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FOREWORD

This report is Volume 3 of six volumes of the final report on "Nuclear Rocket Shield-
ing Methods, Modification, Updating, and Input Data Preparation”. This work was performed
for the George C. Marshall Space Flight Center (MSFC), Hunisville, Alabama, under
Contract No. NAS-8-24919, Control No. DCN 1-X-80-00056. The technical monitor of
this contract was Mr. Henry E. Stem, Deputy Manager of the Nuclear and Plasma Physics
Division of the Space Sciences Laboratory, MSFC. A description of the GAMLEG-W,
APPROPOS, NAGS, and SATURN codes are presented in this volume.

In summary, the six volumes of the final report are as follows:

Volume 1: “Synopsis of Methods and Results of Analyses" A summary of the work performed
under this contract,

Volume 2: "Compildi‘ion of Neutron and Photon Cross Section Data" - A description of the
six Master Libraries of neutron and photon, cross section data,

Volume 3:  "Cross Section Generation and Data Processing Techniques" - A description

of the GAMLEG-W, APPROPOS, NAGS, end SATURN ccdes,

Volume 4:  "One-Dimensional, Discrete Ordinates Transport Technique® - A description of
the ANISN-W code,

Volume 5:  "Two Dimensional, Discrete Ordinates Transport Techniques” - A description of
DOT-1IW, DOQ, ADOQ, and MAP codes, and

Volume é:  "Point Kernel Techniques” - A description of the KAP-VI and SCAP codes.

—
—
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ABSTRACT

A description of the cress section generation and data processing techniques
for analyzing nuclear reactor systems is given. These fechniques include 1) the GAMLEG-W
code for generating multigroup, photon cross sections for use in discrete ordinate and Monte
Carlo transport codes; 2) the APPROPOS code for preparing multigroup, simultaneous,
neuiron-photon cross section data and neutron reaction cross section data for radiation transport
codes; 3) the NAGS code for processing the output fluxes from one-and two-dimensional
discrete ordinate transporf codes to provide neuiron and gamma ray, distributed source data
as well as nuclear energy deposition; and 4) the SATURN code for processing master library,
cross section data including optional, iransverse leakage corrections, adjoint reversals, and
mixiure operations.

Detailed user information is supplied for each code. This information includes
problem setup, running time, required input data, and tape and core storage requirements.
A sample problem card input and printout as well es a description of printed, punched and

tape output is included for each code.

CRDCEDING PAGE BLANE NOT FILBMED
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1.0 INTRODUCTION

This report is Volume 3 of the six volumes of the final report on "Nuclear

Rockel' Shielding Me!‘hods, Modlf’cchon, Updating, and Input Data Preparation”. Presented
in this volume is a description of the cross section generation and data processing techniques
provided for the Marshall Space Flight Center (MSFC) under the contractual effort. The four

computer codes described in this volume are:

1) GAMLEG-W,
2) APPROPOS,
3) NAGS, and
4) SATURN

The GAMLEG-W code provides multigroup, photfon cross se¢tions for use in
discrete ordinate and Monte Carlo transport codes. OQutput d'afa from GAMLEG-W on
magnetic fape or cards is admissible to the discrete ordinate transport or data processing
techniques discussed in this report. The GAMLEG-W code is described in Secfion 2. 0,

The APPROPOS code is a data preparation technique for processing multigroup,
neuiron cross section data and multigroup, neutron reaction cross section data (e.g., radiative
capture, fission, inelostic scatter, and elestic scatter) to provide speciral~weighted, neuiron
cross section data in a reduced number of energy groups. These data are then processed with
input specified elemental afom densities, "gamma ray production data due to neutron reactions,
and photon cross section data to provide macroscopic, coupled, neutron-photon cross section
data, neutron cress section dafa and phofon cross section data. The format of the cutput data
is admissible to multigroup, discrete ordinate and Monte Carlo transport codes. The APPROPOS
code is described in Section 3, 0,

The NAGS code processes muliigroup, neutron and photon flux distributions for
one-dimensional, slab or cylinder geomeiry models, or two-dimensional, r, z, orr, 8 geometry

models, Flux data input fo the NAGS code are read from magnetic tape or disk as produced by

1-1



the ANISN-W or DOT-IIW discrete ordinate transport codes described in Volumes 4 and 5

of this report. Additional input data required by the NAGS code are prepared by the
APPROPOS code. desctibed in this volume, The NAGS code provides: 1) neutron and
photon source data for use in point kemel, Monte Carlo, or discrete ordinate transport
analyses, 2) neuiron and photon dose rates, or 3) nuclear energy deposition data feutron
and photon) for use in subsequent thermal and hydraulic design analyses. Source distribufion
data are generated on punched data cards for input into the KAP VI code (Volume 6) and

on magnefic tape for use in the ANISN=W or DOT=|IW codes. The NAGS code is described
in Section 4,0,

The SATURN code processes Py or iransport corrected P, cross section data using

a minimum amount of core storage to produce multigroup cross secﬁgn data tapes in fwo
formats for use in the ANISN=W or DOT~IIW codes. The iwo formats are the normal, group-
dependent data tape or the specially prepared, group-independent data tape. Options
provided in the SATURN code include mixing table opetations, adjoint reversals, transverse
leakage corrections, and output tape labeling or relabeling capabilities. The SATURN code
is desctibed in Section 5.0,

* The GAMLEG-W, APPROPOS, NAGS, and SATURN codes are an integral

part of both the preliminary or parametric and the detailed design radiation analysis methods

provided for the Marshall Space Flight Center under this contract and the previous-contractual
work (NAS-8-20414), A simplified, schematic diagrem of each method is shown in Figures
1-1 and 1-2, Both methods are fully described in Volume 1 of this report.

In the preliminary or parameiric design method (Figure 1-1), the APPROPOS
code (Volume 3) is used to prepare neutron and photon cross sections and other basic data
for use in the transport and data processing codes. These cross sections are input to the
ANISN-W code (Volume 4). The ANISN-W code computes one-dimensional neutron and

photon fluxes in the reactor geomeiry. From the neutron and photon fluxes, neutron and
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Figure 1-1. Flow Chart for Preliminary or Parametric Radiation Analysis



photon energy sources and distributions or heat generafion rates are obtained using the NAGS
data processing code (Volume 3). These sources and distributions are used as input to the
KAP-VI point kernel code (Volume 6), The KAP-VI| code provides gamma ray and fast neuiron
radiation levels o locations external to the reactor, Radiation sources, heat generation
rates, and radiation environment, both internal and external to the reactor as well as shield
effectiveness can be computed using the preliminary or parametric design method.

In the detailed design method (Figure 1-2), the neutron and photon cross sections
prepared by the APPROPOS code (Volume 3)are used os input data fo the DOT-IIW, two-
dimensional, discrete ordinates transport code, The DOT-HW code (Volume 5) computes the
two=dimensional neutron and photon fluxes throughout the reactor geometry. The NAGS
data processing code (Volume 3) processes these fluxes and calculates neuiron and photon
energy deposition and neutron and photon energy sources and disiributions within the reacfor
system, These sources and disiributions are used as input fo the KAP-VI point kernel code
(Volume 6), The KAP-VI code provides gamma ray and fast neuviron radiation levels ot
locations external fo the reactor. In additon, the surface leakage fluxes from the DOT-HW
problem geomeiry are used as input to the MAP radiation transport code (Volume 5). The
MAP code computes the radiation environment at selected surfaces or points external o the
DOT-IW geometry and includes provisions for last-flight fransport using optional point kemel
techniques. The SCAP single~or albedo-scatter code (Volume 6) is used to compute external
radiation environment using, as source input data, the output from either the KAP=V] or the
MAP codes. Radiation sources, heat generation rates, and radiaiion environment, both
infernal and external to the reactor as well as shield effectiveness can be computed using
the defailed design method.

The SATURN (Volume 3), DOQ (Volume 5), and ADOQ {Volume 5), codes are
additional data preparation and handling codes. These codes are provided as convenient

tools for manipulating large quantities of data or providing selected input data.

1-4
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2.0 GAMLEG-W CODE

GAMLEG-W, a revised version of the GAMLEG code(l), provides multigroup,
photon fransport cross sections for usé in multigroup; discrete ordinate fransport or Monte
Carlo transport codes. The code is designed to provide photon transport cross sections in a
maximum of 100 groups with scatter transfer cross sections represented as a Legendre expan-
sion (P,) of arbitrary order. The code performs a numerical integration with a user specified
weighting function to obfain multigroup, absorption and scatter-transfer cross sections.
Absorpfion eross sections are obtained from pointwise, photoeleciric and pair-production data
on punched data cards or magnetic tape,and Compton absorption from the Klein-Nishina

@)

equation for the inelastic scattering of a phofon with a free eleciron. Scatter-transfer
cross sections are obtained from the differential form of the Klein-Nishina equation for the
inelastic scattering of a photon with o free electron.

The code can, af option, provide phofon transport cross section data for use in energy
flux or particle flux calculations. Production of a pair of 0.511 MeV photons due to pair
production annihilation can be included in the energy scatter-iransfer of particle scatter-

transfer cross sechion data.

Output data from the GAMLEG-W code are compatible with the ANISN-W(3) or

(4)

DOT-IIW" * computer codes and are placed on either punched data cards or magnetic tape,

2-1



2.1 COMPUTER CODE SYNOPSIS

1} Name: GAMLEG-W(U

2) Computer: The code is designed for the UNIVAC-1108 computer.

3} Nature of Physical Problem Solved:

GAMLEG-W solves for multigroup, photon fransport cross sections for use in
multigroup, discrete ordinate or Monte Carlo transport codes. GAMLEG-W uses a numerical
integration (with a specified weighting function) of T) poiniwise photoelectric or pair-production
data and 2) the Klein-Nishinag equations for inelastic scattering of a photon with a free electron
to provide group averaged cross sections. Energy scatter~transfer or particle scatter—transfer
cross sections are calculated at option., Pair-production absorption may, at option, be
treated as the production of a pair of 0.511 MeV phbtons in the scatter-transfer cross sections.

A maximum of 100 groups is allowed with an arbitrary order of the Legendre
expansion of the Compton scattering cross sections as a multigroup, scatter-iransfer matrix.

4) Method of Solution: GAMLEG-W uses a Simpson's rule integration method with
a specified weighting function to evaluate group averaged quantities. A maximum of 50
infegration points per group is allowed in the scatter-transfer cross section averaging, and a
factor of two greater number of infegration peints (maximum of 100) in the group averaging.

5) Restrictions on the Complexity of the Problem: The GAMLEG-W computer code
is limited to a maximum of 100 groups and 50 integration points per group. Cyclic calculation
of the multigroup data for each element after the calculation of the P, scatter-transfer dato
of order £ allows for the caleulafion of a maximum of 100 sets of multigroup element data.
Photoelectric and pair-production cross section data are represented as a maximum of 99 point-
wise values of dafa for each element.

6) Typical Running Time: The equation for the GAMLEG-W code running time can
be approximated by the number of groups, number of integration points per group, and the
order of the Legendre expansion of the cross section data. The CPU time on the UNIVAC-

1108 computer is estimated from the following equation:

NMAX*N*(IG-1) , N*NMAX*IZ*(IG-1)

H{CPU seconds) = 20 + 0 4000
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where: |G s the number of group energy bounds,
N is the number of integration points in each group,
NMAX  is the order of the Legendre expansion in the scatter-transfer cross sections (¢+ 1) and

IZ is the number of set element data to be calculated.

7) Unusual Features of the Code: The code employs a numerical infegration fech-
nique to solve for multigroup photon séa’rrer—trcmsfer cross sections, of arbitrary order, using
the Legendre polynomial scattering approximation. Energy~or particle scatter~transfer cross
secfions are calculaied.

8) Related or Auxiliary Codes: Photon cross section tapes generated by GAMLEG-W
are used as input to the ANISN-W(Q), DOT-IIW(s), or, APPROPOS M computer codes,

9) Status: The code is in production use at the Marshall Space Flight Center
(MSFC). Users at MSFC load the code from a tape with control cards followed by user's input
data.

10) References: 1. R. G. Soltesz, R. K. Disney,‘and
S. L. Zeigler, WANL-PR(LL)-034,
Volume 3, "Cross Section Generation

and Data Processing Techniques®”,
August 1970,

2. R. G. Soltesz and R. K. Disney,
WANL-PR{LL)-034, Volume 4, "One
Dimensional,Discrete Ordinate
Transport Technique®, August 1970.

3. R. G. Soltesz, R. K. Disney, J. Jedruch, and S. L. Zeigler
WANL-PR({LL)-034, Volume 5,
"Two Dimensional, Discrete Ordinate
Transport Techniques", August 1970,

1) Machine Requirements: The GAMLEG-W code is in production use af MSFC
on a UNIVAC-1108 computer with a 65 K core. The source code requires 49 'K decimal
locations for instructions and data storage: Up to 2 tupe or disk devices are required in addi~
tion to the input, output, and punch devices.

12)  Programming Language Used: The code is written entirely in standard, USASI
FORTRAN-1V.



13) Operating System Under Which Program is Executed: The GAMLEG-W code
is operational under the UNIVAC-1108, EXEC 8 Monitor System at MSFC,

14) Other Programming or Operating Information or Restrictions: None.

15} Name and Establishment of Authors:

R. G. Soltesz and R, K. Disney
Westinghouse Asironuclear Laboratory
P. O. Box 10864

Pittsburgh, Pennsylvania 15236
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2,2 INPUT DATA DESCRIPTION

2.2.1  Input Format

The input data for the GAMLEG-W code are divided info the following three data
sets:

a) Overall problem specifications,

b} Weighting function and energy grouping data, ond

¢} Element data.

The first data set consists of a problem title card and integer data specifying the
problem parametfers. All integer data are input as right adjusted in the data field specified
in the inpuf.

The second duta set consists of weighting function data, source data, and the multi-
group energy specifications. The third data set is the element daio.  The GAMLEG-W code
processes the element data in sequence to obtain the PO cross section data; Pz cross section

dafa are generated in sequence for the entire set of element data.

2.2.2  Input Data Instructions

This section describes the problem input daia required (Table 2-1) for the GAMLEG-W
code. Section 2.3 presents a more detailed description of the required input data. The
quantity in slashes represenis the input dafa array dimension and the expression brackets is the

condition requiring the array or set of arrays as input to the code,



TABLE 2-1

INPUT INSTRUCTIONS FOR THE GAMLEG-W CODE

DATA SET A - Overall Problem Parameter Specifications

Card Number  FORTRAN Format  Card Column ~ Variable Name - Description

1 ] (12A6) 1-72 —— QOverall problem descriptive
title
2 (1415) 1-5 G Number of energy group

limits for energy grouping
(Number of groups plus
one), /1G~1 <100/

6-10 N Number of integration
intervals per group
/N 550/
11 =15 NMAX Order of Legendre

expansion for which scatter-
transfer cross sections are
to be calculated

NMAX = 1/2/3/4/5/¢/, ...

PO/P.{/P2/P3/P4/P5...

16 -20 KGN Weighting function input
option
=2/-1/0/+1/%2,
Particle. Flux/Energy Flux/
Uniform or Flat/Energy Source/
Particle Source

21-25 NMAT Number 'of cross section sets
. to be placed on binnry output
tape 10 for ANISN-W or
DOT-lIW
NMAT =1Z

26 - 30 IDT Tape idenfification number
for ANISN-W or DOT-1IW

binary output tape

2-6



TABLE 2-1 (CONTINUED)

DATA SET A

Card Number FORTRAN Format  Card Column

Variable Name

Astronuciear
Laboratory

Description

31-35

36 -40

41-45

46 - 50

51-55

NPUNCH

NODD

NREAD

NPP

NPF

Punched card output
option for ANISN-W
or DOT-IIW daia.
NPUNCH = 0/1, No
Punched Card Output/’
Punched Card Qutput

Compton seutter loss
caleulation option
NODD = 0/1; Calculate/

Do not caleulate

Library tape option:

NREAD = 0/1; o p

and o, input from

cards/;qpe 11

Riirproduction caleulation
option

NPP = 0/1, Pairproduction
treated as absorption/Pair-
production treated as absorption
plus scatter-transfer

Quiput Scatter-Transfer
Cross Section Caleulation
Option

NPF = 0/1, Energy flux
cross section output/
particle flux cress section
output,



—

TABLE 2-1 (CONTINUED)

DATA SET B - Weighting Function and Energy Grouping Data

The following data IF, EFLUX, or 1S, ES, S are input according to the input variable, KON,
The energy range of EFLUX and ES must span the energy range of the input energy group

structure,

Card Number

FORTRAN Format

Card Column  Variable iName

Description

NOQTE: Cards 1, 2, and 3 are required enly if KON < 0

1

(15)

(6E 12, 5)

(6E 12, 5)

(15).

(6E 12.5)
(6E 12.5)

(6E 12. 5)

-1 -5 IF

-— EFLUX
FLUX

1=5 1S

—- ES

_— ‘ [

et EG

Number of input weighting
flux values,

Energy values corresponding
to flux values in order of
decreasing energy. /IF values/

Input flux values for cross
section weighting /1F values/

Number of input source
values

Energy values in units of
MeV corresponding to source .
value in order of decreasing
energy. /1S values/

Input source valves (If
KON >0, used for cross
section weighting) /1S
values/

Group energy bounds (or limits)
in order of decreasing energy
including first (highest energy)
value in units of Mev.

/1G values/



TABLE 2-1 (CONTINUED)

DATA SET C - Element Data
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Lahoratory

The following data, 1Z, TITLE, 1A, Z, AMU, EAIL, SIG PP, SIGPE, are input only if the input
variable in DATA SET A, NREAD = 0.

Card Number FORTRAN Format Card Column

Variable Name

Description

1

(45 1-5

(1246) 1-72
(5, 2F 10, 5) 1-5

6-15
16 - 25

(6E 12. 5) -—

(6E 12.5) -—

(6E 12, 5) -

AMU

EAl

SIGPP

SIGPE

Number of sets of
element data on punched
cards .

Element Identification

Number of energy points
in pointwise cross section for
this element

Atomic number for this
element

-‘Atomic mass units for this
element

Energy point values at which
cross section data (photo=
electric and pair-production
are given in order of increas—
ing energy and in units of
Mev,

/1A values/

Pajrproduction cross section
at each energy point, EAl,
in order of increasing energy
and in units of barns*(em2/
atomx 1 4)

/1A values/

Photoelectric cross section
at each energy point, EAI,

in order of increasing energy
in units of barns

(cm? / atom x 10%)

/1A values/

Cards 2 to 6 inclusive are repeated for each element (IZ sets). This concluies the required
setup for a GAMLEG-W calculation.

* abamn is (cmzfcfomx 102{!)



2.3 DETAILED INPUT INSTRUCTIONS

This section presenfs a more defailed definition of the input paramefers and arrays
defined in Section 2.2.2, Examples of input data are illustrated to assist the user in the setup

of a GAMLEG-W probiem.
2.3.1  Multigroup Specifications

The input parameter to the GAMLEG-W code specifying the number of energy
bounds is the value, |G, The energy values, EG, are the energy limits of the multigroup
structure in order of decreasing energy. The code internally computes the number of groups,
IG-1; the printed oufput data of the code is the quantity, IG-1. " The input energy values
for the multigroup input to GAMLEG-W must be within the range of the energy valuves of both
the flux and/or source weighting data entered in DATA SET B and the cross section data
entered in DATA SET C. This restriction requires that the lower energy value, EG(IG),
must be greater than or equal fo the lower energy value of EFLUX, ES, and EAL. The upper
energy, EG(1), must be less than the highest energy value of EFLUX, ES, or EAL

2.3.2 Group Integration Requirements

The user of GAMLEG-W specifies the number of Simpson's rule integration points to
be used in calculating the group averaged quantities. The internal calculation uses the input
value, N, in Dofa Set A as the number of points within each group for these calculations.

The Simpson's rule numerical integration used fo provide the scatier-iransfer cross sections,
however, requires a factor of two greater number of poinfs. This requirement is coded in
GAMLEG-W. The nt.:mber of integration points is dependent upon the group energy widths

and the average energy of the group. For groups of 0.5 - 1. 0 MeV energy widths and energies
greater than 0. 1 MeV, the recommended value of N is 30 integration points per group.

2.3.3 Weighting Funcfion Data Requirements

1

Four types of data can be used fo input weighting function data to the GAMLEG-W
code. The user specifies the fype of input by the control word, KON, Based on the value

2-10
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of KON, and the specified type of cross section output desired (i.e., energy or particle
scatter-transfer), the code calculates the proper weighting function data. For example, the
user may specify enérg& flux weighting function data as input and particle flux output data.
In this example, the code would convert the weighting function to a particle flux by dividing
by the energy value af each energy point. In addition to the weighting function option, the
user may specify the weighting fo be uniform {or flat) within the group.

Flux weighting is optional in the GAMLEG-W code. Only if KON is negative are
flux weighting datfa required.as input.. The source data are always a required input data
array. In addition, the user must specify an array which spans the range of the energy group

specifications.
2.3.4 Library Data Requirements

Library data of pair-production and photoelectric cross section data by element are
required input fo the GAMLEG-W code, These library data are entered in units if barns per

atom (cmz/cfom * ]024

)» The user must specify the number of energy points, the energy
values (in decreasing energy in unifs of MeV), and the cross section values at the energy
points. The code employs a linear interpolation method in the logarithm of energy and the
logarithm of the cross section value to provide energy point values in the integration. The
user musf, therefore, specify a sufficient number of point data to describe the variation of
cross section with energy, including the K, L, M, etc. electron shell edges of the photo-

eleciric cross section data.

The maximum number of energy point values allowed in the GAMLEG-W code is 99.
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2.4 PROBLEM SETUP INFORMATION

This section describes the data deck setup for the GAMLEG-W code. Information
on tape assignments, running time, recommended debug procedure, and error messages is

provided.
2.4,1  Tape Assignment

The GAMLEG-W code has been placed on the MSFC UNIVAC-1108 computer system
under the EXEC 8 Monitor System. Under this system the GAMLEG-W code may require a
maximum of 5 tapes or disks, The tape assignments are as follows:
Tape 5, Input Disk
Tape 6, Output Disk
Tape 7, Punch Disk
Tape 10, Output Multigroup Cross Section Dala Tape
Tape 11, Cross Section Library Inpuf {or Output if NREAD = 0} Data Tape
The cross section library input data tape (Tape 11),which is required if NREAD = 1,
can be generated by a previous GAMLEG-W problem. The capability to produce a library
tape is provided in GAMLEG~W without opfion; the user may obtain this tape by saving
tape 11 from @ GAMLEG~-W problem for which a punched data card library was input. The
content and format of the library tape is discussed in Secvﬁon 2.7.
The output cross section data tape from GAMLEG-W is written on tape 10 in the

format required for the ANISN=-W and DOT-1IWcodes; the contents of this fupe are described

in Section 2.5.
2.4.2 Running Time

The required running time for a given GAMLEG-W problem on the MSFC UNIVAC-
1108 computer is dependent upon the desired number of energy groups (IG-1), the order of
the P, expansion of the scaitering cross section (NMAX), the order of the Simpson's rule
integration used in calculation group averaged data (N), and the number of sets of element
data fo be calculated (IZ). These input quantities are used in the following equation to
obfain an estimate of the CPU fime for a GAMLEG-W problem:
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t (CPU seconds) = 20 + NMAX *”')\’ *AG-1)  N* NMA);g’;éZ * (IG-1)

A finite setup fime is required -for ¢ GAMLEG-W problem (usually less than 20
seconds) and is included in the above equation to provide a conservative estimate of the time

required for a GAMLEG-W problem.

2.4.3 Recommended Prob!ern. bebug Procedure

Because of the code logic employed in the GAMLEG-W code, a complete checkout
of a GAMLEG-W input deck can be obfained by sefting the order of the P expansion,
NMAX, to 1 and the order of numerical integration, N, to a very few points (< 10). A
complete printout of the GAMLEG-W problem data and the processing of the element data
are obtained in less than 60 seconds of CPU t#ime. This procedure is recommended when a

complete sef of library data or a new weighting function is prepared for a GAMLEG-W problem.

. 2.4.4  Error Messages

The following error messages may be encountered when running ¢ GAMLEG-W

problem. These error messages are related to improper data or problem deck setup,

Error Message Explanation

"Error - Energy less than all energies” The input multigroup structure
extends below the range of the
input flux or source data or
below the range of the library

data.

"Interpolant out of range" The input multigroup structure lies
above or equal to the upper limit
of the flux or source spectrum or the

upper limit of the library data.

"The Interpretation of Meaningless Data Floating point data where fixed
was Attempted." point data belongs or a title card

where data belongs.
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2.4.5 Sample Problem Input

A sample problem input data listing is included in Table 2-2 to illusirate the setup of
a problem. This problem is used to generate 13 group, photon ransport cross sections. The
order the Legendre expansion (P, ) of the scattering cross sections is £ = 5 and the number of
numerical integration points is 30. The element data in the sample problem consist of
hydrogen photoeleciric and pair-production data. This card listing illustrates the deck setup;

a problem with more than one element requires additional,similar element data input.
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GAMLEG W SAMPLE PROBLEN
6 100

TABLE 2-2

SAMPLE PROBLEM CARD INPUT FOR THE GAMLEG-W CODE

.

6

9.4

. BB

14 30
105
9.50Q001
B.9
8.3
Ta7
T.l
5.5
5.9
.3 ‘
4.7
b1
3.5
2.9
243
1.7
L.l
0ad
0.09
0.03
1.03“5
6.23-4
3,98-3
1092“2‘
3.34=-2
3,25-2
7.67'2
1038"1
l.88~1
3.69-1
5.25-1
B.41-1
1143-0
1.87-0
"3.08-0
4450-0
T«32-1
2atrh—1
9.5
3.0
Qote
a1
HYDROGEN
27 1.0
«01
«06

ol

8.2
Teb
7.0
6.4
Se8
5.2

3.4

|

8.93~-5
7.?2—4
5.41-3
2.36-2
3.15~2
3.,84-2
9-28-2
1.25-1
2.30"'1
3.,80-1

- 5.44-1

Gel24~1
1.5C-0
1.92~0
3.00~-0
4 40-0
6.52"‘
1.63‘1
Teh

, 246

0.1

1.00797

019
«08
.5

o
.

=NNoWww SN
Vs ol O N =) WO

0.9

.02
ol
N

0

1e21-4
l.26~-3
Tel13-3
2.62-2
2972
4.61"2
1.03~1
l.12-1
2.52-1
4'10*1
5.94“1
9.,72~1
1.60~0
2.10~0
3.33-0
5.12“0
5,70-1
B.15-2
T0

2.2

l1.B4-%
1.68-3
9.20-3
a,18-2

T 2.72-2

«03
«15
8

4.96-2
1.12-1
1.10-1
2.77"1
4.56-1
6401
1.09-0
1660
2.80-0
3-68"0
3.30"0
4-89"‘

6.0
1.8

r

* & &

SOOI WP N0 - ~m-P

« 8 % 0 % 4 2 ¢ & s s 8 u g

C o= 0 e o] )8 O A

<04
2
l.0

P

2.82"“
2.17~3
1.18“2
3.43'2
Z.68-2
6.10~2
1.26~-1
1.27-1
B%Ol“l
4-81‘1
Tel3-1
1.22-0
1.71-0
2.99”0
3.64~0
1.63-0
4-08'1

5.0
1.35

DO mMEeNWWIIPBIRdoD
MR EEEEEEEEEEYE

O ND,rONGITOPrND RO

+»

+05
1.5

b ih~&
2¢%4~3
1-56~2
3.53~2
2.88-2
T«20-2
1e30-1
1544"1
3.32~1
54041

cT.80~1

1-32-0
10?8'0
2.88-0
4.02-0

" Bal5~1

3-26‘1

4s0
0.9

E-18

]
a0 0 ] OV PP e

¢
-
N

MMM AN MTTARAYN
1

F~14
F~15
F-14&
F=17
F-18
DE=1
DE~2

E MEV
E MEV
E MEV

@
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TABLE 2-2 (Continued)

3.0 4.0 5.0 6.0 8.0 E MEV
15.0 20.0 E MEV
0.0 0.0 0.0 0.0 0.0 PP 1 H
0.0 0.0 0.0 0.0 0.0 PP 1 H
0.0 0.0 0.0 0.0 44 -5 PP 1 H
5.64 -4 9.89 -4 l.42 -3 l.84 =3 2.62 ~3 PP 1 H
4.62 -3 5.63 -3 PP 1 H
240 -3 0-0 0.0 0.0 0-0 PE L H
0.0 0.0 0.0 0.0 0.0 PE 1 H
Cal 0.0 0.0 0.0 0.0 PE L H
+ 00 0-0 0.0 0.0 0.0 PE 1 H
0.0 0.0 PELH
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2.5 QUTPUT DATA DESCRIPTION

Output data from the GAMLEG-W code consist of printed output, punched card

output, and magnetic ape output.

2.5.1  Printed Output

The printout of the sample problem discussed in Section 2. 4.5 is shown in Table 2-3.
This printout consists of an organized prinfout of the inpuf dafa fo the code. The input data
from DATA SET A and DATA SET B (see Section 2.2) are the first printed data. The optional
flux weighting function dota are only printed if input.

This organized input printout is followed by an edit of the results of the numerical
infegration of the scatter~transfer cross section data. This printout consists of a line of print-

out for each group as follows:

DIFFERENCE - GROUP AVERAGE SCATTER CROSS SECTION AND SUM OF
GROUP AVERAGED TRANSFERS = GROUP N, 15 = X. XXXXXE-XX

This edit is dependent upon the type of cross section output. This difference is the
error between the numerical integration of the Klein-Nishina equation to obtain the group-
averaged, fofal, PO scatter cross section and’ the sum of the PO scatter-fransfer cross section
. obfdined from the numerical integration of the differential scatier-ransfer cross section in the
multigroup energy structure (see Section 2.7 for equations). If particle transfer cross section
output is obtained, this difference is the fractional error between the numerical integrations.

If energy iransfer cross section output is obtained, this difference is the Compton
absorption cross sections in units of barns/electron (cmz/eleci'ron * 1024). _

The next section of printed output is the multigroup results of the Compton scatier
cross section calculation. ‘The columns of data are the group qveragegl values as follows:

1) ENERGY (MeV) is the average group energy based on the weighted average of
the energy.

2) FLUX is the integral weighting flux (particle or energy) in each group.

3) SOURCE is the integral source {particle or energy) in each group.
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SAMPLE PROBLEM COMPUTER PRINTOUT FOR THE CAMLEG-W CODE

GAMLEG=W TNPUT DATA

NOs OF GROUPS & 2 o o ¢ o 8 & »

NO. OF INTFGHATIQN PQINTS/GROUP . !
NOs UF LEGENORE MOMENTS LR

WEIGHTING FUNP.lOl}/?lUNIFURMIENERGV p

NGe UF MaAlBRIALS O OUTPUT TAPEL& »
Tabe I.ﬂo NOs o o o & » .
MUNCH QUTPUT 0PTION!0/1.ND/YES) .

_l.
.
.
7
(MINUS IMPLIES FLUX=POSITIVE IMPLIES
[ ]
.
L ]
N

CoMpFan SCATTER=LDSS OPTIONIO/ L1 YES/NG)

.OCII.
v

LIHRARY OPTION(g/14CARDS/TAPELY e o o
PALR PROPDUCTLION 0PT10NI0/1|N0/YES}- .

LROSS SEcTION OUTPUT OPTIUN(D/ L ENERGY/PAR

o
D U T NP L T

Vo et o B Pt ek ot et
[l RN ORI SR AR

&+
v N
[LaE S PR VR

o oo
Eviv R i o

ENERGY IMEV)

54580001 0E+00
944000000E400
9¢3000Q000E*00
942000000E*00
9¢1000000E+00
9. 00BDDOOE*OD
A+9000000E+00
BaRDODOOGE+DD
8+ 1000G00E*00
Be6DUODIQE+DD
8250000D0E+00
Be4DUOO0OESDO
8.3000000E400
2.2000000E400
Ba1000000E+00
Ba000000UE*OD
Te30000D0E*0D
T«RO0D0O00E*0D
faT000000E*D0
T+6000000F *00
T+5000000E*00
Te4000000E*Q0
7+3000000E*00
T«20000C0E*00
Te1000000E*00
T«H000U00OE+00
6e9000000E*00
C«RODOD0DE+DG
he TOUDOOQE+DN

SOURCE

7.0300000E=05
8,9300000E=05
1+42100000E~04
148400000E=04
2.8200000E~04
441400000E06
642300000E~04
T«9200000E~04
142600000E=03
16800000603
2.1700000E-03
2.9400000E-03
3,9A00000E=03
5.4100000E£=03
7+1300000E~03
9.2000000E-03
1+1800000E~02
1.56000D0&=02
1:9200000E~02
2+3600000E~02
2+6200000E=02
3,180000GE-02
3.4300000E-02
3,53000006~02
3¢3400000€-02
3.1500060E~02
249700000E=02
2472000D0E=02

2.6RQ0000E=02

. 5 = e mh'nc't

TABLE 2-3
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.
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6+6000000E+00
645000000E400
6e4000000E*00
6.3000000£+00
6,2000000E400
61000000E+00
540000000E%00
S«9000000E+00
5¢8000000E*00
Se78U0000E*Q0
5+A000000E+00
5+5000000E400
S40U0000E*O0
5+3000000E+00
5+2000000E+00
541000000E+00
540000000E400
4,9000000E+00
44B000000E+00
447000000E+00
406000000E400
4+45000000E+00
4,4000000R+00
4+3000000E+00
442000000£+00
4¢1000000E+00
4+0000000E+00
349000000E+00
3+80000008+00
3+7000000E+00
3.6000000E%0¢0
345000000E400
344000000E%00
3+3000000E400
342000000£400
*41000000E+00
340000000E +00
249000000E+00
2,8000000E00
2,7000000E+00
246000000E+00
2.5000000E+00
2+40000G00E+D0
24 3000000E+00
2.2000000E+00
241000000E+00
2,0000000L+00

2.8400000E=02
3.2500000E=02
3.8400000€E-02
Gedi00000E=02
&, 9000000E-02
6+1000000E=02
1+2000000E~02
T+6T700000E~02
3.2800000E=02
1:0300000E-~01
141200000E~01
1+260G000E~0Q}
13000000E-01
1+3800000E~0D]
1.2500000E~01
1+1200000E=01
11000000E=01
1,2700000E=01
1¢4400000E~01
1.8800000E-01
2:3000000E-01
2+5200000£-01
2.7700000E=01
3.0100000E=~01
343200000E-01
3.6900000E=01
3+8000000E~01
4¢1000000E=01
4¢5600000E=01
4.8100000E=~01
S5:0400000E=01
5.2500000€E~01
5+4400000E~01
5¢9400000E~01
6¢4000000E=~01L
7+1300000E=01
Te8000000FE=01
Be4a100000E~0]
942400000E=01
G4 7200000E~0]
1+0900000E+Q0
1+2200000£+00
1432000008400
144300000E+00
15000000E+00
1.6000000E+00
126600000E+00

TABLE 2-3 (Continued)
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77
78
19
80

a2
83
B4
85
86
a7
88
a9
90
91
92
93
94
95
96
97
98
99
100
101
102
103
o4
195

-
SO ~wOW W -

-
St gt pnt Psk
Do

UIFFERENCE=LROUP AVG SCATTER CROSS SECTION AND SUM OF GROUP AVERAGED TRANSFERSs GRGUP 1 o IS% 4,03754Em02

149000000E+00
1.8000000E+00
1«7000000E*00
1¢6000000E*0¢
149000000k %00
1+4000000E+00
1+3000000E400
142000000E+00
1.1000000E+00
1.0000000E%00
540000000E~01
B+00000C0E=0}
7+0000000E~01
e 00000BOE=D]
S«0000000E~0}
440000000E~01
3.2000000E~01
3.0000000E~01
2.0000000E~01
1.0000000E=01
Sa0000000E-0Q2
Be000DO00E=02
7«0000000E=02
6+0000000E=07
5,0000000E=02
4»0000000E~02
3.0000000e=02
2+0000000E~02
140000G00E~02

1+7100000E+00
1,7800000E+00
148700000400
1292000005400
241000000E+00
2+8000000E+00
?+9900000E+00
2eBB00000E+00
3.0800000E+00
3.,0000000E+00
133300000€+00
3,6R00000E +00
3.6400000E+00
4,0200000E+00
445000000E+00
&44000000E+00
5.1200000E+00
3,3000000E400
1:6300000¢ +00
Be1500000E=01
7+3300000E=01
6+5200000E=01
547000000E=01
438900000E~01
4.0800000E=01
342600000E=01
2+4400000E=01
1.6300000E~01
8+1500000E=02

GROUP ENERGY BOUNDS

9+5000000E+00
T¢5000000E%00
70000000E*00
6+0000000E%00
5e0000000E*00
4,0000000E+00
3.0000000E+00
2+6000000E+00
2,2000000E+00
1+8000000E+00
1435000006400
Ye0000000E=01
440000000E£-01
1+0000000£=01

TABLE 2-3 (Continued)


http:2.2000000E.00

12-¢

W IFFERENCE «GROUP

OIFFERENCE~GROUP

DIFFERENCE~GROUP

B1FFERENCE=GROUP

UIFFERENCE~GROUP

UIFF ERENCE =GROUP

DIFFERENCE=GROUP

OTFFERENCE~GROUP

DIFFERENCE~GROUP

UIFFERENCELGROUP

LIFFERENCE=GROUP

TABLE 2-3 (Continued)

AVG SCATYER CROSS SECTION

AVG SceaTTER ¢ROSS SECTION

AVG SCATTER CROSS SECTIoN

AVG SCATTER CROSS SECTION

AYG SCATTER CROSS SECTION

AVG SCATTER CROSS

SECTION

AVG SCATTER CROSS SECTION

AVG SCATTER CROSS SECTIoON

AVG SCATTER CROSS SECTION

AVG SCATTER CROSS SECTION

AVG

DIFFERENGE=GROUP

wROUP AVERAGE VALUES

GRP
NO»

W~ D~ RS o —

it fmek Gt et

ENERGY {MEV)

T.86563E+00
T424460E+00
6.,41510E+00
S.46238E+00
4,40093E+00
3.46560E+00
2,768942E+00
2.38°4BF+00
1,99479E+00
1.55561E+00
"1.12143E+00
6.36BT6E=01
.2,9378HE=01

FLUX

2132894E-02
3e20010E-02
T+60884E=02
2-164?55-01
4481831E=0]
1.06534E+00
T.18014E=0]

©1e02952E+00

1+29316E+00
1+487453E+00
2+65817E+00
3.85162k+00
1,61718TE«00

SCATTER CROSS SECTION

AVG SCATTER CROSS SECTION
CROSS SECTIONS

SOQURCE

5,95017E~03
3.2T035E =02
3,88794E02
1.10588F =01
2.446205E=01
S, 44366E-01
9,17221E=-01
1,31516£400
1,65196E4+00
2.,128594E+00
3,01B37E+00
3,93618F«00
2,T5564E4+00

AND SUM O

ANp SUM OF GROUP AVERAGED
ANp SUM OF GROUP AVERAGED
AND SUM OF GROUP AVERAGED
AND SUM OF GROuP AVERAGED
AND SUM OF GROUP AVERAGED
AND SUM OF GROUP AVERAGED
AND SUM OF GROUP AVERAGED
AND SUM OF GROUP AVERAGED
AND SUM OF GROUP AYERAGED
AND SUM OF GROUP AVERAGED
ANp SUM OfF GROUP AVERAGED
F GROUP AVERAGED

(BARNSIELECTRON)

COMPTON
SCATTER

6.,06481E=02
6,42331E-02
6,99880E=~02
T.81817€~02
9,03219E~02
1,05880E-0])
1.,20386E~01
1.32104E%p1
1,46726E-01
1 .68&3TE=pD]
2.,00361E~01
2.64214E~01
3,61725E=01

COMPTON
ABSORPTION

4,03754E02
4,23578E=02
4,54490E~02
4,96733E=02
5,56102E-02
6+25761E=02
6,85]82Em02
T,286TQE=02
7,7T711E~02
B,40375E02
9,09307E=02
9,74632E02
9,32599E.02

TRANSFERS,
TRANSFERS »
TRANSFERS
TRANSFERS
TRANSFERS s
TRANSFERS»
TRANSFERS
TRANSFERS
TRANSFERS+
TRANSFERS
TRANSFERS
TRANSFERS »

COMPTON

SCAT=LOSS

0e

O

0s

Qe

0s

Qe

0.

Os

0.

0:

GROUP
GROUP

B

GroOUP
Group
GrouP
GrouP

m -~ & 0 >

GROUP
GRoUP 9
GROUP10
GROUP1}
GROUP12
GRouP13

1Ss
15=
15=
15%
15m
15=
15%
1S=
IS=
I15s
15=
T

4,23578EL02
44 54490Er-02
4e06TIZEWO2
5,561 02E~02
8425761E%02
6485182E=02
7428670602
T,77T11E=02
Be40375Ew02
9.09307E=02
9,74632ER02
9432509E=02

COMPTON
ABSe (B}

3,172T0E~0)
3.06798BE~01}
2+91215E=01
2.70973E=01}
E+h42TOE=~D]
24314932E-01
1s90991E~p}
1.73962E=0
1,54962E-01
Le304564E=0
1 01695E~01

6.19046E=02

0o
9,67233E=03 2,7828RE=-02

COMPTON
SCAT~-LOSSIE)

Do
Qs
0s
Qs
0
0«
(%
O
Ge
Qe
0.

O
1,15650Ew03

@

Alojeloqe)
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http:2.78942E.00
http:5.4623R.00

AT

O AN W e

HYDROGEN

ENERGY (MEV)

2+0000000E+0]
1+5000000E+01
1.0C00000EQ]
80000000E*00
H«0000000E %00
5+0000000E+00
4.0000000E+DQ
3.0000000E%D0
2e0000000£+00
15000000E+00
1.0000000E+00
BeDOQ0000E=DL
&+ 000000001
S« 0000000E=0)
4+ (0000000FE~0)
3«0000000E=01
2e0600000E~01
1eG000000L™0)

1e000000QE=D])"

BeQ(@00000E~02
6+0000000E=02
S¢0000000E~02
4¢0000000E=02
3.0000000E=02
2.0000000E~02
1+5000000E"~02
1e0000000E=02

PALR PROD.
S5¢6300000E=-03
4+6200000E=03
3,2800000E=03
2+6200000E=03
1+8400000E~02
1+4200000E~03
9.,8900000E=04
5+5400000€E~04
1«8100000E=04
4,4000000E~05
[

Os
D
Os
O
o
0
De
De
De
Qs
Qs
0.
Os
0.
[«X )
O

TABLE 2-3 (Continued)

PHOTO ELEC

1]
2.0000000E~03
1,0400000E=02


http:3,2800000E.03

GRP

z
=
-

[ aallank ol
L Qe © DD ~d O 155 LI e

<
=]

A4

—
Loll= I LI S MR Ve

—

e Ao

o
Lo R ¥ QP PO ¥

PHOTO ELECT
ABSORPT [ ON

[+ )}
Os
Qs
De
O
Na
N
[+19
0,
0.
Oa
O
Or

CROSS SECT[ON TASLE ATOMIC

GROUP=

4,2935R3E~02

n
6.320858E=02
l|3582335“03
Ny

Qe

GROUP= 9

7.7944)0E=D2
fa

1+46089928=n)
1.089049E~=pp
1+482354E=n2

PAIR PRODUC
ABSURPTION

2+56048E=-03
2¢3195TE=03
1+99219E=03
1+61138EL-03
1+ 156826-03
Te3 T4 T6E=D4
4:55095E~04
2+:9737T1E=04
1:73016E~04
4,31715E=08
O»

G

[+1]

N

GRoUPe 2

4,467T733E~p2

O
5,655262E=02
1+135998E=p3
1.913A813E~-03
De
De
0s
O
De

GROUP=10

Be4pH8063E-02

Da
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4) - COMPTON SCATTER is the group-averaged, total, Compton scafter cross
section in units of barns/electron. ' ‘

5) COMPTON ABSORPTION is the Compion absorption cross section in unifs of
bams/electron. These data are directly usable as energy absorption data in energy flux
caleculations.

6) COMPTON SCAT-LOSS is the Compton' scafter-iransfer cross section for scatter-
transfer below the lower energy bound of the last (lowest) énergy group in units of barns/
electron. The data are directly useable as energy absorption data in energy flux caleulations.

7) COMPTON ABS. (F) is the Compton energy-absorption cross section in units
of MeV-barns/electron. These data are energy-absorpiion cross sections for use in particle
flux calculations.

8)‘ COMPTON SCAT~LOSS (E) is the Compton scafter, energy-loss cross section
for energy-loss due o scatter-iransfer below the lower energy bounds of the last (lowest)
energy group, in units of MeV=-barns/electron. These data are foruse as elﬁergy absorption
cross sections in particle flux calculations.

The final printed output from @ GAMLEG-W problem is the element data and the
photon fransport cross section data. The element data consisting of the photoeleciric and
pair-production cross section library data at the input energy points are printed, These data
are followed by an edit of the input library data as well as calculated data in the multigroup
structure. These group averaged data are tabulated by columns and contain the following
quantities as a function of energy group; :

1)  PHOTO ELECTRIC ABSORPTION is the phofoeleciric absorption cross section
in uniis of barns/atom.

2)  PAIR PRODUCTION ABSORPTION is the pair-production absorption cross section
in uniis of barns/atom. These dafa, af option, include the pair-production annihilation photons
as absorbed energy or particles.

