QL992-08
5.80523E-08
4.31229€-08
3.01367£-08
2.38582E-00

GRP, 1L
B8.07553E-04
9.501208-04
1.0095BE-03
8.3u771E-0L
L. GRPVLE-OL
$.eIA0KE-0L
L.10052E-0¢C
3.19069E-04
2.h44155-04
1.8757BE-04

11 6.91423E-05 1.35203E-04
12 S.57S3IBE-05 1.0%347E-Qd
INT, GRP. 17 GRP_ 18
1 3.68702€-03 2.466829E-03
2 4 .9B3B2E-03 4.0129DE-03
3 5.231746-03 4. 05408E-03
4 3,R323BE-03  2.B83003E-03
5 2,74357E-03 2.05593E-03
& 2.13735E-03 1.51477f-03
7 1.40520E-03 1.10492E-03
# 1.18295E-03 B.32Z501E-04
§ 8,78807c-04 46.0711PE-0L
10 &.46659E-04 4 G4TABE-D4
1 4 13021E-0L  2.B2410E-0¢
12 2.653967-06 1.596385-04
TOTAL FLUX SUMED QVER GAMMA GROU

2.L3898E-D2

3.i3871E-02
3 3.29330E-0C2
& 2.55439E-C2
H 1,.99284E-02
4 1.52305£-~902
7 1.163&64E-D2
e 2.a8v012E-93
9 4.699451E-0)
10 5.03613E-03
11 3.42308E-93
12 2.50627F-00

GRF, 3
1.492828-07
1.76353E-07
1.84489E-07
1.47723E-07
1.14639E-07
8.30483E-08
&.72280E-08
5.10377e-08
I.BL7SLE-CB
2.B83121E-08
2.00657E-08
1.5BBBLE-08

GRP. 11
F.14512E-04
1.07793E-03
1.14717E-03
9.LB9IQE-04&
7.57192E-0¢
5.97402E-04
L 6BINIE~OL
3.64618E-04
2.B1026E-0%
2.14702E-04
1.5L724E-04
1,250M3E+04

GRF. 19

4. B7090E-04
B.97283E-D4
T.37170E-04
5.10618F+04
-5404BE-OL
~6B207E-D4
LBTORSE-04
LCH723E-04
LO3758E-04
207&1E-D5
J33287E-9%5
1.78¢11E-05

D e e e R L

P

HO.2 FOR BREMSSTRAHLUMG S5CM LEAD

GRP. &
2.15753E-04
2.54929E-04
2.67B57E-08
2.15583E-04
1.68156E-06
1.2¥BDAE-QS5
9.P5521E~07
T.59173E-Q7
5.74762E-07
&.29089E-07
3.01852E~07
2.39392E-07

GRP. 12
1.33023E-03
1.57500E-03
1.87883E-03
1,.3B731E~D3
1.10836E-03
B.75218E-D4
6.86104E-0L
5.34458E-04
L I3DTLE-O4
J.14465TE-04
2-26309E-04
1.842353E-04

SAMPLE PROBLEM HO.2 FOR BREMSSTRAHLUNG 5(M LEAD

ULISTRIBUTED SOURCE

INT. GeM+ 1
1 0.0
2 0.0
3 0.0
& 0.0
5 0.0
6 0.0
¥ 0.0
8 0.0
9 ¢.0
10 e
i1 0.0
iz 0.0

DISTRIBUTED SOUR{E
LN7 G=N+ 1
0.0
5.40432E-04
I.51384E-04
2.297BBE-OL
1.5551BE-0¢
1.07937E-04
7.4630B2E~05
5.646F14E-05
J.98314E-0%
10 2.8%261E-0%
11 2.12604E-05
12 9.0

L RN Y R VA

DISTRIBUTED SOURCE
INT. GeN+ 1
1 ©e.0

2 9.07&14E-03
3 S5.BDLIRE-Q3
4 3.B5221E-03
S Z.AL4PBE-03
& 1.86110£-03
7 1.33397E-03
B 9.4691BPE-04
g 7.114FEE-00
10 5.24537E-0L
11 3.92065E-04
12 0.0

- G=GROUP NO.
G=N+ 2
a.Q

1.26347E-07
1.98523E-07
1.27404E-07
B.47785E-04
5.78255E-0B
L.02218E-08
2.83756E-08
2.02357E-08
1.45%529E-08
3.05361£-08
0.0

- GeGROUP HO.