3) ENERGY ABS (PP+PE) is the energy~absorption cross section in units of barns/

atom and includes, at option, the pair~production annihilation photon energy.
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4) ENERGY ABS (TOTAL) is the total energy~absorption cross section in units of

bams/atom. These data are useable as energy-absorption daic for particle flux calculations.

5) PAIR PRODUCTION TRANSFER is the energy- or particle-transfer cross section

from the group in units of MeV~-barns/atom or barns/atom.
The photon fransport cross section set (or array table) for the P0 data is the next set of

printed output, These data are in unifs of barns/atom for the element. The atomic number

printed before the table identifies the element data. The cross seciion table consists of a

column of data for each group of a multigroup set with G groups. The group, g, is defined

by table position (row) in each column as:

Table Position Cross Section Type
1 o
a
2 0.0
3 o
4
g9
° %g-1>g
¢ ‘g-1>-g
G+3 Ig-GHlG
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Description

The absorption cross section in
units of barns/atom.

"

total collision cross section in units
of barns/afom.

the self~ or within-group particle
or energy scatfter-transfer cross
section

the scatter-transfer cross section
from group g-1 to group g

the scatter-transfer cross section
from group g-G+1 to Group G
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- The scatter~transfer cross section fable positions contain zero except where a possibie

scatter-transfer into a group exists, )

" The Py cross section <_iai-u for £>0 contain zero entries in the a and o, table posi-’
tions for each group, The Py scatfer-transfer cross section fable corresponds fo the PO data
in format. NOTE: The Py s for £ >0, cross section data from GAMLEG-W contains the (22 + 1)
term. These P, data are directly useable in the ANISN-W and DOT-1IW codes.

The sample problem output in Table 2-3 illusirates a single element GAMLEG-W

problem. If a multiple element problem is run, the PO data for all elements are printed

followed by B, data for all elements for order £ = 1, 2, 3, etc. This output format is

necessary due to the cyclic calculation of the data.
2,5.2 Tape Qutput Description

Magnetic tape output from a GAMLEG-W problem consisis of 1) a multigroup,
photon fransport cross section fape in a format consistent with the ANISN-W, DOT-IIW,
SATURN (5), and APPROPOS ©) codes, and if a.punched card library is input, 2) a library
tape of pair~production and photoelectric cross section data in a form consistent with the
CAMLEG-W, SCAP(é), KAI-"—VI(‘S)lr and MAP(4) codes. The multigroup, photfon cross section
output tape is written in the binary mode on 10 in the following format:

Tape Record No. "Description

1 A two-word record contfaining 1) the number
of cross section sefs on the tape (which is
equal fo the multiple of the input quantity,
NMAT, times the number of Legendre (P, )
expansion coefficients (2+ 1), 2) the tape
identification word, IDT, which is GAMLEG~W
inpuf data.

2 A twelve-word binary record identifying the
cross section data. The twelve words are:

1) The number of table positions, 1G=-1+ 3,
where [G is GAMLEG-W input data.

" 2) The number of energy groups, 1G-1.

3) The position of the total cross section in the
cross section table (equal to 3).
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4) The set identification number NSET derived
from the input variables, 1Z, the element
sequence number, m, in the problem, and the
P; order, £, as follows:

NSET=m + (£ -1) * 1Z
5-12) Eight blank words.

3 A binary record containing (IG~1+ 3) *
(IG-1) words of cross section data. These
data are in the order of all table positions
for group 1, all table positions for group 2,
efe.

All even-numbered records on the tape are the set identification dato; all odd-
numbered sets greater than 1 are the cross section data. As stated earlier, the Py data for
all elements are the first records on fape followed by the P, data for all elements, the P,
data for all elements, efc. )

The library data tape produced by GAMLEG-W consists of the punched card library
used as input to a GAMLEG~-W problem, This data fupe is a binary tape produced in

GAMLEG-W problems for use in the KAP VI, MAP, or SCAP codes, The tape format is:

Tape Record No. Description

1 A one-word record confaining the input variable, IZ, which is
number of sefs of photoeleciric and pair-production data on
the fape.

2 A twelve~word (48 characters) record containing an alpha-
numeric identification title of the library element cross section
data.

3 A three~word record coniaining:

1} the number of energy points, 1A, in the element [ibrary
data,

2) the atomic number (elecirons/atom) of the element, and

3) the afomic weight of the element.
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4 A record confaining IA values of the energy corresponding o
the pointwise, photoeleciric and pair production data for the
element. These data are in units of MeV.

5. A record contuining 1A values of the pointwise, poir-production
cross section data corresponding to the energies in record 4.
These data are in units of bams/atom.

6 A record containing A values of photoelectric absorption cross
section data corresponding to the energies in record 4. These
data are in units of barns/atom.

Tape Records 2 ~ 6 are repeated for |Z sets of element data.

2.5.3 Punched Card Quitput

At user option, the P, photon transport cross section data for all elements in a
GAMLEG-W problem can be obfained on punched data cards. These punched card data
consist qf a title card for each set {which identifies its PP, order and the atomic number) as

follows:

P (0) CROSS SECTION TABLE ATOMIC NUMBER = XX. XXXX

This card is- followed by the F;Z photon transport cross section dafa in a (6E12,5) FORTRAN

format for all table positions and groups.
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2.6 CODE LOGIC

The general code logic used in the GAMLEG-W calculation of photon transport cross
section data is presented in this section. A description of the subroutines in the GAMLEG-W

code and their function in the overall code logic is described.
2.6.1 Description of Calculation Procedure

The GAMLEG-W code consists of main routine and 5 subroutines. These subroutines
perform specific, repetitive functions in the calculation of photon transport cross sections. A
description of the numerical fechniques used in the GAMLEG-W code is described in Section
2.7. The general code logic in the GAMLEG-W code is shown in Figure 2-1. As shown, the
sequence of calculations invelves four principal operations:

1) Calculation of group-averaged Compton scaiter data, group flux and source
integrals, and group average energies;

2) Calculation of multigroup, P, Compton scatter-transfer cross sections for order £;

3) Caleulation of group-averaged phofoeleciric and pair-preduction absorption
data for elements; and

4) Calculation of the complete, P, cross section fable.
As shown in Figure 2-1, the code calculates all element data for each order 2 of P, . This
cyclic operation produces the phofon transport cross section data for all elements, m, from
1 to M (M is the input variable 1Z), The complete set of element data for Py data is followed
by a complefe set of Py data, a complete set of P2 data and so on until alf P, cross section
dafa of order £ (input variable, NMAX, is equal fo £ + 1) is calculated,

The code logic maximizes the capability of the code {i. e., number of elements,
number of groups, order of P, , order of numerical integration) with a rr;inimum requirement

of computer capability.
2.6.2 Description of Subroutines

Calculations performed in each of the five subroutines used by GAMLEG-W are

described in the following paragraphs. These subroutines perform specific, repetitive functions
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Recd Input
Edit Input
Set Constants

Evaluate Group Flux; and
Source [ntegrols, and
Group Averoge Energies
and COMPTON Scatter
Dato

—
[Set Order, 2= 0 |
]

]
Evaluate Group Averaged
Py Scatter Tronsfer Data
and Print Group Averaged
Po Compton Scotter Data

LSEf‘ Element Sequence No.,m=1]

Read Input-{Cards or Tope)
Element Dependent Deta
(Photcelectric & Pair Pro~
dyction} and Eclucte

Gropp Averages

Ploce By Cross
Seclion Do on
Quiput Files

Form Py Cross Section
Table
I

Iincrement £lement Sequence No., m=m+1

<

||ncrernent Fy Order, £=2~1 I

3

2L

Figure 2-1. GAMLEG-W Code Logic
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and are used only by the main routine during the four major steps of the code. The subroutines

are as follows:

Subroutine

AL

ARG

SIGMAS

SIGMAC

SIMP

Principal Operation

Performs a search of the tabular data to select the values of
the dependent~ and independent-variables bounding the
desired value and calculates the interpolated value based on
linear interpolation in the logarithm of the dependent and
independent variables (log-log interpolafion).

Calculates the Py scatter-fransfer cross section for scatter from
the incident energy to the scaftered energy based on the
differential form of the Klein Nishina equation for inelastic
scattering of a photon with a free electron. A generalized,
recursionbselaﬁonship for Legendre polynominal coefficients

is used.

Calculates the Compfon cross section at an energy from the
Klein Nishina equation for the inelastic scattering of a photon
with o free electron.

Calculates the Compton cross section af an energy from the
Klein Nishina equation for the inelastic scattering of a phofon

with a free electron.

Calculates the integral value of a set of equally-spaced
tabulated data based on a Simpson's rule integration method. )
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2.7 METHOD OF SOLU]‘IO_N

. The GAMLEG-W code is a revised version of the GAMLEG code. The revisions
include revised procedures of: 1) Compton cross section weighting, 2) calculating scatter
cross section data, 3) numerical integration, and 4) input and output of photon cross section
data. The basic code logic of the original GAMLEG code was not altered, but the numerical
techniques used to calculate group-averaged, photon cross section data for discrete ordinate
photfon transport were exiensively revised.

The original GAMLEG code is described in Reference 1. In addition, a derivation
by Evans(z) of the Klein-Nishina equations from the differential~scattering cross section for-
photons given by Evans is given in Reference 9. The numerical integration method in
GAMLEG-W (using Simpson's rule) was adapted from Reference 8; detailed comparisons of
the MUG (10) and GAMLEG-W constanis and calculated resulis were made,

The GAMLEG-W calculation is divided info the caleulation of group averages of
the weighting functions, Compton scatter cross sections, absorption cross sections, and the

formation of the photon fransport cross secticn tables.
2.7.1 Group Averages of the Weighting Functions

The initial calculations performed by the GAMLEG-W code are the preparation of
group energies and weighting functions info a form consistent with the calculation of group
average cross sections. The input group energy bounds, Eg, and the input flux- and source-

pointwise energies, E., are converted from the input dafa units, in MeV, fo units of electron
i

rest masses as follows:

o« _ E 2
g g/moc

«, E, 2
i= |/2m0c
where m ¢ = 0.510977205 and,

m, = is the electron rest mass,

c  =.is the velocity of light
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The weighting functions used for performing group averages are obtained from GAMLEG-W
input data as a function of the desired output form specified by the user as 1) energy transfer
(input variable NPF = 0) or 2} particle transfer (input variable NPF = 1) and 3) the form of
the input data (input variable KON =2, =1, 0, 1, 2). The weighting function, f (c:r])I|r is
calculated as a function of the equally-spaced energy poinfs within each group defined as:

o b 4
g+l g T
a ( N ) . (n-1) g

where o

g+l is the upper energy bound of the group

g is the lower energy bound of the group

[+4
N is the order of numerical integration
“n are the equally spaced energy values fromn=1to n=N+1

At each of the energy points, @ n, the weighting function is calculated from the input flux
or source data, I(« i)’ N (ai)' S( ai)’ and s( a;)-.from : log=log interpolation
of the tabulated input data. The weighting function f( an) is then defined from the input
variables, NPF and KON, as:

i KON =0 and NPF =0 or T {Uniform or Flat Weighting)

f(un)= 1.0‘

If KON =+1 or +2 (Source Weighting)

fla )= S& ) KON =T and NPF =0
fla )= S(a_n)/an KON =1Tand NPF = T
fla )= g (@ ) KON =2 and NPF = 1"

F(an)-: s (an)*a o KON =2 and NPF =0
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If KON =-Tor =2 (Flux Weighting)

f (o n) = (o n), KON =1 and NPF =0
f(an)= I (o n)/u o ‘KON =-1 and NPF = 1
f(a n)= N ( n)' KON ==2 and NFF =1

= ® - -
f(an) N(un) « KON = -2 and NPF =0

All numerical integrations in the GAMLEG-W code are performed with the SIMP
(8)

and are provided as prinfed output data:

subroutine® ’ using Simpson's rule. The following integrals are computed by GAMLEG-W

1) Group integral weighting function,

C‘U
fg=ﬁ‘g f)da
a

g
2) Group average energy,
A
Eg"'moCﬁ o f(q)dq
g
3) Group integral source,
) .
a
g
Sk)da
L
ag
s =
g C(U - C(L
g a9
or,
u
o
g
f s (@)d o
L
Ctg
s =
g l_IU _ qL
g g
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2.7.2 Compion Scatter Cross Section Calculation

The calculation of the Compton scatter cross section involves the determination of
the group-averaged, Compton fotal scatter, Compton absorption, and Compton energy-
scatter-transfer or particle-scatier-transfer cross sections.

These calculations are based on the Klein Nishina equation for the inelastic
scattering of a photon with a free electron. All data are in units of barns/electron. The

Klein Nishina equation for the Compfon fotal cross section at energy, o s is as follows:

Compton Total Scatter Cross Section:

ch(qn)zfg_z{ ln(An)*[qn_z_-g*]+4+ 2%, (an) _ }

o

a
n . n A 2
n
where: acs & n) is the Compton total scatter cross section at energy, o n
C is the consi‘cnf,:? s r2, where o is the classical electron
. e
radius (r0 == )
o
A=1+2a
h n
Compton Absorption Cross Section: 2
A A+ 2« -A) 8qg
¢ (& )= o« (a )-CH—D D n_n_ . " n
ca n cs n 3 2,2 3
“n Y n An 3An

where: ° (a n) is the Compton absorption cross secfion af energy, o s and

c, A are defined above.
n
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Compton Scatter-Transfer Cross Section to Energy, o K

o Cl‘ 'n 2
Tes (a n~ 'n)= C*B*[q'g Tay T l'oﬂl]

n
where:
w is the cosine of the scattering angle, 6,
1 1
p=cos®=1+* & o
n n
o, { a——n-)a' n) is the scatter=transfer cross section from energy,
% , to energy At
C is defined above, and
B is the ratio of the scattered energy o .n to the initial

energy, o o for energy-scatter-transfer cross sections,
or 1.0 for particle scatter transfer cross sections.

The group average Compton scatter cross sections calculated by GAMLEG-W

¢
Group Average Compton Scatter Cross Section, A s,

U

"
fg (o) o (a) da

B L

Ccs o

Ug o g -

g

ca
Group Average Compion Absorption Cross Section, %"

c[u
fg f(a) o (a)da
ca
L
cCa Cc5 . qg
o To f
g g g

In addition to the above cross section data,the GAMLEG=W code caleulates
an energy-or parficle-loss cross section for each group for scatter=iransfer below the lowest

energy group low energy bound os follows:
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cl
. Group Average Compton Scatter~Loss Cross Section, ag i

u 'GL ) )
«
fg f(q)le acs(a—*u')du 'da

L
L o 0
° f

g

where o ;l is the Compton scatier loss

a

% is the lowest energy to which a photon can scatter, % ={ma—*

o . is the lower energy bound of the lowest energy group.
G
The Compton absorption and Compton scatter~loss sections above are usable
as energy absorption data only when energy flux calculations are performed. The group-

averaged Compton absorption and scatter-loss cross section datu for use in energy absorption

when parficle flux cross sections are obtained in GAMLEG-W as follows:
ca

Group Average Compton Energy Absorption Cross Section, E ag ;
qu
2
m ¢ f 9 () o (a)da
_ ca ch
E © '
g = °
f
g
- i
Group Average Compton Energy Loss Cross Section, E ac ;
5 g v ot
g
. m ¢ / J o fla) fe oes (aPa') da’ d a
E— i - a g %
S T
g
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The Compton cross section data discussed above are printed output from GAMLEG-W.

Group average Compion scatfer-transfer cross sections for use in multigroup photon
transport calculations with anisotropic scattering are obtained by numerical integration of the
Compton scatter-transfer cross section for the specified multigroup structure. These scatter=
iransfer cross secfion data are obtained for energy scatter-transfer or particle scatter-transfer
according to the GAMLEG-W input data. The numerical integration of the scatter-transfer
cross sections involves 1) the integration over the energy group to which a photon scatters,
and 2) performing group averages of this scatter-transfer cross section in the energy group
before scattering. The PO group average scatter-fransfer cross section for energy scatter-
transfer is as follows:

0
Group Average Compton Energy Scatter-Transfer Cross Section From Group g to Group h, a;-»-h

< U
g h : ,
. f() — g ([@=a')d d¢
L L o cs
sO _ c‘g ah
“g»h F
P
e g
where ; “ '
8 = 1if TT 9 < o< d or

8 = 0 for all other conditions,
The general form of the higher order terms of the Legendre expansion of

Compton scatter=iransfer cross seciion for energy scatter—transfer is as follows:
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Group Average Compton Energy Scafter-Transfer Cross Section from Group to Group h, @ % h
g ==

U 3
o o
s h o
)] — (2¢ +1)PQJ)0- e—a'Yda' da
L . L o] 93]
s _ % %h
p =

g—=h fa

where ¢ is defined above,
£ is the P, order .
P, (u) isthe Legendre polynomial coefficient of order ¢

H is the cosine of the scattering angle, 8, defined in Klein Nishina
saattering as:
1 1
= + -
B 1 po o

The particle scaiter-transfer cross sections are of the same general form
!

except that the term , is sef to 1,0 to generate all P f scatter-transfer data.

Absorption Cross Sections

Photoeleciric and pair=production cross sections for use as absorption or scatfer-
transfer cross section data are obiained from pointwise values of these cross sections supplied
as GAMLEG-W input. Pointwise cross section and corresponding energy data supplied for
each element are used fo perform group averaging of the absorption cross seciion data over
the weighting function. The value of the pair-production or photoeleciric cross section at
each energy point is obtained from an inferpolation between the nearest two input point values.
The interpolation technique assumes that the cross section intermediate to the two point values
varies linearly on a logarithmic scale for both the cross section and energy (log~log scale).
Use of this technique requires that both values of the input pointwise cross section data nearest

to the energy point must be non-zero. If either or both values are zero then the interpolated
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value is set to zero and execution is ferminated with an error message. The calculation of
the absorption cross section involves the computation of the pair-production absorption cross
section, the photoelectric absorption cross section, and, at uset option, the pair-production
cross section for the generation of the pair9f0. 5117 MeV annihilation photons c;s scafter—
iransfer event. The GAMLEG-W code calculates the group average of these cross sections

for energy or particle scatter-iransfer cross section as follows:

Group Average Photoelectric Absorption Crass Section, o pe

v
a
2
f D Fla) o fa)da
pe a
0y = g
where % e (o ) is the interpokited value of the photoelectric cross
section
. . . . PPra
Group Average Pair Production Absorption Cross Section, o g !
U
o
e f(a)°[1°0'5:| o {(q)dg
L pp
a
ppra_ ° :
o ' g
where

¢ = 0,0; if no pair of 0.517 MeV photons are produced
(user opfion)

6 =2,0; if a pair of 0.511 MeV photons are produced
and particle scatter~iransfer data is requested,

2,0 ., . '
§ =——ij if a pair of 0.511 MeV photons are produced

and energy ~scatter-transfer data Is requested,

aPP (@) is the inferpolated value of the pair-production

cross section
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Group Average Pair Production Scatter=Transfer Cross Section, ¢ 55;111-

a Y
e[ 9 f¢ 5 d
[L a ) app(a) o
PR, t o
[+ = g———
g —-h f

g

where:
o is defined above

€200 o, ¢ L.O0or
L .
qh > 1.0
€=.L;-0 i'F u
T 2 1.0 and
oL < '
“h N 1.0

In addition to the above calculation of absorption cross sections, the GAMLEG-W code
calculates the energy-absorption photoelectric and pair-production data, and the total

energy absorption data for use in the calculation of energy deposition in particle flux calcu-

" lations. These data are group averaged quantities as follows:

. __ petpp, a
Group Average Energy Absorption (Photoeleciric and Pair Production) Cross Section, E "g

u , .
moczf: f(a) [q" 6] Upp_(a ) da
a

—. Pepp, a g
E o = . + {coni'd.)
g
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5 9
U ¥ fla)deoe (a)da
o L pe
s
f
g
where ¢ = 0,0 if no pair production is allowed
é = 2,0 if pair production is allowed

a

Group Average Energy Absorption (Total) Cross Section, E %

Fod = E P FPPog (E o€ +E o ° )
g g g d
where; Z is the electrons/atom of the element

The above elemenf-dependent cross section data are printed output from the

GAMLEG-W code and is used in forming the Py transport cross section table.

Transport Cross Sections
The final output data from the GAMLEG-W code consist of a combination of the

0

Compion scatter cross section data and absorption cross section data, as described previously.
The P, cross

The multigroup data are prepared in units of bams per atom for each element.

section fuble consists of the absorption, total, and scatter-transfer cross sections as follows:

’ a
Absorption Cross Section, % gm

a ~ PPra , PE
[+4 - T [+)
g,m g g
+ Z *[ o1 0o 4 B acg]
m g 2 g
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is the absorption cross section for element, m,

where; o m
Zm is the atomic number (electrons/atom) of the element, m,
5 is 1 if energy scatter-iransfer data is calculated, and 0
if particle scatter—tronsfer data is calculated
G is the total number of groups
62 is 1 if the Compton scatter-loss below the lowest

group is calculated, and 0 if Compton scatter-

loss is ignored
. i
Total Cross Section, o
gm

ot=a°+Z*,E o ©8
g h

am gm m g

s0
Scatter~Transfer Cross Sections, "h
9; m

cs PR t
h e g *o “h-—g

ey = Z a
h g m m
where p) is 1 if h is the group which bounds 0.511 MeV or 0

otherwise,

The inclusion of pair-producfion as an isofropic, scatfer-iransfer cross section and

Compton scafter-loss as an absorption are both options to the user.

The higher order scatier-transfer cross sections, P, for£> 0, consist of the scatter-
transfer cross sections in units of barns/atom in a similar fashion to the Pg scatter-transfer dafa

The absorption and tofal cross sections are zero.
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3.0 APPROPOS CODE

In the analysis of nuclear reactor systems, an efficient technique for preparing
multigroup, cross-section dafa in the required format for discrete ordinate transport as well
as Monte Carlo computer codes is required. The APPROPOS code provides this needed tech-
nique. APPROPOS prepares multigroup, simullaneous, neutron-photon cross section dafa and
neutiron reaction cross section dafa for radiation transport codes. The APPROPOS code processes
muliigroup, neutron cross section data and multigroup, neutron reaction cross section data (e.qg..,
radiative capture, fission, inelastic scatter, and elastic scatter) to provide spectral-weighted,
neutron cross section data in a reduced number of energy groups. These data are then processed
with input specified elemental afom densities, gamma ray production data due to neutron reactions,
and photon cross section data to provide ‘macroscopic, coupled, neuiTc;n—phofon cross section dafa,
neutron cross section data, and photon cross section data. Quitput data from the APPROPOS code
are placed on punched cards and/or magnefic tape for use in the ANISN-W, DOT-1IW, or NAGS

codes,
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3.1 COMPUTER CODE SYNOPSIS

1. Name: APPROPOS(I)

2. Compuier: The code is designed for the UNIVAC-1108 computer.

3. Nature of Physical Problem Solved: APPROPQOS prepares multigroup, sir_nuli'aneous,
neutron-photon cross section data and neutron reaction cross section daita for radiation transport
codes.

' 4, Method of Solution: The APPROPOS code processes multigroup, neutron cross
section dataand multigroup, neutron reaction cross section data (e.g., radiative capture,
fission, inelastic scatter, and elastic scatter) to provide spectral-weighted, neutron cross
section data in a reduced number of energy groups. These data are then processed with input
specified elemental atom densities, gamma ray production data due to neutron reactions, and
photon cross section data to provide macroscopic, coupled, neufronhwphoi'on cross section datq,
neutron cross section data, and photon cross section data. Qutput data from the APPROPOS
code are placed on punched cards and/or magnetic tape for use in the ANISN —W(2), DOT—]IW(S),

or NAGS (0 codes.
. 5. Restrictions on the Complexity of the Problem: The APPROPOS computer code

utilizes flexible dimensioning to facilitate efficient core data storage allocation. Because
of the variable dimensioning technique, on any given data array, no sized restriction is imposed;
only a size restriction on the length of the sum of all arrays is imposed. The amount of core
data sforage for a given problem may be exactly computed as indicated in the documentation.
Because, the code utilizes specific, user-supplied libraries of data, the structure and limitations
of these libraries must be consistent with other input data parameters.

6. Typical Running Time: The APPROPOS code processes approximately 2 composi-
tions per second of UNIVAC-1108 CPU time. Each composition, in this example, contains
16 neutron groups, 13 gamma ray groups,a P} cross section scaiter approximation, and approxi-
mately 6 elements per composition. The large amount input/output requires approximately a
factor of 3-5 greater elapsed time for the majority of problems.

7. Unusual Features of the Code: Use of flexible dimensioning and the processing
of the data in an efficient manner with regard to available core storage constitutes the major

features of the code.
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8. Related or Auxilary Programs:  Neutron and photon cross sections may be
provided by the GAMBIT(4) and GAMLEG—W(}) codes, respectively. Photon production
data may be generated with the POPOP4(5) code. Qutput data from the APPROPQOS code
are admissable to the one-dimensional ANISN-W, and the iwo-dimensional_'_DOT-lIW discrete
ordinate transport codes. A punched card library of photon production data and se!ecféd
nuclear parameters is prepared for the NAGS(]) data processing code. ;

9. Status: The code is in production use atf the Marshall Space Flight Center
(MSFC). Users af MSFC load the code from a tape with control cards followed by user's
input data. .

10. References:
1. R. G. Soltesz, R. K. Disney, and S. L. Zeigler, WANL-PR(LL)-034,

Volume 3, "Cross Section Generation and Data Processing Techniques,"
August 1970,

2, R. G. Soltesz and R. K. Disney, WANL-PR(LL)-034, Volume 4, "One-
Dimensional, Discrete Ordinate Transport Technique,” August 1970,

3. R. K. Disney, R. G. Soltesz, J. Jedruch, and S. L. Zeigler, WANL-PR(LL)~034,
Volume 5, "Two-Dimensional, Discrete Ordinate Transport Techniques,"
August 1970.

4, G. Collier and G. Gibson, WANL-TME-1752, "GAMBIT Program,"
April 1968.

5. W. E. Ford, [}, and D. H. Waliace, USAEC Report CTC~12, "POPOP4-A
Code for Converting Gamma-Ray Spectra to Secondary Gamma-Ray
Production Cross Sections,” May 1969.

11. Machine Requirements: The APPROPOS code is in production at MSFC
on the UNIVAC-1108 computer with 65K core storage locations. The program requires
approximately 30K decimal location for the program; the remaining 35K decimal locations
are available for problem data storage. Up to 10 tape or disk devices are required in
addition to input, output, and punch disks. However, no more than six data tapes are ever
required; all other files may be assigned fo disk storage.

12. Programming Language Used: The APPROPOS code is written in standard,
USASI FORTRAN- IV,
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13. Operating System or Monitor Under Which Program is Executed: The
APPROPOS code is operational under the UNIVAC-1108, EXEC8 Monitor System at MSFC.
14. Other Programming or Operating Information or Restrictions:  None.

15. Nome and Establishment of Authors:

R. K. Disney and R. G. Soltesz

" Westinghouse Astronuclear Laboratory
P. O. Box 10864
Pitisburgh, Pa. 15236
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3.2 INPUT DATA DESCRIPTION
3.2.1  Input Format

The input data for the APPROPOS code are divided into the following four
sets of data: _

1. Overall problem storage allocation, problem descriptive title, and problem

size specifications and options;

2. Fine-group to-broad-group cross section weighting data;

3. Library data; and

4. Composition data.

All input data for the APPROPOS code are entered in a fixed, FORTRAN
format for each card., With the exception of the library data, all input data are entered in
6 fields per card where each field contains 12 columns . Integer data must be entered as
right adjusted® within each field. Floating point data may be written with or without an

exponent and with or without a-decimal point.
3.2.2  Input Data Instructions

This section is to be used as a guide in preparing problem input data (Tabie 3-1)
for the APPROPOS code. Other sections present a more detailed description of the data
presented here. The quantity in slashes represents the condition requiring input of a
pari‘ic'ular array or variable. Arrays or variables which are not required should not be entered.

If no condition is specified, the array or variable is required.

* "Right adjusted "means that the last significant digit of a number is at the extreme right
of a field.



Card

Ne, Format
1 (6X, 16)
2 (18A4)
3 (6112)
4 (6112)

TABLE 3-1
INPUT INSTRUCTIONS FOR THE APPROPOS CODE

Data Set 1 - Overall Problem Storage Allocation,Problem Title,
Problem Size Specifications, and Options

Maximum number of core locations available
for APPROPOS data (i.e., MAXCOR = 35000
on the UNIVAC-1108, EXEC 8 Computer with
a 65K core memory storage available) -

Title card describing the overall APPROPOS

Neutron Broad-Group Structure Specifications
(Output Group Structure):

Total number of neutron broad-groups
Number of fast neutron broad-groups

Number of neutron broad-groups with neutron,
inelastic scatter gamma ray production data

Number of neutron broad-groups with neutron,
radiative capturegamma ray production data

Neutron broad~group fable length of transport
code cross section output data

'Pp‘ scatfering approximation for neutron cross

Gamma Ray Group Structure Specifications

(Output Group Structure):

Total number of gamma ray groups

Gamma ray table length of transport code
cross secfion output data

Column Variable Description
7-12 MAXCOR
1-72 TITLE
problem
1-12 NGN
J§:24 NFG
2 {36 NIG
37-48 NCG
49-60 NTABN
61-72 NPLN
section output data
1-12 NGG
13-24 NTABG
25-36 NPLG

Pp scattering approximation for gamma ray
cross section output data



Card

No. Format
5 (6112)
é (6112)
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TABLE 3~1 (Confinued)

Library, Composition, Element, and Weighting

Spectra Specifications:

Number of sets of element data in the gamma-
ray production and nuclear parameter library
if NAPL= 0 or 1 (If NAPL=2, NLE = NAA)

Number of different elements in the entire
problem (NAA determines the total number of
different elements in the gamma-ray transport
cross section data to be read from fape)

Maximum number of elements or isotopes that
will be entered in any given composition (Note:
If an element is requested twice within @ compo-
sition, it must be counted twice for NME)

Total number of compositions in the problem

- Total number of spectra to be used in spectral~

3-7

weighting of microscopic, fine~group data

Source of APPROPOS library data:

NAPL =0: Input from cards

NAPL=1: Input from cards and placed
behind reaction rate data on
Tape 10

NAPL =2: Inpuf from library Tape 10

Code logic Specifications:

Column Variable  Description
1-12 NLE
13-24 NAA
25-36 NME
. 37-48 NMR
49-60 NSp
61-72 NAPL
1-12 NOD

Transport code cross section output data option:

NOD = 1: Neutron cross section data only
NOD =2: Gamma -ray cross section data only

NOD =3: Neufron and gamma ray cross seciion

data only.
NOD =4: Neutron, gamma ray, and coupled

neutron—-photon cross section daia
(for simultaneous onalyses)
Note: [If NOD is negative, neutron and/or
gumma ray energy-absorption data are
placed in table position 1



TABLE 3-1 (Continued)

Card
No. Format Column Variable  Deseription

6 13-24 NLIB Library and Flux Spectra Input Option:
(cont'd.)

NLIB=0: Composition - independent reaction
rate data input from cards with the
library data; neutron transport cross
sections in NGN groups are read
from Tape 8 (not operational)

NLIB=1: Composition - dependent reaction
rate data input from cards with the
region data; neutron transport cross
section sections for NGN groups
are read from Tape 8 (not operational)

NLiB=2: Composition ~ dependent reaction
rate data input from Tape 10; neutron
transport cross sections for NGN
groups are read from Tape 8 (hot
operational)

NLIB=3: Flux spectra tape from a previous
APPROPOS problem is input on Tape 4

NLIB=4: Output flux tape from an ANISN-W
problem is input on Tape 17

NLIB= 5 OQutput flux tape from two ANISN-W
problems are input on Tapes 17 and 18

NLIB=6: Fine~group flux spectra are input from
cards {(NSP sets)

25-36 NTRIG Output Data Option:

NTRIG = 0: Library and composition data for
NAGS, and transport cross sections
for DOT-HIW and ANISN-W punched
on cards

NTRIG= 1: Library and composition data for
NAGS punched on cards; transport
cross sections for DOT-1IW and
ANISN~W placed on Tape 14
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TABLE 3-1 (Continvued)

Card
No. Formaf Column Variable  Description
6 37-48 NPRIN Output Data Print Option:
(Cont'd.)

NPRIN = 0: [nput parameters from Data Set 1,
spectral-weighting specifications,
element identification list for the
problem, library data, composition
parametfers, microscopic reaction
rate data for each element ina
composition, macroscopic neutron
cross sections, macroscopic photon
cross sections, simultaneous neutron-
photon cross sections, and an edit of
the contents of output Tape 14

NPRIN = 1: All the information for NPRIN = 0
as well as microscopic neutron and
photon transport cross sections for
each element in a composition

NPRIN = 2: All the information for NPRIN = 0
and 1 as well as brood-group reaction
rafe dafa and transport cross sections
by element, and microscopic photon
cross sections as read from Tape 2

49-60 NUP Number of upscaifer cross section positions in
the final, coupled neutron— photon transport
cross section data.

61-72 NDOWN  Number of downscatier cross section positions
in the final, coupled neutron-photon transport
cross section data,

NDOWN = (NGN + NGG-1); If NOD # 4,
NDOWN = 0.



TABLE 3=1 {Continued)

Data Set 2 - Fine-Group to Broad-Group Cross Section Weighting Data

Card
No, Format Column Variable  Description
7 (6112) —-—— ————— Fine-Group to Broad-Group Neutron Cross

Section Weighting and Collapsing Specifica-
tions: /If NLIB2>3 /

1-12 NMC Number of sets of microscopic, element data to
be read from Tape 8 and Tape 10 in the weight-
ing and group~collapsing calculation (For
example, if 15 different elements are fo be
weighted, and each element uses the Por Py
and P, data, then NMC would equal 3'x 1g,
or 45, If each element is fo be weighted over
two different spectia, as well,. then NMC = 90)

13-24 - NGF Total number of fine~groups in the microscopic
neutron cross section libraries (Tapes 8 and 10)

25-36 NFF Number of fast groups in the fine=group neutron
cross section libraries

37-48 IHTF Position of Z or = (total or transport-corrected
cross section) in the fine-group fransport cross
section library data

49-60 IHSF Position of £ (within-group or self-scatter
cross section)?Fh the fine-group transport cross
section library data

61-72 [HMF Number of table positions in the fine-group
transport cross section library data, If [HMF is
negative, then upscatter removal will be done
using the fine-group spectral-weighting data
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TABLE 3-1 (Continued)

Card
No. Format
8 (6112)
9 (6112)
10 (6112)

Column Variable  Description
1-12 ‘IHSB Position of Z__ {(within-group or self-scatter
cross section2in the broad-group structure
before upscatter removal but after group-
collapsing
13-24 IHMB Number of table positions in the broad-group
structure before upscatter removal but after
group-collapsing
25-36 NRW Transport cross section weighting option:
NRW = 0: Linear weighting
NRW = 1: Reciprocal weighting
If an element is represented by P, data, linear
weighting only is used and NRW is ignored
- - Fine-Group to Broad-Group S‘peci‘f"icuﬁons;
/1f NLIB>3/
1-12, IGF Broad-group number as a function of fine~group
13-24, number (for example, 1, 1, 1,2 for four fine-
25-36, groups provides two groups of broad-group data
etc. where the first three groups constitute the first
broad-group). Enter NGF values
1-12, IDS Identification numbers for spectra input from
13-24, Tape 4 or from Tapes 17 and/or 18. /NLIB=3,
25-36, 4, or 5/
etc. Note that the tape ID numbers when NLIB= 3

are inpuf in the same order as the spectra on
Tape 4, When NLIB=4 or 5, the tape ID
numbers for Tape 17 precede the ID numbers

for Tape 18 (if inpuf); these ID numbers reflect
the zone numbers that were used in the ANISN-
W calculations. These ID numbers must be
entered in the same sequence as appear on

Tape 4, Enter NSP values



Card

No, Formaf
11 (6112)
12 (6E12. 5)

Column

Variable

TABLE 3-1 (Confinued)

Description

1-12,
13-24,
25-36,
etfc,

1-12,

13-24,
25-36

etfc.

IDS

XNF

3-12

ldentification numbers for spectra input from
cards/NLIB= 6/ Enter NSP values

Enter NGF values of spectra-for NSP sets of
spectra, Each spectrum begins on @ new card

/NLIB= 6/
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TABLE 3~1 (Continued)

Data Set 3 - Library Dafa

Card .
No. Format Column Variable  Description N
i3 (4112) et —-—== Microscopic Library Tape 1D Numbers:
: (Tapes 8 and 10) /NLIB>3/
1-12 IDF(1,n)  Identification number of the fine-group,

macroscopic library, neutron fransport,
cross section elemental data from Tape 8
B RN doo
13-24 IDF(2, n}  Identification number of the corresponding
fine-group, microscopic library neutron
reaction, cross section elemental data from

Tape 10

25-36 IDF(3,n)  Identification number of the spectrum over
) which the fine~group, microscopic library,

neutron fransport and neutron reaction cross
section elemental data are weighted, The

value of IDF (3, n) entered here must corres-

pond fo one of the IDS numbers entered on
Card 10 or Card 11

37-48 IDF(4,n)  Corresponding P, scattering approximation
of the fine-group, microscopic library, neutron
transport, cross section elemental-data specified
for IDF(1,n). If a P,, transpori-corrected set
of data is chosen in ?DF (1,n), then IDF {4, n) =
-1

Card 13 is repeated for NMC different sets of daia.

Note: Because the fine-group library data fapes are read. only once, the parameters, IDF (1,n)
and IDF(2, n), must be entered in the sequential order in which they appear on Tapes 8 and 10,

respectively. If a particular element or isotope is fo be weighted over more than one spectra,
that-set of elemental data is repeatedly entered until all desired spectra are requested.

14 (E12.5) . 1-12. CONST  Normalization constant for energy deposition
. dato; e.g., CONST = 1,603 x 10~13 watt-sec/Mev



TABLE 3-1 (Continued)

Card ‘
No. Format Column Variable  Description
15 (6112) 1-12, LAL GAM ID numbers for each different element
13-24, in the problem in order of increasing GAM ID
25-36, . ~ number (NAA values). These ID numbers are
etc. used to select the gamma=ray production data

and selected nuclear data parameters

If NAPL=2, the remainder of the library dataare obidined from Tape 10. However, if NAPL =
O or 1, the following library data are required input from cards:

16 (14 1-4 ID The GAM ID number for the element or
isotope
E12.4, 5-16 AMU Corresponding atomic mass units of the ele-

ment or isofope

12X, E12.4, 29-40 GNA T'{n, a); the energy (in Mev) of the emitted
alpha:particles for this neutron reaction.
GNA = 0,0 if the element or isotope does
not undergo this reaction——

6X, 16, 46-52 NGAML  The corresponding ID number of this element
or isotope on the GAMLEG-W photon trans-
port cross section tape

10X, Ab) 63-68 LABEL The corresponding name of the element or
- isotope
17 (7E10. 4) 1-10, GA T {n,y); the energy {in Mev) of the emitted
11-20, photons for this neutron reaction: If NCG on
21-30, Card 3 of Data Set 1is 1, then NGG values
etc. : of GA are enfered in order of decreasing photon

energy. If NCG >1. then NGG values for
each of the NCG reutron broad-groups are
-entered in order of decreasing neuiron energy
on continuous cards



Card
No. Formet

18 (7E10. 4)

19 (7E10. 4)

20  (7E10,4)
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If NLIB=0, Cards él to 24 are

21 (6E12. 5)

-

22 (6E12.5)

TABLE 3-1

Column Variable  Description

1-10, Gl T'{n; n'y); the energy (in Mev) of the emitted

11-20, photons for this neutron reaction. NGG values

21-30, of Gl are entered in order of decreasing photon

efc, energy for the highest neutron energy broad-
group. The pattern is repeated for the next high-
est nevutron energy broad-group unti! NIG neutron
energy broad-groups of data have been entéred
(NGG x NIG values). The data are entered on
continuous cards. The code assumes that the
first of the NIG groups corresponds to the first
broad-group, efc.

1-10, SNA o (n, a); the microscopic,cross section for this

11-20, neutron reaction (NGN values), The data are

21-30, entered in order of decreasing neutron energy

etc,

1-10, - URHO M ; the microscopic, photon mass-energy

11-20, absorption coefficients for this element or

21-30, isotope {in em2/3m). The data are entered in

ete. order of decreasing photon energy (NGG values)

required. ’

1-12, SA o ; the microscopic capture cross section for

13-24, this element or isotope which includes v (n,y),

25-36, o(n;p ,y), and-o(m; a,y) reactions (in barns/

ete. atom). The data are entered in order of decreas~
ing neutron energy (NGN values)

1-12, SF o the fission cross section for fissionable iso-

-13-24, topes (in barns/atom); non-fissionable elements

25-36, or isotopes contain zeros for this cross section.

etc. The data are entered in order of decreasing

neutron energy (NGN values)



Card

No., Format
23 (6E12. 5)
24 (6E12. 5)

TABLE 3-1 (Continued)

Column Variable  Description
1-12, SE o ; the "effective" energy deposition
1324, " crosk section for this element or isotope (in
25-36, barns/atom). See the Detailed User Informa~
ete. tion Section for a description of this cross
section. The dafa are entered in order of
decreasing neutron energy (NFG values)
1-12, St o 1; the total inelastic scattering cross
13-24, ~ sétfion for this element or isotope (in barns/
25-36, atom), The data are entered in order of
efc. decreasing neutron energy (NFG values)

Cards 16 to 24 are repeated for each element in the gamma-ray production and nuclear parameter

library (NLE sets).

25

26

27

28

29

(7E10. 4)

(7E10. 4)

(7E10, 4)

(7E10. 4)

(7E10. 4)

1-10,
11-20,
21-30,

etc,

1-10,
11-20,
21-30,

etc.

1-10,
11-20,
21-30,

etc,

1-10,
11-20,
21-30,
etc.

1-10,
11-20,
21-30,

ete,

GPF

GDF

UGB

DOSEG

3-16

T {n;f) ¢ the spectrum of energy (in Mev)
from thE prompt fission of U~235 (NGG values).
The data are entered in order of decreasing
photon energy

T (n; f) | ; the spectrum of decay energy
{in Mevfj?rg%e e fission of U=235 for a particu-
lar reactor run time (NGG values). The data
are entered in order of decreasing photon energy

Neutron dose rate conversion factors (NGN
values). The daia are entered in order of de-
creasing neutron energy

Upper lethargy bounds of the broad-group,
neutron energy struciure (NGN values), At
10. 0 Mev, the lethargy is 0.0; at 0.0 Mev,
the lethargy Is infinite. The data are enfered
in order of decreasing neutron energy

Photon dose rate conversion factors (NGG

“vetlues). The data are entered in order of de-

creasing photon energy
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TABLE 3-1 (Continued)
Data Set 4 - Composition Data
Cord
~ No. Format Column Variable  Description

30 (6112) 1-12 IS Left mesh boundary line number of the NAGS
. composition

13-24 IF Right mesh boundary line number of the NAGS
composition )

25-36 JS Bottom mesh boundary line number of the NAGS
~ composition

37-48 JF Top mesh boundary line number of the NAGS
composition

Note: The parameters, IS, IF, IS, and JF,
are only used in the NAGS code fo process the

data; these parameters are not required for the
DOT-1IW or ANISN-W codes.

49-50 "NREG Identification number of this composition for
labeling the output cross section tape. To
obtain a unique cross section output tape ID
number for each cross section set, allow for
3¥(NPL+1) ID numbers between each composi-
tion for NOD = 3; if NOD =1 or 2, allow for
(NPLN+1) or (NPLG+1) ID numbers, NPL is
the maximum of either NPLG or NPLN

61-72 NELE Total number of elements or isotopes in this
composition

31 (3112} 1-12 IND IND = i: First or intermediate com'posii-ion
IND = 4: Last composition fo be input
Note: IND fs only used in the NAGS code.
13-24 NTID1 /If NLIB=2/ Tape ID number for broad-group

cross section data (not operational, enter
NTID1 = 0)
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TABLE 3-1 (Continued)

Card
No. Format
31
(Cont'd. )
(7A6)
32 (112,
E12.5,
112
112)

/If NLIB= 2/ Tape ID number for broad-group
cross section data (not operational, enter

Descriptive title for this composition; this title
is placed on the output cross section fape

The GAM 1D number of an element or isotope

The corresponding atom density of the element 4
or isotope in the composition (in atoms/cc x 107 )

The corresponding idéntification number of
microscopic library broad-group element or
isotope data on an internal scratch file,

NID (2, n) = (IDF (1, m} x 100) + IDF (3, m)

(For example, if zirconium is input, and iis

mi croscopic tape ID number is 3721, and the
desired spectra is 12, then NID (2, n) = 372112)

Column Variable  Description
25-36 NTID2
NTID2 = 0)
1-48 TITLE
1-12 NID (1, n)
in the composition
13-24 ADEN (n)
25-36 NID (2, n)
/NLIB>3/
37-48

NID (3, n) The corresponding P, neutron scattering approxi=

mation of the element or isotope. (ifa P
transport-corrected set of data is chosen, then
NID (3,n)=0) /NLIB>3/

Note: 1) Card 32 is repeated for each element or isotope in the composition (NELE elements or

isotopes)

2) The set of Card 32 data for a composition is entered in increasing order of NID (2, n)
3) Cards 30 to 32 are repeated for each composifion in the problem (NMR sets of data)

This concludes the required input data for an APPROPOS calculation.
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3.3 DETAILED INPUT DATA INSTRUCTIONS

Presented in this section is a detailed description of selected portions of the input
data instructions given in Section 3.2.2. The detailed notes in this section reflect the
availability of the Master Library Tapes (described in Volume 2 of this report) with specific,
well~defined identification numbers and parameters, However, APPROPOS is a generalized
code; any equivalent set of self-consistent Master Library Tapes can be used provided they

conform fo the conventional requirements of record format, size, and content.