G=Ns 2
0.0
1.D4FBIE-03
&.56392E-04
4,30168E-04
91722E-O&
.02878E-04
LI706E-D&
L0ILRLE-Q&
.48816E~05
LLTA3LE-O5
LDILOLE~QS
o

Or v uE NN

- G=GROUF NO.

G=N+ 2
0.0
1.12602E~-02
7.24875€E-03
4.83c80E-03
3.334L43E-03
2.357L3F-03
1.69746E-03
1.23869E-03
9.13221E~04
&.73689E-0¢
5.07368E-04
0.0

L L

G=H+ 3
c.o
2.512372E-07
.29879E-07
S3L4TE-O8
.54728BE-D8
.TBS¥VE-Q8
LEEMATED8
.857B3E-DB
-32498E-08
.52B19E-0F
6. A9E2RE-0F
0.0

RS RTY R PR T

GuN+ 3
0.0
1.1B054E-03
7.44078BE-D4
4.BBkL5E-0Q4
1.317&BE-04
Z2.310B5E-04
1.63935E-04
1.17BSVE~0&
£.5578LE-QS
6.27723E-05
L. 62BY2E~QS
ol

Nx 1§

GeHs+ 3
0.0
1.28784E-02
B8.3B142E-03
5.63018€-03
3.90926E-03
2.78215E-03
2.01583€-03
1.4BOC7E-03
1.097715-03
8.20553E-04
6.16722E-04
0.0

GuNt &
0.0
3.03BL4E-08
1.87504E-06
1.21183E-06
6.11111E-07
S.56943E-07
3.89683E-07
2.7442FE-07
1.98216E-07
1.43%534E-07
1.04320E-07
0.0

GeN+ &
0.0
1.72427E-03
1.0903LE-C3
7.14859E-04
4,B7EILE-OL
3. L0142E-0k
2,41550E-04
1.74032E-0¢
1.26447F-04
¢.20191E-05
& . BE139E-05
0.0

GRP. 5
1.20492E-05
1.42260E-05
1.4973BE-0%
1.2196Z2E-05
¢_473TBE-OQS
¥.33644E-06
S.HLLSLE-Q8
4.318041-06&
A.2792rE-08
2.A5531£-04
1.733258-08
1.3VHLZE-0S

GRP, 13
2.10050£-03
2.503L1E-G3
2.67195E-0%
2.19894E-03
1.75445E-D3
1.38558E-QGT
1.084LZE-Q3
B8.43108E-04&
& . 50202F+04
4.94215E-04
3.53370E-04
2.B27Z4E-D4

GuMe 5
0.0
1.67738BE-0%5
1.03899E-05
& _T3L9HE-08
&,.52031E-08
3.11194E-08
2.18259E-05
1.55219E-06
1.121565E-06
8.08572E-07
5.8%BT¥E-07
c.0

GeNt 5
c.0
2.776315E-03
1.75653E-03
1.15841E=03
T.87594E-04
5.5003RE-04
3.91229E-04
2.802087E-04
2.05520E-04
1.509460E-04
1.11599E-04
0.0

GRF. &
2.90333E-0%
3, 82235E05
X.608642E-05
2.92641E-05
2.29580E-07
1.7B23LE-05
1.37493E=05
1.05456E-05
B.03135E-0¢4
4.03015E-04
4L, 27556E-04
3.41450E-08

SRP. 14
3.22841€-03
3.89330E-03
4.16370E-03
3I_39312E-0Q3
2.70591£-03
R.12565E-03
1.65551€-03
1.2B054E-C3
9.B2158E-04
7.6263BE-0C
5.24L034E-0¢
AL 1TS42E~04

GrMe &
0.0
3.9822IE-05

2.,L6785E-05
1.4C035e~05
1.07450E6-05
7.39974E~04
5. 1915TE-0Q6
3.69322E-06
2.65533E-046
1.92503E-06
1.40477E-05
0.0

GuN+e &
0.0

& LSEBLE-O3
2.82680E-03
1.84443E-03
1.27208E-03
B.BOPEFE~0L
4. 3412FE-04
4,58022E-0¢
3.3427CE-0O4
2,45961E-C4
1.8213BE-04
0.0

GRP, 7
B.9&841E-05
1.05638E-04
1.13400E-04
§.10459E-05
7.17243E-0%5
5.F9049E~G5
4.32997E-05
3.33442E-05
2.54LBF0E-05
1.92069E-0%
1,36498E-05
1.09&65E-05

GRP. 15
$.10B42E-03
6.,34416E-03
6§ .T7104E-03
5,37784E-03
4.25112E-03
3.20075E-05
2.516350E-03
1.91771E-02
1.44913E-03
1.08139F-03
7.38248E-D4
5.560GBE-04

GeNt 7
¢.0
1.21383€-04
T.54594E~05
L. 924BTE-D5
3.32111E~05
2.29803E-05
1.61690E-05
1.1545HE-05
8.33150£-08
6.04190E-08
&.43047E-08
0.0

Guh+ T
6.0
8.06575E-03
5.13135E-03
3. 35211E-03
2.31953E-03
1.4263LE-03
1.26134E-03
B.40824E-04
4,14826E-04
4. 53T49E-04
3.34399E-0L
0.0

GRP. 8
2.0B293E-04
2.45133E-04
2.59393E-04&
2.,12567E-D&
1.68019E-04
1.31390E-04
1.020F6E~04
7.889811E-05
6.0LS6RE-C5
4. SFESSE-0F
3.26950E~05
2.62R810E-05

GRP. 16
3.293B1E-0%
L. ZLLIPE-Q]
4.31010E-03
3.45420E~03
2.70701E-03
¢.03485E-03
1.53922E-03
1.155L8E~03
B.562178E-D&
4. 37573E-0C4
4.20348E-GL
2.97332E-04

GaH+ B
Q.0
2.77851E-04
1.7367LE-0L
1.13156E-04
7. 63983E-05
5.28998€-05
3.73112E-05
2.66807E-05
1.92807E-05
1.4048LE-05
1.030295-0%
.0

[LLE -]
a.o0
4.256TDE-D3

3.99L92E-G3
2.&4A08E~03
1.B1549E-03
1.,27670E-03
¢.13616E-04
4. 62%462E~04
4.BS0TSE~0%
I.59283E-04
2.672175-04
0.0
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RADHEAT-V4: A Code System to Generate Multigroup Constants and