3.3.1 Neutron and Gamma Ray Group Structure Specifications

One of the basic. calculations within the APPROPOS code is the group=collapse of
the fine-group neutron {ibrary data fo an input=specified broad-group energy structure. This
broad~group energy.siruciure cannot be chosen arbitrarily, particularly if photon transport
calculations are contemplated. Because the gamma ray produci'ion.dcfa and seiecfed nuclear
parameter data library are provided in 16 neutron energy groups and 13 gamma ray groups,

the broad-group structure specifications on cards 3 and 4 of Data Set 1 must be specified as:

Card 3 ' Card 4
NGN = 16 NGG = 13
NFG - = 11 NTABG = 16
NIG = 6

NCG = 1

When these parameters are input as specified above, the broad-group structure _
specifications are consistent with the data contained in Master Library No. 6, in addition,
NPLG should be inpﬁt greater than of"equal o one. If NPLG is input as zero, .PO data for
gamma ray calculations are used resulting in questionable results because of the implied
assumption of isotropic scattering for gamma rays, If simultaneous calculations are anticipated,
setting NPLN = NPLG results in efficient cross section generation in that the APPROPOS

generates P, simultanieous data for a particular composition where £ represents NPLN or



NPLG, whichever is greater. For example, if NPLN is specified as 0 and NPLG is specified
as 1, the code generates P 0 and P] simultaneous data where the P] neutron fable positions
contain all zeros,

. Finally, all energy-dependent data for the APPROPOS code are input from highest _

energy group o lowest energy group (or in order of increasing lethargy).

3,3.2  Weighing Spectra

Four methods of providing fine=group weighting spectra for the APPROPOS code are
available, They are:

1) Spectra may be input from cards, (NLIB = 6);

2) Spectra may be input from tape from an ANISN~W fine=group calculation,
(NLIB = 4); '

3) Spectra may be input from two tapes from two separate, ANISN-W fine-group
calculations, (NLIB = 5); and

4) Specira may be input from tape from a previous APPROPOS calculation,

(NLIB = 3),
These spectra are used fo group-collapse the fine~group library data.

The ANISN=W, one=dimensional, discrete ordinates transport code computes the
integrated flux for each region in the calculation, These fluxes (or spectra), as well as other
data, are placed on tape 17 by ANISN=W in the same sequential order as the zone number
data, i. e, 1, 2, 3, . . . ., IZM. Therefore, when selecting the specira from the ANISN=W
calculation, the region numbers desired are input on card 10 of Data Set 2 in the IDS array.
The user can input two ANISN=W output tapes, if desired, by setting NLIB =5. With this
option, region numbers (spectra) are selected from tape 17 first followed by the region numbers
for the s;pecfra on tape 18, However, the region numbers from fape 18 must be displaced by
the number of zones contained in the data on tape 17. For example, if IZM =5 for the tape

17 data, then the following spectra specifications could be input when NLIB=5 and NSP=7:
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Specira on Tapes 17 & 18 Spectra Requested
(Zone Number) IDS, Card 10 of Data Set 2
1 1
2 2
Tape 17 - 3 3
4
5 5
1 6
Tape 18 - { 2 7
-3 8

Note that all the spectra from tape 17 need not be requested if they are not needed,

After the desired spectra are read from tape, the specira are placed on tape 4 for
subsequent calculations, The user can save this tape for use in subsequent APPROPQOS cal -
culations, Tape 4 spectral data may be input by setting NLIB = 3. Only the ID numbers
requested from the previous and corresponding specira calculation are available on tape 4.

The final method of providing fine—group weighting spectra allows the user to input
the required information from cards. With this capability, only the imagination limits the
flexibility of this option (NLIB = 6). A flat spectra, a 1/E spectra, higher moment weighting
functions, and importance function weighting specira are but a few of the possibilities. As
with the other three options, the specira are placed on tape 4 for subsequent calculations

within the code so that the user may save this tape, if desired, for subsequent calculations,

3.3,3  Group=Collapsing and Upscatter-Removal

Frequently, as in parametric or scoping studies, the need to reduce the fine-group
data into broad-group data is evident, In addition, upscatter~removal is a desirable capability.
Both of these computations are performed by the APPROPOS code,

The technique of group~collapsing has two requirements as follows:

1) The actual pointwise spectrum in the region must not differ appreciably from

the average region specirum, If the specirum varies rapidly with spatial position, multiple

zones should be used fo describe the material, and
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2) The energy bounds of the broad=group data must correspond to the energy bounds
of the fine~group data.

The first requirement must be satisfied external to the APPROPOS code when the
weighting specira are generated, Generally, rerunning the ANISN-W calculation with
the group-collapsed and/or upscatter=removed cross sections provides the user with some in-
sight as to whether he has met the first requirement.

The second requirement is inherently met by the APPROPOS code. By definition, the
broad~group energy bounds must correspond fo a fine~group energy bound. The only loophole
here s that if the wrong fine~group boundary is specified, an inconsistency results. This in-
consistency only applies fo those calculations where the gamma ray library data are required,
i. e., in coupled neutron-photon cross section calculations, If only neutron franspc;rf calcu-
lations are anticipated, the broad-group boundaries may be specified arbitrarily to suit the
calculation, The fine~group to broad=group correspondence with respect to the Master Library
Data is given in Table 3=2.

If the specified broad~group structure will not accommodate the complete,multigroup
scattering mairix, the "extra" transfer coefficients are placed such that they transfer as far
down (or up) as possible.

Upscatter removal is accomplished by zone by subiracting the reaction rate due to
o, s from the reaction rate due to i where | > i. Thus, the net transfer rate between
groups | and i is preserved. As in group~collapsing, the first requirement above is equally
important in upscatter removal, Subsequent ANISN=W calculations can verify the validity of
the upscatter-removal for a particular geometrical configuration.

In the APPROPOS code, the flux-weighting, upscatter~removal, and group-collapse
algorithms are identical to those available in the ANISN=W code.

3.3.4  Master Library Tape Data Specifications

The APPROPOS code uses five of the six Master Libraries described in Volume 2 of

this repori. These six tapes are as follows:
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TABLE 3~2
FINE-GROUP TO BROAD~GROUP CORRESPONDENCE
Fine=Group Broad-Group* Fine=Group Broad=Croup
Number Number Number Number
1 1 27 ’ 11
2 1 28 11
3 1 29 11
4 1 30 11
5 1 31 . 11
6 2 32 11
7 2 33 12
8 3 34 12
9 4 35 12
10 5 36 12
11 6 37 12
12 6 38 12
13 7 39 12
14 8 40 13
15 8 41 13
16 9 42 13
17 ? 43 13
18 10 44 14
19 10 45 14
20 .10 46 14
21 10 47 15
22 10 48 15
23 10 49 15
24 10 50 16
25 10 5] 16
26 11 52 16

*The broad~group numbers are entered on card 9 of Data Set 2 in the IGF array.
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MSFC Master

Library No. Description
1 Microscopic, 52 group, Transport Corrected, Neutron Cross

Section Seis for Use in the ANISN-W, DOT=-IIW, and
APPROPOS Codes,

2 Microscopic, 52 group, % Neuiron Cross Section Sets for
Use in the ANISN=~W, DOT-lIW, and APPROPOS Codes,

3 Microscopic, 52 Group, Reaction Rate Cross Section Sets
for Use in the APPROPOS Code.

4 Microscopic, 13 Group, Pyr Gamma Ray Cross Section Sets for
Use in the ANISN=-W, DOT=IW, and APPROPOS Codes.

5 Pair~Production and Photo=Electric Gamma Ray Cross
Sections for Use in the KAP~VI, SCAP, MAP, and
GAMLEG-W Codes. ‘

é* Gamma Ray Production Data Due to Thermal Neutron Capiure

and Inelastic Scatter, Selected Nuclear Parameters, and other

Related Data.

*On cards or behind Master Library Tape No. 3.

Generally, Master Library No. 6 is behind Master Library No. 3 on a tape; all other
Master Libraries are on tape as well, Section 3.4.1 describes the specific tape drives on which
these Master Library Tapes are mounted.

The data specifications of these tapes, as related to the input data parameters, are

defined below:

Master Library

Number Parameter Card No. Data Set No. Value
1 NPLN 3 1 <3
NLIB 6 1 23
NGF 7 2 52
NFF 7 2 32
IHTF 7 2 3
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Master Library
Number Parameter Card No. Data Set No. © Value

1 IHSF 7 2 13
(continued) IHMF 7 2 34
NRW ' 8 2 0
2 NPLN 3 i 0
NLIB 6 1 >3
NGF 7 2 52
NFF 7 2 32
IHTF 7 - 2 3
IHSF 7 2 13
IHMF 7 2 34
NRW 3" 2 1
3 NLIB 6 1 >3
NGF 7 2 52
NFF 7 2 32
4 NGG 4 1 13
: NTABG 4 1 16
NPLG 4 1 <9

5 Not Required
6 NGN 3 1 16
NFG 3 1 11
NIG 3 1 6
NCG 3 1 1
5 1 38

NLE

The element or isotope identification numbers for Master Libraries Numbers 1, 2,
and 3 are given in Section 3 of Volume 2 of this report; the GAM element or isotope

identification numbers for Master Library Nuniber 6 are given in Table 3-3,
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Number

V0NN By —

10
11
12
13
14
15
16
i7
18
19
20
21
22
23
24
o5
26
27
28
29
30
31
32
33
34
35
36
37
38

TABLE 3-3

ELEMENT IDENTIFICATION LIST FOR MASTER LIBRARY NUMBER 6

GAM Element
ID Number*

1

3

4

5
10
12
22
23
24
25
26
27
28
29
30
31
32
44
51
69
70
71
119
126
127
128
129
130
131
133
134
135
136
137
138
139
300
301

Name

HYDROGEN
BERYLLIUM

BORON (NATURAL)

CARBON
U=-235

U-238
NITROGEN
OXYGEN
MAGNESIUM
ALUMINUM
SILICON
CHROMIUM
MANGANESE
[RON
COBALT
NICKEL
COPPER
ZIRCONIUM
MOLYBDENUM
SILVER
INDIUM
CADMIUM
GADOLINIUM
LEAD
NIOBIUM
TITANIUM
TANTALUM
LI=6

Li-7
BORON-10
W-182
W=183A
W-183B
w-184

W=-186
SULFUR
LITHIUM
TUNGSTEN

Atomic
Mass Units

1.0080
9.0122
10,8110
12,0111
235,0439
238,0508
14.0067
15.9994
24,3120
26,9815
28,0860
51.9960
54,9380
55,8470
58,9332
58,7100
63,5400
91.2200
95.9400
——107.8700
114,8200
112,4000
157.2500
207.1900
92,9060
47.9000
180,9480
6.0151
7.0160
10.0129
181.9483
182,9503
182.9503
183,9510
185.9544
32,0640
6.9390
183.8500

*The GAM element 1D number is required as input on card 15 of Data Set 3 as well as on
Card 32 of Data Set 4,
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3.3.5  Composition Data

Before proceeding, note the following definitions:

1) A REGION is defined as a geometric section of a reactor model,

2) A COMPOSITION is a homogeneous mixture of elements or isofopes associated
with a region, and

3) The same composition may be used in more than one region.

The parameters, 1S, IF, JS, and JF, on card 30 of Data Set 4 are actually used by
the NAGS code to define a region. When a one=dimensional calculation is anticipated, IS
and IF (o!' JS and JF} in the iransverse direction fo the calculation are input as 1 and 2,
respectively, if the user hasn't defined the mesh description for subsequent analyses yet, the
APPROPOS code can be run with these parameters input as z;ero. Later, the punched card
output from the APPROPOS code can easily be modified, by hand, fo insert these parameters
required by the NAGS code, ’

The parameters, NID (I, n), ADEN (n), NID (2, n), and NiD (3, n) or; card 32 of
Data Set 4, completely specify the composiﬁo;'a. The atom dénsities of the constituent elements
or mixiures are specified by NID (I, n) and ADEN (n). The spectral dependence of the element
or isotope 1§ specified by NID (2, n) and the Py scattering approximation is specified by NID
(3, n). Therefore, these four parameters provide considerable flexibility in preparing the data

for a composition.

3.3.6  Core Storage Requirements

The core stérage allocation for the APPROPOS code is actually redefined three times
during a calculation. If any of these storage allocations exceed the available number of core
data storage locations, MAXCOR, execution of that phase of the calculations cannot be done.

The core storage requirements are defined as follows:
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where:

Spectra Tape Generation (NLIB = 4 or 5)

MAXR = {NGF+[!M* (2+ NGF)] + [1ZM % (1+ NGF) ] + 1 }

MAXZ = {NGF+ [iIM* (2+NGF)] + [IZM + (1 + NGF)] +1 } '

MAXR = required locations fo read the ANISN~-W data from tape 17 {NLIB = 4 or 5),
MAXZ = required locations to read the ANISN-W data from tape 18 {NLIB =5),
NGF = number of energy groups, IGM, in the respective ANISN~-W calculation,
1ZM = number of regions or zones in the respective ANISN=W calculation.

To execute this phase of the calculation,

where;

IM =  number of radial mesh intervals in the respective ANISN-W calculation.
MAXCOR 2 MAXR or MAXZ, whichever is greater

Fine~Group to Broad=Group Calculation {(NLIB >3)

MAX2 = { [NGFx (5-+ NSP+ IHMP)] + (NMC18)
+[NGN« (IHM8 + NSP+5)] +NsP+1 |

IHMP =

!HMFI and the other quantiiies are input parameters,

To execute this phase of the caleulation,

where:

MAXCOR 2> MAX?2

Remainder of Calculations (NLIB > 3)

MAX3 ={[NMEx (4+ (4| GM}+ [ NTABx (341NGN + 3sNGG)]
+ [NLE # (5 + NGN + (NGG#(NIG + NCG + 1))) ]
+ (3*NGG) + (2sNGN) + (6+NMR) + (2+NAA)
+ 1+ MAX ((NREQ*(N PLG + 1)), (NREQ + (NTA#N GN*NME)))

NTAB = NUP+ NDOWN + 4 + NTYP
NREQ = (NTABG * NGG » NAA)
NTYP = 0 if NOD>0
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NTYP = 1if NOD<O
NTA = IHMB, if IHMF>0
NTA = IHMB~{HSBHHTF+1, if IHMF<0

To execute this phase of the calculation,
MAXCOR > MAX3

For the complete problem, MAXCOR must be greater than MAXR, MAXZ, MAX2, or
MAX3, whichever is greatest.

3.3.7 Limitations

Only two major limitations exist for APPROPOS calculations. The first limitation
is the amount of available core storage; the second limitation is the MASTER Library Data,

The first limitation of insufficient core storage space results from attempting to run
foo large a problem for the amount of data storage specified for MAXCOR on card 1 of Data
Set 1, On the MSFC UNIVAC-~1108 computer with the EXEC8 Monitor System, the maximum
value of MAXCOR, or the amount of available problem data storage, is approximately 35,000,
when used with 65K]0 core locations, Because the APPROPOS code is written in variable
dimension, on any given data array no size resiriction is imposed; a size resiriction is only
imposed on the length of the sum of all data arrays. For this reason, changing the code to
use more core storage for data should it become available af MSFC, can be easily accomplished
by changing only one FORTRAN card in the main program of the APPROPOS code.

The second limitation occurs when the detail provided by the Master Libraries is in=
sufficient for the problem under analysis, This [imitation must be I:ealized by the user; no

simple solution to this limitation is possible,
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3.4 PROBLEM SETUP INFORMATION

This section describes the data deck setup for the APPROPOS code. Information

on tape assignments, running time, error messages, and a sample problem card input is provided.

3.4.1 Tape Assignments

The APPROPOS code has been placed on the MSFC, UNIVAC=1108 computer
under the EXEC8 Monitor System. Under this system, the APPROPOS code may require up to
ten tape or disk devices in addition to input, output, and punch disks. However, no more than
six tapes are ever required; all other files may be assigned to disk storage. The tape assignments
are as follows:

Tape 1, Scratch, microscopic neufron cross section data (by P, order)

Tape 2, Input microscopic phofon fransport cross section library data (GAMLEG-W)

Tape 3, Scratch, macroscopic neutron and photon cross section data

Tape 4, Input fine~group neutron flux spectra data, NLIB=3

Tape 5, Input disk

Tape 6, Output disk

Tape 7, Punch disk -

Tape 8, Input fine-group microscopic neutron fransport cross section library
data, NLIB 23

Tape 10, Input fine-group microscopic neutron reaction rate cross section
library data, NLIB>3

Tape 12, Secratch, microscopic broad-group cross section tape

Tape 14, Output macroscopic transport cross section tape for the ANISN-W and
DOT-1IW codes

Tape 17, Input fine-group flux tape as written by the ANISN-W code, NLIB =
4or5

Tape 18, Inpuf fine-group flux tape as written by the ANISN-W code, NLIB=5
When setting up the data deck and control cards for the APPROPOS code, assign
the scratch files to disk devices {FASTRAND); no file is ever backspaced. For most calculations,

a maximum of six tapes are required. Note that if NLIB=4 or 5, the spectra from Tapes 17 and/or

3-30



Astronuciear
Laboratory

18 are placed on Tape 4 and can be used for subsequent APPROPOS colculations, if desired.
However, no noticeable reduction in running time will result.
The Master Library Tapes described in Volume 2 of this report are requested as

follows:

Tape File ‘ Master Library Tape

2 4; Py gamma ray transport
cross section data

8 1 or2; Py or Py, transport
corrected neutron transport
cross section data, respectively

10 3 and §; reaction rate cross
section data, gamma ray-pro—
duction data, and selected
nuclear parameters
The tapes should never be requested with write access. The one exception is
the initial APPROPOS calculation where Master Library 6 data are input from cards and written
behind Master Library 3 data on Tape 10. For this one exception, NAPL=1 on Card 5 of
Data Set 1; all subsequent calculations should be made with NAPL = 2 and read access only

for Tapes 2, 8, and 10,

3.4.2 Running Time

The required running time for the APPROPOS code is primarily dependent on the
number of compositions in the calculation. Approximately two compositions per second of
UNIVAC-1108 Central Processor Unit (CPU) time are processed by the APPROPOS code when
using the Master Library Tape data, The large amount of input/output requires a factor of 3-5
greater elapsed time for the majority of problems.

3.4.3 Error Messages

A number of APPROPOS code generated error messages may be encountered in
running problems, These messages are primarily due to incorrect problem input. The error

messages are generally self-explanatory and are listed:
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Message

" locations needed to generate flux
spectra tape (Tape 4)"

"Impossible fo execute problem. Problem
size must be reduced by  locations.
Sorry..."

"Element nof in basic library"

"Number of sets of library data less than
requested = check LAL input data"

"GAM element__ not in APPROPOS library"

"End-of-file encountered on Tape 12, check
input value of NID (J,2) for J=_ "

"Element not in APPROPOS Library™"

"End-of~file encountered on Tape 4,-check
input value of IDS(N) for N=__ *

Description or Explanation

If execution is terminated after this message,
too many spectra were requested, or else the
value of MAXCOR was input incorrectly.

The calculation is too large for the amount
of available core storage, or else the value

of MAXCOR was input incorrectly,

One of the values of LAL on Card 15 of Data
Set 3 does not exist in the gagmma-ray produc-
tion data and selected nuclear data parameter
library (Master Library 6). The LAL data may
be incorrectly input; the caleulation should
be rerun after the source of the error has been
corrected.

The LAL data on Card 15 of Data Set 3 may
be input incorrectly. Also, if NAPL=2,
NLE must equal NAA,

One of the values of LAL on Card 15 of Data

* Set 3 does not exist in"the gamma-ray produc-
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tion and selected nuclear data parameter
library (Master Library 6). The LAL data may
be incorrectly input; the calcuiation should
be rerun affer the source of the error has been
corrected.

The identification number, NID (2, n), of the
element data within the composition on Card
32 of Data Sef 4 is in error. The Jth element
in the composition is in error,

The coupling between neutron and photon cross
section data cannot be made for this element
because LAL on Card 15 of Data Set 3 is input

incorrectly.

The identification numbers for spectra input
from tape are input incorrectly: check the IDS
data on Card 10 of Data Set 2. The Nth value

s in error,



Message

"End-of-file encountered on Tape 8, check
input value of IDF (1, M) for M=__ "

Astronuclear
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Descripfion or Explanation

The requested neuiron transport cross section
dafa does not exist on the tape or else the

value of IDF (1, n} on Card 13 of Data Set 3
was input incorrectly, The Mth card is in
error.

The requested neutron reaction rate cross
section data does nof exist on the tape or
else the value of IDF (2, n) on Card 13 of
Data Set 3 was input incorrectly. The Mth
card is in error,

"End~of-file encountered on Tape 10, check
input value of IDF (2, M} for M=__ "

[n entering IDF (3, M) on Card 13 of Data Set 3,
the value does not correspond to one of the IDS
numbers entered on Cards 10 or 11 of Data Set 2.

"Error-weighting specira for element

is not available. Check IDF (3, M) value of

3.4.4 Sample Problemllnpui-

A sample problem card input listing is shown in Table 3-4 to assist the user in
preparing problem input data. In this calculation, o set of simultaneous, neutron-photon cross

section data are generated with a P. scattering approximation for one composition. This composi-

1

fion contains three elements: Carbon, Uranium-235, and Aluminum. The daia are averaged

over the first region spectrum in a typical ANISN=-W calculation. The printout from this calcu~

lation is given in Section 3. 5 in Table 3-5.
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SAMPLE PROBLEM CARD INPUT FOR THE APPROPQS CODE

25000

TABLE 3-4

APPROPOS WITH X-SECTS FROM KROZ1S5,

1&
13

0120
gl21
0620
0621
3520
3521
1.603-13
5
1
4

25 0.0037

5 0.06
10 0.0041

11
16
3
%
s2
LT
1
3
8
10
11
1l
12
l4
16

0129
0129
0629
0629
3529
3529

10

w
DL ON=>

o
[

-
oNn

0L2001
062001
352001

+

PO, P1 FOR MSFC,
i

1
2
3

1
5
9
10
11
i2
13
14
16

[N~ e W o

15

DATA

PRODUCE 29 GRUUP.PL DATA

17

1

REGION 1 Gsu235.AL Pl
1

i
1

1LDATA
DATA
2UATA
2BDATA
340DATA
DATA
2DATA
60ATA
LODATA
10UATA
LiDATA
12DATA
130ATA
L5DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
BATA
DATA
3DATA
DATA
DATA
DATA
DATA

¢io
220
033
C40
50
050
Q70
030
aso
100
110
120
110
140
150
160
LT0
189
190
200
2190
220
230
249
250
260
270
280
290
300
310
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3.5 DESCRIPTION OF OUTPUT

Computer output from an APPROPOS calculation consists of printed output, punched

output, and tape output. The following sections describe, in detail, each form of output,

3.5.1 Printed Qutput

The printed output from the sample problem input data presented in Section 3.4.4 is
shown in Table 3-5. The first output section printed by the APPROPOS code is a description
of the overall problem parameters contained in Data Sets 1 and 2, The code then lists the
number of cross section sets to be weighted (NLIB>3) and the amount of core storage required
for this calculation,

The next section lists the correspondence between the neutron fine-group and broad-
group structures. Following this, the weighting specira are printed out, first by fine=group,
and then by broad-group.

The broad-group reaction rate data and corresponding transport cross sections by
element are printed out if NPRIN =2,

The code next prints the progrom title card and the amount of core storage required
for the remainder of the calculafions. The element identification list for the library is prinied
if NAPL =1. This listing is followed by the element identification list for the problem as
specified by the parameter, LAL.

If NPRIN = 2, the microscopic photon cross sections for each element are printed
first for the Po sets, then for the P, sets, where£=1,2,3,...., NPLG,

The library data on cards 25 to 29 in Data Set 3 are printed next. These data are
followed by a printout of Master Library 6 data for each element in the problem corresponding
to the library data on cards 16 to 20 in Data Set 3,

The next section lists the composition parameters input on cards 30 to 32 in Data Set

4. The broad-group capture, fission, inelastic scatter, and "effective energy deposition™ cross
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TABLE 3-5

APPROPOS INPUT DATa

NGN
NF G
N1G
NGCG
NTaBN
NPLN
NGa
NT 4 HG -
NPLG
NLE
Naa
NME
NMR
NSP
NaPL
NO1y
NLIb
NTH1G
NPRIN
NUP
NDOWN

NM/
NGF
NFF
INTF
IHSF
IHMF
IHSHE
1HME
NR":

FlLUx SPECIRA

NUMHER OF NEUTRON GRUUPS: o a o«
NUMBER OF FAST GROUPS o o
NUMBER UF INELASTICS NtUTRON bHOU
NUMBER OF caAPTURE GAMMA GPOUPY,
T48LE LENGTH OF NEUTRON BaTAe
PL SCATTERING FOR NEUTRONS, o
NUMBER OF GAMMA RAY GROUPS, « o
TaBLE LENGTH OF GAMMA RAY pATA.
PL SCaTFTERING FOR GAMMAS RAYS .
NUMBER OF L1pRARY ELEMENTS, +
NUMHER OF DIFFERENT pLEMENTS IN
MAXIMUM NUMBER DF ELEMENTS N AN
MAXTMUM NUMBER OF CUMPOSITIONS,
NUMRER OF SPECTRA FUR WETGHTING »
APPRO LI OP, n/1/29LARDS/TAPE GEN/TA
17273749 NEUTRON/PHOTUN/ 142/ O0UPLED+ 3
LIBRARY OPTIONO/L/72/37%75767 o o o
n/1v PUNCH/MAGe TAPE OUTPUToNAGS PUNCH.
PRINT OPTIONy o o o » o« e
NUMBER OF UPSCATTER INT FINAL PnINr......
NUMBER OF DOWN SCATTER IN FINAL PRINTae.
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TABLE 3~5 (Continued)

WEIGHTING SPECTRA TAPE 17
SPECTRA WO« REGION NO,
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o N e

& CROSS SECTION SETS WiLL BE COLLAPSED
2558 LOCATIONS OF 25000 AVAILABLE WILl BE usED
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TABLE 3-5 (Continued) .

SPECTRA WEIGHTING SPECIFICATIONS(BROAD GROUP NUMBER BY FINE GROUP)
FINE GROUP BROAD GROYP

1 )
2 1
3 1
4 i

5 1
6 * ?

7 ?

8 3

9 &
10 %
11 [
12 ]
13 7
14 ]
15 .}
16 9
17 9
18 lo
19 10
20 10
21 19
22 10
23 10
24 1o
25 10
26 11
4 11
28 11
29 11
30 11
31 ‘1
32 11
33 12
KT 3 12
35 12
36 1z
37 12
38 12
39 12
&) 13
L3 13
42 13
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44
45
46
47
48
A9
50
5
52

14
14
ié
15
15
15
16
16
16

WEIGHTING SPECTRA-FINE
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1

1+11383Ew0%

3+91017E=-p5
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6285 LOCATIONS WILL 8E USED FOR THIS PROBLEM
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TABLE 3-5 (Continued)

ELEMENT IDENTIFICATION LIST FOR PROBLEM

NUMBER ELEMENT [0 NAME ATOMIC MASS UNITS
1 5 CARBON 12,0111
2 10 U=-235 235,0439
3 25 ALUMIN 2649815

&

Alojelioqer
1e3|anuollsy
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TABLE 3-5 (Continued)

MICROSCOPIC PHOTON CROSS SECTIONS=P(L)+Lm

ELEMENT MNAME, .0 CARBON
ELEMENT NUsaypae

GAMLEG

1D NOgos

GAM I NQeaswers

P ot pat Tt i N
S H W=D O® U E W

ok Gt b ot ek bt
O R e S L E~NO U Wy~

Fl

] ¢

O

443n9BBEaq)
B,16973E=q3
Os
Do
O
0.
O
Qo
s
De
Oe
0.
g,
0,

9
4,6958BEw]]
O
B,84373F=01
6,53424Ew02
8,89412E-p2
S.62371E=n2
3.25166E=«pn2
le74B00E=~(E2
lentl26Emp2
7Te46892E=03
S, 74080E=03
4 ,B5638E-(3
Qe
O
0.

D

6
5

2
3,07243E=p)

Dae
444T215E=p]
6,315995-03
1414829E~02
e

O«

Qs

1)

LiR]

L]

e

[t

0.

0.

0.

10
5,.04815E-01

Os

1.,01335E+00
1,06415E=01
1+34776E=p1
7494106E-02
5.23370E=02
3.17816E-02
1+79343E=p2
1.12356E=02
B8,04190E=03
6.24455E=03
5,30978E~03
O

o-

Oe

3
3,18600E=9]
0,

4o TAS3PE=p]
138495602
2:61730E~02
2+07329E~g2
Qe
0,
O
De
[
Oe
04
04
0,
o,

11

S, 45584E -]
11

1.20217E+00
2,08493E.01
2.03004E~0]
9.8B245E =02
6,25340E~02
4.35040E=~02
2+79126E=(2
1.565975E=02
1407T101E=02
Ty 7B091E=(3
6,09449F-03
5,20430E=03
o,

Qe

0

A
3,35288F=01
0

L ]
5,1472TE~01
2.12423E~02
3,22717E=02
2.75494E=(02
1,80665E~02
0!

0.
0,
U,

G
0,

0,
g.

12

3 84779E-01i

1, T58528E400
5 (44508E-0]
3 ATTO4E=D]
1,478586E=01
3.74643E-02
6,267 36E=02
4 ,84576E=02
3,58506E=02
2. 595B4E02
2. 1 03239E-02
1,73100E=02

1,545044E-02

1,45149E.02

<0,

-]
3,60436E~01)

0.
5.76790E~01
2.757528'02
‘I2904SE-02
2.72047E=02
1+94897TE=-02
1058710E'02
Do
Os
[+X]
Oe
O
0.
O
O

13
6,18374E=01

O

2.17113E+09
1,55276E+90
4¢55894E=01
1+03294E=01
S.12630E=02
3.03778E=02
2409117E=02
1+52059E=02

1400353E=~02 -

6,03297E+03
3,87313E-03
2479142E~03
2.17026E=03
1+84409E=03

.3
3.921056~01

O

6+58895€w01
44 78619E=02
6,42020E%02
3.50015E=02
2,30715E=02
1. 69998E02
1s40610E=08
O»

(1]

r

A,20779Fm=01

D

T23TS53E~01
3.37703E=02
&¢32456E=02
24¢13203E=02
1,219%4Em~02
B,2B946EmD3
6,23283E=03
Be21259E=03
O«

B
4,43p1BE~01

Ga
8,02T7THTE=0Y
4,531T6E=(2
6. 12628E-02
3. 7515%pE~02
1.92533E“02
1,13412E-02
T.BA539E=D
Ge26644E~D]
5.01951E-073
Oe
Oa
O,
0.
0,



£5-¢€

TABLE 3-5 (Continued)

HICROSCOPIC PHOTAN CROSS SECTIONS~PIL)sL»

ELEMENT NAME,,. ALUMIN
ELE“ENT NOI..O.
GAMLEG TD NOgee
GAM T0 NOssaosne

| R

1 7,86496E-0]
a O '

3 1.08912E+00
4 14765TTE=-Q2
5 0,

b Qs -

T 0%

8 0.
10 0.
11 0.
12 G
13 0.
i 0,
15 0.
16 o,

9

1 1,02510E+00
2 0.

3 1.93603E+00
4 14,41575E=p]
5 1,92706FE=01
6 1.21847F=pl
T T«a05826E=p2
8 3,787T34E=p2
9 2.29940E=02
10 1.61827E=-n2
11 1424384E~n2
12 1.05222E=92
13 O
14 0.
15" o0,

16 .0,

3
11
25

2
7.89909E <01

Qo
1.11358E+p0
1e4T6B0E=p2
2.48796E-p2
Os
O
G
0w
Oe
Qe
O
Oe
0.
Q.
0.

10
1.09529E+00

Oe

24199586E400
2.30566E~01
2.92014E=~p1
1+ 720S6E=(1
113397E=g1
6488600E=-02
3.HB5785E=Q2
24%43439E=p2
1eT4241E=~p2
1.35299E=02
1.15045E=92
O

[

O

3
7.99520E.01

(Y
1.15808BE+00
3,00073E=02
§,6T08lE-02
4,49212E~92
Qe
(I
De

11
1,18210€4+00

0.

2+60469E400
4439841Eupl
2.14Y20E~01
1¢35490Eap]
9.,42587E=p2
6:04TT3Ew02
3.59614E-02
2¢32051E=02
1,68586E-92
1.32047€«p2
1¢12760E=02
0,

e

0

Y
8,16765E.01
0

L]
1,22633E+00
4,60249E=02
6,99221E-02
4,88571E=02
3,92090E~02

12
1,27029€4+00;

0,

3,43804E+00
1,17998E+00
T.53554E~01
3,22792E-01
1,97408€-01
1,46689E=01
1,18958E=01
92,4994 TE=02
7.61487E=02
6,48166E=02
5,82074E-02
5,39725E~02

5,16333E~02

5
8,46BSTE-0]L

O
1:33553E+00
S 9TA6PE~02
9,29%598E=02
5.89435E-02
4.22278BE-02
3,43872E~02
[+
O
1
Qs

13
1,39568€«00
Qe
44T5998E+00
3,36430E+00
9BTTT0E~D]
2423803E~01
1.11070E=01
6.58185E-02
4+530B6E=02
3429461E~02
2¢17431E~02
1:30714E~02
8439178E-03
6+04B07E=03
4,70223E=03
3.99553E=03

6
8,20884Ew0}

Os
1948622E+00
1:03701E-01
1:39104E~0]
7+58365E=02
5300012E=02
3,68330Er02
3¢04655E~02
Oy
0s
O
Oe
0,
Oe
0

’
9,35942Ew01

0.

163625400
T431689E=0p
9,36989€=0p
heb1940E=02
2e64212ER02
14 79605E=02
1+¢35045E-02
1+12940Em02

8
9,74688E~01

0

17651 3E+00
9,8188B)E=02
1.45736E=01
B,12824E=p2
4.17156E=02
2+.45T26E=02
1e69907E-02
14292 13E=02
1.,08756E=02
Ge

@

Aiojeloge)
legjanuolisy



12°m*

TABLE 3-5 (Continued)

MICROSCOPLC PHOTON CROSS SECTIONS=P(L)yLw

ELEMENT NAME,.s U=235
ELEMENT NOeonss
GAMLEG IO NOgae

GAM

Ul SN

PO S

SO~ NS WDy

-
=

gt d ot b ot
[+ JRE I PUR VT
*

ID NOvsewes

1.
1.52¢49E001

0
1.87667E+01
1424963C=p1
O
'\
O
0.
0,
Qe
[V
0.
Oe
Oe
0«
Y

9
1+13025E+01

Oe

1.87954E+01
1. 00192E+00
1.36377E¢00
Be62302E=p]
4-995075“01
2+68027E={]}
1+6272TE=n1
1414523E=p1
808025?5'92
7-446455'02
0.

O

* B

0.

2
49
10

?
1.470R5E+01

0.
1.841672E+01
1.04512E=91
1:76071E=0]
O
O
Oe
Qe
[1X]
O
0.
O+
Qe
Qe
[+

10
1. 2692TE+01

O
2.08922E+01

1le&3170E+00
2,06656E«00
1421763E+00
8.02500E=01
487317E=91
2. T4992E=01
1.72290E=91
1+23309E=¢1
9|57493§"02
8,14166Ea02
1)

O

s

3
1.‘01565001

[+ 1
1,8023SE+0]
2412359E=01
4,01319E=91
3.17904E~p1
0«

11
1.70514E+ 01

118

2.T1190E+01
3.15090E+00
3,11272E.00
1:451531E+00
9.58855Ew01
6467061E=GL
4,27993g-01
2.544%96C-01
1:64221E=~g1
1.19307E~01
9 ,.34489E.02
Te 97993E-u2
10

0-

0

1 320085001

1 76442E¢01
3 225715E=01
4.94833E-01
3.457585‘01
2, TT479E=01

12
daamisleso

5 «TOST1E«0]
8,35066E+00
5 +33284E400
2, «66913E+00
2,44334E400
2.31636E¢00
2,293715E«00
Re2462TE+ 0O
2.136T6E+ (0
2,00363E4+00
Iy 83743E¢00
1, 79905E000
3 +TARGAE+0Q

5
1,2@284E000

Go
1.,72848Ee ()
4,22819E=-01
&+57870E=01
4,17139E=-p}
2-988435*01
2+433%5E~01
0,
0
0
0.
0
G
O
Gs

13
2.6““E*02

O
2.B8250E+02
2438089E+01
6,99037E+00
1+58384E+00
T7+86032E=01
4¢55792E~01
3.20648E=-01
2«33157E~01
1.538T4E=q}
G 25056E=02
§,93880E~02
4+2R017E=Q2
3+32T773E=02
2e+B27H0E~02

&
l 1287pEw 01

l-TlT‘ZE*Ol
7:3368a3Ew01
9 8643IEFOI
5@366B9E-01
3.53858F=01
2¢60664E=01
3.156&2E-0i
0-
0
0s
0
Oc

+

Oy
G

7
1.09453E40)

O+

1.T3532ER01L
5,17811E=01
6.63100E~01
3,26911E0)
1.859B1FE=~01
1.27105E=~01
2,55T00FE02
T499265ERG2

8
1,0902BE+0)

Ge
1:TTT50E« 0}
64F4BTRE~D1
1+031356E+00
5. 75230E=0]
2.3521BE=01
1.73858E~01
1,20305E-01
9,14854E~(02
T¢69653E~03
0,
LY
LY
[
O
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TABLE 3-5 {Continued)

MICROSCOPIC PHOTON CROSS SECTIONS#P (L)L w

ELEMENT KAME,qs CARBON
ELEMENT NOsesen
GAMLES 10 NOg4e
GAM ID NOsswonsn

EENRP Ne-

o g ot et ot
C NP WNS LD wPE S N -

1
0,
a,

Gy
2,43915Ean2
[+ 1)

O

O

O

Os

Qe

Os

G

Qs

e

O !
[/

Q.
O
O
1.92936E~01
2.56255E-n}
1.56699E=n1]
8,75841Ex2
4,5[808F~02
2.66H66E-02
1,84635E.02
11600263E=02
1+ 1TBT2E=p2
0.
Qs
O
Qs

1
6
5

0.
0.

De
2,04163E-02
3.42T718Ewg2
O
Qs
Qs
Qe
Do
Da
0
1]
Qe
Qs
Qe

10
O
Oa
Qe
3.10513E~0)
3,78177E-0]
2.12252E-01
1.34890E=01
T1.87T16E=~02
4¢2584Z2E~02
2,58843E.02
1.81861E-02
1039414802
1.176086E=02
Ds
[\
Os

0,
0,

O
4,13994E.g2
T«TE8924E=g2
6,13719-02
Oe

Os

Qe

Ge

O

Os.

e

G

Oe

[

11

[

Qe

O

5,83509E-01
5,38415E=01
2+3B234E=0]
1e42307Ew=p]}
F.47978E-02
5.80121E=02
3,27603E.92
2:0382TE=p2
le#dT4TEwg2
1+411612Ewg2
Ve 46S6E=D
0

Qs

H

0
0
0

. &

ﬁ.3~063£702
9,55924E=02
6,61383c=02
5,27884E-02

o,
1,36510E+00
T,20567E~D]
2,31762E~0]
1,11042E~01
6,83427E-02
4,5952BE=02
2, 19569En02
1,54127E~02
9,30765E~03
6,45319E«023
4,88326E-03
4,08539E=03

o,

O
0,

O
49.?14775-02

1+26249E-p1

T7.B887TE=02

5,5%497E=(2

&453064E=02

Do

O

Oe

O

O

(]

[

[\

13

Qo

[

O .
1« TR4S9E+Q0
1447884E=0]
=3,25163E=02
=5 49367SE=(2
=3.93911E=02
=2.87346E%02
«2,17363E=02
=1 449268802
~9433645E-03
“6415244E=03
“4+50370E~063
~3,53812E~03
=3.02382E=03

L}
0,
0y
O
1,41034E=0])
1+87146E~01
9,95532¢ =02
6,464 78E=-02
A T12T8E=02
3,87531E=02
0y
Oe
Os
04
Oe
0s
0y

r
0.
0,
0.
1,00492E=01
1.2981TE~0Y
5,98073pn02
3,33528E=02
2:23198E=02
1,66027E~02
1.38013Em07
0
0.
0.
0
Ge
s

O
0,

0o
1,34471E-01
1.05696E"01
§,22424E=02
P.99TBTE~-02
2404059E~02
1.53457E«02
1+28295E~02
Ds
i+
O+«
0
Qe

@

Aloleloge
leajanyolisy
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TABLE 3-5 {Continued)

MICROSEOPIC PHOTON cROSS SECTIONSP(L)s+Lw

ELEMENT NAME 44 ALUHIN
ELEMENY NDggarne

GAMLEG

| §0] N0.0.

GAM 10 NOsgsass

O o=~ O U P B

1,

541 284A3E=02

Oe

4,10029Ew0]
5.55220E=~01
3. 3951501
1,83765E=(1
9-789168'02
5.78211€E=42
4+ 00043E=02
3+03903E=02
2.553R9E=2
Do
Da
De
O

ll
25

0.
0.

¢
$042353E=02
Te42556E=02
Qe
Oe
0,
[\
Qs
[ 1]
O
Qe
O»
Qs
Qe

10
O
Oe

(11

6,72178E~01
B419383E=g]
4,59H80E-01
2.92282E-01
1-70b72E'ﬂl
9,22058E=)2
85.:60914E=p2
3.94033E-02
3,02063€-02
2«54986E=02
O

[/

O

0;
0,

0
Bl9&OBTE -2
1s68767E=pl
1032972E~01
O
0,
O
0.
Oa
O
Oe
O
O
O

11

Qe
0,

0.
1,2642TE,00
141665TE+ 00
S.lﬁl?‘E-Ol

3,098331E-0l}
2.05395Ewpl
1:25633E=01
T4 09B0TE~p2
4a41626E=pd
3.13618E~02
2441B27Ewg2
2:04875E=(2
0.

Oa

}
4
0
0
Bl
1,37381E-01

2,07117E~0}
1,43300E~01
1.143715E~0)

12

2.95773€400
1,56123E+00
§,02152€-01)
2,40591€-01
1,48076E=01
9,95643E=02
6,05732E=02
3,33941E%02
2,01666E=02
1,39819E~02
1,05804E~02
8,685168£-03

0,
0,

0.
1.TT98TE=(1
2+ 1353%9E~01
1.70923E'01
1+21224E%01
9,81638E-02
Os
O
De
O
s
L
[+
[\

13
O»
0

(U9

3,80161E+00

3.20350E=01
“2,00452E=01
“],28630E=01
=8,534 TSE=p2
~he22584E=02
=4sT09S4E=D2
=2423414E»02
w2,02290E=02
=1+33303E=02
“5eT5802E-03
«~T,66593E~03
~5455161E~03

6

Oy

00

04
3.07306E-01
4305404Ew01
2¢15699E=01
11#0070E-01
1.02110E=01
B¢396K1E~02
0

Oe

Qs

O¢

O

04

0.

g,
o0,

0
201773380y
2.72603E=0)
1.29582£+0]
74226456702
4,83595602
3e59724E02
2,9502BE=02
0

0,
0.

9.

2.9135§E-01
4424TT4E=Q
2¢2%007TE=01
1+13152E-01
6,4953TE=02

.4.“2127E"02

3,32491E~02
2. TT19T2E~02
Qe
0.
O
O
O
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TABLE 3-5 (Continued)

MICROSCOPIC PHOTON CROSS SECTIONS=PIL)sLm

ELEMENT NAME, ., U=235%
ECEMENT NOsagen
GAMLEG TD NOgse
GAM ID NUsspoar

—
DN E UL W

et
-

e ]
Cupwhe

[
D D~ BB

-
—

b gt Pt ot
[+, 0 PP LV

16

i

3.74003E~01

0.

[+
2,95836F,.900
3.929258+ 00
2.40272€+00
1.34296E+00
6492T72E=01
4409195E=0]
2+83107E»01
2.15070E=01
1,8n737E-01
O
O«
O«
Os

2
49
1o

N, -
(1Y
0.
3.13550E=g1
5,25501E~01
Qs
O»
O
O
0
Qs
O
s
04
0,
0, .

10
[+
Oe
O
4 Te120E+00
5.,7T98T1E+9¢
3.25453E+900
2. 06846E+90
1.20783E+00
6.52958E=p1
3496954E=p1
2,T8854E=p1
2,13768E=p1
1.80452E=901
Os
O
0

0.
O
e
6,34790E=qg}
1.,19435E4+00
9:41035F«01

11

Os

.
8,94713E.00
8425569+ ¢0
3.65292E+00
2,18203€+00
144535TE+00
BeB9519E=01
S5,02325E~n1
3,12535F=0l
2421945Empl
1-711395-01
1+8484TE=p]
Ge
O

1

0

*
0

0,

9.72238E“°1
1,46575E400
1,01412E+00
8,09422E=01

12
g,
9.
a,
2,09316E,401
1,10487E4+0)
3,559369E+ 00
1,70265E+400
1,04792E+00
7,04609E=01
4,28672E«01
2,36328E=01
1,42717E=01
9,89489E«02

T.4B766E=02
6,2642TE=02

{

L
De

Da
1+25960E+00
1:93582E+00
1.20961E+00
8+57895E~01
5+94698E-0]
Do
O
Ge
O
Qe
Qs
0.
0.

13
Os
D

s .- '
2,69037E+01

2:26799E+00
=] +41858E400
=9+10301E=01

=64 0399TE~01

4o h0GGBE=0}
=3+¢33291E=0}
=24,2887BE=0)
"10431595'0]
=9 ,43374E=02
~6+9056TE=p2
=5+42512E~02

~4v631652E~02

6
|1
0
O»
2+ 1T4TBE+ (0
2.86950E+00
1¢5264BE+00
9491266E~01
7422622E=01
Se94215E=01
Qe
0s
0s
0s
0.
O
0,

7
0,
Oe
0o
1.5408BEw0g
1.92219%Ew00
217045601
Se11410E+0]
3442237Er01
2454574ER0
241162001
0,
O
0a
0y
0,
0.

G,
0

De
2. 03061BOE+00
3., 00609E400
146206TE+DD
8401030E-01
4¢596T73E~01
3.12890E«0)
2.35301E=~01
1+96713E~01
0
(| 1Y
0.
0,
0.

@

A10jejoge
1B313nU0ISY
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TABLE 3-5 (Continued)

LIBRARY=DATA=WIL{ BEGIN FOR NAGS INPUY

3.00000E=03
3.63000E-01
1.23500+00

(e
3+ 69000E-0]
2167000E~01

1406300E=06
1'617005”06
3.81600E~086

1+20000E=0%
1s15000E=06
1.00000E~07

Os
6:50000£+00
1+ T3Q00EYOL

NUMBER OF DIFFERENT ELEMENTS 3
PROMPT FISSION GAMMA SPECTRUM

1450000E=02 4,00000E~02 1411000E=01
5,03000€6~01. 7,08000E=01 9,47000E=01}

DELAYED FISSION GAMMA SPECTRUM

2.52000E=01
1.38900E#00

4,27000E=02 2.30200E~01

Ge 0,
S¢00000E-G1 S.BTOOOE-OI 8,51000E~01

GAMMA RAY DOSE CONVERSION FACTORS
1,08300E«06 1,11600FE~06 1,16600E~06
1.50400£=06 1,566400£=06 1,67300E~06

NEUTRON DOSE CONVERSION FACTORS
1.05000E~0% 8,R0000E=05 6,35000E~0S
1.73000E=07 2,10000E~08 9,00000E=09
1,00000E-07 ), 00000E-07 },00000E~07

UPPER LETHARGY
l.ZSOOOEoOu 2,00000E+00 2.50000E+00
7.50000E+00 9,75000E+00 1,17500E+01
1482000E+01 1,89000E+01 2.000005*01

1.00%00E*00

1,24000E=06
1.80300E~06

3,25000E+05
1.90000E=~08

3,25000E+09
1.37500E401

5,59000E=01
2.05300E%00

5,87000E=01
1+15200E*00

1,33200E~0s
2.11200E=06

1,03000E-05
5+62000E~08

4,50000E*00
1+55000€*01


http:1:25000E.00
http:1,06000E.07

65-€

ELEZMENT 1D NUMBER ,
ATOMIC MASS UNITS ,
QIN'ALPHAL s o » ¢ &
NOAML (GAMLEG DATA TA
ELEMENT 4 & &« s 4 .

O
G
(1%

Oe
O«

O
0.

O
Oe

0,
O

TABLE 3-5 (Continued)

CROSS SECTIONS AND

e
1=

£°1

0

e Ve a0

e CJe e »

s FTe's -9

. % e'n
—

Q {NsNPRIME , GAMMA)

- e oo w,

CONSTANTS FOR CARBON:

*tE S 0 o

e ie jeoia (w

[T T N1 P )

o le [mis 1@

NEUTRON RADTATIVE CARTURE GAMMA SPECTRUM

0,
[+

L IS
O
Y

o,
o,

»o‘

0,

5
1,20111E¢48]
Q»
6
CARBON
#.26?00!»00 0,
e 0.
0, 0.
Do O,
0e o,
O O
Qe G,
Oe O
O 0,
06 o,
0. 0,
s 0,
3,37500E+00 1.19100E+00

3.74400E=0) @

MICROSCOPIC ELASTIC CROSS SECTIONS

0,
0.

|
SIGMA (NvALPHAY
0, |
O,
0

MICROSCOPIC GAMMA RAY ABSORPTION COEFFICIENTS

¢,

0,

04
0,
0,

0e
O«

Da
O

0.

0.
0,

1,552006~02 1+5B500E~02 1,64200E=02 1,72500E~02 1,84B00E=02 2,00200E=D2
2413400E-02 2424300E~02 2,37100E=02 2,53900E~02 2,73%00EM02 3,20800E=~02

5,33700F=02

@

Aio)eloge)
jajonuolsy


http:2.73900E.02
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CROSS SECTIONS AND

ELEMENY 1D NUMBER ,
ATOMIC MASS UNITS 4
DINVALPHA) e o o

NGAML (GAMLEG DATA TAPE 1
ELEMENT s ¢t e e v e s

0
Te23400E=02
2.38300E~01
0

B 00600E~04

2,60400E=01

0.

Ce

2416600E=01

O

e

24 00500E~01]
.

0,

1:67900E~01

Oe

U .

1467800E=91

Os
3.21900E=01
6 .'095005-01

G
0.

Ge
o,
0

4442700E-0)

TABLE 3-5 (Continued)

¢® » 0 0 v

¢ ¢ & 2 s 0

¢« 3 0 8

D NDuly »

s s a2 e

G{N+NPRIME s GAMMA)

0. 0.

1449400E-01 2,A1100FE~01
0. 0,

6:07200E~03 3,01900E=02
0, 0,
Qs Q.
0. 0,
00 0.
0, 0,
0, 0,
O O,
00 0.

CONSTANTS FOR U-235

[ | 10
0 v o 2,38044E%02
et s O
s 49
' s . Un235

. 3,66200Em03
5,65700E~01 8,55300E=01
0| 0'
1,70600E~01 4,g%300Em01
0. 00
2,04600E=~02 1.68200E%01
0. 0'
Ga *2+31100E-02
0. Dl
0. 0.
0, Qe
B, O

NEUTRON RADTATIVE CAPTURE GAMMA SPECTRUM
0. 8,49300E-02 5,18200E«02 2,08100E=01
4,57600E~01 5.744005-01 7.87000E=-01 1,15900E+00

MICROSCOPIC ELASTIC CROSS SECTIONS

0. a,

o. 0.
SIGMA (N+ALPHA)

De 0.

0, 0,

0. 0,

0.
0,

Qe
g,
0,

O
O

Qe
o,

3, 74900E~02.
$,39200E~0)

0,
B+ 12500E~01
0o
5,02200E-0)
94
1,83300E=01
0,
9,4B200E=08;

0,
9,47600E=02:

4,59700E=p1
1,694005400

0,

O
0,

MICROSCOPIC GAMMA RAY ABSORPTION COEFFICIENTS
.279005-02 4,15600E=02 3,994ppFE=02 3 «Bo4poE~02 3,5T000Emp2 3,3510pE~p2
3423200E~02 3,19000E«02 3,19200E=02 3,46500E=02 4,39500E~02 1.078005-01


http:3.192OOE.02
http:5.74400E.O1
http:4.57600E.01
http:2.09100E.01

[9-€

ELEMENT 1D NUMBER . -
ATGMIC MASS UNITS .
Q{NYALPHA) ¢ » )
NGAML (GAMLEG DATA TAPE 'ID
ELEMENT o o o ¢ 2 ¢ o s

1446900E=0)
2465100E=01
145070CE=02
Ga
0.
2e24)00E-02
Qs
Ne
5,01300E=02

1 7T4900E+ 00
3,84200E-01
Se64400E=02

e
Do

1,57200E~02
0,

o,

1:84300E=02
2414800E=02
5420400E~02

TABLE 3-5 (Continued)

CROSS SECTIONS AND CONSTANTS FOR ALUMIN

L]
*
. & @ ]

o Zieoie &
o
8 O W
- ® 9 @ %
- .. &

Q@ (NyNPRIME yGAMMA)

QQBEBQUE'OE 2,41400E~01
4,937T00E~01 4,44000E=-01
Qs g,
3,12600~01 2,067T00E=01
Oe g,
(1 0,
0, 0,
O« 0,
0, o,
0, o,
0, o,
0. 0,

2.03900E01 1,75100E«0} 2,07T000E¢00 6,87500Em02.

O
De

0,
O
O,

R 25

¢ 2 s 2.69815E40]

a0 0 O

. 8w 11
HI ALUMIN
3,49300E=01 #,52900E=0)
3,84100E~01 2,91200Ew01
0' 0.
2,83300E=01 5,54800E~01
0. 00
1,82400E=01 2,35000E~01
U. o.

0. 00

g, 0.

0, 0,

a, 0,

0. 0'

NEUYRON RADIATIVE CAPTURE GAMMA SPECTRUM
9.86300E=02 4,56900E=01 4.09700E=01 1.131008»00

MICROSCOPIC ELASTIC CROSS SECTICNS

0,

0,

SIGMA {NsALPHA}

0,
0,
0,

MICROSCOPI¢ GAMMA RAY ABSORPTION COEFFICTENTS

G

G

0.
0,
0.

Oe
O

D,
0

3
6
0
?

0
2

- &

«90400E~D)
L lasooE'Gau

:109003-0Z

03700E-01

1#85200E=02 1.,87400E~02 1+9)1200E~g2 1+9T%00E~02 2.06200E=02;
2+22200E%02 2,32100E=02 2,46100E~-02 2.54400E-02 34102G0E~02

@)

A10)eloge]
1e3[anuoNSy
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TABLE 3-5 (Continued)

COMPOSITION TITLE( REGION 1| CoU235¢AL P} }

COMP, DEPENDENT DATA FOR COMP, NOssosonttssosonssncssssnsascresseses (NREG)®
LEFT HOUNDARY MESH LINE NO..--g-!onoo.oggoo..o--oo.qoggcotgoooonogooag‘13,‘

RIGHT BOUNDARY HESH LINE No....._!._!!.‘...‘.!.'...!..g’.!!.!.z...g'._-.'g...(IF,"

BOTTOM BOUNDARY MESH L INE NO-;i.g-ggooaog-a..ooootcgaggogogoono!ogcouitdsi'
TOP gQUNDARY MESH LINE'NG-oo-ogoogo-coitﬁoo.caooncogoggo-ogo-oeoogoos!‘JFi-

NOe« OF ELEMENTS(e/=ongw INPUT DATA/USE PREVIOUS COMP.s DATA)secesrasy (IEL)m

COMP,  SEQUENCE(1/7%+f TRST OR INTERMEDIATE/LAST ) svvanegensnnscesnagsssiINpla
GAMHT-ANISN OUTPUT TAPE 1D, NO,/IF NLIBeEU,2/0seesnssassassrreanss (NTID1)n
GAMB1T=APPROPOS QUTPUT TAPE IDe NOG/IF NL!B.EQ.a/-o!nggoooo.-ooq.go{NTIDZiI

]

OO W N e e
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TABLE 3-5 (Confinued)

COMPOSITION TITLE( REGION | CoU235iAL Py

ELEMENT DEPENDENT DATA FOR COMP,

NO....o-oo..oouuooloncoi-l¢-ooo-ooo‘NREB)'

.

l

TAPE ELEM&NT ID Nol!.00!O.OOO.Q.OI!’-.l."...o....l....ﬂ..t.......'N!D‘a" 12001

FPil) SCATTERING APPROXIMATIONvsesvosenestonpreasreatotsvtososssessceNID(D)u

1
ATOM pENSTTY ‘ATDMS/CM“'aioaooo.oo00--.ocon..ooooo.oooo.ooo-.-oo-oao{ADEN,' 3070000E'03

GROUP
NUMBER

Pt ot ol ot ot o gk
U IWN=D DD NS W

*

MICROSCOPIC CAPTURE

cROSS SEGTION

-

1e61921k=02
3.87593E=ps
4416237E=04&
40 T8I44E~04
1.90831E-03
4,48167E=03
5.3229RE=D3
1.59918E~03
2+4%626E=-03
6+86391E=03
1+ 77476E=02
4+,25946E~02
8.20927E=02
1.20773E=01
1.75407E=01
3+27869E~0]

HICROSCOPIC FISSION
CROSS SECTION
0e
Ne
O+
0o
Oe
Qs
O
0y
Qe
Do
Oa
Qs
0e
Os
Da
Qe

MICROSCOPIC INELASTIC
CROSS SECTION

6466851E=01]
2+51394E=D)
1:10068E=0]
0a
0a
De
0.
O«

D

O
Oe
e
O
O
O
Ge

MICROSTOPIC ELASTIC
cROSS'SEcTION

2¢33777E=0)
2+ 550833F =01
1471108E=01
1235045E=0]
64BB034E-02
1e52051E=02
991564 BE-04
24163B4E=04
2:56652E=05
3.5P625E=06
5402387E«07
O
Go
O
Ce
0

@

Alojeioge
1R3(anuollsy


http:NO.......,e...�.��ee.e.oe.ee
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TABLE 3-5 (Continved)

COMPOSITION TITLE( REGION ) CoeU235)AL P{ )
ELEMENT DEPENDENT DATA FOR COMP, Nooouo"ttuu..onluOcolooagiltctotlo‘NREGl.' 1
GAM ELEMENT 1D Nolocoo!!t!OOloog!!!cooICOI.tltltlo.!iIQCOOOQQOIOOOGNID'!’. 9

TAPE ELEMENT 10, Noaooqo:o;;;-o-!ggono.-Ooo.oooootoooco.tooonl--olanID|a" 62001
PiL) SCATTERING APPROXI"ATIGNI-oooolocotoco.ooooooo0000.0.!0.000.0..NID‘3’"

-

ATOM DENSITY ‘ATOMb/CM“*3’ooouoc--oa-ouotot...-..oola|Oooa-|-||0|io¢‘AUEN” 6'000005'02

+

GROUP  MICROSCOPIC CAPTURE MICROSCOPIC FISSION  MICROSCOPIC INELASTIC MICROSCOPIC ELASTIC
NUMHER  CROSS SECTION CROSS SECTION CROSS SECTION CROSS' SEcTioN
} ) ge ' 445321 0E~02 94 BOBEE=GY
2 O Oe O 5¢05289F~=01
3 Os O O 3+ 7597 TE=0]
4 e 0 0s 2¢80564E~0]
5 0. O+ Do 1e25665E=01
6 3.53287E~Q7 O O 3415495F-02
7 8.71029E~06 0 0 6¢2P502E=03
8 1:42670E=05 0 O 104775%4F-03
9 4,05360E-05 0 O, 1,76560E-04
1o ' 1.09664E=04 O . 2042593F =05
11 2.8707BE~p4 O 0. ' 3. 45624F«06
12 643T404E=04" D [+ Oa
13 1.23106E=~03 0o 0. 0.
14 1.81954E~=03 0e 0. Qe
19 2.568126E=03 . O 0. O

16 5+03609E=03 O 0, 0o



TABLE 3-5 (Continued)

COMPOSITION TITLE( REGION } CoUZ2BsAL P) )

ELEMENT DEPENDENT DATA FOR COMP, NOgyqesvssqntonoccaescosesesennonse (NREG)R 1
baM ELFMENT [N NOoo-o-ogoucutgoggqgoocIOco.-oo-oo.goggcgogaoooooguoNlﬂtl)ﬂ 10
TAPE ELEMENT 1D, NUyyqqsunsavssegssaserssnsacssosscantarvesapscaetssNIDI2)2352001
Pll) SCATTERING APPROXIMATIONseessssssottoaoeornsssdrtvsoesovcrtesesNID(YI s 1

ATOM DENSITY (ATOMS/CM#%3) saessesscosnsertesarrdancatssaaseascevsveses (ADEN)® 42 }0000E~0)

»

gROUP MICROSCOPIC CAPTURE
NUMBER ¢ROSS SECTION

MICROSCOPIC ELASTIC

MICROSCOPIC FISSION' MICROSCOPIC INELASTIC A
CHOSS' SECTION

CRDSS SEceTION CROSS SECTIDN

G9-¢

1 2,36118k=02 1:27709E+00 1:91011E+00 3 ABTHTE=02
2 B,2581KE~02 1:28972E+00 1. 73357E400 3.33011E=02
3 0,21408E=02. 1:230026+00 1453611E+00 2.301856E=02
4 1,96461E-01 1.18800F+00 1,63339E400 1e6218AF =02
5 3,05706E~01 1¢39935E4 00 1:32149E+00 1415745E-02
6 Te72196E«01 20260435400 8.47128E=07 3:TR726E=03
7 1,34659E+00 4+18BRBE+00 0 8432623E-04
8 3. 745444E400 Te03134E+00 0 1+ 963 7BE=04
9 8.85312E000 1.772?2E+01 O 22339?1E-05
10 2.49493E+401 3«9U20RE+01 0+ 3:93205E=06
11 1e94974E401) 2.73T02E+01 0 Se07HG4E-0T
12 1.19968E401 6eITORIE+O] 0e Os

13 3.94741E+0] 1+85749E+02 D Os
14 #.T1458E401 2+069343E402 0o 0.

15 7.65981E+01] e 37T39E+02 0 0.

16 1.55404E402 B.BT8g0E+02 Qe 0s

@

Ai0jeloqe]
123|2NU0HSY


http:8.8531E.00
http:1.18800E.OO
http:1oz3Oo2E.Oo
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MICROSCOPIC NEUTRON CROSS SECYIONS FOR cOMP,

TABLE 3-5 (Continued)

P{0) TRANSPORYT CROSS SECTION SEY

NGOG = O B B b N e

Ll
=0 O W

St pd b ik Yt
O

1
1,83600E=02
04 .
2+18306E+00

g,
1,41859E 400

9
2,49826E=n)
O
1,41250E+00
0,

o,
0.

0.
1,36841E+00
4e12023E=02
G
O
<X
Go
O
0.
0,
L

2
3,87503E~04

0s
3.10225E+00
Qe
0,
0.

s
2.,65191E+00
4,29897E=p1]
O
(Do
[
O
[
De
[\
D

10
6,86391E=03

Cs
10416975‘00
0.
0,
0.

G
1,36791E+00
4,19944E-02
O

O

0’

Qe

Qe

0.

0.

0,

3
4,16237E.04
0.
3437416E400

O
2.82180E,00
3,11055E-91
1+34850E=01
19
Oa
Qe
0s
Qs
O
O

11
1., TT4TGE w2
O
1,42775E400
0 . ’
0,
0.

0,
i,35558E,00
4,20931E-02
G
Oe
O
O«
(i
O
¢,
0.

ELEMENY NO,.

L
4 78944E.04
0,
4,09855E+00

L]

0,
o,
0, .
3,71004€400
4,56B90E~01
B,ASTT9E=02
1,38041E=01
o,
0,
0.
O,
0,
0.

12
4,25945E-02
0, i
I,44259E+00"
0'

00
g.

L}
1,40000E+00
5,44219Ew02
0,

0,
0,
0,
04
0,
0,
N

1

5
1.,90831E-03

On
4.59892E+00
Os
0.
¢,

G
4,3436TE 400
3,88p31E~01
9.50549E~02
1.031BAE=(2
40332335'02
Os
O
Os

Oe

13
8,20927E~02

[/
1.48209E+00

0.
1.40000E000
Qe
Ge
Qe
O
O
Os
0
0.
0.

6
4,4816TE03
0s
4,80555E1 00

4 T6BA9EL 00
2.53043Em01

i+
1,20774Ew01
0o
1552077E400

O
0,
Oy

0
1.40000E#00
0

i @ imis ‘|8 |8l

OO0 OO

1
5,32298E«03

Oe
1+40339E%0
(118
0,
0,

0
1.25277E000
3,25727ER02

15!
1.7540TE-D1

O
1257541E000
.
0.
0.

1,40000Ew00°

8
1,59918E«03

0.
1+41563E+00
Oe
0.
g,

0,
1,37282E«00
1:4529%1E~01
O,
Qs
Oe
Qe
Oe
e
Ne
0

18
3,27869E~01

Oe
1.72787E+00
0,
0,
0,

0,
1,40000E+00
0
O
0.
O
O
(11
0,
0,
.
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MICROSCOPIC NEUTRON CROSS SECTIONS FOR cOMP,

TABLE 3-5 (Continued)

P(0) TRANSPORT CROSS SECTION SET

o e g g g g g
A TP SN~ DO w N~

NS O 0~ N8 N e

— g

——
[+ N1 B P

11

)
1:20877E=D3

0, ,
1.T4B22E+00
/I
O
0,

0.
1,15181E+00
[t
0.
0,
Qo
Qe
0
[
G
G

9
‘u05360E-05
0
4:709BBE¢00

Qe
D
0.
0.
4.“0621E‘00
3.00859E=01}
o,
0.
O

2
0.

0o
1.86523E400
[+ 1Y
[tX]
[

Qe
1,39772E+00
5.T3891E~01
O

Be

11

O

Qe

De

Oa

Qe .

10
1,09464E=04
Do
4+ T1pO9E+00

.

Qe
Ga

(HY
4,40208E+00
3.03628E=01
Qe
O

3
0

Oe
2-607?’5000
Oa
O
Oe

Qs
1,78404E,00
4,67502E=01
1.26152E~02
(1%
O
G
0
O
O
U

11
2,8T07BEap4
Os
4aT1027E+ 00

L ]
O
0.

0,
4,312%E400
Fa079058=01
¢,
G

0,
0,
3,27284E+00
0,
0.
0.
0.

2, 58174E,00
3.23A025-01

6. 73849E-03

12
6,37404E-04

0,
30633615*00

[ ]
1,99973E~06
3,55670E~05
5,56650E=02
4,37024E400
J.,9T040E-01
00
0.

o,
00

Tooe
. e &

ELEMENT NO, 2

5
O«

O
4.03317E+00
Os
[ Y
Oa

)
3.54330E400
6.91103E=0}
O

0.
1¢823186E~03
O
Os
bs
Qe
Os

13
1,23106E-03

i 0o
* 44 6TT29E+00

O
3.80962E~03
1+02B%TE=02
1,51036E=01
4425T01E00
2+57B816E=01
L
O
O

.}
3.53287ER07

Oy
4,58288E+00
Oy
Os
O

[
4,23843E0 00
4,89878E=01
O
Os

[ ]
Os

o O
1o 1®

14
1,01954E%03
Qs
43774396400

Qs

3.27081E~02
1,54588E-01
4,41158E409
2196708E=01
8,35756Em03
G

. Qs

Qe
1:30135E-04
0 .

y
8.71029E=04
0.
4,66794Ew00
O
0o

0.

Oe
3,95458€400
J4hAMBERD)
1Y

Oe

Do

0y
1:35221E=08
0

0y

Ge

18

2.68126F=03
[+
4,88181F1 00

»
Qs
O
1,34455¢0]
4,67185E400
1.B9898E=0)
5,B075BEmD?
1.3TAS)Ew03
Qe

0o

0,

0,

0.

'™

8
1:42670E=0%

[+
‘-70013E‘°0
O
Os
0.

0.
4,39925E4+ 00
Ta13354E=01
0a .

0.

Qs

0s

0.
3.01640E=06
O

O

16
5,03410E-01

0.
4. 47TBTESOD

0,

4432186E+00
44 28068E=~02
2,00273E-02
8.5983&E-03
14907B5E=~04

@

fl0)ei0gqe;
1E3JINuUCLISY
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MICRDSCOPIC NEUTRON CROSS SECTIONS FOR COMP,

TABLE 3-5 (Continued)

P{0) TRANSPORTY CROSS SECTION SET

—
Lol =B el i VU P S

—

e e N N
~g- s wn

W~ WA e

1
1.3007lE¢00
3. BEBRIES DO
B8,18786E+00
0
0
o,

0.
4,97725E400
Os
Oe
Ge
De
Do
O
0
Qe
0.

9
2.65803E401
“'314826*01
3,70808E+01

o,
1,04641E+01
3.60005E=02
6+11900E=06
6,4613TF=05
1,52111Ew04
S«50465E=05
1,93850E=06
1473013E=06
D.

. 2
1434231E+00
3,41445E+00
T+12190E+00
[/ 1Y

0,

0.

Qs
4,20662E+00
3,45864E-p)
Qs
2 X
[+
Do
Oe
Qa
D
Oa

10
6439701E+01
9.49766E+q1
Te6T021E¢01
[+ 1Y
O
O

0
1426870E+01
3463432602
0.

Ge
3,32348E=07
Do
De
[+ 19
Oe
Oa

3
1,32216E+00
3,13771E+00
6,T8324E400
Oe
o,

0,
o,
4,28206E400
3,96096E-01
4 ,78045€-p)
0.
Oe
[\
G
(1
0
0,

11
#,68)T6E, 01
6,66190E+q1l
5.84916E+01
0.

0,
0.
0,
10157&QE¥01
4,50450E~-02
Oe
O
0o
B8,134T78E=-07
O
O.
O
0,

ELEMENT ND,

&
1,3%446E400
2,96691E+00
T, 6B654E+400

eoOoo

5,27002E+00
T,16801E=01
6,90159E=01
6,47037E=0)

L]
0.
0,
0.
0,
0.

12
8,15658E401
1.,69331E+ 02!
3.25658E001‘

00
0,
00
1,10000E+01

3

5
1. T0S%04E«00
3.,43988E+00
1.0458BE+01]
O
0.
0,

O
8,3799%9E+00
B8487079£-01
2.5703BE=-p1
4,3078SE~01
3.84366E=0])
O+
[ 1Y
D
0,
0.

13
2+25223E+02
4+52113E402
2+36223E402
0,

0.
0.

O
1.,10000E+01
L
0
O
O»
Os
[ )
0.
Oe
0.

6
3,03262E4 00
5.51238E+00
14330226+ 01
s
04
0,

O
1.02239E%01
3.62629E~01
1:67535E~01
9491356E-02
5546842E-0?
Be36348E-02
0

Qs

0s

0

14
3416409E402
6,55581E402
3427489Ew02

0
1+10000E% 0]

DOoOO0ODOOOO0
-

1% 0,8 |8 (988

7
B, 53S4TES0Y
1.02005E%0})
1.60357E#0)
0,
0,
0,

D,
1,08143E401
44.52TT4ER02
8,60490E~03
1!13768Eb02
3,95334E=03
1+07732E=03
1:002858%013
Qs
04
0,

18
8,14397Ew02
1+ 06569E+03
5.25397E+02

04
0, _
1410000Ew 0}

o
-

SOoocoQoCoO o
(S |8 8 .8 8,8

a
1, 02758+ 0}
1,71158E+01
2.07TTHRE+D]

o, .

0,

1,08664E40)
B8.59258E-02
3,57317E~-04
ZI‘GOSGE-°3
S5.92024E~03
24041 T2E~03
1.T0636E~04
1+57537E=04s
O

0.

16
1. 04325E+03
2+15105E+03
1. 05424E+03

G,
1,10000E+01
O
Oa
O
[1 99
0.
04
(1
Oo
G



69-5

MACROSCOPIC NEUTRON CROSS SECYIONS FOR COMP,

TABLE 3-5 (Continued)

P{0) TRANSPORY CHOSS SECTION SEY

—
0 SO~ RN N

[}

el e e N
Rl T Y

o -
QLVE TN & WM

1
5447311FE=(3
1e5T6TEES 2
1+46561Emg]
Os
[¢X]

O

0
9.47643E-02
Q»
De
De
0.
Os
Qo
Oe
O
[

]
1¢08991E=gl
lo’ﬁqﬂaﬁ-OI
44 39HS0E-0]
O
Qs
De

Da

3.12339% =01
1483516E-92
O

2.5”8795"'08
2064916E-07
6,23650E-07
2+425691€=07
7+95196E=(9
T7+33954E=09
O«

2
5,50490E=g3
1.39993E=p2
1.952592E=91
O
s
Os

Go
1,11071E-p1
3eT4421E~92
Qe
Ne
Qe
De
e
(1Y
Qe
Qe

10
2.62309E-01
3489404E~01
6,02327E=-01
Ca
O
Do

0
3.21202E=01
) B5206E~02
0«

0.
1436263E=09
0,

Qs

Qe -

De

e

3
54 42239E =3
1.28646Ew02
1s96742E=p1
O
Do
Oe

0.
1,3503% .01
3.08250E*02
3-2153ﬁE~0§
Go
0.
O
O«
Os
0s
O«

11
1,92035E=01
24T3138E~01
5.,2TT14E=0})
0
O
O
O
3,116%56E-01
1.,88148E~02
0
O

G
3,33526E£.09
Do
Ge
G»
Go

NO, 1

*
5,51406E-03
1,21843E=02
2,43050E=0]
¢,
'
0,
0,
1,90239€-01
5,40335E=-02
3,15739E=03
3,56791E=0]

12
3,34616Ew01
6,9425TE=01 |
6,631 74E=01"
o,
1.19984E%07
2,13402E06
3,33960£=03
3.12494E01
2,40238E=02
0,

0,
0,
o'.
0,
Dy
0,

"0,

5
8,99780E=03
1+41035E=02
1,01888E=01
Os
[+ 1]

Qe
Oe
2,63028E=01
4.65389E-02
1:81554E~03
15B0440E~03
1.84560E-03
Os
Oe
D¢
0
[1 1

13
§,23793EwQ}
1.88366E400
1+25464E400

(129
2.2887TE<D4
641T7142E=04
9.,06228E=03
3,05701E=01
1+54690E=02
1Y
Os
(119
O,
D
O
O«
Do

&
1+24503E=08
2.28007E~02
3!‘7292EPO;
Oe
Oe
O

O
3,13867E-01
3+ ]1B15TE=02
6.86894E=04
4o 0BABHE=0Y
242h205E~04
2226900E-04
0 .
0
Oe
O

" 14
1+429816Ew00
206878BE+ 00
1:63479E« 00
s
0 -
1496248E=03
9,27530E=03
3,14975E=G]
1:718025E=02
5,01454E=04
De
De
0.

Os
¢a
O»
)

7
202T157FE(?
4,]18219E=~02
3.51015E~0)
Da
O
D

D
2,84609EwD1
2009729Em02
3.52801E=05
4,66451E~05
1e62087E~05
4441 TODE=0D6
4419297E=06
8y
0o
0

15
2+10984E%00
43683 TE#00
2.4528TE+00
Ge
O
0»
B.6T2TE=0]3
3,30591E=01
1413939E~02
3,48455ER03
83 24T03IEROS
0y
0,

0
O
O
0

B
4421375E=072
To01TATE~Q2
3.T242BE=)]
De
Qe
O

O

3,1193%9E-~0}
4,36911€E~02
1.48500E~086
1.00BB2E=p5
2y42T3I0E=05
B8+3T7107E~D6
6e99607E-07
8.,64527E-07
O

0.

16
4.,2T1890E* (0
8,86031E¢00
4,59875E+00
O
0
O

Oa

3,09592E-01
2.50041E=03
1.,20154E-03
5.15900E=04
1.18471E=05

&

A1o]ei0qe]
1e3|anuol)sy
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TABLE 3-5 (Continued)

MICROSCOPIC PHOYON cROSS SECTIONS FOR COMP« ELEMENT NOy |
P(0) TRANSPORYT CROSS SECTION SET

It et et '
WO O @~ U WA -

1
7.86496E.01

Do ’
1+08912E400
1+ 785 T7E-02
g,

O»

Qe

Qe

0o '
O

0

Oe

Qe

{1

O

O

9
1+02510E.00

1 XY
1493603E+00
1e415TSE=01
1+92706E=0]
1.2184TE=01
T409826F=02
3., TRT34E-02
242994 pEwp2
1461827E=02
1424384E=(2
len5222E=p2
(1Y}
D
(1
O

2
7.899095'01

Os
1.11358E+00
ls47680E~02
2.48796E=-02
O
O
Qe
Qe
O
Qs
[/
Qe
Os
L)
Oe

10
1.09529E+00

Do

2.19356E+00
2-30565E'01
2.92014E-01
1.72¢56E=01
1,13397E~D1
3,885T5E~p2
21“34395‘02
1.T4241E=02
1.352995‘02
1.15045E~02
O»

O

0,

3
T.99520E-01

0
1.1%B0BE+Q0
3,00073E-02
5,6708)E.02
4,492128=02
O
Qe

11
1+18210E400
Qe
2.60469E400
4,4523%Ew01
4439B41E«n]
2.14120E-01
1,35490FE~01

9,42587E~-p2

6,04 T73E=92
3.,59614E-p2
2+32051E-02
1+v6BSB6E =2
103204 7E=02
1+12760E=p2
Os

¢,

v

“
8,167T65E.01

0.

1,22633E+00
6,99221E.02
4 ,BBSTIE~02
3,92090E=02

12
1,27029E400

0.

3,43804E+00
1.17998E+00
T.53554E=01
3.22792E-01
1,97408E=01
1,46689E-01
1,18958E=0]
9,49947E=02
7,61487EwD2
6,48166E=02
S.B2074E~02
$,39725E-02
5,16333E=-02

u; L]

5 1
8,4685TEw0]

O«
133553E+00
S+97462E~02
9,29598E~p2
5-39435E'02
4422278E=02
3.43872E~g2
[1]]
O«
O»
Qe
O
(1
Qe
s

13
1439568E+00

Ge
;4.759985000
‘3.36430E+00

G,87770£e01

2.23803E~01

1.11070E=01
£,5B8185E=02
4,53p86E=92
3.29461E=g2
2:1T431E=p2
1+30714E=p2

B439178E=03

6:0480TE~03

&.70223E=03

3,99553E=03

6
3,?0384th!

Oe :

1+48822E+00
1:03701E=01
1,391 04ELQ1
T+58365Em02
5¢00012E%02
3¢68330E=02
3+04655E=02

: T
I9}359$25b01

Qe
‘1263625E000
{7431689€m02
;9;3?989Eh02
{4e61940FE=02
|2e64212E~02
12 79605E=02
135045602
3.129‘0E'02
[+ 1Y
0o
N

D

[+ I

{ &

9,14688Ex01 - ,

O

1. 76513E¢00 |
9.81881E=02
1,45735E=01
8,12824E=02
4,37158E=02
2443T26E=(2
1e6999TE=(2
le2927T3E-02
1,08756E=02
Qe

O

0

Qe

04
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MICROSCOPIC PHOYON CROSS SECTIONS FOR COMP,

Pin

Tt gt gt et
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O~ UNE W~ on e

et ad
Fat Lol

o
£

ot gt
+O W

TABLE 3-5 (Continued)

TRANSPORT CROSS SECTION SET

1
3,00633E.01
O PR
4+309B8E=01
8,14973E.03
O
Oa
Q.

0,
Do
0.
De
O
Qe
[+
0.
0.

9
4,69588F=p1
0.
6l53‘24g'02
8,89412E-02
S.62371E=p2
3,25T66E«p2
l.74800F=n2
1e06126E=02
Te46BIZEw3
S.74080FE-n3
4,45638E~-03
0.

O
De
O

. 2
3,07243E~-p1
0.
4ehT215E=D]
6,81599E~¢3
1+ 14829E=p2
1 XY
0.
[
[1 1)
Qo
Qo
Qs
Qo
0a
C.
0.

10
5+04815E=p]
Os
1.01335E+00
1.06415E~01
1.34776E=0]
7.9“1065'02
5,2337nE=p2
3.17816E“02
lc793‘3E‘02
1412356E~p2
B8.04190E~03
6, 24455E=03
5,30978E.03
Os
{te
Na

3
3,18800E-01
0.
4eT4532E=01
1,38495E,.92
2¢6}7T30E~p2
2+0732% =92
0
0,

Oe
Gs
Oy

11
5.4558?E-01
0

]
1+20217E+¢0
2+05493E=01
2.03004E~01
9.88245E.92
6,25340Emq2
4,35040E=p2
24T9126E~p2
1:65975E=02
1.07101E=p2
T+78091E-03
6,09449E,03
5.20430E=03
Oe
O

ELEMENT NOC.

&
3,35288E..01
0

[ ]
5,147p7E=01
2,12423E.02

‘3,221 TE=02

2.25@9‘E“02
1.,80965E=02
0,
0,
0.
o,
0,
0,
o,

00
¢,

12
3.347195-01

[ ]
1.5852BE+00
5.‘~6°8E-°F
3,4TT194E=0)
i,47856E=01
B,TA643E«02
6,26236E-02
G, A45TEE= (D2
3,58606E=02
2,59584E~02
2,03239F~02
1,73100E.02
1., 54944E=02
1,45149E=02

0,

:

3,60436E=01

O
GeTHTIOE=Q]Y
2.757528D02
4929045E=02
2+ T2047TE=02
149489 TE=02
1.,58710E=02
De

Qe

O

Qe

O

O

g,

O .

13
6,18374E=01
O .
2+17T113E+00
1.85276E+00
‘.55894&-01
1+03294E=01
5.12630E~02
3, 037TT8E=p2
2409117E=q2
1+5205%9E=02
1+00353E=p2
6+03297E=03
3,87313E.03
2 T9142E~03
2:17026E~02
1¢B4A0OQE~03

3,92105E-01
4
6+58895E=01
4.786195*0?
Gi42020E~10¢
3¢500)5E-02
2¢30775E=02
1,69998Ew02
1+40610E=02
0
0e
0e
0s
0e
Oy
0

?

4, 207T9E-01
0.
T+37553E~01
3,37703E~02
44 324556E=02
2413203E=02
102194‘EF02
8,28946£-03
6,23283E~03
5921259€=03
(11

0

O«

0.

Oy

0.

gl

4,43018E~01)
[V

B8402757E=0Y
4,53176E=02
6. T262BE~(D2
3. 751 50E=02
1292533E~02
1,13412E=02
TeB4BIGE=(3
BeP6644E=03
Ge01951E~D3
O0s

@

Alojeloqe
lea|onuolisy
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MICROSCOPIC PHOTON cROSS SECTIONS FOR COMP»

TABLE 3-5 (Continued)

P10} TRANSPORT CROSS SECTION SET

—
OO @ = U WS

et gt ot i urd et st
PO twNee o G~ & W

i
1:.5244%E+q1

[+ ’
1.8766TEL01
1024963E~01
D»

O»

0,

[ )

Ca

0o

Qs

O

0.

o

0,

0,

¥
9

1,13025E+01
[
1+87954E+ (1
1.00192F+«00
1.363TTE+00
8,62302E.01
4+99507TE=01}
2¢6802TE=(]
1,6212TE=0]
1s14523E=01

B28025TE=02 .

7.446@5E-02
0»
(')
0
O

2
1.470355*01

1 8‘1625+01
10045125"01
1+76071E=01
[+
0,
Qe
Qe
Qe
Ne
De
Oe
[+ 1Y
De
O

10
1.26927E+91

O«

2.08922E40]
1.63170E+00
2+06656E+00
1,21763E400
8,02500E=01
4sB7317E~01
2.74992E“01
1.72280E=01
1e23309E-01
9,57498E=p2
Beléd)166E=-p2
Qe

[t

De

3
2-‘0156?001

1 80285E¢01
2.12359E-01
4,01319E=p]
3.17904E~01
0,
O
O

11

1, T0514E+0l
Oa

2+71190E+01
3.15990E000
3,11272E+00
1,51531E,00
9,58855Emp]
6467061E=g1
4,27993E-01
2e54496E=p1
1.64221E~01
1.19307E.01
9434489Emg2
T+97993E~02
O

04

ELEMENT NOQeo *

'y
3 »32008E+01

1,T6442E,0)
3.25715E=0]
%,94833E=0}
3.45753E-01
2,77479E.01

12
4 17161E4+01

5 « TOS71E+ 01}
8,35066E400"
5 33284E+00
2,66913E,00
2 44334400
2,31636E+00
2.29375E400
2,24627E+00
2.,13676E+00
2,00363E400
1,88743E+00
1,79905E+00
S.TA554E+00

P

3

-
1+222B4E+4]

Qs
1,72B46E401
Ao22B19E=D]
6¢578T0E-0)
4417139E~0}
2,96843Ex01
2+433556=01
Qe
O
O
[L 1Y
O
O
O
G,

13
E.bﬂ##lE#OZ

0
2.,88250E+02
2.36089E+01
6¢99037E*D0
1,58384E400
T+86032E=01
4465792E-0}
3,20846E-01
2433157E=(]
1:53874E=01
9,25056E-02
5,.93880E-02
4428017E=02
3.327713E=02
2.82760E=02

[}
1387pEw 01

Ti742E+01
338g3E~01
BsadyE-0i
5.36689E~01
3 ,53855Em01
a.besaas-ui
2415602E=01

i

1
9
1
7
9

I. L B L

T
1+ 09453E00)

Ge
1,.735328001
5:17811E01
6.63100Em01

3,26911gm01
1,86981E01
1,27105E01
9,55 T00E~D2
T+99265Em02
Qe

B
1.0902BE+0)

Oe

1,77750E+01
6.94870E~D1
1+03136E+00
S.75230E=01
2,95218E~01
1.7389BE=Q]
1.20305E-01
9, 14B54E-02
7.6985BE-02
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TABLE 3-5 (Continued)

MACROSCOPIC PHOTON CROSS SECTIONS FOR COMP, NO,
P(0) YRANSPORY CROSS SECTION SET

bt et ik i Gt ot b
U &bl D O~ & WA

O~ OUF W) e

1
Be34522E=p2

(Y ’
1.06832E=p]
1s0nb666E~=3
Ge

[+

0.

O

[

Qs

/Y

* D

De
Os
O
[
F
9

G
1¢37407E=01
8,.55223g=03
1,16409Eap2
Te36US0Emp3
4,26373p=03
2,2H784ELn3
15389015-03
9. 7755 7E=g4
Te51376E=pé
6,35620E=0é&
O
0.
0.
O

. -4
8,166209E=02

O
1:06459E=q}
B.92399E~g4
1-502925'03
0.
O
O
0
Qe
O
[+13
O
s
[ 1]
Qs

1o
8,63814E=02

De

1:54598Ew=g]
1.392719E=02
1,76399E=n2
1.03935E=p2
6085005E'03
4,15968Ew03
2,34 729E=p3
1e47056E=03
1.052556=03
B4s17307E=~04
6:94981E~04
[+ 1%

O

0

3
T7.95381E-p2

0
1,066T4E=pl
1.B8126TE~g3
3,42561E«p3
2+71359E=03
0,
Qo
[+
Oy
O
0
0
G
Qs
0,

Al
1.07020E-01

D

1,92955E=~p1
2,68954Ew02
2,65698E.02
1,29345E=¢2
8,18466Ew03
5,69395E.03
3,65329E.03
2+17234E-03
1,401 77E=03
1+01839Ewp3
7.9766TE~p4
6,81157E-04
[

Qs

&
?.72627£-02

9,

1,67762E=01
2,78026E=03
%,22383E~03
2.9513¢E-°3
2,36853€.03

12
2,10823E-01

0,

3,41772E=01}
T 12802Ew02°
4 5S5204E.02
2,10091E=02
1,59950F=02
1,37972E02
1,27520E~02
1,17128E=02
1,06000FE=02
9,6T414E=03
B,99243E-03
8,50545E~03
8,21863E03

8.

5
7448961E=02

O
1+¢10416E~01]
3+60913E~p3
5+561549E=(3
3+.86064E=03
2.55088E-o3
2.07725E-Q3
(1
[
0.
O+
O»
D
L)
O

12
1.1264BE+00

9
1:329715‘00
2+032308=01

.5,96689E~02

1:35194E~02
6:.T094TE=D3
3,97594E-023
2:7T3699E«03
1.99320E=-03
1431345E%03
T.89616E-04
5.06928E~04
3+65350E=04
284051E~04
2+41361E=04

DO OD

=t

[
7435093602

O
141544 7E=01
6426433603
B440298E-03
4.58111E=03
3,02046E-03
2:22500E~03
1+84035E=03

[
-

[C L T T Wt

7.
T+35854E=02

Q0
1¢21455E=01
6461996Em07
5:06013E~02
2.79047E=013
1,596056~03
1:08495E=03
Be}STT3E=04
£o82242Em04
O
0
Os
¢
O
L1

B
T«488%1E~D2

0.
1+275T4E=D)
5.93132€=03
B8.B0357E-D3
4,9100BE=03
2,519946E=03
1.48437E~02
1.,02691E-03
7+80508E-04
6,8537G0E«04
0.
O
0o
O
e

@

Alojeloge]
JE31INnU0IISY
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COUFLED MACROSCOPIC NEUTRONPHOTON CROSS SE¢TIONS FOR COMP.

P{p) TRANSPORT CROSS SECTION SET

TAPE IDENIIFICATION NO,

o
-0 PO~ N & WA

P el o R T ]
VTN Pty

NN
£ )

N N
@© -4 N

29

1
5,473]1E=03
1e5T878E=(2
1+ 46583E=(}
O
Oy
('Y
Ds
9,47643E=02
1]

0o
O
(V1Y
Qs

2
5,.50490E«03
1+ 39993E=02
1452592E=01
Qe
Go
Oa

Gie
1.11071E«01
3.?‘4215“0?
Os :
O»

11

Qs

Oe

Qe

Os

De

O«

0

L Y

0s

s

Oe

Qs

Qs

Os

Oe

O

O

Do

0.