Analyze Radiation Transpert for Shiclding Safety Evaluation

JAERI 1316

SUMMARY FOR SYSTEM

GRP, FIX SOURCE FISS SDURCE IN SCATFER SLF SCATTER CUY SCATTER  ABSORFTION LEAKAGE BALANCE
i C.0 0.0 0.0 0.0 0.0 6.0 0.0 1.GO0CDE+Q0
2 4.533ELE-O07 0.0 oc.o S5.18038E-CY 1.23TO0E-07 2.41B8343E-07 1.11336€E~-97 1.00000E+00
3 2.96BL2E-07? 0.0 1.922946-09 1.12834E-09 B.87753E~C8 1.34598E-C7 7.33873E-08 1.CODDOE+OG
& L.30284E-08 O.Q 9.92615E-0% L.204%4E-08 1.32756E-06 1.91B809E~06 1.088687E-0& 1.00000E+00
5 2.38895£-05 0.0 8.27312E-06 2.80044E-07 7F.92893E-~06 1.00843E-05 5.97907E-06 1_00COCQE+OQ
6 5.675F4E-05 0.0 5.69BA3FE~07 B&.19501E-07 2Z.047ME-05 2.24142E-05 1.44411E-05 1.00QDCE+00
7 1.74515E-04 ©.,0 2.00980E-06 3.17644E-04 &.BLTE7E-05 4.32279E-05 L,48184E-05 1.00000E«00
£ L.D0&00E-D4 0.0 F.433BLE-06 §.LEG9LE-08 1.72445E-0L 1.31052F-04 1.04513E-04 31.00000E+00
¢ H.12928E-04 0.0 2.4L05S5E-05 2.57830F-0% 3.BTQI4E-D& Z.55154E-04 2.15157E-04 1.00C00DE+0C
30 1.52093E-03 0.0 7.12925E-95 6.80952F-05 B.D9335E-04 3.73423€-04 L. 0P450E-G4  1.00000FE«C0
11 1.72624E-03 0.0 1.30315E-04 T.F4P7IE-D 1.02974E-03 3.61652E-04 L. 65147E-04L 1. 00000E+00
12 2.53255E-03 0.0 2.62700E-04 1.5477BE-04 1.63068E-03% L .BLB7TE-04 &.798466F-04 1.00000E+00
13 4.0B&2OE-03 0.0 5,.2B907E~-04 3.52545E-04 2.79925E-03 7.37001E-0& I1.07682€-03 1.90000F+00
14 6.582358-03 0.0 1,16101E~03 B.49154E-04 4.68360E-03 1.37917E-03 1,44051E-03 1.0000D0E+DO
15 1.19708BE-02 0.0 2.64019E-03 2.38451E-03 7.947S0E-03 4.026835E-03 2,563848E-03 1.0C000E+00
16 9.340256-03 0.0 3.41591E+03 1.73489E-03 6.0F974E-03 &.9L567E~03 1.71961E-03 1,00000F+00
17 1.35€56€-02 0.0 S.BL554E-03 3.25046E-03 4.91561E-03 1,05859E-02 1.92937E-035 :.0G000E+00
18 1,70354E-02 0.0 1.10957E-02 &.F3046E-D3 & .74&BGE-03 2.359453E-02 1.41906E-03 1.00000E+00
19 1.¥B151E-02 0.0 1.21740E-02 3,296)0E-03 1.35042€-08 3.I173ISPE-02 Z.53072E-04 1.000CQ0E+00Q
20 8.96673E-02 0.0 3.73L03E~02 1.71381E-02 3.73404E-02 7.7039¥BE-02 1.26243E-02 1.00000E+0C
GRP. RT BDY FLUX RT BOY J+ AT BOY J RY LEAKAGE LFT LEAKAGE F155 RATE TOTAL FLUX GENSITY
1 0.0 0.0 0.0 0.0 a.o 0.0 0.0 £.0
2 2.385R2E-08 1.L9537E-08 1.49537E-D8 1.4953TE-08 -7.63824E-08 0.0 8.20007E-Q? B.20007&-07
3 1.SBBGLE-08 9.96013E-09 ¢.96013E-09 9.P4013E-09 -8.34292E-08 0.0 $,4103QFE-07 5.43030£-07
4 2.39392E-07 1.49472E-07 1.L9LTZE-07 1.49472E-07 -9.17397E-07 0.0 ?.91035E-06 7.91034E-08
5 1.37842E-06 B.59290E-07 8,59290E-47 &,.59290F-07 -5.11978E-D8 0.0 4.44BBYE-05 4 .L4801E-05
& 3.01450E-Q06 2,12B5SE-06 2.12BSSE-0& 2.12B855€-06 -~1.23125E-05 0.0 1.07707E-04 1.07707(-04
7 1.0RL65E-0%  &6.B0607E-06 & .BDEQTE-0& &.BOSOVE-06 -3.BQ126E-05 0.0 3.35TL7E-D& 3. 35767E-04
B 2.642B09E-0% 1.4322BE-0% 1.63228E-05 1.43228E-05 -B.B1904£-05 ©.0 7.B5489E-D4 T.BSLSOE-DL
9 5.5T53BE-035 3.45884E-05 3,455BLE-05 3.456B4E-05 -1.BOSALE-04 0.0 1.62290E~03F  1.6229QC-03
10 1.C9347E-04 &.770328-0% 6.T7032E-05 6.77032E-05 -3_L1747E-04 ©.0 3.099356-03  3.09935E-C3
31 1.2503BE-0L 7,730646E-05 7.73066E-05 7.73046E-05 -J.878L1E-04 0.0 3.52588E-03  3.5¢3B3E-03
12 1.B23536-04 1.12605C-04 1.126058-0¢ 1.12605E-0& -5,67060E-04 0.0 3.15596E-03 5_15595E-02
13 2.B2726E-04 1.72319E-0C 1.7(319E-0&4 1,74319E-06 -9.0250CE-04 0.0 B.316242E-03 B.16242E-03
14 6 ,12542E-04 2.S3I382E-04 2.53387E-04 2.5338B2E-04 -1.40713E-03 C.0 1.25507E-D02 5.25507E-02
15 5.56006£-04 3.36383E-D4  3.363B3E-04 3.343IBIE-OL -2.30007E-03 0.0 1.96959E-02 1.94959E-02
36 2.97332E-04 1.7467/E-04 1.74677E-Q4 1.7467VE-OL ~1,5359LE-03 0.0 1.25835£-02 1.25835€6-02
$7  2.6%394£-04 1.49773E-04 1.4F77IE-0&  1.49773E-Q4 +1.77960E-03 0.0 1.39039E-02 1.39039E-07
i8  1.59436€-04 7.922025-05 7.98202£-05 7.98202E-05 -1.33924E-03 0.¢ 1.07945E-02 1.029465-02
19 1.78411E-05 1,07574E-05 1.07574E-05 1.07574E-05 -2.423156-04 0.0 1.923058-03 1.92307E-03
20 2.50629E-03 1.4975BE-03 1.L77SHE-03 1.4975BE-03 -1.11287E-02 0.0 7.38009E-02 9.3B0O0DPE-02
ELAFSED TIKE 0.05 MIN,
PAGE-CUQI
IrxsRwRErAcaEE R zATanE
. «
« INPUT DAYA LIST
= .
T B B e e TS I R R R F RS P
H BREMSSTRAHLING EDIT CALCULATION FDR LEAD 1
2 EUNIT FLX1=QLl, FLXZ2=F1,FLXI=9]1 EEND 2
3 vy oo 2 12 11 L 6 o0 T 3
o 3¥%  LHEG1Y 4H 500 4H 400 L
5 13¥F  LHEG19 4HFK1& ZHPBOOD H
6 21%+« ©.0 JORt.0 0.0 T [
B S e e e T T e T e T
s [NPUT DAKA END ns=s
1% ARRAY B ENTRIES READ
T
3% ARRAY 3 ENTRIES READ
13¥ ARRAY 3 ENTRIES READ
215 ARRAY 12 ENTHIES READ
T
wav STARIS MOCE=2 ¢ PHUTON FLUX PRINTENG > mas