O

Qe

© Da

0

1

3
5,42239E03
1:28646E-02
1.96742E-01
De
O
(e
Oe
1,35039E.01}
3.082508=02
342158403
CGe
De

<
[ ]

'+

-,8 & 0|8 ile

[-N-¥-N-N-¥_ ¥ _N_¥-F- -
1® % 19 |8 .9

(=
-

Qe

»
5,51406E03
1¢216%3E=02
2+43050E-01
Qe

O
[+

[/

1.,5023%E-01
5.40335E~02
3.15739E-03
3.56791E~03

TABLE 3-5 (Continued)

Nos 1

5
6,99780E=03
1041035602
3,01888E=0]

2;63023E-01
4465389E=02
1.81586E»03
1480440KE=03
1+84560E-03

6
1,24503E.02
2.26007E=02
3.47292E~01

.
3,1386TE«0]
2,18157E=902
6,B6894E=(4%
4,06456E=04
2.24205E=0%
2+26900E=04
0,
O
O

7
2s27157TE=0p2
9418219E=02
3:,51015E=0
0e
Ve
O
U .
2ePA609F =0
2¢p9729E=-02
3:52801E-0%
4566451E=05
1:62087E-05
%at} T00E~06
4919297€=06
0s

0

SO0 OOOOLOoOoOOoO0O

MRLEFL NP AT T AL N L L L]

A
4,21375Ea02
Teg1TurE=0p
31,7242RE=01
Ne
Do
Ne

fe

4,36911FE-02
1,46500E=06
12 00BB2E=05
2.42730k=05
B8e37107E=06
6,99607E-07
BebeH2TE~QY
De



GL-¢

(")
o

—
O DR~ LN -

Os

9
J.08991E=01]
1+ 76908E=0}
4,39H50E=0}
0.

O
00

3012339['01
1033516EH02
D
245087T9E=(8
2e0649]6Ew;T
6:23654E=07
2:250691E=¢7
7e95196E=09
7.33954E09
Qe

0,

G

0

0,

0.

Oe

0.

Do

e

Oa

Oy

O«

Oe

Qe

O»

Oe

Qe

Oe

Qs

17
8,34522E=02

Oc
1406832E=01
0-

00

Qs

1
2.633085-01
3,89404Ewp])
6,02327E=01

" De
‘Oe

Oe

Qe
3.21202E=-01"

1+85206E~D2
Ge

Qe
1436263E=09
('
Qe
0«
Os
Os
O
O, -
0»
0.
0.
Oe
Qe
Os
O
O»
Oe
O
O
Os
Qs
[iF]
Os

Qe

0.

18
8,16620E-02

Qe
14 0045%9E=0]
0.
O
Qs

O

11
1,9203%Eapl
2. (3138Ewg]
%,27714E=01

8 148E-02

Oe

{m .68 in 8 9 # 8,;8

OO oCLOOQARO O

- ,e

19
7.95381€.02
7483

1006674E=0)

04
00
0,

TABLE 3-5 (Continued)

0,

12
3,34616Ea01
6,9425TE=D]
9063174E-?1
0.
1¢19984E=07
2413402E=06
3-339905“03
3-1249‘5-01
20402385-02
O
Qs
(1
O
B

20 -
7,72627E~02

Q0.
;-077525-01
0.
Qs

Qe

O

3

9 237%35-01
1:85366E+400
1-256645*00
01

2-28577&'0‘
6,17142E=04
o.oozzea-oz
3,05701L"0}
+BAOSDE=D]2

QCDQ‘:OG:C?O!DGC’Ol:ﬁiO‘DC’OC’Q’O‘:OG:OCDO.w

1O 1S B 18 .0 10 N [@ S .0 S (B[S 8 .8 & |8 (® (6188 (88 (& 0 (@

: el
7 4896!E-Da
l lO‘lGE'OI

0|
0.

0,

14
1.29816E+00
2,68788E+900
1,634T9E+00
0.

0.

1,9624B8E~03
9, 275302-03
3,14975E=01]
1.730255-02
e 0145#5-04

22

7,35093E-02

Ce
1015447E~g)
0

N
0,
Qe

(1

15
2410984E+00
6.36897E¢00
2.45237E+00

Bv06T27E=03
3030591F~01
1.13939E 02

3,4B4558-03
Be24703E=05

X -R-F- R -3 -~N—J

(S8 8% I8 18818,

23
7+35854E-02

4
121456F =01

oo

. e,e

O

16
4,27893E+00
8.,86031k+p0
4,598TxE«qQ0
N
Oa
0.

O
2,09592E=0]
2.56441E=03
1,20164E=03
S«15900E~04
1,14471E=05
0.
Os
D
0O
0o
0a
De
O
0
0.
Na
O
0.
N
fe
0.
O
L)
O
[
04
Oa
1
0.

24
7,48891k=02

0.
l.?757‘£'°l
LU
O
D

ey

f10je10GR7Y
1B3{INu0)ISY



9L-E

Qe
1,06666E~03
1-30f245‘02
645200403

4.09&468-03

2.81596E=03
1+413134E=03

4451503E=04

5 2#374F-04
2,34212E=04

9.683¢3F-05

8,59698F=;5

5,64055E=05
2+95013E=p5
1.77118+a05
1.78228E=05
1083713E=(5

4B2TB2E=04

)

O

0,

Oe

Os

O

O«

0'.

Oe

Qe

Qo

Qe

25
7.,83084E~02

O
l-37§0?€'01
0,
0.
Qs

0,
8,55223E=03
1016499E=02
7.36050F=03
4,26373E-03
2.28704E=()2
1.38901E=03
9, 775576 w0
T451376E=04

O
8,F92099Enpé
1+50292E=p3
Se47230E=p2
2.69887E=02
1:66087E«(2
1:14535E=g2
4.29¢O3Eh03
1.089T4Fw03
2,40228E403
1109114E=p3
42330)1E=0%
2.595595-94
1¢40652E=04
B8,67564E=-05
T+e3236BE=05
7.57931E-05
Ts 9‘5952-05
2-03520E-0?
(1Y
Ga
[t
Oe
Qs
Os
Do
O
Qs
Oa
[

26
8,63814E-p2

Os
1+54598E=p]
0
O«
e

O

139279Eag2
1+ T6399E=q2
1,03935 w02
6,85004E=03
4,15968E-p3
24360 T29E=03
1,47056E.03
10052556=03

0e
1,81267E403
3-‘2561E‘03
2713596403
2-002775-01
9.87681E~p2
6,079325*02
41‘34715-02
1.565895.02
1312905E=p2
1¢50787€-p2
5499426Ew03
2025560E~03
l 164885-03
3.39176hﬂ04
2050123E¢0‘
2.34512E-0¢
29i0430E-0¢
8 #0388E-0#
0o
O
Ce
Oo
0,
0.
0-
0.
0.
0-

27
‘.070?05-0!
[
1e92955Eapl
O
Ge

R

Qo ’

26895602
2e556%8E-~p2
1,29345¢ .02
a, 18&665-03
5.693955-03
3-05329E-03
2,17236E.03
10#0177E-03

TABLE 3-5 (Continued)

0s
2+T8026Eu03
4¢p23B3E~03
2¢95134E~03
2+36853E=03
5.9301TE=01
2.92428E=01
1.79932E=01
1.2556b5F-0)
6 ,6453TE02
241%066E=(2
2e99009E-02
1430559C«02
5¢12269E«03
2,93397g-U3
1.89531E03
VedF0T2E=04
TeR261(Ew(4
7+45329FE=04
8.424505E«04
1,69581E03
O,
O
Qe
Oe
G,
O
O
[
Oe

28
2.10823E-01

O
3441772E=01
e
Oe
O
0.
7-12302E-02

#.55204E-02.

2,10091g=02
1.59959€.02
1.37972E-02
le27520EwG?
1,17128E.02
1+06000E=02

De
3,60913E=0)

5,619469F =03

3,56064L=03
2+55088F=p3
2.0TT25E~02
lo89030F*00

9432169Ew0]
5, 135%96§=0)
45 01503E=0)
104B082r=0)
7.093655'02
9,84828k=02
4.26193E“02
1 64 TR =02

.é5446&‘03
5014658E-03
3-03536F'03
2-48420C'03
2a 512135'03
2,59630E=03

1¢536]15E=pp
Oe

Oe

Oy

Oe

09

Gs

G

Os

29

1.1264BE+09
0s
1:32971E400
0s

Oe

0,

Ds

- 03230E-01
5¢96689 =07

1.35194 =0p
6.T094TEw03
3497594t =03
2¢7369%¢E=(q
1,99620E=03
1231345E~03

G,
6,26433E=03
3.40293a-03
4,%8111E-03
3.020465‘03
2.22500E=03
1,84035E=03
4,46603E+00
Z2,2021BE+00
1,35492E+00
9,47518E=0]
3,49673E=01
1.,65334E=0]
2+30397E=01
9,99903E~02
3,9158TE=02
2+2237%E=p2
1.20909E=02
T,15741E=Q3
S.R7B40E~03
5,95440E=03
6e160276=03
Te35441E=03
[t

[+

Os

Oe

Qe

(11

0.

0.

ﬂ.¢1996€ 03
S5.66013F=03
2+T904TE~D3
1459605E~01
100849BE~03
Ba15T73E-0U4
ByR2242F~04
2yAT02]1E+00
Io¢]527§*00
5070747!"01
6.09685E =03
2.24634? =01
1007835F =01
1450047F=01
be4890BLwn2
2e%3d67E=0Q2
1e43564F =07
Te00950F~03
#!60591E-03
3o 7T1260F =03
3081373F'ﬁ3
34045643F=U3
5'10732E-03
0.

04

Os

[ X]

Oe

[

Da

5,93137E=01
3080357E'03
4,9160RE=01
2.5199{.L'03
1.‘5"‘#37"-'03
1.076%31E=073
Tobn90sE=04
6,569 nt~04
3.942%nE+00
1e9862nEepp
1.]9&1#E000
Be3/070k=01
Jefithenk=0)
1.89054k=01
2.0?27QF-01
8.951165'02
3,50033E=02
19 75bak=02
1e07477L=02
6,309545-073
S.]794pk~0
Bed3logk=03
S«73TInE~-03
Tehbo9 1 Em03
[+

O«

O

O

Oo



L€

6,35420E~04
5'08029E+00
2.50500E+00
1.56119E+00
1.07925E+00
3,9765TE=ul
9 91133E-ﬂ1
2.65942E-q1
11149745'01
4, 49T4TE=02
2. 54156E.oz
lo38232E-02
B, 15108E=03
6.67647E-93
G THBOGE=03
7+38)120E=03
L+01433E=02
Qe

De

0.

Qe

8,1T307E=-04
6,94961E=04
To0490RES00
3,4T587E400
2-13859E400
1449733E400
- 518855-0!
2408654Ewp]
3,68210E=g1
1+59267E=01
6,2314TE~0D2
3.52654Ew02
1.91894E=-02
1+13168E=02
9,26622E=03
945T110E~03
1011703E=02
lo‘9922§~02

1,01830Eup3
7+97667€-04
6,8115TFwp?
9,46T92E 400
44668458490
Z2v8TR23E+ Q0
24013B8E+00
Te41021Eapl
3.61521Eq1
5¢02205Ew0]
2.10361E.91

8.45‘585«02 "

A, 75B46Ewg2
2e58948Emp2
l|52113En02
1:25TBEE~(2
1436B63F=g2
1.69281&-02

-2:00889E-02

0.
s

TABLE 3-5 (Continued)

F.67614E-03
8,09243E-03
8,50545E-03
8-218635-93
1427463E+01
6428093E4+00
J.BO6TTE+ 0D
ZaT1501E400
94 9T4I9EX0OL
4494T30E-01
6,86p3TE.0L
2+94433Ex01
1+1493QE~0]
64439T3E-02
A¢50992E=~02
2¢10254E=02
1479]118E=(2
2:00489E02
2+32392E-02
2.&45445-92
0o

T.89616E~04
S5¢06928E=04
3,65350L w04
2+ 84051F~04
2441361E-04
5.355045’00
2.88751&000
1 TT651E+0p

11242545409
4458408L=0y
2-17153F-01
3'026¢6F‘01
1.31292F'01
S,14085E=0>
2091621&“02
1:59091E=07
| 02915t-03
9 O4FTEE=(]
9018962h“03
9, «966B9E=03

083039E'03

@

£101e10ge]
1B319nU0J1SY
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TABLE 3-5 (Continued)

MICRDSCOPIC NEUTRDN CROSS SECTIONS FOR cOMP, ELEMENT NO, !
Pil) TRANSPORT CROSS SECTION SET

1 2 3 . & 6 ? : 8

1 0. Oa (11% a, Oe °! be 3.

2 0, R 0. 0, o, Os 0 0. .

3 0- 0. ol 0. 0. 00 0! 0.

4 0, 0, 0. e, 0. 04 0, . O,

5 0. Oe 0 0, 0 O« Qs Os

6 Qs Ds Oe 0, O De Oe O

T 0o Oe Oe 0, N . (i3] O (TS

8 6.71847E=02 6.61602E»02 B.0B8015E~02 2,80794E=0]1 2.55192E=g) 2,7B901E=02 1.,3]357E~01 2.15701E=02
9 0. =64 T1B4TE=Q2 =6,61602E«02 =8,08015E=02 =2,080794E«01 =2,55192E»0]1 =2.7B901E~02 =1.31357E~0)
10 Qe Ne O 0. Qs Q0 [\ B
Il 0. O 0 0, 0. Qe 0. 0
12 0, ‘0. 0, 0. 0, 0, 0, 0,
13 o, 0. 0, 0, G 0. 0, 0,
14 0, Oa 0. ¢, O, 0, 0. 0.
15 ¢, . 0. 0, 0, 0, 0s 0e 0,
16 V19 [/ 0, 0. O o! De 0,
17 0. O Oe 0. Os O 0! Oe

9 10 11 i2 13 14 15 i6

l Qe 0- [+ 1% 0. 0. 0{ UU 0.

2 0. O O g, . O De 0. 0,

i o, 0 0, 0, Yoo, , 0 Do 0.

4 0, 0. 0, 0. 0. 1 0! ag O,

5 0 0 Qs 0, Oe ! Qe Oe 0.

6 0O ) O Oa G, Oe : 0« Oe 0

T O O 0» G, O } O D Qs

8 4,02268E=02 3,99824E-02 S,1T040E-02 O, Os L) O De

9 *2,1ST01E=02 =4,0226BE=02 ~3.,99824E~02 ~5,17040E«02 0. 0¢ 0s De
10 0. [+ 3% O 0, O Oe 0 ' 0.
11 o, Os O Q, 0. Da og 0,
12 ¢, 0a Ga 0, Da O 0! 0,

13 0. O O 0, 0. 0. 0y 0.
14 9, De 119 0. O Oe 0! 0.
15 o, [ 0, . 0. O 0 0, 0,
162 9o O D ‘O, O 0+ 0. O
1T 0. 0» Oa 0 Os Qs Os O
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TABLE 3-5 (Continued)

MICROSCOPIC NEUTRON CROSS SECYIONS FOR ¢OMP, ELEMENT NOs 2
Ptl) TRANSPORT CRDSS SECTION SETY

1 2 3 4 s ] T . 8

1 0. 0 0 o, 0s Oe O O«

[ ol * 0. ol 0. 0! D! a. 0.

3 0. 0o 0. 0, 0 0s 0, 0

4 0, Os 0, Q, O Os 0, Oe

5 O Os 0. D. (1Y ol 0, O

? 0, 0. 0| u' 0. . 0. g! 0.

* Qe Q0. Qe

8 Be29507E=g1 3.391125-01 5¢64956E=g1 : 192884E=0) 3.711305-01 2.840%15h01 5.80535E=0] }e56862E%01
9. Qe =8,29907E~01 =3,39112E=01 ~5,64956E=01 *4,9328B4E~01 -3.711205“01 =2+84051E~0] =5,680535E~01
10 0. O 0, 0. O« 0a Qe s
il 0. Oe O 0, O De 0o Qe
12 0. Oa 0. 0, ' T : Oe 0. O
13 0 O Go {118 Oe O De O
14 0. O D 0, Ge Os 0, O
15 0. D. 0. 0. 0. 0_. o._ 0.
16 0, 0 0. 0, 0. 0, 0, 0,
17 09 Ce 0, 0. O 0! 0. Os

’ 9 10 11 t2 13 14 18 ' 16

1 0. O o, o, 0s O 0, 0,

2 [V 1Y Qe Qo 0. t’ [ 1Y o. g 00 Oe

3 0 Ou Os 0, L0 0 O« . Y

4 Q. Os ’ O Q. O LT G 0

5 0, O 0. «2,1497SE=06 =2,0304TE~03 0+ O O

& 04 Os e “3,69961E=05 ~8,24900E~03 =2¢04017E«02 0, O

7 0o Oe 0o «2.B4424E=02 =1¢1B461E=0] =1+29536E~01 ~1401726E-0)" 0o

8 2,77536E-ql 2,74648E=01 3,52500E-ql 2,38959E-01 3.23752E=pl 2.89806Fw01 1.68650¢=01 1.241859E=01
9 =1.56862E=01 =2, T7536E=0] =2,74645Ewgl =3,52500E=01 =2,27580E=01 =2+45356Em0]1 <1.59517E=01 =3,00626E=02
10 - §» i O o. 0 94951 28E~03 ~4.50741E~02 =-1+18810E-02
11 o Do 0 O 0s 0s =1+33449E=03 ~4.478B4E=02
12 Qe Ge Oe 0a Qe g fie =9433TTRE" QS
13 0. 0s 0, 0, o 0 s 0
1+ o0, 0, 0, 0, [ 0. 0, 0,
15 o, 0. 0, 0, 0, 0, 0, 0,
16" 0. 0. 0. '0. o. 0. ol 0.
” OI 0. 0. 0. G. 0. ol o.

@

Alojeloqe]
leajonuonsy
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TABLE 3-5 (Continued)

MICROSCOPIC NEUTRON CROSS SECTIONS FOR COMP, ELEMENT NO, 3
P¢1} TRANSPORT CROSS SECTION SET

) 1 2 3 4 5 6 T 8

1 o0, 0. 0. 0, (1 2% 0, 0. 0.
2 0, , 0, 0, o, O Os Os 0y
g, 0. O 0, De Gs O 0,
4 0. 0. 0. 0. 0. [ 1} D. o.
5 o0, 0, e, 9, 0. 0o . 0, 0.
¢ o0, 0, g, 0, 0, G, | 0, 0.
7 0. 0. 0. 0. 0. D. 0. 0.

8 2,11312E.00 7,08545E«0]l 1,08981E400 7,39779Ew0]l 1 ,80775E~01 B,45475FL02 6,67588EwW02 ),B2056E=02

9 0. =2411312E¢00 «7.08545E=01 «1,08981E+00 =7,39779E=01 =1+80775Em0] ~B.454T5ER02 =64675B8E~02
1¢ 0. O, (119 0, Da Os Qe O
11 0. [ O 9, [11Y O [ Ge
12 o, 04 Os Q, 0s R O« [ 0.
13 0' 0. o. 0. 0. ol nl 0.
1" O. 0- Do 0. 0| 0!_ 0_0_ D.
1% o, O 0, o, ' [ L 0. Ou
16 0. 0, o, o, 0. Os e, 0.
17 0. D (119 O, O Oe Os O

9 16 13} 12 13 1b 18 16

1 o0, 1 0. g, [\ 1% O O» O
2 o, G 0. 0, b D, L TY 0. 0.
3 0, Os 0. 0, " O Oe O Oa
4 0, a, 0, 0, 0. O Vs 0.
S 0O 0» Qe . Os 1 Oe . O Oe
6 0 0+ Qe O e i 0 ' 0» 0s
g 0. ' 0 o, O i Oe O O
3,3954TEaN2 3,80481E-02 0, 0, 0, Ce 0. c.
§ =1¢82n56€=02 ~3,39547E~02 =3,804B1E=02 0, 0 0s 0 0
1¢ 0. 0s 0, 0, [ 2 Qe Oe 0
11 0. 0 De 0, 0. Qe G 0.
12 0‘ 0. ) 0. 0. o. o. D.. 0.
13 0. 0. O . Co 0 0. 0.
14 00 00 0. . 6. 0. O_o 0! 0.
15 o, Oa (1IN . 0, O Ge 0o Do
16" 0. O (% 0, Os Oe be (1Y
LA 0. 0. g, Oe De 0» 0.
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TABLE 3-5 {Continued)

MACROSCOPIC NEUTRON CROSS SECTIONS FOR cOMP, NO, 2

P(1) THRANSPOAT CROSS SECTION SET

1 0,
2 0,

3 0. .

4 0o
5 (e
6 O
T 0O
9 0.
10 0.
11 0.
12 0.
13 0.
14 0.
15 0,
16 0,
17 0,

1 0.
2 0.
3 0.
i O
5 0,
6 0

]
0o
Qs
Qe
Qo
Qo

Qs
O
De
[\
Da
0.
O
[+ 1Y

D
Qe
QOe
Oe
G
Qe

10

0,
O
O
Oe
Qe
0.

0,
O
0o
De
1%
O
G,
0.

0.
Oe
Oe
0.
0,
Qe

11

0,
0,

0,

[=]
-

12

0
-1,28985E=07
-2,21977E=06
~1,70655E=03

7T Qe 0. Oe
B  1,69402E~02 1,67B26Ew~02 2,13413E~02 1,43375E-02
G =3,56620E=03 =1,09402E=02 =1,67B26E=g2 «2,13413E~02
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MICROSCOPI1C PHOTON cROSS SECTIONS FOR COMPs

TABLE 3-5 (Continued)

P(1) TRANSPORT CROSS SECTION SEY
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MICRDSCOPIC PHOTON CROSS SECTIONS FOR COMP,

TABLE 3-5 (Continued)

(1) TRANSPORT CROSS SECTION SETY

w .
S DG N e

o)
-

B s
[ BT LIF ) P W

Y
s OB O U P W e

12

0
De ~ .

O .
2,43918E~02
O
Qe
de
po
O
O
Qs
0o
O
(1Y
Oa
0

o,
Ge

0.
1.92936E-01
2+562558E=)]
1.56699E=~01
B,75841E=02
4.51808E~02
2.60B60E~02
1+84635E=p2
10#0263E‘02
1.17872E=02
Os
De
Os
O

2

Oe

Oe:

[ 1]
?-041635'02
3.42718E=92
De

Os

Oe

0o

Oe

Na

Os

Qe

1

O

O

1¢

0. M

Qs

04
3.105135-01
3,78177E~=¢1
2+12252E=01
1o 34899E=p})
T.8TT18E~p2
4,25842E=p2 .
2.98B83E=-02
1.81861E~02
14304 14E=02
1s17686E=p2
[+

Ose

Qe

0.
O

Oo»
4 ,13994E .2
T.TE924E a2
6¢13719E=p2
O
Qe
O
Oe
Do
O
O«
Dae
0o
0,

11

be

Qo

0,

5,835%09E.01)
5.30415E=g1
2438234£=pl
1442307Ewpl
F.4T19T7BEwp2
5.80121E=p2
3,2T603Ewpe
2+03B2TE=Q2
1.4474TEwp2
1411612E~q2
9,44656E=03
H)

O

ELEMENT NO,

o,
0,

D4 ~
6,34068E«02
9,559 24E02
6,61383E=02
5,27684E=02

12

S0 o
- e

1,36510E400
T,20567E=01
2,31762E=01
1,11042E-01
6,83827E=02
4, 59528E~02
2,79569E=02
1,54127€=02
9,30765E=03
5,45319E=023
4, RB3I26E-03
§,08539E=03

!

2

O«
Qe
Oe
B,21477E=02
1.26249E=01
7.888771E~02
%, 5949TE~02
A+B3064E=-02
O
De
De
s
De
O
O
O

13
0.
0s
Oe
1 7T54%9E« 00
1 «4TB%4E~0]
=0.25163E~-02
=5 ,93675E=02
-3,939)1E~02
=2.87346E=~02
=2+17383E~02
=1+4926BE=~Q2
=0 433645E=03
=5+15244E=~03
=he503T0E~DI
«“3,53812E=03
»3.02382E=03

&
De
1R ]
0o
1,41834E=01
1e87146E=01
9.95532Em02
64464 78E=0Q2
4e71275E=02
3.87531Ew02
Do
De
De
De
Os
Os
De

[
1:00492E~01
1,25617Ew0p]
5.980T3E=02
3433528E~02
2:23198E=02
1.66027E~02
1.38013E=02
[+
C.
Oe
s
O
0

Oo
0

Do
1:34471€E=01
1436049%E=01
1+05696E=01
Se22424E=02
2.99787E=-02
2,0405%E=02
1:453457E~02
1+42B295E«02
[+ 1Y
O
De
0.
Ga

@

Aiojeloqe]
Jeajanuolisy



¥8-€

MICROSCOPIC PHOTON cROSS SECTIONS FOR COMP.

TABLE 3-5 (Continued)

P{1y TRANSPORT CROSS SECTION SET
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=6+9086TE~02
=5,42512E-02
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TABLE 3-5 (Continued)

MAGCROSCOPIC PHOTON CROSS SECTIONS FOR COMPe NOo 2

P(1) TRANSPORT CROSS SECYION SET
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0.
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0.
Oe
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O
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2
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D
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4,06410E~02
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1.76561E=02
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2+38026E=03
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O
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Qe
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0,
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1.86256E~02
1,24075E=02
T.59282€-03
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1,89449Em03
loh60B2E=03
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Qe

]
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8.29890Ex03
1.,25115€E=02
B ,65640E«03
6,90912E=03
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12

0, i
1,78669E=01
9,43103E=02
3,03338E02
1.45336E~02
8,94492E-03
6,01445E=03
3,65909E-03
2,01726E=03
1.,21822E=03
B,44615E=04
6,3913TE=04
5,34710E=0
0, .

0.
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O
1.,07518E-02
1.65239E=02
1.03251E=02
7432288E~03
5:929685E=03
0o .
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0
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[/
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O

_ B
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2+29646E~91

1493516E=02
“1+21088E=02
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=5,15564E=03
«3,7T60BBE=03
=2,84493E-03
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*1+22199E=03
“8.05251E~04
“54BI459E=04
“4063081E~04
=3+95768E~04

&
0
Os
O
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1,30299E-02
Bi46132E-03
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5.07214E-03
0
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Os
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0
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0.
0.
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1.,31527E~02
1:64673E=02
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4436533E~03
2:92129%~03
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0.
O«
Os
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1.67917E=03
0
O
O
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TABLE 3-5 (Continued)

COUPLED MACROSCOPIC NEUTRON-PHOTON CROSS SECTIONS FOR COMPs NO, 1|
P{1) TRANSPORT CROSS SECTION SET

O D O ST LR
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Qe
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e

0 O
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0.
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TABLE 3-5 (Continued)

i . (1Y O G O o 0a Oe O
9 ia 11 12 13 14 15 le
Os - Qe . O Qe " 0 . O Oe 0»
(118 ' O De 0. . Oe 0y Os 0
s - Oe. 0, O O 0. Qe [
Oa (i 0y Qe O - 0, O 0»
Oa e Oa wl s 20985F=07 »]1.21828t=04 O, 0 D
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Qe
Qe
Qs
O
[1 1%
De
0
0a
G
G
G
O«

28
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2,52522E=02
3.35396E~02
2.05093E-02
1514063362
5,%1341E=03
3, 49784E=03
2.#15575'03
1.8388]E=p3

O
2,67215E«03
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0
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Oe
Oe
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Oa
0
O
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0
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TABLE 3-5 (Continued)

Qs

B,29890E.03
1¢25115E=(2
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TABLE 3-5 (Continued)

P10) NEUTRON TRANSPORT CRDSS SECTIONS FOR REGION |}
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TAPE IDENTIFICATION NO, 3
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P(1) NEUTRON TRANSPORY CROSS SECTIONS FOR REGION 1
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P(0) PHOTON TRANSPORT CROSS SECTIONS FOR REGION 1

TAPE IDENTIFICATION NO, ]
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“ sections are those listed for each element in the composition. 1f NPRIN =1, the microscopic,
broad~group, neuiron and photon cross sections are then printed out for each element in the
composition. The microscopic, broad-group, photon, neutron, and coupled neutron=photon
cross sections are then printed out. If F, composition dafa are requested, these data follow
the PO data, —

Finally, the output tape is rewound and read to obtain a complete listing of the
contents of the tape. The contents are then printed listing the tape 1D numbers, the number

of energy groups for each set, and the title given fo each set on the tape.

3.5.2  Punched QOutput

Four sets of data are punched on cards by the APPROPOS code. These are:

1) The fine~group flux spectra for each zone in the ANISN=-W caleulation
(NLIB = 4 or 5),

2) The broad=~group fluxes by mesh interval (defined from the ANISN-W tape daia)
and by broad-group (NLIB =4 or 5), )

3) Library and comp;)'sii'ion data for the NAGS code, and

4) Transport cross sections for the DOT=IIW and ANISN-W codes (NTRIG = 0).

The fine~group flux specira are the integral fluxes by zone. These data are punched
on cards in a FORTRAN (6E12.5) format. Each flux specira begins on a new card.

The broad-group fluxes are punched ouf on cards by mesh interval. Each energy
group of data begins on a new card. Again, a (6E12.5) format is used, These data are
preceeded by a 3U card (containing a 3 punched in colum 2 and a U punched in column 3)
and followed by a T card (containing a T in column 3). These data are applicable as flux
guess data for the ANISN-W and DOT-1IW codes; their use could save a factor of 1.5 or
more in running time in these codes for eigenvalue calculations.

The library data for the NAGS code are punched on cards next, The parameter,
NAA and the arrays, GPF, GDF, DOSEG, DOSEN and UGB are punched on cards using a

3-97.



(6E12.5) format, as well. Each array begins on a new card, The code then punches out the
arrays, ID, AMU, GNA, and LABEL, on one card as well as the arrays, GI, GA, SE, SNA, and
URHO, each beginning on a new card. Again, the (6E12.5) FORTRAN format is used,

The composition data for the NAGS code are also punched out on cards, The
composition title is first output, followed by the parameters, 1S, JS, JF, NELE, and IND, in
a (613) format, followed by NID (I, n) and ADEN (n) in an (I3, E12.5) format. These data are
then followed by SF, SA, SE, and Sl arrays, where region-dependent data in a broad~group
structure are provided, Each of these four arrays begins on a new card and a (6E12.5) format
is used.

Finally, if NTRIG =0, the coupled, the neutron, and/or the photon transport cross
sections (depending on NOD) are punched out on cards in a (6E12,5) FORTRAN format,
Because these data (in a typical cdlculation) require many, many cards, tape transmitial of

the data to the ANISN=W and DOT=IIW codes is recommended.
3.5.3  Tape Output

Up to three output tapes are obtained from the APPROPOS code. These are:

1) Tape 10, containing the Master Library Number 3 and é data, (NAPL = 1);

2) Tape 4, containing the spectra by zone; and

3) Tape 14, containing the output transport cross section data for use in the
DOT=IIW and ANISN=-W codes.

When NAPL = 1, the Master Library Number 6 data are input from cards and placed
behind the Master Library Number 3 data on tape 10. Subsequent calculations should be
made with NAPL = 2 where read access only is provided for i'uéae 10, Only when a new set
of data are included in Master Library Number 6 or the "production® tape 10 is being
generated for the first time should this type of calculation be made.

Tape 4 contains the specira by zone. Odd numbered records contain fwo words:
the spectra ID number and the number of fine—groups; even numbered records contain the

actual flux spectra. Each set of flux spectra contain NGF values,
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Tape 14 contains the output cross section data for the AN]éN-W and'DOT-llW
discrete ordinates transport codes. The first record on this tape contains two words: the tape
fabel and the number of sets of cross section data in the tape. Even numbered records contain
4 integer words (where the fourth integer is the cross section set 1D number required by ANISN-
W and DOT~IIW) and 8 alphanumric words of title information, Odd numbered records .aofter
the first record contain the actual cross sections. The coupled, neutron-phofon cross section
sets are firsp placed on tape for all compositions and all P, orders follc;w; and the photon
cross section data for all compositions _cmd all Pg orders conclude these data.

Alf three of these faiaes contain end—of=file marks after the required data.

3-99



3.6 PROGRAM LOGIC

Presented in this section is an overall description of the program logic in the
APPROPOS code. Each of the principal operations is described to give the user insight

into the processing steps performed by the code.

3. 6.1 Subroutine Description

Shown in Table 3% isa description of each subroutine and its principal function in
the APPROPOS code. As shown in this fable, each operation or processing step is performed
by a separate subroutine within the code. This modular approach facilitates the checkout of
the code as well as the inclusion of additional modular subroutines to extend the capabilify of

the code.

3.6.2 Calculation Procedure

The APPROPOS code performs the required caleylations in a specific, logical manner.
The first phase of the calculations involves computing core storage requirements for the flux
spectra computations. [f sufficient core storage isavailable, the speciral data are processed.
The code then redefines core storage for the cross section group~-coliapsing calculations and
performs these compufations using the weighting spectra from the previous step. Affer these
steps, the core storage is redefined a final Hime for the remainder of the calculafions.

The next phase of the caleulations involves reading of the Master Library 6 data from
cards or fape. Selected portions of these library data are prinied out and punched on cards for
the NAGS code. Microscopic gamma ray transport cross sections are then read info core for
only those elements in the problem,

The code now begins the composition loop. Elemental data are read from cards and,
depending on the input opfions chosen, neuiron, gamma ray, and coupled neuiron-
gomma ray fransport cross section data are calculated and placed on the output data fape.
Aftet all composifion data are read, the oufput tape is re wound and read to obtain a conveni-

ent listing of the data on the ouiput tape for the user.
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TABLE 3-6

LIST OF APPROPOS CODE SUBROUTINES AND THEIR PRINCIPAL FUNCTIONS

Subroutine Name

APPROPCS

SLAVE

LIBRAR

MICTAP

ERROT

NAGLIB

MICROG

MICRON

TOMMIX

GASP

Principal Function

Initializes core storage, computes flexible dimension
data storage, prints out Data Sets 1 and 2, confrols
code logic for specira input, group-collapse, and
upscatter-removal calculations

Controls code logic for the remainder of the calculations,
reads and prints the region data from Data Set 4 and per-
forms final edit of the output cross section tape

Reads in Master Library 6 data (including photon produc-
tion data and selected nuclear parameters), adds Master
Library 6 to Master Library 3, if requested

Reads in microscopic gamma ray transport cross sections
from Master Library 4

Prints an informative error message when an end~of-file
is encountered on any of the library rupes

Prints and pz.;nches on cards the library of data prepared
for the NAGS code

Assists in reading microscopic gamma ray data from fape

by P order

Reads broad-group microscopic neutron transport cross
section and neuiron reaction rate cross section data from
scraich fape

Performs mixing operations by composition for both neutron
and phofon microscopic cross section data

Forms the gamma ray produciion mairix linking the neutron

and gamma ray fransport cross section data for simultaneous
caleculations
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TABLE 3-6 {Continued)

Subroutine Name Principal Functions

COUPLE Places on output fupe, prints, and/or punches on cards
the simuliuneous fransport cross section matrix

SEQUEN Places on output tupe, prints, and/or punches on cards
the neutron and gamma ray fransport cross section matrices
for sequential analyses

SCOUT Prints out two-dimensional arrays from various phases of
the calculation

WATE Sets up the neuiron reaction rafe cross section collapsing

operation over the selected speciral data and controls the
spectral weighting of the neutron iransport cross section data

WATE 1 Performs the spectral weighfing and group—co]lqpsmg of
the reaction rate data

WATE 2 Performs the speciral weighfing and group-co!iupsmg of
the neuiron transporf cross secfion datu

SPECT Reads the ANISN-W output fape fo compute the region
average flux specira fo be placed on Tape 4 for use in
subsequent APPROPOS calculations

GOUT Rearranges o variable dimension array for prinfing

ow Prints out a special page of oufput at the conclusion of
a successful caleulation
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3.7 METHOD OF SOLUTION

Because the APPROPQS code is essentially a data processing code, the method of
solution in the code reduces to the program logic described in Section 3. 6.

Three basic calculations are performed by the APPROYPOS code. The first major
calculation is the group-collapse operation using the spectral weighting data, The broad-

group cross section, E_g_, (whether o reaction rate or a transport cross section) is computed in

the following manner:

where: (Pg is the weighting spectrum fo-r fine-group, g,

and: m and n are the upper and lower bounds of the particular broad-group within the
fine-group data.
If reciprocal weighting is chosen and the particular cross section set includes a trans~

port corrected set of data, then E§' the broad-group cross section, is calculated by:

=nm C
g g

where: ng is defined above,

and: agh. is the fransport cross section for fine-group, g; m and n are defined above.
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The second major calculation in the APPROPOS code is the upscatter-removal
calculation, The redefined, down-scatter cross section into group h from group g, where

g < h, is calculated by

NGN
2;[(“’9 “gah ™ %h "h*.g)
“g>h NGN
PR
g=1

Thus the net transfer of particles (or energy} between groups h and g is preserved by
this technique.

The final major calculation in the code is the calculation of the scatter matrix
elements from a given neutron broad-group, g, to a particular gamma ray group, k.

The calculation, by element, is as follows:

"g___k = (Fk (n;f)P + Fk (n;f)d) * o ?:} {Fk (n, y) = o (n, Y):l

r

where: I‘k (n;F)p is the spectrum of prompt gamma ray energy from the fission of 235 Uranium,

rk (n;f)d is the spectrum of decay gamma ray energy, for a specific reacfor run time,

from the fission of Uranium,

Fk (n, y) is the spectrum of gamma ray energy due to {n, y) reactions (and in particular

cases, (n;p, v) and (n;aq, y) reactions, as well),

Fg K (n;n', v} is the spectrum of gamma ray energy released, including continuum
4

and/or discrete events, from the inelastic scattering of neuirons,
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o% is the microscopic, broad-group fission cross section for the element,

o3(n, y) is the microscopic, broad-group capture cross section for the element, and

o¥(n;n’, ¥} is the microscopic, broad-group total inelastic scatter cross section for

the elemenf.

This cross section, o s Is generated only for coupled calculations, All remainin
" Tg=k Y

operations in the code are basically data processing. operations,
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4,0 NAGS CODE

When the vast amount of data handling required in a complete, two=dimensional
radiation analysis of a nuclear system is considered, the need for an automated, data
processing link between discrete ordinates fransport fechniques and both point kernel and
Monte Carlo fechniques is evident. The NAGS code provides this needed link, NAGS.
processes multigroup, neutron and photon flux distributions for one-dimensional, slab or
cylinder geometry models, or two-dimensional, r,z or r,8 geometry models, Flux input data
to the NAGS code are obtained by magnetic tape or disk from the ANISN-W or DOT-IIW
discrete ordinate fransport codes described in Volumes 4 and 5 of this report. Additional
input data required by the NAGS code are prepared by the APPROPOS code described in this
volume., The NAGS code provides: 1) neutron and photon source data for use in point kernel,
Monte Carlo, or discrete ordinate transport analyses, 2) neutron and phofon dose rates, and
3) nuclear energy deposition data (neqfron and photon) for use in subsequent thermal and
hydraulic design analyses. Source distribution data are generated, on punched data cards
for input into the KAP-VI code (Volume 6) and on magnetic tape for use_in the ANISN-W
or DOT=IIW codes. Optional, SC-4020 plotting of the source distribution or energy deposition

data is also provided.



4.1 COMPUTER CODE SYNOPSIS

1. Name: NAGS(]) (Neutron And Gamma Ray Sources)

2. Computer: The code is designed for the UNIVAC-1108 compufer,

3. Nature of Physical Problem Solved: The NAGS code provides: 1) neutron
and photon source data for use in point kernel, Monte Carlo, or discrete ordinate transport
analyses, 2) neutron and photon dose rates, and 3) nuclear energy deposition data (neutron
and photon) for use in subsequent thermal and hydraulic design analyses.

4, Method of Solution: NAGS processes multigroup, neutron and photon flux
distributions for one~dimensional, slab or cylinder geometry models, or two~dimensional, r,z
or r,8 geometry models. Flux input data to the NAGS code are obtained by magnetic tape
or disk from the ANISN-W(Z) or DOT-IIW(S) discrete ordinate transport codes. Additional input
data required by the NAGS code are prepared by the APPROPOS code (]).

5. Restrictions on the Complexity of the Problem: The NAGS computer code
utilizes flexible dimensioning And magnetic tape or disk files to process the required data.
Because of the use of the flexible dimensioning technique, no size restriction is imposed on
any given array but the sum of the lengthof all data arrays is restricted by the available
compuier core memory.

6. Typical Running Time: A typical, design calculation (containing 3000 mesh
cells, 16 neutron energy groups, 13 gamma ray groups, 15 elements, and 60 regions) to compute
the neutron and gamma ray source disiributions requires 5 fo 10 minutes of UNIVAC=-1108 CPU -
time.

7. Unusual Features of the Code:  The use of flexible dimensioning and
the optional ability fo plot the source distribution and energy deposition data with the
SC-4020 plotter are included in the NAGS code,

8. Related or Auxiliary Codes: Flux input data are obtained from the ANISN=-W (2)
and DOT-1IW ) codes. Input cross secfion data are provided by the APPRO POS(I) code,
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9. Status: The code is in production use.af the Marshall S'};a'ce i—'ligh’r Center

(MSFC). Users at MSFC load the code from a tape or disk with control cards followed by .
user' s input data,

10. Refefencés

1. R G Soifesz,R K. Disney, andS L Zelgler, WANL PR(LL) -034,

Volume 3, "Cross Section Generation and Data Processing Techniques,"
Augusf 1970,

. R. G. Soltesz and R; K, Disney, WANL=PR(LL)~034, Volume 4,
"One-Dimensional, Discrete Ordinate Transport Technique,”" August 1970,

R. K. Disney, R. G. Soltész, J. Jedruch, and S. L Zeigler, WANL-PR(LL)-
034, Voluime 5, "Two-Dimensional, Discrete Ordinate Transport
Techmques," August 1970 .

4, R K. Disney and S. L. Zeigler, WANL—PR(LL) 034 Volume 6,
"Paint Kernel Techniques, " August 1970.

11. Machine Requirements: The NAGS code is in production-at MSFC on the

UNIVAC-1108 computer with 65K core storage locations. The program requires approximately
16K decimal locations for the program; the remaining 49K decimal locations are available for

problem data storage.

12. Programming Language Used: The NAGS code is written in standard, USASI
FORTRAN-1V.

13..-Operating System or Monitor Under Which Program is Executed: The NAGS
code is operational under the UNIVAC=-1108, EXEC 8 Monitor System af MSFC,

14, Other Programming or Operating Information or Restrictions: None: -

15. Name and Establishment of Authors:
R. K, Disney, R. G. Soltesz, and S, L. Zeigler

Westinghouse Astronuclear Laboratory

P. O. Box 10864
Pittsburgh, Pa. 15236



4,2 'INPUT DATA DESCRIPTION
4,2.1 Input Format

The input data for a NAGS problem are subdivided into four setfs of data.
These four sets, are as followss:

1) General problem data - integer data pertaining to data or array dimensions
(i.e., number of mesh, number of groups, etc.), problem title information, integer control
words, flux normalization parameters, neutron fission parameters, and mesh cell specifications;

2) Flux data = input flux data required for the NAGS code, including mode of
input;(the flux data are supplied from tape or disk);

3) Library data = neutron and photon multigroup quantities, and for each
element: identification, physical constants and groupwise nuclear data;

4) Region data = region title information, region composition by element or
material, and depending upon the library option or type of calculation, region dependent
multigroup neutron cross sections.

All card input to the NAGS code is enfered in fixed, FORTRAN formats. For
convenience, the number columns required per input parameter are either 3, 6, or 12 so that
the probability of an input error due to card format is minimized,

The initial data input to the NAGS program specifies: 1) the amount of
available core data storage, 2) the data array sizes of all ippuf quantities, 3) the progranll
input /output control options, 4) the flux normalization constants, 5) fhe fission neufron
spectrum and the number of neutrons per fission event, and 6) the mesh cell dimensions of
the problem geometry, These data are input as described in Data Set 1 in Table 4-1.

Input flux data for the NAGS code are input from binary tape from either the
one~dimensional ANISN-W, or two-dimensional DOT-IIW, discrete ordinate transport code.
Input flux data is supplied from tape 11, tapel2, or both tape 11 and 12 depending on the
values.of NTYPE and NBIN in Data Set 1, The input flux data are assumed to be group
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independent such that a logical tape record is ICT x JCT long and there are NGN(NTYPE = 1),
NGG(NTYPE = 3), or NGN + NGG(NTYPE = 2) records on the binary tape.

The library data for the NAGS code are a compilation of the nuclear and
radiafion data for the reactor geometry and for the elemenis in the reactor, These library
data, are obtained as a complete punched decimal data deck from the APPROPOS code or
can be input by the user. The data are divided into two sections referred fo as general data
and element data. The general data include neutron and photon group dependent quantities
required for photon energy release from fission, neufron dose rate, neutron kinetic energy
heating, and photon dose rate calculations. The element data are required for each element

in the problem. These data are described in Data’Sef 3 in Table 4-1.

The final input ciafa to a NAGS problem are the region data which: (1) titles
the region input and calculation data, (2) de{:ines‘i‘h_e‘locaﬁon of the region in the two
dimensional mesh cell description, (3) defines the number of elements in the region, (4) provides
a program control word, and (5) depending on the type of NAGS problem (source or energy
deposition), provides the material density and weight in the region, the element identification
numbets, the element weight fractions or atom densities, and microscopic cross section data.

The description of a region in R, Z or R, 8 geometry and the specification of
the region extemal boundaries for a region are iilustrated in Figure 4-1. These regions may be
parts of a larger irregular region. The user must describe irregular regions as a composite
of NAGS regions, The user must exercise caution in specifying regions so thaf reéion mesh
overlays do not occur for photon or neutron source calculations because the NAGS region
calculations are always initialized {(all values set to D.d) for each region and in source
calculations, the source data are saved for all mesh cells for subsequent reactor geometry

integrals, and for the generation uf the fixed distributed source tape.

The input data cards for each region and each type of calculation are described

in Data Set 4. These data cards are repeated for each NAGS region caleulation in the problem.

4-5
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4.2.2 Input Data Instructions

This section is to be used as a guide in preparing problem input data for the

NAGS code. Other sections present a more detailed description of the data presented here.