BREMSSTRAHLUNG EDIT CALCULATION FOR LEAD

1531
102
1NG
166
m

IIM
15H
1GE

[NT

PARAMETERS M DEAC CAL. ===

« 500 : DIAC SAMPLE PROBLEM NO.1 FOR BREMSSTRAHLUNG OF §
= §00 : SAMPLE PROBLEM ND.2 FOR BREMSSTRAHLUNG SCH LEAD
NO. OF NEUTRON GROUP = o

NG, OF GAHMA-RAY GROUP = 19

NG, OF [NTEAVALS - i2

NG. OF Z0ME - 1

QUACRATURE = 14

172/3 = PLASCYL/SPR a 1

IONE NUMBER RADIUS VOLUME
0.0 §.0000QE-01
5.00000E-01 5$.00000E-01
1.0C000E+0Q 5.00C00E-O1
1.50000E+0Q 5.00C00E-Q1
2.00Q00E+00 4. 99999E-0F
2.5000CE+C0 5.00000E~0%

5.000Q00E~01
5.00000E~01L
4_9999FE-01
5.00Q00E-01
§£.00000E-01
5.C00C0E~01

3.00000E+00
3.50000E+CO
4.0000CE+00D
4.50000€+400
5.00000E+00
S.50000E+00
4.00C000E +O0

Ll SR



JAERI 1316 Appendix D Sample Output Lists of RADHEAT-V4 307

wux PHOTON FLUXES FOR GROUP 1 nes

INT, FHOTON BRENM. TOTAL
3 31.50100E-0D2 6.0 3.50100E-02
2 2.43210E-02 Q.0 2.43210E-02
3 1.4B838LE-G2 0.0 1.48385E-02
& 9,50192E-03 0.0 9.30192E-03
5 4,30572E-03 0.0 4.,30572E-03
4 4.29476E-03 0.0 &,29476E-03
? 2,98131£-03 0.0 2.98131E-03
a 2.09912E-03 G.0 2.09912E-03
1 1.69408BE-03 0.0 1.47408E-03
14Q 1.07246€-03 a.o 1.07248E-03
1 7.7L9B2E-0L 0.0 7. TLFBRE-OL
12 6.51637E-0L 0.0 §.5183TE-DL
ama PHOTON FLUNES FOR GROUP 2 awsx
INT . PHOTON BREN. TOTAL
1 1.66524E-053 2.24616E-07 1.4879QE~-D5
2 1.62656E-08 2.67940E-07 1.42726€-04
3 2.67563E-04 2.80506E-07 2.47843E-0&
& 2.51669E-04 2.26008E-07 2.51893E-04
5 2.18540E-08 1.73486E-07 2.18714E-0C4
4 1.83302€-04 1.33302€-07 1.83435E-04
7 1.50418E-04 1.016538-07 1.50720E-04
8 1,22159E-04 7.70899E-08 1.22236E-04
9 ¢.822568-05 5.80523FE-08 9.82834E-03
10 7.85102E-05 4.31229€-08 7.85533E-05
i1 &.2LTASE-D3 I_01847E-08 &.25047E-05
12 5,53027E-05 2.18582E-08 5,.53245E-0%