TABLE 4-1 INPUT INSTRUCTIONS FOR THE NAGS CODE

DATA SET 1 - General Problem Data

-Card Number Format Column Variable Description
i {(15) =5 NMAXRS* Maximum number of locations

available for SATURN data {i.e.,
NMAXRS=4700010 on the UNIVAC-
1108, EXEC 8 Computer with a

-t 65K core memory storage available) .
2 {(2413) -3 iICT Number of radial mesh intervals
in the input flux solution.
4-4 ICM Number of redefined radial mesh

intervals to be used in all calcu-
lations and output data,

7-9 JCT Number of axial** mesh intervals
in the input flux solution.
10-12 JCM MNumber of redefined axial mesh in-

tervals to be used in all calculations.

13-15 NGN Total number of neutron groups
NOTE: If NTYPE = 3, then NGN is
input as NGG since only photon
fluxes are required input to the
NAGS program when NTY PE = 3.

16-18 NFAST Number of fast neutron groups
(Neutron kinetic energy Ts caleu-
lated for NFAST groups). ’

19-21 NI Number of fast neutron groups for
photon production from neutron
inelastic scatter.

22-24 NGG Number of photon energy groups.
25-27 MNEL Number of elements in the library
data.

*  The maximum value of NMAXRS is determined by the maximum size of blank common set
at code compile time.
**  Azimuthal coordinates in revolutions (R-8 input flux solutions) can be substituted for axial
coordinates in centimeters (R-Z input flux solutions) without eny program changes. All
further references to axial will also impy azimuthal.
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TABLE 4-1 (CONTINUED)

Card Number Format Column Variable Description

2 (cont.) 28-30 NTYPE Program control word for the type
of caleulation to be performed.

NTYPE = 1: Photon or neutron saurce
calevlation,

NTYPE = 2: Combined neutron and
photon energy deposition calculatisn,

NTYPE = 3: Photon energy deposition
calculation only(i.e., fission product
decay heating).

37133 . NGSDP Program control word for punched
output.

NGSDP = 0: No punched output

NGSDP = 1: Source Data punched
out for the KAP=V] point kemel code

MGSDP = 2: Source Data punched
out for the FASTER code.

NGSDP = 3: Source Data punched
out for both codes,

34-34 " NPLOT = Program control word for SC-4020
plotting

NPLOT = 0: No plotted output

. NPLOT = 1: Plotted source or
energy deposition distributions

37-3% NCRD Program contro! word for classificatior.
of plotted cutput.

NCRD = 0; Plotted output is
unclassified

NCRD = 1:  Plotted output contains
Confidential Restrictzd Deia accord~
ing fo the Atomic Energy Act of
1954, This paramerer teil, ihe code
to olace §t : appropriate CRD label
ot the top anrd boriom of ezch yraph



TABLE 4-1 (CONTINUED)

Card Number Format Column Variable
2cont.) 40-42 NCOPY
43-45 NPRINT
3 {12A6) 1=-72 TITLE
4 {2413) 1-3 NCD
4ub NBIN
7=9 NLIB

4-10

Desc‘ripﬁon
Type of plotted output
NCOPY = 9: Hard copy only
NCOPY = 35: Microfilm only

NCOPY = 44: Both hard copy and
microfilm

Flux Print Option
NPRINT = 0: Ne fluxes are printed

NPRINT = 1: Neutron fluxes are
printed .

NPRINT = 2: Photon fluxes are
printed

" NPRINT = 3: Both neutron and phote:

fluxes are prinfed, if input

Overall problem title (72 alphe-
numeric characters).

Not presently used by the program.
NCD =0,

Input flux data control word which
specifies input mode of flux data for
different types of caleulations (refer
to Data Set 2 for details) .

Library data option.
NLIB = 0: Short library data option

with region dependent neutron cross
section data included with region
input for each element, m.

NLIB =1: Long library data option
with region independent neutron cros
section data included in the {ibrary
for each element, m,
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TABLE 4-1 (CONTINUED)

Card Number Format Column Variable Description

4eont) - Source positioning indices in the
radial direction for all calculated
results, NEX and NEXI are provided
to enable the user to perform a NAGS
calculation on a section of a reactor
geometry and then position this
section of data in a different reactor
or problem geometry.

“10=-12 NEX The number of zero entries to the
right of the NAGS caleulated sources
in each radial row.

13=15 NEX1 The number of zero entries to the lefr
of the NAGS calculated results in
each radial row.

16-18 ISTART " Starting radial mesh cell number in
the NAGS input fluxes fo be used in
the redefinition of flux data, If in ~
storage allocation, a flux edit is
possible or desired for only a section
of the input flux data then the user
may specify ISTART#1. ISTART is
equal to the left mesh cell number
of a section of the reactor geometry.
The NAGS programredefines the fiux
data such that this left mesh cell
number flux data will be the first
mesh cell of the section., The mesh
coordinates of the cells are altered
to agree with the new mesh cell
description.

19-21 JSTART Starting axial mesh cell number in
the NAGS input to be used in re-
definition of flux data. The dis-
cussion of ISTART is opplicable fo
JSTART.

4-11
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TABLE 4-1 (CONTINUED)

4{cont.)

Format ; Column Veriable Description
22=24 NPUN Binary tape output control word.

Neutron or photon source data are
placed on tape. The tape contains
NGN or NGG logical records each
of size, { (NEXT + ICM + NEX)*
JCO).

NPUN = 0: No binary data tape of
sources is to be prepared,

NPUN = 1; Neutron distributed
source (QIQJ) is placed on Tape 8.

NPUN = 2: Total photon distributed
source (QT LS ) is placed on Tape 8.

NPUN = 3: Fission product decay
photon distributed source (QD ( J) is
placed on Tape 8.

25-27 JCO Source positioning index in axial
direction for all calculated results.
This index is similar in operation
to the NEX index in that the program
generated output on Tape 8 has logical
records of size { (NEXT + ICM + NEX)
*3CO) where the last (NEXT + ICM +
NE X)* JCO ~JCM) pieces of data
in each logical record are 0.0's.

JCO must be greater than or equal
o JCM,

- {E12.5) 1-12 ZREF Reference plane distance in inches

from Z = 0.0, This input quantity

adjusts all axial dimensions by Z.=
ZREF - .3936 * Z_ so that energy

deposition and source data can be
printed relative to a Z plane other
than at 0,0,

4-12
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TABLE 4-1 (CONTINUED)
Card Number Format Column Variable Descripiior;
6 (6E12.,5) 1-12 'ENU ‘ Average number of neutrons reihec:sed

per fission event, vg,
For photon flux inpuf, ENU=T.0.

13-24 EFF Fraction of fissions due fo neutron
fission events, EFF = 1.0, except
wherte cross section data represents ,
(n, 2n) reactions by psuedo-fission,

25-36 EFK Multiplication facter, K _,, of the
problem which provides fput flux

data. For photon flux input, EFK =
1.0.

37-48 VOLC Volume of fissicnable regions. For
R-Z inpuf flux data, VOLC = 1.0,

49-60 CONV Conversion factor for input flux data
in units of fissions per second.

61-72 PK Arec factor to account for partial
geometrical solutions in fransporf
problems (i.e., PK = 1.0 for R-Z
geometry but for R=8 problems,

)
PK=§;r

7 (6E12,5) 1-12, 13-24 CHI The fission neutron specirum, xg
25-36, etc, (i.e., the fraction of a fission neutron

born in each group, g).
NGN

g
2 X

g=1
(NGN Values)

4-13



TABLE 4-1 (CONTINUED)

Card Number Format Column
8 (6E12,5) 1-12, 13-24,

25-36, etc,

-9 (2413) 1-3, 4-6,
etc.

10 (2413) 1-3, 4-6,
etc.

1 (6E12.5) 1-12, 13-24,
25-36, etc.

12 {6E12. 5) 1-12, 13-24,
25-36, efc.

Variable

UNU

JC

4-14

Description

Neutron release rate (No. of
neutrons) per neutron fission
event by group, vy’

{(NGN Values)

Mesh coordinate number of the right
radia! mesh coordinate of each re-
defined mesh cell. {e.g., if no
redefining or reduction of mesh cell
description is required, IC =2, 3, 4,
5,10, 11,12, ... ICT; or, ifa

reduction of two mesh intervals must

bemade, IC =2, 4, 5, ...10, 12, ...

}CT, where 3 and 11 are removed. )
(ICM Values)

Mesh coordinate number of the top
mesh ceordinate of each redefined
mesh cell. The discussion of IC is
applicable to JC.

(JCM Values)

Radial mesh coordinaire (line) dimen-
sions for the input flux data (ICT + 1
values).

Axial mesh coordinate (line) dimen-
sions for the input flux data (JCT +1
values).

For r, © problems, the coordinates
in the © - direction are input in
units of reveolutions.
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TABLE 4-1 {CONTINUED)

DATA SET 2 - FLUX INPUT DATA FROM TAPE

{Input Parameter) (Type of Flux Data)

Type of Calculation NTYPE ~ NBIN Tape 11 Tape 12

1 i Neutron ———
Photon or Neutron Source 1 2 Neutron ———

1 3 - Neutron

2 ; Neutran Photon
Neutron and Photon Energy Depasition 2 2 Neutron and Photon  ==m=

2 3 ——— Neutron and Photon

3 1 Photon ——
Fission Product Decay Healing 3 2 _ Photon ———

3 3 —— Photon

(Source of Flux Data)

DOT-HW or NAGS
DOT-1IW or NAGS
ANISN-W

DOT-1IW or NAGS
DOT-HW or NAGS
ANISN-W

DOT-1IW or NAGS
DOT=IIW or NAGS
ANISN-W

Moter 1) 1f NBIN =1 or 2, neutron flux data tapes contain NGN records and photon flux data tapes contain NGG records.
2) If NBIN =3, the respective daka tapes contain a lead record of arbitrary length before the flux data records, -

@
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Card Number

13

14

15

{6

17

18

19

_Formai'

TABLE 4-1 (CONTINUED)

DATA SET 3 = Library Data

Column

Variable

General Library Data

i3

(6E12.5)

(6E12.5)

(6E12.5)

(6E12.5)

(6E12.5)

Data Cards
(13, 2E12.5,
22X, Ab)

1-3

1-12, 13-24,
25-36, etc.

1-12, 13~24,
25-36, ete.

1-12, 13-24,
25-36, etc.

1-12, 13-24,
25-36, efc.

1-12, 13-24,
25-36, etc.

NEL

SFPS

SFDS

DKG

DK

DU

Dascription

Number of elements in the [ibrary.
(This parameter should agree with the
parameter, NEL, on card 2 of Data
Set 1),

Prompt fission photon spectrum for each
photon energy group (MeV/fission) NGG
valyes

Fission product decay photon spectrum
for each photon energy group (Mev/
fission ) NGG values )

Photon dose rate conversion factors for
each photon engrgy group (Dose rate/
Mev=ecm “sec ) NGG values

Neutron dose rate conversion factors
for each neutron group (Dose rate/n
cm"z-sec"]) NGN values

Upper lethargy of each neutron group.
NGN values. At 10 Mev, DU = 0.0

19 = 28 are required for each element in the library,

1~3

4~16

NID

Element or nuclide identification number
{a toble of element identification
numkers for the MSFC Iibrary are pre—
sented in Volume 2 of this repert).
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20

21

22

23

24
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TABLE 4-1 (CONTINUED)

_ Format Column

4-15

16 = 27

50 - 55

{6E12.5) 1-12, 13-24,
25-36, etc.

(6E12.5) 1-12, 13-24,
2536, etc.

(6E12,5) 1-12, 13-24,
25-36, etc.

(6E12.5) 1-12, 13-24,
25-36, etc.

(6E12,5) 1-12, 13-24,
25-36, etc,

Variable

AMU

ENA

LABEL

_SINS

SAS

55

SNA

SAG

Description

Atomic weight of element {grams/gram-
atom)

Energy of charged particle (alpha)
emission with neutron absorption
{Mev/absomption)

A six character descriptive title for
the element

Neutron inelastic scatter photon energy
spectra for each photon energy group
arising from neutron inelastic scatter
events occuring in the fost neutron
groups {Mev/event)

NGG values for each of NI neutron
groups with each NGG value defining

‘a sef of data starting on a new card

Neutron radiative capture gamma tay
spectra for gamma ray groups (Mev/
capture),

NGG values

Microscopic neuiron “effective" energy
deposition cross seciions for neutron

kinetic energy deposition calculations.
NFAST values

Microscopic neutron absorption
cross sections for charged particle
(alpha emission)

NGN values

Microscopic gamma ray mass eneray
absorption caefficiem‘s for gamma ray
groups. (em“/gram)

NGG values

Data Cards 25-28 are only entered if NLIB =1 on card 4 in Data Sef 1

4-17



TABLE 4-1 (CONTINUED)

Card Number Format Column Variable Description

25 (6E12.5) 1-12, 13-24, SF Microscopic neviron fission cross
25-38, etc, sections, oo
m
NGN values
26 féEl 2.5) 1-12, 13-24, SA ‘Microscopic neutron absorption
25=35, etc. cross sections (radiative

caplure), ¥ ,
NGN values®™

7 (6E12.5) 1-12, 13-24, SS. Microscopic neutron “effective” energy
25-36, etc. deposition cross sections, o9 .
NFAST values. em

28 (6E12.5) 1=12, 13-24, SIN Microscopic neutron inelastic
2534, etc. scatter cross sections for
production of photons, asgm'

l‘\.ll values

4-18
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TABLE 4-1 (CONTINUED)

DATA SET 4 ~ Region Datq

4-19

Card Number Format Column Variable
29 (1246) 1-72 ID
30 (2413) - 1-3 15
4-6 IF
7-9 JS
10 =12 JF
13-15 [EL

Description

A 72 character title or description
of the region, The irst 48
characters appear as the main
title on plotted data

IS is the radial mesh collapsed
line number corresponding to
the left boundary of the region
{See Figure 4-1)

IF is the radial collapsed mesh
line corresponding fo the right
boundary of the region(See
Figure 4-1)

JS is the axial collapsed

{or angular) mesh line number
corresponding to the bottom
boundary of the region (See
Figure 4-1}

JF is the axial collapsed

(or angular)mesh line number
corresponding to the fop
boundary of the region (See
Figure 4=1)

NMumber of elements in the
region NOTE: [f IEL is
entered as a negafive number,
the program assumes that this
region is identical in composition
to the preceeding region-and
the microscopic data cards
(Card 31, 32, ete.) are deleted
from the deck. The next

data card will be the title
card (Card 29 of the next
sub-region)



TABLE 4-1 (CONTINUED)

Card Number Format Column Variable Bescription
30(cont.) 1618 IND Control word, This data controls

the sequence of operations which
are fo be performed at the
completion of each region
caleuiation. If, IND =1, the
program assumes another region
follows and will retumn to read
dete (card 29) after calculations
for the present region sre
completed, [f, IND # 1, the

- program assymes that this is the
last region and when calcufations
are complete the program transfers
contral to the next NAGS
operation, which is the calculation
of region infegrals and distribu~
tions.,

Data Cards 31=35 are only required for a source calculation {NTYPE = 1)

3 (13,6125 1-3 NLM  Element identification number
corresponding to the library
element identification number

NID,
4 =15 DNM Atom densrfzﬁf element in
region (X10
Data Cards 32«35 are only required if NLIB=0 _
32 (6E12.5) 1-12, 13-24, SF Microscopic neutron fission cross
. 25-36, etc. section, o
fm®
NGN values
33 (6E12.5) 1412, 13-24, SA Microscopic neutron absorption
25-36, etc, cross sections (radiative
capture), . 7.,
m
NGN values

4-20
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TABLE 4-1 (CONTINUED)

Card Number Format Column Variable
34 {6E12.5) 1-12,13-24, sS
25-36, etc.
35 {6E12,5) 1-12, 13~24, SIN

25=36, etc.

Description

Microscopic neutron “effective” energy
deposition cross section @9 .
NFAST vdlues. m

Microscopic neutron inelastic
scatter cross secticns for
production of photons, ds?'n'

N1 values

Datg card. . 31-35 are repeated for each element in the region (IEL repeats)

Tals concludes the required input data for ¢ source caleulation.

Note that the last set of region data must have IND on card 30 # 1.

Data cards 36-42 are only required for on energy deposition calculation (NTYPE = 2 or 3)

3 (2€12.5) 12
13~ 24
37 ’ (13, E12.5) 1-3
4-15

DGM

WTGM

NLM

DNM

4-21

Density of the material {f.e., ;
stainless steel, inconel, fueled
graphite, beryllium) in t

NAGS region {grams/em” of the
solid material)

Weight of the material in the
NAGS region (kilograms)

Element identification number
corresponding to the library
element identification numbers
NID.

Weight fraction of the element

NLM in the material described by
DGM and WTGM (e.g., the
weight fraction of Fe, in stainless
steel).



TABLE 4-1 (CONTINUED)

Card Number Farmat Column Variable Description

Data Cards 38~42 are only required if NLIB =0

38 (6E12.5) 1-12, 13-24, SF Microscopic neutron fission
25-35, ete. cross section, afm.
NGN values
39 (6£12,5) 1-12, 13-24, SA Microscopic neutron absorption
25=36, etc. cross sections (radiative capture),
B o m-
NGN values
40 (6E12,5) 1-12, 13-24, SS Microscopic neutron elastic
25=34, etc. scatter cross sections, %om

NFAST values

41 (6E12.5) 1-12, 13-24, SIN Microscopic neutron inelastic
25-36, etc. scatter cross sections for preduction
of photons, ¢
sm
. NI values
42 (6E12.5)  1-12, 13-24, SA £ T (n, o) £ O, (ENA), then
25-36, efc. NGN values of ¢ (n, a) are

required as inpuf

Data Cards 3742 are repeated for each element in the region (IEL repeats).
This concludes the required input data for an energy deposition

calculation. Note that the last set of region data must have IND on card 30 # 1.
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4.3 DETAILED INPUT DATA INFORMATION
4.3.1 Geometry Description

The problem geometry is described in the NAGS code as a fwo-dimensional
reactor mockup inr, z or r, 8 geomeiry. This geometry is similar to that used in the discrete
ordinate transport code, DOT=IIW. The nuclear system is described geometrically in NAGS
as o series of recfungulurb or angular sector rég‘;ion; in o two=dimensional mesh cell layout.
Figure 4-2 illustrates the limitations of the geometry and the method by which an irregular
region, D, must be described. Because the program operates on each lNAGS region as
separate problem, the maximum number of NAGS regions in a single problem is unlimited.

The integration fechniques used to obtain particle fluxes, reaction rates,
response rates, or particle source data are identical to the DOT-IIW fransport method program
techniques. Hence, completely consistent results ;::re obtained in NAGS and DOT-liV, i.e.,
the total number of neutrons and photons from the DOT-IIW problem is conserved. Interpolation
and extrapolation techniques employed in NAGS are based on a linear variation of flux or
source in the mesh cells and an exponential falloff of flux or source at the external boundaries

of the reactor mockup.
4.3.2 Flux Normalization

Normal ization of the flux data is performed ofter redefinition of the mesh cell
description. The constants for the calculation of the normalization facter, NF, are dependent
upon the source of the flux data (i.e., neviron flux from DOT~IIW neutron transport, neutron
flux from & previous NAGS problem, or photon flux from DOT=[IW). The user of NAGS has
at his disposal a six parameter normalization factor. These six parameters are required inpu¥
for each problem and are, also, descriptive of neutron flux normalization constants for a

DOT~-1IW problem. The normalization factor is computed as:
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1. R-Z GEOMETRY

2. R-8 GEOMETRY

NOTE: A, 8, C, D ARE MASTER REGIONS;D], 02 ARE

SUBREGIONS OF MASTER REGION D

REGION DESCRIPTIONS FOR A, B, C, D], D
ARE REQUIRED INPUT FOR NAGS

2

Figure 4-2. Sample Irregular Region Geometry for the NAGS Code
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v K] P
NF =
K2 .keff . 'F .A
where:
v = the average number of neutrons per fission.(e.g.,

v = 2,445 for a nuclear rocket flight~type reactor).

Kl = the fissions per second per watt of power, KI is dependent upon the
operating history, gamma ray energy production, and neutron and gamma ray energy leakage
from a reactor system, For a nuclear rocket flight-type reactor with 15 minutes of full
power operation, the fissions per second required to prodbce one watt of thermal power is
calculated to be 3.21 x 1 01 0 fissions/watt-second.

I;’ = the total reactor power in waﬁls., Hence K.'t x P gives‘fhe fissions per
second at full reactor power.

K2 = the parameter of revolutions, This paran'zefer is 1,0 for r, 2, DOT-IW
problems and is included in the calculation of NF to account for symmetry in the'r, 8 plane.
In r, 9 problems, the parameter Ké is9/2r . , :

keff = the effective neutron multiplication factor (eigenvalue) of the DOT-1IW
neufron fransport problem and is used to normalize all fluxes to ¢ critical (ke e 1.0) reactor
system,

f = the fraction of fission events.in the DOT=IIW problem which produce
fission energy. This factor is included for the case when the (n, 2n) neutron interactions
are included in the flux solution as psuedo-fission events. For DOT=IIW problems with the
MSFC library cross secfions, beryllium (n, 2n) cross sections are not included as fission and P
is input as 1.0,

A = the area (or volume) factor. This factor is required only if the neutron
flux solution is normalized to some value other than the integral of fissions over the source

volume. For DOT=IIW problems this value is always 1.0.
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Hence, the normalization factor for a 1575 MW flight-type nuclear rocket
reactor, in an r, z, DOT=HW neutron fransport problem with a multiplication factor of 1.01 is

computed intemnally by NAGS as:

_ 2.445%3.21x 100 * 1575 x 107

1.0*%1,01 *#1.,0*% 1.0

Fluxes printed out by NAGS using the above normalzafion constant will be in unifs of
neutrons

20

NF =1.225x 10

at full power (1575 MW) conditions. In normalizing flux data from a photfon
cm“=sec

transport problem, or a previous NAGS problem, the six normalization parameters are normally
set equal fo 1. 0 if the flux solution in the DOT-IIW photon transport problem is based on
normalized distributed fixed source data supplied by the previous NAGS photon source problem.

Also, the neutron flux data from the NAGS problem is a processed library data tape based on

previously normalized flux data.
4,3.3 Generation of Collapsed Mesh, Flux Tape

The final operation on the input flux data is the generation of a binary work
tape containing the groupwise fluxes fo be used in lafer reaction rate and response rafe
calculations, This data tape can be saved for use in subsequent NAGS problems. For
example, the neutron flux data tape used in the calculation distributed photon sources is
used as input for the conbined neutron and photon energy deposition calculation. This
nevtron flux data tape has the same mesh cell description as the photon source data and the
photon flux data,
The binary flux tape, which is generated on Tape 10, remains on this unit throughout
the NAGS problem. The tape contains a logical tape record for each group with a total of
ICM (number of redefined radial mesh cells) x JCM (number of redefined axial mesh cells) pieces of

data in each logicadl tape record.
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4.3.4 Library Data

Library data for @ NAGS problem ‘include standard neutron and photon multigroup
constants as well as nuclear data for each element in the reactor geomety. This library is
generated by the APPROPOS code in a format consistent with the NAGS code input requirements,

The nuclear constants required in the library for each neutron and photon
energy group are:

1} Prompt Fission ph.oi‘on energy, I’ l; ; for each photon group, k. '

2) Fission product decay photon energy, I‘: , for each photon group, k, and for
a specific reactor operating history (e.g., a nuclear rocket reactor with 60 minutes operation
at full power). -

3) Photon flux to dose rate conversion factors, K];, for each photon group, k.

4) Neutron flux to dose rate conversion factors, KgD, for each neutron group, g.

5) Neutron multigroup parameters of upper lethargy, #g, for each neutron group, g.

The other nuclear library data are required for each element or isotope, m, in the

library and are as follows:

1) Identification number, Nle

¥

2) Atomic mass, Am
3) Average energy of each alpha particle emission from neutron capture, E(n, «)
4) A six (6) character alphanumeric title (i.e., HYDROG, CARBO N, etc.)

. - ) k - . -
5) Inelastic neutron scattering photon energy, Psgm’ from an inelastic event in

neutron group, g, for photon energy release in group, k.
el, eff

6) The "effective" energy deposition cross section o which is computed

by
o clreff  _ AEg 2A x (1-u"™ x ae.l

X
g AUg (A_l_-[)z .78 g
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where

AEg .
AUg— the average energy of group g,

is the average energy loss per col lision
(A+1)2 ’
(- p;m) is the convection trim for anisotropic scattering,

AEg is the energy width of group g,

AUg is the lethargy width of group g,

A is the atomic mass of the scattering nucleus,

pcm is the average cosine of the scattering angle in the center-of-mass

coordinate system for group g,

e[ - - » -
ag is the total microscopic elastic scattering cross section for group g,

7) Neutron absorption cross section for (1, a) reaction, o g o for each neuiron
r

group, g. ]
8) Neutron radiative capture photon energy, T for each material and

photon group, k.
9) Photon mass energy cbsorption coefficient (-—Lf—) l;m for each photon group, k.

10) Neuiron fission cross sections, afi' for each neutron group, g.

11) Nevutron radiative capture cross sections, afm, for each neutron group, g.

12) "Effective" energy deposition cross sections, aeg!’ off’ for each fast neutron
garoup, d.

13} Neutron inelastic scattering cross sections, osgm’ for each fast neutron group
for which inelastic scaitering is to be calculated.

The last four sets of cross section data (defined above) are required input only
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when the user employs the NAGS library option of region independent cross section data.

4.3.5 Region Data:

Region input data for ¢ NAGS problem are Hependenf on the fype of calculation
being performed. The region data are procéessed on an individual :region basis. Required
data for each region are; - |

1) A seventy-two (72) character qlphﬁnumeric title describin.g the region

2) Region boundary mesh cell numbers in the redefined mesh cell description

3) The number of elements in the region, and

4) A program control the reading of new region data or fo proceed to the next
step of the NAGS dafa processing.

There are two types of calculations which can be performed by NAGS. The first
type is the neutron interaction calculation which results in the procuction of neutron and
photon sources in the mesh cells. The second type is the calculation of neutren and/or photon
interactions which results in energy deposition in the mesh cell.

Region input data required for a photon source calculation are dependentf on
the NAGS library used for the problem. The element microscopic cross section data described
below are only required when the NLIB = 0 option is used. The region input data required
for each element, m, follows as: ‘

' 1) Element identification number, er-n’
2) Element number density, Nm’
3) Element microscopic groupwise neutron cross sections for,
{a) fission, a?m,
(b) radiative capture, Uci’,
(c) "effective" energy deposition, o gm’ off,

(d) inelastic scattering, os?n .
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The region data required for calculation of energy deposition of neutrons
and photons are input for the material (e.g., fueled graphite, stainless steel, etc.) in the
NAGS region. This technique is'used because reactor components or structures are represented
as part o;c a homogeneous region material in neutron and photon tramsport, For subsequent
thermal analyses, the total heating and its distribution in these components is réquired. Hence,
an Inconel bolt can be represented individually in a region to obtain its fotal heating. The
input data required for the energy deposition calculation in each material, n, in each region
are:

1) Material density in the region, .

2} Weight of the material in the region, Wn
Input data for each element or constituent of the above material (if NLIB = 1) are required as:

1) Element identification number, Lm

2) Weight fraction, Nm of the element, Lm’ in material, n.

The data are then processed on a mesh cell basis to obtain the total photon
source or energy deposition in each mesh cell of a region.

An option is included in the program to eliminate repetitive input data for a
NAGS region of identical composition to the previous NAGS region. This option is specified
by a negative sign on the number of elements for ¢ NAGS region. The program will then use the
region element data (Lm' Nm and element cross sections) from the preceeding NAGS region

for all calculations in that region.
4.3.6 Problem Size Determination

To determine the number of core memory storage locations required for data
of a given‘problem, each of the expressions below should be evaluated and summed as noted,
The value of the sum, including the conditions imposed on the. expressions, provides the valve
of the required input parameter, NMAXRS, on card 1 of Data Set 1. For a NAGS calculation

to run succe;sfully, the input value of NMAXRS must be greater than or equal to the
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calculated value of NMAXRS. .All quantities in the expressions below are required’ input
parameters defined in Secticn 4. 2. 2 except where defined. The symbolism, MAX (xl, Xopre » 2,

signifies the maximum value of the quantities or expressions, Xer in the paranthesis is used

in the calculation of the overall expression.
LA =2% [(ICT * JCT) + (ICT +JCT + 1)
2. A, = [(ICM * JCM) * (NGG +2)] + [(ICM +JCM) * 10] , for NTYPE=1
or
o= [(iIcm * JCM) * 3] + [(ICM + JCM) * 10], for NTYPE = 2 or 3
g~ NEL* [(NGN*3 + [(NI+2 * NGG] +[(NFAST *2 + NI] + 8]
4. A,= [4*NGG] +{5 * NGN]
5= 0, for NGSDP=0or 1.
or
Ag= MAX (ICT, JCT) ,for NGSDP =2 or 3
6. A= 0, for NPLOT =0

or

Ag= 2* MAX {ICT, JCT) , for NPLOT =1

The summation of A' s yields the total storage locations for a particular problem,
6 .

such that:
NMAXRS = E A

=1
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4.4  PROBLEM SETUP INFORMATION

This section describes the data deck setup for the NAGS code. Information
on tape assignments, running. fime, error messages, and a sample problem, card input is

provided,
4.4,1 Taope Assignments

The NAGS code requires a maximum of 5 tape or disk files, The specific number
of files required is dependent upon the type of calculation, The file assignments for the NAGS
code are:

Tape 5  Input Disk _

Tape 6  Printed Output Disk

Tape 7  Punched Qutput Disk |

Tape 8  Distributed Source Output Tape (NTYPE = 1)

Tape ¢ Infermediate Scratch Disk

Tape 10 Scratch Disk Containing Fluxes from Mesh Cell Deletion Operation

Tape 11 Input Flux Tape (NTYPE and NBIN) |

Tape 12 Input Flux Tape (NTYPE and NBIN)

Generally, disk devices should be requested for fapes 9 and 10.

4.4,2 Running Time

A typical, design calculation {containing 3000 mesh cells, 16 neutron energy
groups, 13 gamma ray groups, 15 elements, and 60 regions} to compute the neutron and gamma

ray source distributions requires 5 to 10 minutes of UNIVAC~1108 CPU fime.

4.4.3 Error Messages

A number of NAGS code generated error messages may be encountered in running

a NAGS problem, These messages are primarily due to incorrect problem input, The error
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messages are generally self-axplanatory.
Message

Dimension error. Overflow of (1400, for

example) locations)

Error in radial or axial dimensions

Error in radial or axial mesh indexing

Element No. (37, for example) is not in
library

4.4.4 Sample Problem Input

Astronuclear
Laboratory

Explanation

Problem is too large to fit on the computer or
else the value of NMAXRS was input incorrectly

Either Ri 41 <Ri or Zi 4 <Z—i

Either IC. <IC., or JC, <JC,
i+ 1 i i i

An element hos been requested that does not
appear in the library or else the element number
was input incorrectly

A listing of the input datd for ¢ NAGS sample problem has been included in

this report in Table 4-2 to illustrate the structure of a complete set of input data. The

printout for this sample problem is presented in Section 4.5.1.
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SAMPLE PROBLEM CARD INPUT FOR THE NAGS CODE

53000
34 34 80 80 16 11 & 13
PROBLEM 15.701 2-D NAGS
1 ¢ 0 ¢ 1 1 2
0.0
l.0 1.0
- 22758648 « 34550195
.00026119 0.0
¢.0 0.0
3.01049 2.64814
2,43513 2.43422
244340 244340
2 3 4 5 6 1T 8 9
26 2171 28 29 30 31 32 33
2 3 4 5 6 7T 8 9
26 27 28 29 30 31 32 33
50 51 52 53 54 55 56 57
T4 75 76 77T 78 79 80 81
0.0 7.0
28.0 32.0
43.5 45.0
49.0 4945
52.0 53.0
60.5 62.0
0.0 1.0
14.0 20.0
55.0 62.0
97.0 104.0
133.0 135.0
139.7 140.9
155.07 155,20
155.85 156.04
160.74 162.24
171.24 173.24
183,24 185.24
150.94 191.64
192.84 192.94
215.9 21745

8
3.00000E-03
3.63000E-01
1.2350CEE00
0.
3.69000E-01L
2.67000E-01
1.06300E-06
1.41700E-06
3.514600€-06

1.50000E-02
5.03000E~01

0.
5+00000E-01

1.08300E-06
1.50400E-06

8 1 1 1

TABLE 4-2

0 9 1

SQURCE CALCULATION, MSFC SAMPLE PRUBLEM

ag

1.0
«1804T7802
0.0
0.0
2.55098
2.43401
244340
10 11 12 13
34 35
10 11 12 13
34 35 36 37
58 59 60 61

12.0
35.0
46.0
50.0
54.5
63.5
2.5
27.0
69.0
1il.0
136.3
L43.9
155.33
156444
163.74
17524
18674
192.04
193.04
218.44

4.00000E-02
1.08000E-01

OI
5.87000E-01

1.11400E~06
1.56400E-06

1.0

«15218986

0.0

0.0
2.49739
2.4340
244340

14 15 16 17

14 15 16 17
38 39 40 4l
62 63 64 65

16.0
38.0
47.0
50.4
55. 88
65.0
3.5
34.0
T6.0
118.0
137.16
147.9
155.46
157.04
165.24
LT7.24
188.24
L92.24
198.0

1.11000E-01
9+ 47000E-01

4.27000€-02
8.5L000E-01

1.16600E-06
1.67300E=06

1
«078617
0

2.,45818
244340

18 19 20

18 19 20
42 43 44
646 67 68

20.0
40.0
47.75
50.8
57.5
66.0%
6.0
41.0
83.0
125.0
138,0
151.9
155.59
158.14
167.24
179.24
i8%.24
192.44
204.0

.O
65
+0

21

21
45
69

22

22
46
70

1.0
+01536485
0.0

2.43868
2.4340

23 24 25

23 24 25
47 48 49
TL 72 13

2440
4240
48450
51.3
59.0

9.0
48 -O
90.0
1300
139.0
154.94
155.72
159.24
169,24
181,24
19CG.24
192,64
210.,0

2.52000E-01 5.59000E-01
1.38900E&£00 2.05300££00

2,30200£~01 S5.87000E-01
1.00900E600 1.15200E60G0

1.24000E-06 1.332006-06
1.80300E-06 2.11200E-06
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1., 20000E-04
l.15000E-06
1.000C0&-~07

1.05Q000€-04
1.73000E-07

. 1.25C00E630

6.50000EE00 7,5%000F600
L.73CO0EE0] 1,.82000kELL
1 1.C07197€80C O,

0. DI

0. 0.

O,

0. .

0. 0.

0.

0. 0’

0. 0.

0.

0? 0.

0. 0-

0.

O. 0.

0. e

0.

0. 0.

0. 0.

0.

0. 0.

Q. 2.22500€600

0.

0. 0.

G. 0.

0. o.

0- ol

. D. -

2.566006~02
4.12200E-02
1.0 4030801

2.67000E-02
4.37300E-02

5 1+2011.:E601 0.

Q.
0.
Q.
Qe
O.
0.,
0-
0.
C.
Q.
O.

0.
0.

TABLE 4-2 (Continued)

8.800Q0E~Q5
2.10000E-08
1.00C00E~G7
2.00000E600
9. 75000EL00
1.89000E601

Ga
0.

Qs
0.

0.
0.

0.
Q.

Q.
o.

2.83600E~-02
4.65800E-02

O'
0.

O.
Q.

C.
0-

0.

Qe

&+ 35000E~05
9. 0000Q0E~09
1.00000E-07
2.50000E800
1.17500€601
2.00000E 401

Qs
0.

C.
Ga

T
G

0.
0-

0.
L

0.
Qs

0.
3.06500E~02
5.02500E~02

0.,
0. |

0.
Os

O
Ol

Q.
Q.

3,25000£-0% 1.03000E-05

1.90000E~08 5.62000E-08

3.25000E600 4,.50000E600

1.37500E601 1.55000EE601

HYDROG
0.
0.

0.
0.

0.
0.

Qe
0.

C.
Qe

Qe

0.

0.
De

De
O
O.
O«

3.39300E~02
5.43500E~0¢2

CARBON
4.26700EL00
C.

0.
Qs

0.
0.

Q.
Q.

Oa
0.

0.
G

0.
O

0.
Q.

0.
C.

0.
O.

O-
0.

3.78400E~02
6,3T100E-02
0.
0.

0.
0.

@

flojeloqel
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1.55200E-02
2.13400E-02
5.33700E-02

1.,58500E-02
2.24300E-02

10 2.350Q44E6L02 0.

Oa
7.23400E-02
2.38300E~01
0.
8.,006C0E-04
2.60400E-01
O
C.
2.166GGE-O
C.
0.
2.00500E-01
G.
O.
1.67900E-01
0.
0'
1...T800E 01
0.
3,21900€~01
6.,U95C0CE~O]
Q.
c'
0.4
0.
0.
44.27900E-02
3,23200E~02
4.42700E-01

0.
1.49400E~01

0.
6.07200E-03

4.57T600E-01

0.
.
O
0‘

J.
4.15600E-02
3.19600E~02

TABLE 4-2 (Continued)

L. 64200E-02
2+37100E-02

0.
2.81100E~01

G.
3.01900E-02

8.49300E~-02
5.74400E-01

3.99400E-02
3.19200E-02

0.
0.

0.
0.

0.
.

0.
Ce
Qe
0.
0.
1.72500E-02
2.53900E-02

O.
5.65T00E~0O1

0.
1.70600E-01L

0.
2.04600E-02

0.
0.

Q.
Q.

Qe

g.

5.18200E-02
T.87000E-01

3.80400E~02
3.46500E~02

0.
0.

0.
0.

3.37500E600
3.74400E~01

0.
Q.
a.
0.

1.84800E-02
2.73900€-02

U-235
3.66200E~03
8.55300E-01

0.
4.84300E~01

0.
1.68200E-01

Q.
2.31100€-02

0.
0.

Q0.
0.

2.0810CE-01
1.15900E600

Ol
0. ° -
0.
0.

3.5T0GDE~-02
4+.39500E~02

Qe
O.

[+ 8
0.

1+19100ELOC
O.

0.

0.
Oe

2.00200€E~02
3.20800E~02

3.74900E~-02
9.39200E-01
Oa

8+12500E-~01

0.
5.022006-01

0.
1.81300E-01

0.
9.48200E-02

0.
9.4T1400E~02

4.597G0E-01
1.69400€£00

0.

0.
0.

3.,35100€E-02
1.07800E-C1
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12 2.38051E802 0O,

0. 0.

1.22900E-01 1.29000E-01

l. 744C0E~0]
[+1% Os

5.33700£-03 2.36100E-0Q2

2.18700E-01

0- 0.
Q. O.
1.9410GE-01

Q. * Qe
0. 0-
2.02500E-01

0. O
O, G
9.95400E~-02

o- . O.
0. D.
G.

C.

6.260C0E-01

Qe - Os
0. 0.
0. Oa
0. Je
0. a.

4.2T900E~02 4.15600E-02
3.22200E-902 3.19600E-02

4442700801

27 5.19960EE0L 0.
5.56400E~01 Ll.3T400E-01
1.9510GE-01 1.5L400E-01L

1.2610CE-01

O« 0.
0. ! L
0. .

Q. [
Q. Q.
0.
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4,5 DESCRIPTION OF QUTPUT

The NAGS code provides printed output, tape output, and punched card output to
interface with subsequent point kernel, discrete ordinates transport, and/or Monte Carlo

analyses. Each of the forms of cutpuf are described in this section.

4.5.1 Printed bui’pu’r

The first section of output from a NAGS caleulation (as shown in Table 4-3) is a listing
of the storage requirements and starting locations of the variables in the flexible dimension allo
cation. The code then prints a message indicating the total number of storage locafions:
required to execute the problem.

‘The next page of cutput lists selected parameters in Data Set 1, These parameters set the
variable dimension requirements. Below this listing is a tabulation of the IC, JC, R, and Z
arrays. The IC and JC arrays are used to perform mesh deletion operations; the R and Z arrays
are the coordinate dimensions of the mesh lines bounding the mesh celis in the problem geometry
The code lists the neutron fission—puramefers, X 9 and Y ot as o function of neutron energy groug
The zero reference plane is printed below the tables, This parameter provides a convenient

method of shifting the z - coordinates for heating calculations.

The problem normalization factors are printed on the next page. The last parometer,

the power normalization factor, is the computed scale factor for the flux normalization.

The next section of output lists the neutron and/ar photon scaler fluxes by mesh cell and
energy group. .These fluxes have been normalized by NAGS, and mesh deletion operations
have been performed.

The library input data are printed next, The first section lists the prompt and decay
gamma ray spectrum of energy released from the fission of 235Urc:nium. Neutron and gamma
ray dose rate conversion factors as' well as the upper lethargy of each neufron group are also
listed, Library data for each.element are printed next, The atomic mass units of the element,
the energy of the emitted a particle, the element name, the spectrum of gamma ray energy

emitted from thermal neutron capture and inelastic neutron scattering, and the mass/energy
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absorption coefficient are listed, by element,

The next section of printout lists the region title, the parameters, IS, IF, JS, JF, NELE,
and IND, as well as the region-dependent or-independent microscopic cross section data by
element within the region. These data are repeated for each region in the problem,

The next section lists the results of the calculations within each region. If the calculation

is a source calculation, the following information is prinfed:

1) The parameters, IS, JS, JF, and JS and their corresponding
mesh line coordinate; 1

2) The number of elements within the region;

3) The GAM ID number, the element name, the atom
density (in barns/afom x 1024), the physical density
(in gms/cms), the weight (in grams), the number of
fissions (fissions/sec), and the number of inelastic
neutron scattering events (neutron inelastic scatters/sec).
Theses quantities are region integrated quantities,
where applicable;

4) The region volume (in cm3),:

5) The region weight (in grams);

6) The region integrated photon source (MeV/sec),
fissions (fissions/sec), rieutron source (neutrons/sec),
and the photon source by photon energy group for
both .region integrated and region average conditions;

7) The region integrated neutron flux;

8) The relative photon, fission, and neutron distributions

in each of the coordinate directions;
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9} The actuai data points that are plotted (if requested); and
10) The card images of the source distributions punched on cards

and provided for the KAP-VI code (if requested).

The next page of output lists the total photon source (MeV/sec), the total fissions (fissions/sec),

and the fotal neutron source (neutrons/sec) over the entire problem geometry.
The next section of output lists the neutron source distribution by mesh cell. These data
are followed by a listing of the fission source distribution by mesh cell. These two output
data differ by v , the number of neutrons released per fission as a function of neutron group, g.
The photon disfributed source by mesh cell and by photon energy group is the final section
of printout for a source calculation.
For a heating calculation, the region cutput from the region calculation lists the total
neutron and photon energy deposition as well as the relative distributions clong the coordinate
axes.

Following these region data, the neutron and gamma ray dose rate, by mesh cell, are

listed.
4,5,2 Tape Output

At the concl usion of a source calculation, the distributed neufron or photon source
(depending on NPUN) by mesh cell and energy group is placed on tape 8 in the form acceptable
to the ANISN-W and DOT-1IW codes. The neutron source tape contains NGN records, where
each record is ICM by JCM words long (if zeros are not added); the phofon source tape contains
NGG records,where each record is also ICM by JCM in length.

Tape 10 contains the normalized, mesh cell deleted, scalar fluxes, This tape may be
used for a subseciuenf NAGS calculation or as a flux guess for subsequent DOT-IIW calculations.

Both tapes 8 and 10 contain end-of-file marks after the required data,



4.5.3 Punched Card Qutput

Punched card output consists of punched output source distributions in the format acceptable

to the KAP-VI point kernel code. These cards are listed in the region output data for convenience
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TABLE 4-3

SAMPLE PROBLEM COMPUTER PRINTOUT FOR THE NAGS CODE

FHE STORAGE REUWUIREMENTS ARE DETERMINED FROM THE 1 ARRAY AS FOLLOWS

4 34 8o a0 16 11 6 13 8 a5 ) 34 8o 2720 15 80 160
AND THE STARTING LOCATIONS OF EACH VARIABLE ARE DETERMINED FROM THE J ARRAY

1 36 . 117 15t 231 265 345 379 459 3179 5899 46699 46715 46731 46744 46757 46765
a6HF3 47521 47069 47157 4T26]1 4THES 47893 47693 47901 47989 48117 48117 48133 45133 48149 482531 48266
B30 48380 48482 48584 48824 49064 49098 49178 4919] 49199 49207 9215 49295 AP455 49615 49615 49649

#9109 49737 49745
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TABLE 4-3 (Continued)

YOUR NAGS IV PROBLEM HAS USED 4974% LOCATIONS OF THE AVAILABLE 53000 DATA STORAGE LDCATIONS

PROHLEM [N LINK 1
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TABLE 4-3 (Continued)

PROGRAM NAGS 1V
2-D NAGS SOUHCE CALCULATION, MSFC SAMPLE PROpLEM

- s @

. * &

t s s v s 8 % 0

12 13 18 15 16 17,18 19 20 21 22

12 13 14 15 16 17 18 19
36 37 38 39 40 41 42 43

60 61 62 63 64 65 66 b7

204000

464000

S2.000
66e 040

6000

24,000
47.000
$3.000

9,000

28,000
47,750
54,500

14,000

2¢ 2} 22
Ah 45 b8

&8 69 79

32,000
484500
55,880

20,000

s +* 4 @

23 24 25
23 24 25
AT 48 49
71 72. 73

35,000
49,000
S7.500

27,000

34,000
49,500

59,000

34,000

@)
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0G-¥

41,000 48,000

111,000 118,000
139,700 140,900
155,570 155,720
163,740 165,240
183,240 185,240
192,440 192,640
2184440

56,000
1284000
143,900
1554850
167+240
1864740
192840

62,000
130,000
147,900
156,040
169,240
188,240
192,940

TABLE

69,000
133,000
151,900
156,440
1714240
189,240
193,040

4-3 (Continued)

16,000
135,000
154,940
157,040
173,240
190,240
198,000

83,000 92,000
136,300 137,160
155,070 155.200
158,140 159,240
175,240 1774240
190,940 191,540
204,000 2104000

974000
138,000
155,330
160,740
179,240
192,040
215,900

102,000
139,000
155,460
162,240
181,240
192,240
217,500
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TABLE 4-3 (Continued)

NEUTRON FISSIQON PARAMETERS BY GROUP

GRUYP
i

2
3
'y
)
6
7
8

9
10
1%}
18
13
14
15

16

N
3«01049E 400

2+00B14E+p0Q
2.55098E+00
2.49739E 400
2.45818E 409
244386BE 00
2+43513E+00
2e43422E+00
2443401E+00
2.43400E400
2834008400
E.QB#OOE#DO
2«43400E+00
2.%3400E+00
2443600k +00
2+43400E+00

CHI
2+27586E-01

3.45502E-0]
1480476E=0]
1:52190E~01
T+Bb1T6E=02
1e5364BE=02
2.61190E~04
O
0s
O
Da
O
[
0o
O

' Qe

ZERO_REFERENCE PLANE 1S AT

04000000 INCHES

@

Alojesoger
123{INU0LISY



A4

PROBLEM NORMALIZATION PARAMETERS

EFFECTIVE Nij ##asssaunattebns
FISSI0N FRACTION swswsesnssne
. KEFF unuuoﬂu&ugu&uﬂu;noﬁf»i&a
FISSIDNIVOquﬁ GeatanneRNcoey
CONVERSEON CONSTANT #sesissue
NORMALTIZATION CONSTANT W#avun

POXER NORMALIZATION FACTOR we#

TABLE 4-3 (Continued)

1.00000€+00
1400000E+00
1s00000E¢00
1.00000E+00
1.00000E400
1.00000E+00
1.00000E+00



E5-¥

NEUTAON FLURES

et W s gt i
PP O L g Tl By o=

- —
W 0w Oh

o

n g
M e

Ty
o

T ~wT VN FE Wi e

3,60
9,59
14,00
18,90
22,00
26400
dn, 00
3350

3615&

39,00
41400
42,75
64,25
45,50
46,50
47,37
4B.12
48,715
49,25
4,76
5G+20
50,60
51405
5]-65
52450
53,75
55,19
96,69
53025
59,15
61,29
62. 75
66 ,2%
65,52

3450

9.50
14.00
18,00
22400
86.UQ
30.00
33.5p

1
/50
H.4BD¢E-DT

B 46T4E~97

B.4301E~07
843B49E=p7
B¢3174E‘07
B.2148E=07
A, D630F=07
7487552'0?
Tenbd1E~07
T4390%E=07
T 1217E-07
648299E=o 7
HaD1IRE=OT
B4 19BBE=0T
S RITTE=R?
5+596TE=(7
5e2990E=07
5.D760E=07
GeTBAIE-Q7
4+5)181E=07
4eaE3%sE=Q7
3.960TE=07
3e49BTE~gT
2eB179E~07
2+1291E~07
1454 2E~0QT
9.45235-08
64326 1E=08

40 2208E"0H

22894 0E=~0B

T 2.0006E-08

1«3851E=08
9. 964 0F =Y
8.1077E'09

]
30,50
40299BE~06
4,291k =06
4o 2TTHE=(b
402575E'05
4e22TpE=p6
4. 181 0E=06
4-1111&‘05
Ge23HkL=06

GROUP
2
1,75

1.0652E=06
1.0630E~g6
1.0894E~06
1+05%40E=0&
1:0461k-06
1+0342Ewpé
1,0164FE..06
D942y 7
Q712607
P+3731E~07
FaiS6GE=DT
BaT0T?E=q7
B,3330Ewn?
7.9582E-97
T eS928Em7?
702273&‘07
H6+B62BE~07
6,5206E-07
6.2106E=Q7
5.86)0E-07
5.5000E=07
S5.1253E=07
4|¢9§4E'07
3.6118E=g7
2:7162E=07

1.8517E~q? -

IOEOIEE-Q?
H,a127E-¢8
5«3112E-08
3+6526E~08
2.5266E_qR
1a?125E«08
122223E-08
qnﬁSﬁEE‘og
10
37.50
4e85]18BE=06
4 B4p2E .06
4+826HE=pb
5.8043E-p6
44 T699E=pt
4471 T78E=p8
44638gE =06
4e5404E=p6

TABLE 4-3 (Continued)

NG, » 1
da
73,00

l.prﬁE-oé

1:2538E=06
142897E=04
1.2538L~p8

142445606

102311E‘06

1,21086.08

1.1P85E-96

1.1542E=10g
1.1202r~06
1.0835k-05
1a0432E=08

P.9920E =07

F.5526E=n7

9.1214k=07

8,6795E~07

B.2:3%6E=07

T,8263E-07

TehaT2E~QYT

Te141E=0Y

6,57T20E«Q7

641314E=-Q7

5.“0295"07

4, 1644E~07

3,28T4E=07

CaP6S0E-nT

1,4856E=57

9.66296-08

6,392 E-08

4e3TTBE~0B

2,9872E-08
2.0315E=p8
1,4488E=p8
1e}240E=gn
il
44,50

S+3052E-0¢

5 2946E.06

S.2717e-p6

502530E-06

5.215%4E-ns

S.1584E~04

5.0723t-06

4.96#?5‘06

A
4,75

145188E«gs
145155E=p6
1-5]0?E-0¢
1050335'06
1+493pE~g6
104772E=00
1,4536E-p6
1+4240E-0&
103370E-0&
lo3460E'06
143019E~=p6
1.2532E=p6
1e1991E=-p6
121459E~p6
1+0%39E~06
lepslaE=gt
9¢BA51E~g7
9,.3873E~-07
8.97298E=p7
Bsé4114E=57
Te8910E=0T
Te3742E=07
6.5120E-07
Sa2B45E=07

440030E=p7.

2+TS0TE«pT
1.8025E=p?
122068E~0T
Te9545E =08
Se40)4E-08
3,6884E=pB
Pee949EmpBn
1. 7821E-58
‘035942'08
12
51.50
5+6511E=06
8,6398E.96
5.6218E-06
Se5956E=96
5.5555E-a6
Be4949E=g6
S.4030E~06
S-ZBBEE-QE

3
T.50
1.,8882E-06
1.8826E=006
1.8768C6~086
1.8683Em05
‘aBSSSE‘Dﬁ
1.8361E=-06
1,8068E-06
1076975'06
1,7231E-0g

"Lu6712E-pé

1.61%0E~p6
1.5836E-¢6
1o4BT4E=06
it¢2!7a‘06
lpBS?BE-OG
102929E~06
1'22765‘06
1,1654Ea06
1.[0835'06
1e0443E~058
9.8038E«07
9.1 TR28E=Q7
8,1202E~07
6.6134E~p7
5,0309E=p7
3-47§1E“D7
Ze2310E-07
1154§3E'07
1+ 0304E«p7
Te0B32E=pB
4,8095E.p8
3e2307E~pa
2+2644E=08
147373E~08
13
58,59
5,8830E=0¢
5,8713E.p6
5085?75-06
5.8253E~06
5.7835E=g¢
5.7203E=06
B.6P48E=04
5.5b§4E-06

6
11,50
223727E=04
2+3681E~p6
2v3609E=06
2+3503E=p6

243340€=56

2030%38~06
2,2114E-06
ZappItE~gd
2.1532E'05
2.0972E-96
2.0271E"pe
leos}3E=pe6
108&925‘06
147872805
1.7073§'Oﬁ
1+6266E=g58
1-5&22@'06
1,4636E.96
14391BE=ph
1+3115%E~06
1.2324E-00
141539€-06
le0225k=n&
Re3bbal~n7
6.36560E07
Ge4I4E~DT
2-9]57€-97
1.9750E-07
123252E=07
9s1}62E=08
6.26915‘08
4e2500E=08
2.9854E=p8
2+3g24E=q8
14
65450
S5+99665=06
5,98465.06
B.5655E-06
53937@5-06
S.B951E~p6
5+H30BE~08
5,7333e~p6
Beg114E~p6

7
17,00
2.9915E06
24.9858E=1¢
2+9TB5E~0¢
BsT62BE=06
243419E=06
29098815
2,861 pE-0n

- 24 TI999E=p6

2s7245E-0y
246422E~58
2+554TE~ 06
2+4597E~08
2,3556E~08
2-25315‘06
ZIIEIEE'ﬂﬁ
2.0470E~q8
149410E=0p
1,84p0¢c08
1.7529E~ 05
1.6528E~08
1.55265‘06
lo~5~Q5'06
1:289%E~05
1.0930E=0h
Be0K16E=0T
E.,5T735E=nT
3¢6972E*ﬂ7
chObQE'OT
1a6B37E~pT
1¢16)9E=07
8,0017E~08
S.434pE-~08
3,83p2E~g8
?-qéﬁeﬁ'oa
o215
72450
£49893E=-0¢
5,97 74E=06
5.9583E~q6
5.9395E~04
S.BGSDE-ua
5,8237E~n8
5,7264p-08
5.69‘;E‘06

B
23,50
A, 55B1E=04
3.6508E'06
3163%2E~06
3.0222E~06
J+O9H2E~06
3+5568E-08
3, 49TRE.LO8
3442IZE~DB
3,3313E-04
3231 0E~06
JelZ241E~0H
3.0079E=-006
2.8812E~-06
2+7537E-04
2+6287E-06
2+5013E~-06
243729E~0pg
2, 2320E-86
2.1420E-06
2,01%4E=ps
1.,8976E~08
1.7774E=00
145763E=06
1.2876E~06
Q.B389E=?
6.8273E‘07
4,5259E-07
3.0703E~07
2+0633E~p7
1a4242E~07
9, 8176E.08
G, b7p7E~pR
A, 7gT1E=QB
3.6421E=-08
16
7950
S+8615E=0¢
5,B49BEL06
5-B3X?E'Dﬁ
54RO DE=DG
SeT624E=56
5+639%4E-06
S, 6042g=06
S+AB51E=ps

@&

Aloieioget
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http:5.82t3E.06
http:5.277TE.06
http:4.8268E.06
http:5.?846E.06
http:4.8422E.06
http:4.8518E.06
http:9;6562E.09
http:9.8176E.08
http:4.8095E.08
http:3.68B4E.o0
http:7,4472E.07
http:1.1654E.06
http:b.5206E.07
http:B.3334E.07
http:3,4975E.06
http:2.8610E.o6
http:1.0164E.06
http:1.8683E.06

1404

36,50
39,00
41,00
43.15

44,25°

45.50
46,50
47,37
4He})2
48,175
49,25
49, 7%
Yge20
5nebg
51.05
51465
52,50
53,79
$5419
56,69
b8,2%
59,75
61,25
62,79
64,25
65,52

3.50
.50
14,00
18,00
22,00
26,00
30,06
33,50
36,54
39,00
41.00
42,15
44,25
45,50
LT
47 4 A7
48,12
48, 7%
49,25

3,9158e-06
3. 7979 =06
F6723E=06
3.9352E=06
343854E+06
3. 2356E=9b
3.0888&'06
209392&“06
217383E"0b
22 46402E"06
2+5170E-08
2.3731E=~06
2229996
Q.QBBEE'ob
148926506
1.5138E-06
1» 1263606
8,0P66E~07
543219E-q7
J«6106E~QT
2+4264E=07
16744007
1,1546E«07
T.8%904E=pB
Se5432p=08
4,28858-08
17
86,50
S.6159E~06
S.6046E-06
5,5867E=06
5,3606F=~06
5.5208E=06
B 4006E~06
5. 3693E-06
5 2H52E=0H
5\1140h-0h
4!9596E'06
4.795]E'Ob
44.6)159E=ph
4.206F=06

4 ,224TE~06

4and3)E~06

3.8377E=06,

3+6407E=06
344802606
3,2866E£=06

4 . 418TE~(Q0
442B56E=06
4,1433E=06
3,9882E -6
3.8196t~0g
3.,650bE~p6
3.4851E=06
3,3161E=06
30%#58E-06
2+9855E=06
2+B39HE=p6
2.6TTaF=(6
2+516gE=gb
2.3569E~06
2.0%03E~06
1+7077R.=06
1+3048E-06
F.0576E=07
6.0054E=g7
he0T42E=07
2-73&9E'07
1.8909E-07
1,3028E.07
B.B531E=08
63253?t-03
#,8386E-08
18
93t50
54257 1E~(6
5.2466&‘ﬂ6
SUEEQQE‘Ob
5,2054€06
5111165”06
S.0262E~06
4,9196E~(6
?07874E“06
44642BE~pb
4.#8855'06
44,320%E~-p6
4,.1384FE=06
3,9549E 06
3.7754E-06
3.5926E~06
3.4081E-06
3.2344E=06
3,.0766E~0H

TABLE 4-3 (Continved)

4,8313E=-08
4,6854E=06
4,5299% =06
&,3601E=p6
4,176%E=0g
3QQQIBE-06
3-8101&‘06
362596006
30439bE'06
3,26%2E~g6
3-]049£“06
2,92T74E=ph
2+750%E~=gb
2.5769E~94
2+2H55E=g86
1.8672E~p6
1.‘266&‘06
9,9038E-07
6!5669E‘0?
&,4555E-07
2.9939&-07

-0666t’07
1,4255Ew07
9, o 6BF4EwpB
& 8389t 08
5,2945E=p8

19

100,50
4,7926E=06
4.7830E =06
4,767TTE=p8
‘.7455E-06
4,7115E=p6
4,6600E=06
4,5R143E-06
&, 4844t =06
4,36%2b=06
4,2327E=n6
4,0522t=06
3,538%E=08
3,7720p~06
3,6055E-p6
3.441%L=06

oETSDt'Dﬁ
3.1065h-06
2+94866=p&
2,804TE=(6

5,1402Ewp6
4+9910E=p6
448254E=06
habs49E~06
4.4493E=0g
‘aES]SE'ob
440587E=-g6
3.86)19E~pb
3.66365‘06
3e4770E~06
3+3073E=06
3.1182E=96
2+9302E~p6
2¢T449E=g6
2.43‘4E"05
1+9889E~p6
115197E=pé6
1:0549E=p6
6.9946E~g7
4e7654E=07
J41903E=97
2e2024E=07
1.5171%-07
14031 3E~p7
7.2858g=08
§,6342E-p8
20
107.5¢
442317E~00
4.2232E~06
&4+2096E=p6
4,1899Ea06
‘.1597E-D6
441143E=06
4. 0455E~06
3,9594E=06
1.8529E-qp6
32 T366E=p6
J+612%E=06
3.4780E=06
3.3308E=06
3,1830E=pb
3,0387E~0b
2+891TE-pb
2¢7432E~06
2.6033E~06
2+4TO2E~p6

$.35T4E=06
5.1957E=06
5,0232E=06
‘083555-06
n63‘2£'
4.22#9E-06
440204E~06
348140E-96
1,61%6E-96
AabsIoE=06
3,24B2E-06
3.05045-06
2,8675E-g4
249344E=06
2:07n6E=06
1.582pE~¢b
.0933E«06
102822&'07
&,9408E=07
3,3201E-07
2429Y4E~07
1,5808E.07
loOT“ﬁE-07
1.5834g-08
5,873 1E-08
21
114,50
3,5858E~06
3.5756E-06
2.56T2E~06
3,5503E.06
3.5227E‘06
3.4858E=q6
3.402T1E-00
3,3539E.06
3026§6E’06
3.1651E=ps
3,0601E-06
2.9460E=06
208218E‘06
2,6969E-06
245T42E=-0b
2.6493E~06
243237606
2023555'06
2+09TBE=~6

5, 460TE-06
02960E'06
5,1202E=06
. 92B87E~06
202&-02
i.sllaﬁ-o
4:306TE~pb
4 p9T19E~08
3.8875E=p6
3.6894E~06
3+5094E~06
3,3087E=~06
3-10925'06
249126E=06
245832E=0b
2+1105E=06
Jeb126E=06
1.1194E~06
Tohp22E=07
5,0355&-07
2,3852E-97
2.3370@‘07
l,610}E=07
1. 0944E=o7
T.73126~08
5,9787E=08
22
121,58
2+ 86865E=06
2.8607E=06
Z+8515E~06
2,B382E~06
2.B17T7E=p6
2.78665'06
20739“E (1]
2,6802E~06
2.5071&-06
2+5275E=06
2e4432E-06
2.3519E~06
2.2530E~06
2,153BE=pb
2. 0804E~0b
1.9568E=p6
1.8561E=06
1.7816E=06
1.6754E~06

5 4541E-08
5.2695E=06
5,1139E~06
4.92295“05
4,71hgE" Og
‘.5057&-06
4,3013E~06
e 0930E=po
2.,882BE=g6
3,6859E~06
3,5052E~p6
3,3048E=g6
3010555'06
2-90915'06
2.5801E~ps
2,107%E~=¢06&
1.6106E~08
1,11B1E=06
Te413TE=o7
5,0300E=0T
3,3803E~07
2.,332BE~07
1,6090E-07
12093BE=97
7.T210E=08
5,9775E~08
23
127,50
2.1998E~06
2.1949E~08%
2013775"05
2,1772E~-06
2e1614E=06
2»1376E=p6
2.101BE=06
2,0562E=06
1-9?97E‘06
1.9378E=p6
1.,8T17E=08
1.8003E-06
1.7236E=06
1,64T5E~06
1.5735E~06
1,49B1E-06
104216E'06
1.3491E=p6
1,2829E=-06

5533735-06
S¢176BE~06
5.,0049E=06
4,81 T6E=pB
AyplViE=Tg
‘I‘OQBE-Oﬁ
4e2096E-06
heDOBBE=pA
3-Bg00E=q6
F.6064Emg4
3:4303E~056
3,23%2E=06
3,0392E~¢6
2.8470E=0%
2-52505*06
2«0630E-p4
1 +5763E=16
1.0902E=04
T.2551E~97
4.7222E-07
3.308TE~-07
2+2843E~07
1,5743E.07
100697E=p7
7.5558g=08
5,BAbbE-DE
L]
131.50
1. 7224%E-06
147186E=06
1.7126E~06
1. 703%E-06
1.6310E=06
1¢6T16E=06
1+ 6428 =06
1.,607TRE=06
1e5632E-06
1514 TE~p6
1:4628E=06
1.60625-06
1.3451E=08
1,2842E-08
IIEESTE-06
1+166%E~06
1:1078E-06
1.0521E~06
1.0007E=06



GG-¥

*

49,715
80,20
5n-60
51409
51+865
52490
53,75 .,
55,19
56,69
by, 25
59,75
61,25
62,79
64,25
65,52

1.50

9,50
14400
13,00
2200
26,00
30:00
33,50
Jtaeo0
39,00
41,00
42415
44429
4550
GBeS
47437
43.]2
44,75
49.25
49,15
50.20
Sﬂ-bo
51405
51,69
52,50
53,75
55.19
bﬁ.bq
64,25
59,74

3098 7E =06
2,911BE~Q6
2. T2TTE=pb
2'4192E"06

- 149765E"0s

1.5101E=06
1+0484E=g6
6.9514E~07
42 T163E~07
3.1698E=07
24 1HT5E=07
1.50B0Ew07
1e0255E=-07
Te2415E=08
§,6028E=08

25
134,00
1«40)14E=g6
1+ 39BoErp6
1+3927E=06
1+3851L=06
1.3137E~p6
lojbﬁqE-Oﬁ
1+3322E-06
143018E~06
1.3&68&-06
1:2248BE=0k
1.1824E~046
1-1362E'06
10 0864E=06
1+ 036%E=p6
G.8922E=97
eq10pE=07
B8,9321E=97
B,4854E=07
B.0781E=q7
Tabl42E~q7
Talbélab=qT
6.6TESE=gT
58980E«g7
& TYISE~0T
3,64B9FE=p7
249295k =07
1.,61T2E=-07
1-1377&‘0’
T.6907g=08
6, 3HBE=8

2.9007E=06
2,725BE~p6
2+5534E=06
2:2646E~06
1e8502E=06
10413TE=Qb
9.813BE~oT
6,5068E~)7
4e414TE=p7
209671E'07
2¢0483E~07
1,4126E-07
9.59081E=08
6eTT4BE=pH
Se2442E-08

26
135,65
1.1 73UF=06
1+1699E=-06
1+1651E~06
1,1581E~06
1+1478E=06
lel326E~Q6
1+1103E-06
1.0830E=p6
1:05026'06
le01l4BE=06
9'7761.&‘”07.
F437T1E~07
B.9528k=07
B45334E =07
Bs1314E=g7
Ta¥3p0E=07
T43399E.07
6,974 TE-07
6s64T7T1E=7
6,p806E=g7
5.002TE=g7
545081E~=07
h4849BE=p7
3.9362E-07
3,0115€E=07
2.1093E=p7
1.4184&‘07
?031795‘03
6,7655F -8
4:8p30k=08

TABLE 4-3 (Continued)

2.604%0E-06
?,4849E=06
2.3277L=pb
20:0645€E=06
1:6867E=06
1.,2487t~g6
8,9463E~57
5.9322E=p7
4,p245E~g7
207053E'07
1:8674E-07
1,2865E=07
B, 7449 =8
6,1791E=08
‘.78095'08
et
136,73
l.0123E=n6
1epn94t=06
1l.0048E-06
9.,9824E=97
9.88T0E=07
9, T444E~0T
?05364E‘07
Q. 2R4ZE=T
8,9801&=07
8,65288-07
8.3125E~07
7.949b5“07
7.5621E=97
T+1832E~n7
6.8382E=q7
b+4759E~07
6,1321E-97
5,8)96k=~07
S¢5444E=p7
5.2451E~07
4,9513E=g7
Ge6461E-gT
4,116%E=p7
3,3860E=-07
2,6334E~07
1,87158BE=p7
1,2871E-07
9,069%4E~08
€.,3672¢~0R
40565bE'08

2:3347E-06
2.1939E-06
2+ 0552E~pb
1.822TE=p%
1+48%91E~06
1+1378E=06
T+8985E=q7
Ga2366E-p7
3+5532E~p7
2.33825'07
ltéd?BE“DT
1:1368E'07
7.1301E'08
Be4545E~08
4e2212E=08

28
137,58
8496ToE=07
809393E“07
8+8944E=07
848317E=p7
B8.T3BTE=07
B.6009E=07
84 1598E=p7
Te8eB8E=~g7
T+5582E=07
Te2347E-07
6+8901E~07
625256Emq7
ba1740E~07
SeBa21E=p?
5-5149E“0?
5.,2031E=n7
4,9202E-07
4e6T151E~n7
404165E=97
441756E=07
3.+5801E-07
JeT224E=p7
3,2339E=07
2.5706E=07
1eBe6%E=~07
13000E~07
9,2486E~QH
6.5191E~08
4eTQ01E~08

1,9778E=06
1,6585E.06
1+ TH09Ew06
1054?15'06
1:2614E=06
9,63T4E=(T
aaﬁqqu'OT
4,4368E-07
340093E-07
2+021BE«p7
1,3962E=-07
9,6197E.08
6.534h6'08
4,6]7T2E~08
3,573s4E=08
29
138,50
T.%817E=~07
T7e¢9534E~=p7
7-9097E'07
TeB4RGE=DT
7.7569E"07
T+6209E-07
T,4292Eap?
T41883Ewo7
6.9062E~07
H.6062E=-07
6,2949E-07
5.9653E~97
5.6222E-07
5.28915-07
&+9B20E-07
4-6360&-07
4 ,4059E.07
64,15683E97
3,9524E=p7
3. 7464E=g7
3,580BE-07
3:4T15E=q7
3036?0E-07
3,1243E=-07
2.6235E=-07
1.9796E=07
1+,4205E=07
1.0225E~07
T742273E=08
5,1648E~08

1.5736E=06
1,4B%3E=p6
1.3904E=06
1+2330E-06
110072%-06
TeB94TEQT
5e3401E=07
3,538 k=07
2439%4E-07
146137697
1.1140E=07
7,68498.08
5,220896~08
3,6902E-08
2eB544E~p8

a0
139,39

Te1%04E~07
T.1618E=07
Tel1923E~07
T« D5T0E~DT
6,9652E=97
64RIIGE~T
6,6398E~07
6,4087E~07
841361E=07
5.8425E=07
5454456=07
E.p2308E=37
4e906%E~p7
4o5985E=g7
443216E~07
4405B81E=07
308146@'07
3,6083E=q7
3.4416E=07
3.20899Ek~07
3,1838E-07
3.1035E=-07
3,007 TE=g7
2.,8606E=07
2.5272E=07
1.98416-07
104906E'07
1-10“15'07
7.91B5£~08
8, 7292E-08

1,2093E~06§
1,1360E=06
1.0639E~¢6
Geh319E=G7
7.7001E=0T
5.8764E=q7
4e0729E=g7
246992E=p7
148339E-97
1.232?5“07
B.49B1E~08

'5,8379E~08

319“65E'08
2.TT61E=08
2.1444E=08

1
140,30
£43357E-Q7
6,30%1E~0T
6,266RE=07
6.206ﬁ€‘07
6.119%5'07
5,9912e~qa7
B4BDTRE~qY
5'58805“07
5.32915'97
5,0575E~07
4,7840E~07
4,5001E=07
42214TE~07
3.9499E=qT
3.7102E=07
3+4839E~07T
3,2801E-07
3,1058E~q07
2.9726E=q7
24862 1E-07
2+7803E~g7
2,7151E=07
2.0460E~Q7
2.,5368E~07
2,2912E=07
1.,8344E-07
1,3908E=07
1,0BYgE~-Q7
8,27TB4g=08
6,3434E-p8

G.4283E~07
8,8521E-07
8,2836E=07
T¢I34DE=DT
5+9770E=-07
&+5533E~07
3+ 15854E=07
2+0935E=07
1+5178E~0T
9,4819E=0B
6+5093E=08

4, 469 0E-08

3.0320E~(8
2+1464E~08
1+6768E=08

32
l42.40
Ao TTILE=DT
4.?497E'07
4sT117E-D7
445592E-07
4 B3820L=07
GohTIBE=0T
4,3157F=07
4.1331E-07
3+925RE=D7
3.71‘9E'07
2+50B5E=07
2.298B6E=q7

’S-DBQBE‘UT

2+3814E=97
2e5979E=p7
24527BE=07
2.3B04E-07

‘P.263BE=07

2e¢1BO4E=pT
Pel2ebE=0T

2407T03E=0D7 .

2+0248BE=07
149735E=07
1+F04BE=0T
1.7790E~07
1,48%0E-07
1.1141E=07
B.5223E=08
6,3542E~53
5,7353E-08

@
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31
K P
33
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61,25
b2 7%
64 25
65452

3050
9.50
l4e00
18400
22,00
26,00
30400
33+50
KLTE-1U
39, 00
41400
42,79
44,25
45,50
464,50
41,31
4d,12
48,75
449 405
h3e75
5n.,20
50460
51.0%
5]¢b5
52,50
53,75
55,19
56,by
58,25
59,175
61,25
62,75
64,25
65,52

3,50
9,5p
lg.00
18+ 00
22.00

3.7272E=08
2,5746b=08
1+86TgE =08
1egHaqE=048
33
145,90
2:98T3E=p7
2+968B3E=¢g7
2939 E=p7
208977E'07

‘2829407

2, 7589E-q7
2|6510E‘07
2+5321E~Q7
Pe4033E=07
2,2734&-07
2elé)l1E=g7
le99BBe=07
l|a491E‘07
1710 E~07
15932807
1+44932E =07
1-4191E'07
1+3713E=p7
1+3399E-¢7
13069E-07
1,2765E407
142496E=g7
1+2196E~=q7
1°1790E=07
1,123)Eap7
1e0loTE=g7
5-05!6& 08
g 04E"0
64,5434k oa
306552& QB
3., 1277E =8
EOBQEIE‘DB
2+5936E=pY
e ?3335 08

41
155,65
.0391E-03
B, 038Bf-p8
T9374E=08
T+B5TBE=(8
TeT1T5E=gH

3,4251E=08
2,4092E.08
lg77l7£‘08
1a4368E~0H
34
149,9¢
1:T674E=p?
107543E=97
1e7333E=97
1eT058E=g7
1,6686g-017
1,620TEw QT
14560BE=-07
124946E=q7
loﬁlS’E’O?
1,3766E.07
1.2292E=47
1.12TTE=DT
100311E-97
9.4843&‘08
808703E‘08
B,4582E-08
8,235nE=08
3&0335&'08
Tel4}7E-(B
T+6511E-04
7,4850E-p8
Te3366E=g8
Te1664E~08
6e9406E=08
6,5896E.08
6+1037E~qg8
5s4460E=08
4-3965E-Oa
3,2484E.q8
1,8615Eap8
103756E=gp8
141375E=08
9.,429TE~09

42
155,78
7.9097E-03
7.8606E~(8
7!7638E*OB
7.6853E-OB
7-5506&'08

TABLE 4-3 (Continued)

3,2927t=-08
2,362HE408
1. 7386!:"08
1e3542E~0g
35
153,42
1.1230t=p7
1e113HE=g7
1+1008E=97
10084UE‘07
1.0632E=07
1.0374Ewp7?
1.0000E-07
9.50916=08
BUSSZZL'UB
8,13H85F-08
744588E=48
608014&‘08
6,1860E=p8
5+79T0E=g8
5,491 7E=98
$,393bL=p8
§5,2315E=48
5.0614E'08
449492E~=08
4,3383E~0p
4 7352Eap8
4.6418E=p8
4,5355E=-08
443758E~pB
4,1683E.08
3,5020E=pR
3,3157c=0q
2. 7?9&&-08

'} 4 955bE g8

1.6127E~pR
142555E=gH
8.0750E=09
SQSZIbE“Dg
43
155.94
7,5961E~-08
7.645TE~=o8
T+5599E=08
704745E‘08
7.35455‘08

3,3792E~p8
2,4221E-pB
1+ T540E~0B
1+3387E~08
k1.
155,00
9,0604E~p8
8.9836E=p8
8.8950E=B
8!7612E'08
B,629%~08
8,42338.q48
B,0892E-08
T+5952E=08
6¢9875E=08
6,4260E.08
5-944DE‘OH
S5e¢3938E=QH
4.4533E=~08
4 4+ 4698E=08
444443E=p8
4,1083E-08

- 4e0400E~0B

349981E-08
3.847%4E-08
3,7817E.p8
34 T380E-(8
3+6900E~08
35430E=08
3,3497€.08
3.0036E=08
2+7507E-08
2.9413€E-0
2.6688E-°
1+6507E=p8
1.26925-03
1e4126E=p8
1+0348E=08
6,6783E=09
44
156,24
7032055-08
7+2489E-48
T+1994E~08
TelpTeE=p8
T+0051E=gR

3,736TE=(8
2. 6820E.08
lo90’65-03
1.3870E=03
37
155013
8,8565E-08
B.7854E=pa
846945E«g8
8-5703E-QB
8,4413E~08
B,2361E.8
T+4110E=08
6+823TE=(8
6,2918E.08
5.8096E=08
5,2585E=08
4,6991Ep8
4.34225-03
4.4166E-08
4,3453E=08
4,066BE-08
3.9486E=-(8
3+48929€~-908
3,792GE-0B
3,7T083E.08
346419E=08
3+5395E=98
3.46915-05
16E.q8
2.9695E-ga
2+.6126E-08
2.p6126=0
2. 70705-03
1.7044E=08
1,1423E.08
1.3314E=38
1+02B5E=08
T.,62B0E=09
45
15874
606789E~03
6¢6138E=08
5153888'03
6+4382E~-08

4+1356E-08

3,0222E-08

2s1514E=p8

legs766=08
38

155,26
] 6573E-08
8.5924E-oa
B.+497TE=pB
3.3857§-08
H,2850E-08
B, 0548E-p8
Te7221E~08
742329608
6+6657E-08
6,1621E-08
546737E-o8
5,1278E-08
4,5559E~098
442577E=8
4,3642E=08
4.2239E~08
3.,9507E~08
3.8642E~8
308017E“OB

3+7153E%08
3.,6221E=08
3.5638E=08
3ek6628~p8
3+3394E-08
2:9374E=08
2.5398E~08
2.7244E~0
2. 7365@"'0‘
1.7636E=-p8
1,07B4E=08
1¢2132E~98
1.02416~p8
8,06%0£~09

46

15759
Se 83655-08
5.8416E~08
547499E-08
5,4B887E=¢8
5.5818E~08

4, T0B4E~0B
3 49365-03
2.5409E-08
1.,8371E=08
39
155,39
B,4630E=08
B8.,4040E=qR
B,3054%E-q8
B,206pE=g8
8,0718g-08
7,87BBE~o8
7.5423E~08
7.0605€E=0R
6+5139E~08
6,0335E-08
5.5402E~g8
4,95348E=08
4,41T6E~pB
4,1976E=pB
4,2995E~08
4,0866E~08
3,84B8E~08
3,79p6E=p8
3., 7T164E-q08
3.,6€93E-08
3,5413E-08
3. 4594&-03
3,388aE=08
3.266BE~08
3,11B6E-q8
2+88p9E=gh
2.,510BE=08
2.5842E~0p
2, 7194&-03
1.7894E-g8
1,0458E=-08
1+0993E-08
9,862pE~09
B,548B)g-09
47
158, 69
#.3452E-08
4,8203E=0R
‘077975"08
4,72T6E=g8
44613BE~08

4,B293E-08
1,9589E.08
301492E'08
2.40875“08
&0
185,52
8,2736E=(8
8-2197E-08
Be11B4E=p8
840307E-gB
7.8922E=08
1.7075E~@B
T+3650E=08
6£+8G46E=0B
6.3672E-08
5.90653-08
5.4090E=0B
“BEBIE'OB
4,2913E-08
4,154FE=8
4.2122E=08
3,948pE=08
3,7662E=0B
3.7201E~g8
2A:624%3E-08
3.5452E=0p
3,4639E.08
3038705'08
3.3109E-08
3.1951E=08
3.0456E-08
2481641E~g8
2+4B6BE~(0B
2-‘785E'08
2,635TE-08
1+B42BE=gB
1,0339E-08
1e0011E~p8
Gy242TE=D9
8,8004g=09
48
159,99
3,9099E-08
3.8905E'03
3.8609E-08
3. 79B8E=08
3.7030E=08
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26,00
35400
ERTE-D)
36,50
39.00
41200
42.79
46.25
45,450
46,50
41,37
48,12
LY LY
49,25
49,175
Ll
Sn,60
51,45
51.65
52.90
B3.7%
55,19
b6, 69
58,25
5%, 15
61,25
62,175
64,25
64,52

3450
.50
14,00
18.00
22.00
26,00
30.00
33.50
36,50
39,00
41,00
42,75
44,25
45450
46 .50
47,37

7.53%EF =08
7+1910E~08
6eT3GTE=gH
He224HE~pY
5. T819E=p8
5!27835’03
4. T192E~qH
4+1814E=08
44117BE=pH
§.UY9BE~g8
3.8288E-08
3.6973k=08
3.b360E~08
3¢5399E~p8
JetOOSF=pH
3.39“RE'08
3,3053t.08
1.,23TTE=08
3-12&5&'03
2+9753E-qH
2.74B8E=-n8
2+ 45085F=0B
2,4037k=-08
2|§ZI7£'OH
1»8935E~p8
1.032TE=08
9.24(I2E-09
8,5490p~09
49

161,49
3.0460E~p8
3.0282E-08
2099815'03
2+9346E=gH
2+B830E~04u
2.T7BpE=08
2.H6408BE=-0B
2.44%1E=(B
2!24°4E-OH
IJQRTQE'OB
1.7825E-04
1,h803E=-08
ln5977E—OH
1+5-88E-08
1,4676E-pH
142588 =08

TeITIBE=QB
T+0239E=gB
6.57632-08
640905 =08
5.6537E~08
541527k =8
445730E-08
4+0973E=-08
4« DOQHE=0B
3.,9809E =08
3. T294E=08
?l5293E‘05
3. 545HE -l
3.4508E-08
3.3783E~p8
3.3235&‘03
3,2337E08
3.1593F-08
3.0586E -8
2e9046E=g8
2+687TE=B
2.4162E=-08
2,3473E=08
4.5343E-08
IQQSBGE'OB

*1e0139E=p8

8.79005'09
TeT0G4E=0QY
8,46B0E 09
50
162,99
2,3723E=08
2+3571E=(B
2.3168E=08
2.2929E-08
2.2318E~08
2,1557k =08
2+ 0346E=0B
1+BBT4E~pB
1.7074E~08B
1+5087E=pB
1e3750E-08
1.3046t 08
1:2306E=p8
1.1814E=08B
1,1427E~08
1+e0944E=B

TABLE

7,1667E=p8
6.82705.08
B, IBSEL oA
5.9339t'08
5,4054F«pnn
4,99T3E~pR
40“057t“08
440129 -p8
3,9605E~-p8
3,8449E=pR
3,6274E=98
3.5361E"pn8
J.4442L=08
3,3400E=p8

" 3.291bE-08

3,2290E=0g
3,1829L g8
3,0648E-98
2!9762&'0“
2.8236L=p8
2,6143E-g8
2.3651g=p8
2,2R63£.qB
244367608
1.9H2%E=p8
1.0182E-08
B,2n1% =9
T.0631e=09
7.56666—09
51
164,49
1,8491€=p8
1,82T3E-8
1.,8072E=9R
1.7835E-¢8
1-7265E'OB
1,6758E.08
1.5643E~08
1.4560E-08
1.,3pl1E«g8
1.1460E=)8
1.,0700E-08
1,0064E-08
9,59986-99
9.1165E=09
8 8093E~-q9
B,595TE~p9

4-3 (Continued)

6,8pTHE~p8
6o 4T TBE=gH
6e0b)BE=gD
5.6554E~08
5-2)195'09
#.7073E'08
4o1p18E-g8
3.8398E"03
3. THS9E=-08
3.6261E“03
3.4543E~p8
3¢3617E-¢8
3.2682E=p8
3+1929E-p8
3.1359E=g8
3.0¢59E~08
2,994 TEap8
2,91 08E=p8
248237E=p8
2,6879E~pd
2.4859E~B
2:2685E=08
2.1816£-08
2.2886Ewg8
10 9682E~p8
1:0892E=p8
7e2598E=p9
6 3229E-09
601312%”09
52

166,24
1,3843E~08
1.3729E=q8
1.3599E-08
1¢3p79€E=p8
1e3g10E=0n
1.2425E'08
1e1683E=08
1.0740E=08
9,5227E-99
8.5015E'09
7¢9696E=09
7.5197L-09
T+1236E-0%
6+8684E=09
ﬁ.5209E-09
6.3219E-99

6,2443E-08
5,9237E=08
5'5717E-OB
5.2003E«p8
4,7413E=08
4,2748E- 8
3,7996E=08
3.5384E=08
3.4504E~08
3,3098E=p8
3.1??7E"06
3,08i0E-08
3,0049E-08
2.935BEwp8
2.8783E-08
2,80B0E~08
2,7395E.08
2.6724E=08
2+5901E-08
2147175-08
2,2883E=-08
2.1043E-08
E.OIPOE'OB
2+078%E=p8
1.8757E~p8
1+157gE=~p8
6.8147E=p9
5,38TTE=¢9
& ,5TE3E.09
53
168 24
9,8843E=09
905360E-09
9.66853E=09
9,4945E~09
9.253gEw«09
8,8131E-09
8,2695E=00
T.5121E=09
6,6169E=09
6.0333E=~09
5.6349E=09
5.3514E'09
5.06%0E=09
4+8211E=09
4, 67B9E.09
4,4562Em69

5,3936E~08
5,1256E=p8
4,8452E=0B
4,4766E=58
4,0654E=0B
3,656pE=-08
3,2606E~0B
5,0767E-p8
24964 BE-nB
2,B546E-08
Z2e7523E-08
2-6684§-ﬂ8
2.605“@'03
2+5510£EnB
2447B5E~g8
2.,42248=0p
2,3748E-08
2,3206k-08
2.2496E=p8
2.1452E-¢8
1,9%96pE-98
1.,8472E=p8
1,7604E=08
1,T137E~9B
146774E=p8
1+1594E=pB
64564TE=?
5,0362E~09
3,7160E=p9
54
110,2%
1.0953E-09
6.,9961E-09
6,540TE=p"
6.57525-09
6,2598E-09
5,B828BE=p9
5,2378E-09
&, H6341E=09
4,2778L~-p%
4,0046E-09
3,7833E~p5
Je6216E=p%
3:39975“09
3,2876E«q9
3.2223E=99

4,4539E=08
4.2543E-p8
4,00M2E=03
3.6635E'ﬂa
3,3377E-08
2.96845E=08
2.6TTIE=DRA
2.562BE~08
2+401BE~q8
2+3602E-DR
2.2TH4E=08
2.2167E-08
2e1543E-0R
2+1055%E=p8
2,053%E~pR
2.00085'03
1,9689E.08
1.92%1E~08
1.8671E=pB
1.768p1E~p8
1.6646E=08
1,5520E-08
1,4690E~08
1.4432&'08
1.4103E=08
141052E=pR
6e2317E=p9
4,3T76TE~0Y
3,944BE=p0
55
172.24
5,0536E=00
5,0411E~09
4 ,B944E~0Q
4,8743E-p9
b, 6475E~0q
4,4535E+09
4,0995E-09
3,6411E-99
3,2837E=0%
3.,0066E~qp9
2.8699E"09
2,6T70E=DY9
2.5351E-99
2e4687E-09
2,3249E-09
2+.2399E=p5

3,5%911E=-08
2.4 7TE=0R
3+1924E=08
2-92#1E‘03
2.5312E-08
2¢3378E~p8B
2+1538E=-08
2.0681E~08
1+.2709E=08
1,897BE~08
1:B35pE-08
1.7794E~08
1.735%E=-08
1e6868E-08
1+54B6E~08
1.5183E~Cg
1,5822E~08
1.5502E=08
1.5034E=08
1e43258E~0B
143452E=08
1,2635F=-08
1,1921E=08
10149?E'03
lel205E=-08
?CTBIIE-Og
6+ 1B6BE=9
3,4851E~09
3.3002E-09
-1
174,24
3,6185E-09
3,5822E~09
3|5313E'09
3.,43B1E~99
343223E-09
3, 14TBE=09
2+B791E~09
2-545“E‘09
24322BE=0Q
2e1450E-09
2.0120E=09
1,9272E-09
1-7954E‘09
1:71926=09

1,6750£-09

1+585%E=99
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48,12
48,15
49425
49,15
5pe20
D460
51,05
51,65
52450
§3,15
55,19
54,649
53.25
59'75
61,25
62,75
64,25
65,52

3.50
9.%0
14400
18,00
22.00
26,00
30,00
33.50
36,50
39.00
41.00
42 .T5
44,25
45,50
4G450
471 37
48,12
48,175
49,45
49,75
50.20
50.60
51,08
5] 6%
52.50
53,15
55,19

1.3769E =8
143315E=p8
1+3089E-04
1+2757TE .08
102502E~pH
1e2310E=04
la1571E~08
1.15955-05
1+1106E=p8
1,049 =08
$,9191E~09
G,3367E~0Y
8a778gE~0Y
8,4812E=0%
Te941RE~g9
5,9219E=~09
3+2308E=9Y9
2.2109E=09
57
176,24
2.5915E=09
2¢5491E=09
2.5262E=-0Y
2444B7E~09
2.43551E-09
2.2307E=Q9
2.0132E=09
12 T9T2E=09

146326E=09

1+5378E=09
1+4263E=0Y9
1,3500E-09
1. 2949E=09
142115E=qY
1.1809E=09
1,1516E~09
1+0969E=09
140872E=09
1410B3g=09
1106873'09
1,0073E=09
100314E=09
9'80555'10
9.712QE-10
9,1466E-1n
Bsb422E=-10

1,0639E-08
140328E=q8
1+0068E=08
9.97276E .09
9.67?05-09
9,4539F =09
9+269KE=09
8,9504Fup?
Bet2b4E=9
B,2192E=09
7.T704Emp9
Te30TBE~pY
6+ 7899L=09
6,4381E.09
641682E=09
5,2073E~09
342673E=99
1479118 -99
58
1T8+24
1.8468E«p9
1.8285E=09
1. 7936E-09
1T40QE=09
1+6815E=09
1:5660E-09
14137TE=(9
102673E-09
1+1580F =99
140846E«09
1+0206E=09
9,5125E410
9.,1763E=10
B.6881E~])
Bepl9gE=10
B8,3444Fa10
B,1592E«10
TebO3ITE~1D
Te4535F=10
ToB9S8E=1D
7078005‘10
741939E=10
71,2259 10
Te2l19E=10
8,6019E-10
6.1000E=10

TABLE 4-3 (Continued)

8,1628E=99
B,0416E=99
T+68524E=09
7.5951E-09
7.4901E=09
7.3194L =09
7+1332E-0g
507225E"09
6,4403p =09
6,0973E~p9
5-7011E'09
SePRATE=09
4_9299%.09
4,6942E=09
4,26%91E=09
3.1968E-59
1,7990E=09
59
180.2%
1-3?245'09
1.2963E=09
1+2902k=p9
142301E=99
1-13935'09
1e1127E=09
9,81 75E=10
9,0058E=10
8,2486E-19
Teb004E~=1(
Te2613k~10
6,8)104E=10
6,3602E~10
6.3298E=1¢
6,0168E~)1¢
5,5635E-10
5,7664E=1¢
S,9828E~=10
5,4912E=10
5,0994E=10
5,4046E~10p
5,54466E=10
5,1036E-10
5,0507E=19
4,977T0¢g=10
4,5916E~1¢
&,4513E~1¢