ass PHOTOM FLUXES FOR GROUP J =avw

LNT . PHOTUN 8REM. TOTAL
4. 45186E-01 1.492826-07 4.451B5E-01

i
2 3.25152E-01 1.76353E-07 3.25152E-01
3 2.D0490E-01 1.84489E-07 2.00490E-0Q1
4 1.29597E-Q1 1.47723E-07 1.29597E-01
H B.674D1E-D2 1.,14659E-07 A_6T4O2E-02
& 5.95479€-02 a8 .80683E-0B 5.95480E-02
7 L. 144H9E-0F 4,72280E-06 4,16¢50E-02
8 2.9538BE-02 5.10377€E-08 7.95389E-02
9 2.11765E-02 3. 547S4E-O8 T.11745E-02
10 1.53058E-02 2.86121E-08 1.53058E-02
11 1.11368E-02 2.00457E~08 1.113488-02
12 ¢.40157E-03 1.588R84E-08 9.40159E-03
+aa PHOTON FLUXES FOR GROUP § =xx
LNT. PHUOTUON BREM. TOTAL
1 1.77Q80E-04 2.15753€-96 1.79238E-04
2 1.484871E-03 2.56927E-06 1.48928E-03
3 Z.805B/E-01 2.67847E-08 2.80455E~+03
& 2.85925F-03 2.15583E-08 2.64141E-0)
5 2. iPSsYE-O3 4 .8B156E-04 2.32535E-03
& 1.96113E-03 1.29806E-068 1.94253E-021
/ 1.62140E 03 9.95521E-07 1.62239€-03
8 1.32297E~03 7.59173E-07 1.32373€E-03
£ 1.070056-04 5.7L782E-07 1.07062E-03
das GROUP  TOTAL ek
IRT. PHOTON BREN. FOTAL
1 5.18811E-01 2.4389BE-02 5.43205E-01
2 3.873356-01 3. 13871F-0° 4.18722E-01
3 2.7055BE-01 3.29330E-02 1.03491E-01
* 1,.901%7E-01 2.55839E-02 2.15781E-01
5 1.37277%F-01 1.9924LE-02 1.57705E-01
é 1.01745E-01% 1.523056-02 1.14%95E-01
? 7.63065E-02 1.16364E-02 8.7TR4I0E-OZ
8 s.78327E-02 8.8701ZE-03 4. 67D2BE-OR
9 L.41326E-02 6.69941E-03 5.0B3L2E-02
10 3,39L04E-02 5.03513E-03 X, 89764E-02
11 2.58208E-02 3.42308E-03 2.92L39E-02
12 2.20058E-02 2.50629E-03 2.45121E-02
13 9. 35241E-01 9.3800FE-02 1.G270C4E+00
NDTE : VALUES FOR TNE LAST INTERVAL ARE TOTAL
sun IONE TOTAL ew
IONE )
GRP. PROTON BRE#. TOTAL
1 $.16726E-02 2.0 5.14726E-02
H 8.23735E-04 8. 20007E-07 8,24554E-04
3 6,974 59E-O1 5.41030E-07 &.97440E-01
& B.79296E-03 7.RI03SE-Q4 B.BOOBBE-O3
5 §.2BL11E-U3 4.44BB1E-05  6,32B&1E-03
] §.56215E-03 1.07707E-04 §.64FB5E-03
7 7.54162E-03 3.35746TE-CC T.89739€-03
& ®,79536E-03 T.ASLERE-O4 1.05B0FE-02
9 1.118746E-02 1,62290E-03 1.281056-02
10 1.47580E-02 3.09935E-03 1.7B543E-02
it 9. EIFLIE-0D 3.525886-03 1.33593E-02
12 1.08766E-02 §5.15596E-03 1.60524E-02
13 1,61033E-02 8.16242E-03 2.22657E-02
14 1. Ba73ZE-02 1.255Q7E-02 3.12240DE-02
15 2.21328E-02 1.96959E~02 4.182B8BE-02
16 §.24882E-02 1.2583%E-02 2.50717E-02
17 1.29%71E-02 1.39039E-02 2.49010E-02
18 1.12548E-02 1.02944E-07 2.15814E-02
1% ?.66331E-04 1.923C4E-02 2.88940E-03

ses |NFORMATZON DF DATA PODL USAGE ens
LOGICAL UNIT WO. = §1
DATA SET HWAME e J1445.POOLE?, DATA
KO. OF WHITTEN RECORDS = 2

z

REMAINS RECORDS 7508