6,1564Ewp9
549199E=p9
5+08362E=09
§.TH99EL?
5-5265&‘09
Se46T3E=09
Se3702E~09
Se0912E=09
4,8590E=09
&4,6016E-09
4,42899E=g9
349301E=09
3,6764E~09
3.43828‘09
3,2102E~09
P2+ 7784E-9
1:49952E~09

60
182.24
9,3856E~10
9,3559E=10
As97TTE=]1D
B.9314E=)0
B+3311E=«10
T« T928E=10
T+0024E=10
6.2358E"]10
5.8942E"10
S:4147TE>10
5,0825E~10
4,7313E~10
4,44984E=10
4,2950E~10
4e4517E-10
4,3807E=~10
3.9456E=10
3-96805”10
44, 2596E=10
4. 0190E~10
3.5621E~10
346802E+~10
3,8862E-10
3,5253E=10
344148g~10
3,3505E=10
3.0435E=10

4,3487E-09
4,2639E=¢9
4:0904E=09
4,02%4E..09
3.9940E-09
3,8794E=09
3,8332E~09
3,7710E-09
3,5033g-09
3,29028-09
3,0848E~p9
2.8391E=09
2,6189E.09
2e4142E-09
2.2502E=0%9
1.8350E=09
61
184,24
6070?65'10
6.6010E=10
6.5086E~10
6,1721E=10
6-0286E'10
9:40T3E~10
4,9003E=10

. 443302E=10

4.,0745E=10
3.,8686E-10
3.,6525E=10
3.51755u10
3.2715E'10
3.0884E=1p
2,9139E~10
2.99345-10
2:9311E=19
2.6568E=10
2.60995'10

2,9063E=10"

2092§EE’10
2+5033E=10
2,4807E~10
2-81495'10
2.4T43E-10
2,3453E.10
?2+2381E-10

3,05206-09
2:9792E=09
2.9720E=09
2.8632E.09
248114E~09
2.82T0E-09
2.7533E-09
2.;055§-09
2-6359E'09
2.5056E-09
2,3693E-09
241997809
2,041 7E=09
1,B646E-09
1+7142E-09
1,8691E=p8
1¢521BE=09
1.4687E-09

62
1350??
4,9334E=1p
4,9054E~10
4.6926E=10
hy8651E=10
4.2702E=10
4.02845'10
3,6216E~10
3,3253E~10
2,9606E~10
2.B897E~10
240526E=10
2,5208E«10
2.492BE=10
2445983E-10
2+3560E=10
2,2201E=10
242096E=10
2.2161E=10
1.9797E=10
1,7963E~1¢
2.0691E~10
2031B6E=10
1,8797E-10
1.7170E~10
2.0243E%10
1,6993E«10
1.67%1E=19

2,2113E«09
2+1107E=09
2,0725E=09
2.0959E€.09
2+0381E=-p9
1.9850E=09
2,0020E-09
1,9434E409
1+8853E=qg9
1,8010g=-09
1.58TTE=09
1,58p2E=09
1.#506E-09
1,3424E~09
14212BE~09
1,1113E-09
1.04B4E=9
1,0468E=09

63
187,49
3,8170E=-1p
3,7679E~1p
3,6T12E~1p
3,4958E-1p
3|§019E'10
3,1302E=10
2,8070E~10
2,5412E~10
2.3547E=1p
2.15T0E~10
2.055ﬂE'10
1,9008E«140
1.8355E~10
1+8028E~1¢
147559E-10
1,7462En10
1. 73"7E-10
1.7213E=10
1, 7207E~10
1,5350E=10
1,3239E~19
1+4752E-10
1,7658E=10
1.,422BE=10p
1,32%4g=10
1,4625E«10
1¢1834E~1¢

1,5529E-~09
1e5600E=09
le45B4E~09
1+4540E.09
1+4836E«p%
144611E~09
1+4030E=09
1,%033E-09
1¢3482E«p9
1.2B8%8Bg=-09
1,2102E=09
14124BE~Q9
1.,0425E~09
9,5026Eal9
B8a27530E~10
Te3854E=10
Te1314E~10
&4
188,74
3.0584&'10
3.,0077E=-10
2¢9236E-10
2+82840E~10
2+6035E~10
2+47BBE~-10
2.2456E~10
2+0265E=10
1.9142E~-10
1+7120E~10
1696TE=10
1,52B5E-10
1e4434E-1¢
145263E~10
le4594E=~10
1,3361E~10
1.3118BE=10
1+3519E=10
1:4379g-10
1,4467E=10
1.2689E=10
1-0155E-10
1.,1278E<1¢0
1+4023E~10
9,9801g~11
1,1791E=10
140342E~10
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28
29
30
31
a2
33
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B.0410E~1D
Te4010E=10
6.,8450E")0
6.,1782E~10

-5.59EQE“10

5,038TE~1n
5¢0924L=10

65
189,74
2,5533E=1p
2e9212E~1g
229313E=10
2e3Bb66E=10
2¢20B1E~10
1,9929E10
1,8T6pE~1p
1+6%982E-19
1.5684E-10
1,%453E-10
1,3824E=10
1.3662E=10
1.2288E-1¢
1+174%E-1p
1+1905E~1q
1 +1658E=)-
1¢1084E=1n
1.0746E=}0
1, 0691E~1p
1+1553E-10
1+1796E=10p
1+0386E~-1n
He493pE~-11
1. 0282E=1n
9,6022E"11
8,684 1E~11
F.8pTHE=1
T+1513E=1)
TeP253E~1
T.0TD3E~11
44,7356}
6.104TE=Y]
Ge11008"1}
4efluBE-11
1933&9
103633E-1n
1.3301E=10

5,7542E~=10
S.2795E=10
4,8683E~)1¢
G, 4423610
3.91p8E=19
3,6386E=10
Je348B0E=}0
66
190,959
2,1827TE«10
2¢1413E-19
2+0902E-)0
1e9773k=10
l-9282t-10
1,6775E.10
1e&099E~]10
1e44p2%E-19
1.3488k=10
1,2383E.10
le14%47E~10
1.1640E'10
1e10T1E~10
1«0130E=10
1+0055E~1¢
F,9664kw1]
9.4912L'11
9.0928E=}1
9,0621E~1)
9,2526L-11
!oOOBQE'lo
1e0220E-10
Be1402E~]]
701‘51%“!1
9-2201@-11
Te)356E=))
B,3276E=1)
6. 8B69E=] )
5.65195’]1
6,7T868E-1)
4.131BE=)1
§IQEO7E-11
4-9339E‘11
3e6]61E=11

T4
192,99

103333E~)190
142970E-16

TABLE 4-~3 (Continved)

4,0281E=1p
308199E”lﬂ
A,448%E=y9
3.]598E~10
2:7977E'10
2.522%E~1p
2.6763E=1p
&7
191 .29
1,90T4E~1¢
1,8764E=19
IUBUQQE‘IO
1.7200E=1¢
1.6303€"10
1,4%40Ea10
1.3464E=1p
143p76%-19p
lelab2E=10
1,073lE=1p
1e0479E=10
9,5719E~11
9,51 T8E=11
F.6200E=1)
8,9p4TE~1
B,4391E~1}y
68,3453t~y
B,1445¢~11
7,8782E=1)
T,6892E=11
Ta9395E~1}
8,8833E-11
8,7436E-11
6,3280E=3)
509238k'11
6,9762E~1y
6.50869E1y
6,6611E~11
*.?237E“11
5,6540k=1]
4,0322E=1)
4.0642E-1)
445570k =1y
3.59005’1]

75
195,52

l.??ﬁbﬁ'lo
1.1950E=1p

2.9699E~10
2.6289E=]D
2.5305E—10
2.,19THE=~10
2e0053E"10
107962E'10
l-balaﬁ-lo
58
191,84
147144E~10
1+6606E~1¢
1+6556E=19
1.5316E~10
less93E~10
1.3284E410
1e2101E-10
1+1372E=1p
1s0860E=10
9,T415E«11
9,0133E=11
9,2278E-11
Re1B820E=1)
Aed4pb3E~1]
BedsdpE=1}
747454E=1]
Te3423E~1]
T«2769E=11
7.1563E=11
6.8145E~11
645787E~11]
65e9303E-11
709663E‘11
T40242E=)]
5.3730E~11
6.4544E=11
S«8005E=11
5.9833E-)1
445056E-)]
4,7673E=11
3.9p21E=)1
3.42T0E=])
4041359E=1
36849E=t

T8
20100
140280E=10
1+0019E=10

2,0222E=19¢
1.97606E=10
1,6907TE-10
1,6519E-10
1035505‘10
1,3151E=10
1.,1965€«10

69
192,14
1,6080E=-10
1.5662E=19
1.5411E=19
1+42382E~1p
l.37166~10
1,2434E.19
1-1533E-1°
1.0330E~310
1.0217E~10
9.17T7E-1Y
8.,2360E~11
T.B7S3E=])
7.2248E=1}
8,p651E=y}
8-01765"11
6,7337E-11]
6,55398~11
6,90563E-1)
6,6443E=11
6.13225~11
6‘2416E'11
607510E'11
6,91 T6E=11
5,4389E-11
5.78315'11
5.8360E~)}
S.ap62E=y
443530E=31
4, 4324Ea1]
3,897gE=1
3.0890E-~1)
3.9282E=1y
3.5%42E=11

17
207,00
8,2739E=11
8-09“05'11

1,5202E~10
1.3784E~10
1+3483E=1¢
1.0929E~10
1.é194ﬁ~10
B,5479E~11
9,7095E"11
40
192,34
1,5361E-10
1+5136E=~19
1.4508E-10
1440298710
lepB75E~10
1,2134E.10
1,0893E~19
140044E~10
8,9091£.11
8,0359E=11
B,1401E=11
1.5782E=1}
T+0930E-~11
T.2R23E%11
T.86023E=11
6,9942E~11
6,41T4E=11
6,3378E-11y
6,597T2e~1]
6,0413E-1]
&,0222E=11
6,2740E-11
6,4451E~1)
5,pB8T0E~11
£.3996E€~11
5. 5986E=11
5.2061E=11
4,23995"1]
&, n695Ewy)
3,8773E~y
2.9155E=1)
3.763% =1
3,5629E=1)

8
21;0?5
6,5419€=11
6.&878&-11

1,2635E~%0
1.0301E-1p
9,8327E-11}
B,8370E-1
BeT19%E=14
TA0TIE=11
6,17B1E~11
71
192.5¢
1,4698E-19
1:4518E=3y
1-38355'10
13522E~1¢
!.zgapﬂ-!o
1,1691€=1p
1e03T6E=1¢
9,6810E-1)
8,i147BE~11
8, 4869E~11
7.9833E-1y
T.Q?DQE'II
7.307“['11
fh.94B5E~1y
6,7625E-11
6,984BE~1
6,94p3E=1
6.2828E’11
6,0117E~11
6.,2023E=11
5,9966E=1
5,6895E~]1
6,0552E=11
B,9944E=11
5.1581E=11
5,1510E=11y
5,3503E=1
4,9313E=y
4,303B8E-)
3,7T35bE=-114
3,8157E=~11
2.B140E-11
3.5348E-1
3.,5824E-1

79
216,70
5.2200E=1)
5,2501E~11

9,0011E-11
14017SE=10
6.8150E-11
5,660]1E=11
T«2125E=11
6,09326=11
S.4TTIE-11

Te
19274
1,4%0823E-10
1+3B26E~19
1e¢3356E~10
1.28p2E~10
lelalgE~10
1,10%5E-10
1¢003E~10
9.p0S5BE~1]
BeT183E~]]
8,1067Ea11
T.7579E=11
T.2186E~11
Te0394E~11
6.5858E=11
64 HOESE-] ]
He4B833E~13
6.5658E~1
6.1435E=1}
S, T468E~1}
5,9277E=11
5.9926E~11
S5+.57T06E=11
506689E"11
5.8114E=11
$.86T9E=11
4.9223E-11
5:1608E~]1
Heb45E-]]
se2403E-11
3.5171E=11
248720E=11
2+2345E~11
3,52BBE~}1)

BO
217,97
Ao3279E=11
4.2T93E=1}
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14,00
18,00
22400
26,00
30400
33,50
36,50
39.00
41,00
42,75
44,25
45,50
46,50
41,37
48,12
48,715
49,25
49,75
5n0.20
So,ﬁq
51.,0%
51465
52.90n
53,7%
55,19
54,69
HH,25
59,75
61.25
62,75
b4 25
65,52

1030075-10
1e22%4E=10
1«154%0E=10
1e0966E=10
9, 7T528E~11
BFLTIE=1]
8.3175E=11
T+98TBE~])
T+3922g~11
6,981 1E=]1
beHSBIE~1]
6+3801E~1]
64 3229E"]1
6e2534E=11
be23B6E=1]
6-2078E=1)
551376~
§.6691E=11
5.9152E~11
S.5431E~1]
54 3968E«]]
GeB439E=] }
419378~
446510E-])
Se1070kE~11
4.3985£'1l
4.11128=1]
36000811
3,3451E%1)
2+8633E-1)
3.101TE=1)
3-5411E'11

1.2756E~10
141913E=10
1¢1318E=10
1-92915-10
9.5342E~11
BaT601kE=11
B.0497E=11
7+B872E=11
Teil0E-11
6,87328-11
647042E=11
62165811
6-1705&'11
6.1962E~1]
5,9923E-11
54981 3E=}11
5.5874E=1]
S+3925E~]11
5-8[76E?l1
545759E=]]
5,.,3262E=11
544709 ~]11
4eT29BE =1}
he46]1BE=11]
5+0343E=-11
443223k~11
3,9593E~11
3.60%1E=11]
3&23105-11
2081095‘11
3.0397E~11
3+5097E~11

TABLE 4-3 (Continued)

1.103%E=10
1.0277E~10
9,4655Em]]
8,7422t=11
8,09Q8E=11
7.,4899E=11
7-04548-11
6,7193E~11
6,4279E=1]
6,2116E=11
5.,9490F=11
5,6952E~11
5.877%E~=1y
S.SEBQE-II
5.4432E"11
S.2916E~11
S.1055E=1
G,007%~1]
4,9834t=1)
4,9446E=1
4,950%E~11
447442E=11
4,2513€-11
441431E"1}
4,1217E=1)
3,7052E-11
3,3409E=1
3.1118E~1y
2.7939E=1}
2.h049E~11
2.3894g=11

9,6446E=11
9,1810E~1]
B¢9457TE~11
7.9541E=11
7.37191E-11
603995E"11
6e3731E=11
6+0099E~11

S« T0T9E=11

5,4539E-11

" 5.2406E-)}

5.1156E=))
44978gE=1]
4 TTLIEmL
4,620TE~]11
445668E=1]
445632E-11
445346E~1]
4e6310E=11
4+3039E-11
4,1995€E=11
440787E~1]
4e0680E=)1
3-9331E‘11
3.4464E=11
3,2860E=11
3,3376E~11
3¢ 0896E=1}
2.809TE~11
2.6849E-11]
2.0961E~]11
1.288pE=11

T,.7325E-11
T.2973E=11
6,8698E=11
6,40B4E~11
5,9575E=11
g ,5826E=11
5.2298E=11
S.0086E-11
408018E‘]1
4 ,5742Ea1 1
4,3728E=11
4,1925E~-11
4.1108E=11
hy,0811E-11
3,9855E.11
3.8531E~1]
3-7532E'11
3.7102E=11
3.734TE=11
3,T409Ew11
3,60893E-11
3-5950E-11
3.3746E=1}
3.,2T42E=11
3,2754Ew1
2.8803E=]]
2.,6436Ew]}
2+7594Ewq1
2.6702E=11
2+4606E=11
2.0736E=)]
1.4g84g=~])

6,1412E6=11
5,8205E~11
S5,4938E-}1
501619§'11
4,826TE=11
4,5921E~11
4,3867E«1]
40]407@‘11
3-87855‘11
3. 749@-11
3,7528E-11
3.6400E"1)
3.5076E=11
3.3985E=11

.3,3796E-11

3.3755@‘11
303266@'11
3a2167§‘11
3.1069E-11
3,6615E«]1
3,0561E-11
3,0495E=11
3,9420E=11
246209E~1}
2.6376E=)1
247094€=11
2,438p0£=11
2e}769E=11
2.3033E=11
2,3365E~11
1.83745'11
le26g7E~11

& 9T5%E=-11
4,6658E~1}
A A4TTE=1]
4,2012E-11
3,92B4E=1}
3,7060E~=11
3,5528E-11
J3,4664E~1y
J,2665g=1)
3,0766E=11
3.0241E~11
2097“35-11
2.9644E-1)
2+8900E~1y
2,T235E-11
2+8632E-1
2eT353E~1y
2.7904E~11
2eT528E~11
2,5653E~1
2,4024E-11
2,3373E~11
2¢3236E-11
2+4526E-11
2.1791E-1)
2.0059E=11
243492E-11
1.9258E~)
1,62%6E~11
1,2087E=1
1,7263E~11
100574E'l]

4,085BE=]11
3,8282E-11
3.,617T0E~11
3,4633E=1)
3.202%E~11
3,0327E=1)
2.%2132E=11
2.7343E~11
2eT1T1E~1]
2,520BE«]1
204018E=11
2+3470E=11
243038BE=11
2+2544E~1}
2.2478E=11
2«1R03E=1y
2¢1387E~11
2+1719E=1)
2+2533E~11
24.2T09E~11
211T4E=-1)
1:9687E=11
1+8852E=1}
1.8629E~-11)
1+869T7E=11
1+5850E~11
1.7514E=11
1:8101E=31
1.,2720E-11
1+3867E=~11
1.3901E~11
lrﬂﬁsﬁE“ll



L9-¥

TABLE 4-3 (CONTINUED)

THE FLUXES FOR GROUPS 2 TO 16 ARE PRINTED IN A SIMILAR MANNER

&

£10je10qe]
IR3januoLsy



9-v

PROMPT FISSION AND FISS10N PROD, DECAY SPECTRA AND

NEUTRON

+

3,0000E=03
T.04300E~-01

0s
5.8700E=0}

1.,0630E~06
1.5640F=06

1.5000E-02
9.4 T00E=D1

0.
8.5)100E-01

1.0830E-06
1+6T3I0E=06

DOSE CONSTANTS

2.1000E=08

1.0500F-04
9.0000E-09

UPPER { ETHARGY BY GROUP

G
9.7500k+00

1.,2500E+00
141720E+01

4,0000E=-02
1.3830g+00

0,
1.0090E+00

1.1160€-06
1+8D030€E-06

8,8000E~05
1+9000E=0b

2,0000E+00
1. 3750401

1s1100E=01
2,0530E+00

4,2700E-02
1.1520E+00

1.1660E=Q6
2.1120E=06

6.3500E~05
5,6200E~08

2.5000E+00
1 +5500E+01

TABLE 4-3 (Continued)

2.5200E~01
1+2350E+400

2.3020E-01
2+6T7T00E-0)

1+2400E~06
3+5160E-06

3.2500E~05
10000E-07

3.2500E+00
1+7300E+01

GAMMA DUSE CONSTANTS

5.,5900E~01

5,8T00E~01

1:3320E=06

1+0300E»05
i.0000€~07

4,5000E400
1+8Z200Ew0]

306?°0E’Ul

3.,6900E~D1

1441 T0E=08

1.1%00E~08
1+0000E~0Q7

6.5000E+00
1.,890¢0E+0D1

5,0300E=01
5,0000E-01
1.,50408=06

147300E-07
1.0000E~07

7 «5000E%DD
2,0000E%C1



£9-¥

TABLE 4-3 (Continued)

LIBRARY DATA FOR ELEMENT NO, !

LAM AcMoly tle=AL) /72 10 (NP ALY ELEMENT
in NAME
1 148080E+D0 Qs HYDROG
GINsGAMMAY
1 04 a. 0, 0. 0
Qs Qs De Do D
MAg{ AUSORPYIpN COEFFICIENY
1 24568pE~02 2,6T00E=D2 2,B360E.02 3,0650E«02 3,193DE-p2

AsOOHUE=02 %N.0290E~02 S.4350Ex02 &6,3T10E=02 140600E=01
GRP QiINeN+2OAMMA)

1 I Os O Ge D
O« 0. Oa O O
! 2 0» - s O« 8 Oe
O« . Qe O« O 0.
H 3 Qe [ O Ce Os
Us Q, Qe 0, D
i 4 G, a, G, G, 0.
g, a, 0, 0, 0,
1 5 e - a, Q. [+ [
G o, o, 0, 0.
1 L G Gy e Ge
Ve O» 0o Oa Os

0,

3’7O‘OEF02

0+

D
0,
0.
2

4, 1220E~02

B
0y
0,
e,

2.22%0E000

4,3730E=02

De
0.
e,
.
0.

®

floleioqe]
JeajanUOLISY



¥o-v

LIHRARY DATA FOR ELEMENT NO,

LA
10

M

5

LE LB * LR ¥ S 1]

GRP

[« ST VI S A

AsMolie
1+2011E+01

GINsGAMMA)
Os
Q.

k]

MASS ABSORPTION COEFFICIENT

(l.=AL) /2

Be

[+ 1]
Qe

2

TABLE 4-3 (Continued)

(Q{NvAL)

O

CARBON

De

3074‘GE-01 Do

1,552nE=02 1,5850E=02 1,6%20E~02 1,7250Ew=02
QNN+ s GAMMA)

Oy O O G,
O . O (1Y 11
O ' O« D 0
O [\ Qv e
Oe (e O« 0
0? [1 9% [LIY O
0, a, 0, 0,
o, 0, 0. 0,
O, 0. 0. 0.
U, 0, o, o,
0. 0. 00 0.
D! Ol ol 0.

—

ELEMENT
NAME

3.3750E+00
Ne

1.8480E=02
54.3370E=02

4+26T0E+00
O
Qe
0s °
Oe
De
0.
0.
0.
0,
O»
0,

101910E400 0.

2,0020E=02 2,1340E~02:

0.
1
O
o,
0.
0.

o
0s
o,
0.
0.

242430ER02

D

Os

0.
0,
0,



§9-¥

LIBHARY DATA FOR ELEMENT NO,

GAM
in
10

10

10

10
10
1@
10
10
10

GRP

AsM,U,

2e3504E402

WI{NsGAMMA)
Ja

{1.=AL) 72

Qo

Qs

TABLE 4-3 (Continued)

{G(NvALY

B,4530F =02

GelhynE=01 T+BTO0E=01 161590E+00
MASS ABSORPTION COEFFICIENT

4.2790E-02 4.1560E=-02
3,1920E~02 3.45650E-02
QNN+ GAMMA)

n. o.
2.81108-01 5,6570E=01
Qs ‘ [\IY
3.0150E=0 1. 7060E=01
Os O

O 2:0460E=02 -
O O

Oe Ge

Oe Do,

Qe . Qe

Os [

Qs 0

3,994 0E-02
4,3950E~02

O
“8.,5530F«01

Qe
4.8430E~01
De
1.6820E«01
G
2+3110E~02

Oe
O

i )

[{ 1Y

U=23%

5,1820E=02
1694 0E+00

1,8040E~02
1.0780E=01

Be
9,.3920E-01

1 1
Ba1250E=01
L
540220E=01
(1Y
1.8130E=01

04
9,4820E~02

O
FahT40E=D2

L}

ECLEMENT
NAME

2.0810E=D1
&+0950E-01

3,5700E=02
4.42T0E~01

1,6620E=03
2.3830E~01
0.
EUGOQDE‘OI
O )
2+1660E~01
G
§t00505‘01
1:16790E«0]
0
1.6T8pE~D]

4.5970E=01]

3, 3510802

3, 74%0E=02
s
0s
0
0
0»

3,2190E«0]

3,2320E~02

Te2I4DE=DD
8+ 0060E~ 04
[+ 1]

.o.

[
O

4,5760ED1

3,1960E=02

1494 0E=D]
6. 0T20E=03

e

Qe
Ce
Qe

@

fioleiogen
183|anuallsy



99-¥

L1BRARY DATA FOR ELEMENT NO,

LAM

iD
12

12

12

12
12
12
12
Ie
12

6RP

[+ [V W N

AeMyije

2438pBE+02

UINGAMMA)

D
64 3400E=~01

(le=Al} /2
Ce

Qe
T+ 1600E~01

TABLE 4-3 (Continved)

(G {N2ALY

Qe
6:1900E=01

»
MASS ABSDRpPTION COEFFICIENTY

4,2790E=02 4,]560F=02

J.1920E=02 3,46%50E-02
Q{NsN*» ¢« GAMMAY

0. Oe
1,43708=01 1.,7950E~01
O ‘ Os
4+6000E~02 1+1120E-01
s Oo

fie 8.,6320E-03
Qs Oe

Do Qe

Oe 0

0, o,

O .

Oe 0O«

3,99%40E02
44+ 3950E~02

4,3990g-02
1.8290E=01

[
1:T420E=0)
s
£.2050E~02

O
6+9250E-03
0.
o,
O«
O

=238
O
1,0690E+00

3,8040E~02
1,0780E=01

4.7270€-01
2.3600E~0]
0, _

22 TBSOE=D]
0.
223860E-Q]}
[1 1Y
1+2120E=01
0
5.6210E.02

[/
0.

ELEMENT
NAME

1:41200E~01

642600E-01

3.5700E~02
4.42T70E=01

6+7300E~01
1¢7440E=-01
O«
2+1870E-D}
[+ R%
19410E-01
L
2+0250E~0}
G
9,994 (0E.02

O
De

4,5000E~01

3,3550E=02 3.2320E=D2

3,881 0E=01
s
e
O«
0o
0o

1+04G0E=D]

1.2250E~D1
5,3370E~03

O

" 0,

Do
D

2.9900E~01

3,1960E=02

1.2000E=01
2.3610E~02
O
B
Do
0.



L9

TABLE 4-3 (Continued)

LIBRARY DATA FOR ELEMENT NO, 5

LAM
io
a7

27

27

27
27
27
27
2t
27

w N =3

&~

YL {le=AL) /2 (G {NIAL)Y
H¢1996E+0) 0.

GiNet3AMMAY

6,66906+00 B.6TI0E~0]1 T4TYI0E-Q])

H10390E402 T.4B30E~02 6.3320E-02
MASS ARSORPTYON COEFFICIENT

2+2850E=-02 2.,25B0E-02 2.23305-02
2+2850E=02 2.,3880E~p2 2.5580E-02

QINeN* e GAMMA}

65.06064(0F=0] 1,3740E~01 4.9280E.01
12653pE-0 3+52T0E~01 #+9900E-01}
Qe v [+ [ )

0. OI 0.

0, g, 0.

00 0- 0.

0. oo ol

0, 0, O

Ue 0, 0.

0' 0. 00

[V Q. Qe

0' OI OI

CHROM]

5,7380E=01
#:5780E-01

2.2050E=02
3.,0540E~02

4,6220E.01)
249220E-0)

P

ELEMENT
NAME

2+2930€-01
Os

2+1820E-02
5.4850E~02

Te2840E=0]
1»2610E-0)

Z.002pE=01

2,1750E=02

5,8640£w01
0
0.
o,
0.
0.

2.1710E-p2.

1.9%10€-01
O»
0,

o,

0.,
O

P.9200Em02

2o2220E-02

143100€=01
0.
0.
o,
.,
0,

@

A10lel1008]
1B3|0AU0IISY



LIBRARY DATA FOR ELEMENT NO,

LAM
10
29

29

29

29
29
29
29
29
29

GhRp

AaMyt)s
b.5847E+0) 0,
WiNsGAMMAY

3.70QUE000
e 7T990E~02

5,2980E=01}
3-2750E—01

.}

TABLE 4-3 (Continued)

;
11,=AL)/2  (Q(¥sary
]

i
3
!

TelbpoE~0]
2u55405'02

MASS "ANSORPTION COEFFICIENT

2,3980E~02 2,3660F=02
2e3200k=02 2,4190E~=p2

QN+ 9 GAMMA )

1.3250E=01 6,5140£=02
4+959pE=0] 5.6R60E=qg]
Qe Ge
3034Bok-p2 6,1950k=p2
[ O
0, L
0' OI
0. 0.
ﬂi B 0.
Js Os
Os D
Us Do

2.3330E-02
2.5910E=02

2.3360E=01
4.73706-01

Qe
2+5200E~01

Ge
24348901
0,
Qe
0.
Oe
G
[+ ]

TRON

TeB5270E-01
2+5340E~02

2.2940E-02
3.)1170E=02

4,2130E~01
3+3770E=Q1

Qe
2+6510E=01

O
2.6T40E-40])
Qe
0
Ce
Do
O
De

ELEMENT
NAME

6.59TpE=p1.

AebT4OE~02

2.2540E-02
5.72T0E=-02

302490E‘01
A:.3070E~Q2

[+
6.5200E~02

O
6,5780E=02
O«
O»
O«
Qe
Oe
He

6.4930Erp)l  2,2730E=p1

2,2330E~02 2,2390E=02

7.9800E=01 5,0950E=-01
0 2¢1000E=03
0 0.
0+ 0,
04 O
0. N

Os

2.2630E=02

4,3670E=01
1+8000€E=03
0o
Ge
Ge
O



69-¥

LIBRARY DATA FOR ELEMENT NO,

GAM
ip
kB

31

31

31
31
31
31
31
3l

4] &S W N

GRp

AsMylle
SeBT10F+0}

Gi{NyBAMMAY
0.3060E+00
Qe LROOE=D2

(1e=AL) /2
0.

8.0%6pE~p2
6.4000E=02

TABLE 4-3 (Continued)

(O {NsALY

1+1350£+400
3,51T0E=02

MASS ABSDRPTION COEFFICIENT

2.5660E=02 2.50TO0E=02 2.46408~02
2¢3930E-02 24+4800E-02 2.667pF-02

U‘N’N"“AMHA’

6,3180F=02
2e4TADL=D]
[/
2e8160E=02
0.
O

[ e e

3+3750E~02
1+2340E+00

0.
1.2460£+00
0
1.2030E+00

1.9830€-01
407TT0E=~01L

.
2.8670E-01
0.
2-5220E-01

NICKEL

4. TT60E=Q]
8-7630E-02

PeblTOE-D2
3.2360E=-02

2-9240E'01
246370E=0}

0,
2+9340E=02
O
O
o,
o,
o,
0,
0.
G.

-

ELEMENY
NAME,

1+3800E=01
T+3210E=02

243680E~02
6.1080E~02

59090E~01
Be4530E~D2
Oo»
Qe
O
Os
0.
O
(L
0,
0
Oa

1e8430ERD1

2.3300E~02

5,4020E=01
O«
.
o,
o,
¢,

1+8990E=p1

4,3540ER02

243230E-02, 2,3400E~02

3, 406GE~p]
04
0o
0.
0,
0.

3.46870E-0]
3+9160E-03
0,
0,
o,
0.

&)

Alojeloge]
1ea|anuolisy



0L~y

TABLE 4-3 (Continued)

LIBRARY DATA FOR ELEMENT NO, 8

‘
L)
GAM AaMylte (la=AL)/2  tQ{NsAL) , ELEMENT
o NAME
127 B.2906E+0] 0, NIOHIU
' U ENYGAMMAY
121 4e7000k~02  1.,20006~31 3.1806E=01 [.1380E4606 1.23}0Ee0p 144320E000 6.7200E~01 6,9800ER01

649800F=01 440000601 1.4500E«01 ©,3000E~02 1:2000E-0}
MASS’AHSORPIION COEFFICIENT

127 €e3290E-02 2,8620F=02 2.7810F-02 32,6740E-92 2+5450E~02 2,4190ER02 2.3450E=02 2,3210E-02
2+3340E02  2.4000E~02 2.5940F~02 3,4360E-p2 Be3360E=02

GRP WINyN+ s GAMMA)

let 1 . O D« Oe ’ Qe 04 . 0. ) O
1,9200F+00 q, D, 0, 04
.!2? 2 0' P [ O O De Oo OI‘ Oo
. 1."20(]&‘00 O 1 1Y O 8Os
127 3 0. Oa 'Y 0. Oe 0. O O
0e Qs 1.0800E+00 o, ¢ .
127 4 0. (11 0. 0, LY Ce 0. [+
u- ol D- 7,#1005-01 0.
127 - Y Oe O 0. O Os Qe 0a
G Oa G De D
127 6 0. O Os [ 1 L) [1 1Y O O

[/ Qe O« O Geo



TABLE 4-3(Continued)

RELION OUTPUT

L R N I O R N O SN N DL L LU N A B L B S B B € 30 820006000
RADIAL CORE CENTER REGION Pl ,
A R N N I N N R R N R I N B N A B AL B AL S RN N A S AL AL I A N A B

KEGION PARAMETERS(IS,1F,JSyJF,NOs OF ELEMs4CONTROL)
113 1 8 9 4

¢ s ¥ & 8 & 3 & b 5o 9

% Npe DENSITY® 7.5400E-02 ELEMENT 1D CARBON

1 8 s 8 s o 5 . ; [ B N NN N -.o ¢ 2 8 s 0 s % e s 2 8o gﬂo » 8 ¥ P b &g
ELEMENT NOo™

FISSION. AHSORPTION, INELASTIC SCATTERGENERGY DEPOSITIONsAND GAMMA RAY SECTION:

ENERGY ABSORPTION CROSS

LZ-v

ELEMENT NO.=

0s
0,
Oa
4,0246E=05
#oSQ?lE'G?

9,0807E-0]
lc?ﬁﬁbE'O‘

lobﬁ?U&-oz
2e3T10E~02.

s 4 & % & 2 8 2 s

7 NOs

Oe
v,

5,849E=03
3,9003€E~02

1,3019E+00

l.2226k~-01
4, QH4LE=DS

242850E=~02

0.
0,

0.
1,0946E~04
0.

5.0513E=01
2+4259E"05

1.5850E=02
245390E~02

DENS1TYS

0.
0,

2.9310E-03
9,8517E-02

5.3852E-01

1,5962E~01
5.6345E-06

2.2580E-02

O
0,
Qe
2,8708E-06
0.

3, TS93E=-01
3.4562E-06

1.6420E=02
2.7390E-02

# & 0 s ¢ 9 s
4,5000E=06 ELEMENT ID CHRoOMY
FISS10N,AHSORPTION, INELASTIC SCATTER+ENFRGY DEPOSTTIONsAND GAMMA RAY

0.
0.

4+0150E=03
2,4357€.01

6.6097€-02

9,2276F =02
B,0064F=07

2+2330F=02

0.
0.

0.

6,3161Ea04

0
2.,6061E=01

1+7250E=02
3.20305-02;

[ B B . ]

0,
0.

4+0000E~03
5,3216E.01

1,6496E=03
5,7119E~-02

E.BOSQE-OE

Os

0.

O
1.,2256E=03
[
1:2668E~0]

1.848pE=(2
5.3370E-02

LI T B ] .

O
Go

4+ 7534E=021

1,0311E+00

De
2,9663E~-02

2,1820E~02

0.
0,

344B9TE=OT
1.8135E.03

O
3,156488=02

2,0020E=02

[ T N I B e B

ENERGY ABSORPTION CROSS

O

0,

645313603
1,5189E400

0,
8,4508E=03

2.1750E=02

Oe
0,

B+6927E=05

2,6663E=03

6.2948BE=03

2+ 1340E-02

0.
0.

2.5021E=Dp
2,1999E+00

4,0205E=03

2.1910E=p2

0.
0.

1+4188Em0S
5,0325ER03

10‘779EP03

2e2430E=02

SECTIONI

0,
g,

4,1742E=02
4,1277E400

8,27T0EwD4

2.2220E-D2

@

fi0)e10GET
13{9NUCASY


http:4.127?E.O0
http:5.3216E.O1
http:4.1742E.02
http:1.8135E.03

Ly

TABLE 4-3 (Continued)

£.,2850E~02 2,3RB0£-02 2,5580E-02 23,0540£.02 5, 4850E-02

LN B L N I B I )

ELEMENT NO, = 1 NDa

DENS)TY®

LI L N I Y S |

Ba0250E=05 ELEMENTY 1D  HYDROG

LI I |

..

F155I0N,ABSORPTION INE| ASTIC SCATTERENERGY DEPOSITION+AND GAMMA RAY

0o
0,

»

e
3,4656E-n3

UI

2ell70E+00
1,5p44E~023

2.5660E=02
4,6580E-02

LLEMENT NUL® ] ND.

FI5510N, aBSORPTION, INELASTIC SCATTERCENERGY DEFOSITIONIAND GAMMA RAY

O
G

Os
3.4656E=03
O«

2el170E+0p
1+5040E=03

2+5660E=02
446500E=02
'

ELEMENT NOWB 29 N,
Y

P TSSO, sBSURPTION, INELLASTIC SCATTERWENERGY .UEPOSTTIONsAND GAMMA RAY

'
G

0.
0,
0.
9,5679E~03
De

1+608TE+Q0
2,0669E~D4

2.6TO0E=~02
S.0250E=p2

LI L B I

DENSITY=  2,4075E-04 ELEMENT 1 HYDROG

0.
Oa

1%
9.5679E'03

0

1.6087€ 400
2+0689E~04

2.67T00F~02
5.,0250E-02

DENSITY=

0.
a,

G 0l
g, 0,
2,6B26E.02
O L

1.2346E400
2.P944TE05

5,46350E-02

L A

e e
0! u‘
0.

2 6826E02
O De

1.2346£400
2+944TE-05

2.8360€-02
5.4350E-02
|

O Oe
6, G,

0,
6,1309 .02

9.3144E-01

3.0650E-02
6+3T10E=02

.."_..II.II

64,1309E=02

9.3144E-0]

3.0650E~02
6.37T10E=02

O
0.

¢
1,1898E.01

O

5.7392E~01

3.3930E~02
1:0800E=01

O»
[

[+

0
1.1898E=-01

5¢7392E~01

3.3%93gE=02
1.0600E~01

..?_.l"a...”...l..

209100E~05 ELEMENT ID JRON

e
G,

$ 4 3 0 s 8 4 o3 bt e

]
ENERGY ABSORPTION CROGS

0. o.

0, o,

0. O
1,7603Ew0]l 2,5880E=-p1
[+ )

2-0‘955k01 502619E'DZ
3,7840Em02

4,1220E~p2.

L I I I O B A B

ENERGY ABSORPTION CRDES
19 [/}

o. o.

0. 0.
1.7603E=01 2.5880E~g]
0.

2.0495Em01 5.26]19Ewp2:
3,7840E=02 4.1220E=~02.

* 4 8 2 3 % 8t ¢ b 2

ENERGY ABSORPTION CROGS

De 0
g, 0.

SECTION

0.
o,

1.0112E=023
¢.889TEL01

1,2437EmR02

4,3730E=02

SECTION

o,
0,

1,0112£-03
4,8897E=01

1.2437€R02

4,3730Em02

® & &£ 2 ® 2 9 @

SECTIO0N

o,
g,


http:3.7140E.02
http:2.944E.05
http:1.098E.01
http:6.1309E.02
http:2.6826E.02
http:3,0540E.02
http:2,560E.02

5.,8023E~03
4. 7841802

1+2165E+00

1.3068E-0]
150019E~04

2.3980E~02
243200802

2,9213k-03
8,2059€=02

6.8927TE=01

1.0153E =01
1+4297E~05

2.3665FE-02
2+.41Y0E=02

TABLE 4-3 (Continued)

4.0173E-03
1,9865E=~01

2.T69]1F=01

6.0]56E-02
2+0369E~06

24333gE-02
2591 0E-02

S.0076E=03
4,5420E=0]}

LU
5., 6996E=~(2

2.29640E~02
3¢1170E=02

5.8213E-03
B+9997E=D1

O
2.0 THE~02

2¢2D40E=g2
5s+7270E~02

2,6014Kmp2
1¢3B42Ew 00

0.
9,7492Ew=03

2¢2330Em02

5157‘15'03

1+7190E+3p

2.4368E=03

3.23905“02

4,2TT2EmD2
3,6000ER00

Se1159Ew(4

2+2630E=02

¢ o 4 0 0 4 5 0 s 0 g t s * 8 LN B B B I I * 2 e 2 b s 0 T s & ¢ o 9 8 LN L I R TN RN RN I B N I I
3t NOw DENSITYS  5,4000E-g5 ELEMENT ID NICKEL, )
FYSSIONyABSORPTION INELASTIC SCATTERIENERGY DEPOSITIONgAND .GAMMA RAY ENERGY ABSORPTION CROSS SECTION

LLEMENT ND,=

€L v

Oa [+ ] O Da 0s 0, ;1% O

0. 00 00 D. 00 0. 0. o.
149918E~01 8,0301E-02 1,50006~02 1,2997E~02 9,9154E=03 1,33928w02 1,8123E~02 2.434TERD2
5,4608E~02 1,2986E-01 3,2750E=-01 8,4437E~01 1,6350E+00 2,%081E+00 3,%394E+0p 6,5ATBEW DY
1.3320E+00 B8,0824E=01 Q, Oq 0. 0.

121622E%01  1,2304E=01 1,0310E~01 5,9882E=02 3,9338E-p2 241656E-D2  4,727BE-02 1,8311E=D3
1.4309E~04 2,04626~-05 2.9321F-06 )

245460E-02 2,5070E-02 Z,4640E~02 2.41T0E-02 2.3680E=02 2,3300E=02 2,3230E~02. 2,3400E=02
243930E~02 2.4400E~02 2.6670g~02 3,2340E=02 ¢ g4l 0R0E=02

L I I O O O O T T T S S S S T S SO $ 5 ¢ ¢ s 0 s 0 P E s B e e s s
b LEMENT NDe® 127 nge DEnsITY2 2,0000E=0s ELEMENY ID  NTgBRIY
F1SS10NMyABSORPTION, INE; ASTIC SCATTERENERGY OEPOSITIONSAND BAMMA RAY ENERGY ABSORPYION CPOSS SECTION

Os 0. D 0, O 0 [+ 1% O,

OI 0- 0. n. 0. ol oi ol

s 0. 3.2494g+02 5,1945E=02 7,6614E~02 3,1785ER01  7.6364E=0L 1,3859Ew00
1.3534E+pn 2,3983E~g]l o, 2.0196E=01 3.9095E=01 5,7582E~01 B,3445E=01 1,.5656E400
2,0743E400 1.7482E+400 7,9659E~01 ' §,4749E=03 0. 0«

1:5p31€=02 6,5813E~p2 B,9055-02 7,7384E=p2 4,1799E~p2 8,5889Fw03 1,4622Ew03 3,246)Ew04
3-619gﬁ'n5 4+8933E"06 649716607 .

@)

Aiojeloge
1B31INUDLLSY


http:3.6192E.05
http:2.T691E.O1
http:2,6014b.02
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TABLE 4-3 (Continued)

2:9290E=p2 2.8620E=q32 Z.Taloﬁnéﬁ 2.67T60E=02 2.5450E-02
203340E%02 2,4000E=02 2.,5%40E=0¢ 3,4360E«02 843360E=02

N NN L AN O A A I I R R RN I Y

10 MOe DENSTTYm

"2e4190E-02 243450E-02; 2.32106~02

L L N N T T T T T T T T TR T R

ELEMENT NOW= 1.7400E~04 ELEMENT ID Uw235

FISSTON.aHSORPTION, INELASTIC SCATTERCENERGY OEPOSTITIONSAND GAMMA RAY ENERGY ABSOHPTION CROGS SECTION
L Z771E+00  1.2897E+00 1,2300E+00 1.1880E+00 1,3995E+400 2,2569E400 4,1987E+00 6.99178600
1473330 €01 3,T41BEsp) 2.608RE+01 K,7ATBEsg) .B854)E+03 246818E802 4.34BSE+g>  B,BEASERH2
2.3612E=02 5,2591E~02 9.2141E~02 1,5652E=01 3.0584E-01 7T.T079E~p] 103494E+00 3,2241E+00
B,6374E+np 2,3854FE40) 1,845]E+01 1.1623E+01 3,9521E401 4,6%42F40) 7,60BSE+pl 1,55]19E402
1.9101E400 1,7534E+400 ),5361F+00 1,6336E+00 ].3206E400 B8.4BI4E~D?
3.4975E=-p2  3,3339E-02 2,3022F~02 1,6218E-02 1,1593E~02 3,788TE=03 8,3325E~04 1,9638EmD4
£4339TEw05  3.8320E-06 5,07666~0T
4e2790E=02 4,1560E=02 3.9940F~02 3,8040E=02 3.5700E~02 3.3510E~02 3,2320E~02 3,1%60E=02
3¢1920E=02 3.4650E=p2 4.3950E~02 1.07B0E=01 4242T0E~D)

CQI.!‘_I!O...!...IQ_DOlC.l.I!!"Ctl_._l&“!l.ll!..

k) EMENT NOe® 12 Np, DENSITY= 1.4000E-35 ELEMENT ID U~238

FISSTON« aBSORPTION, INELASTEC SCATTERSENERGY UEPOSITIONSAND GAMMA RAY ENMERGY ABSORPTION CRDSS SECYION

L]

.

6.0329E~0) 4.,6270E=D] 2.5013t~02 g, O» 0. 0. 0,

U [+ 1Y O Ne } De O O o'
1e1615=02 4,9017F=02 [.24996~01 1,3679Ew0l 1.8194Ew=p] 2906301 3.9940E-01 1,6250E400
9200226400 4.6202E¢01 6,2264£+01 4,9841F=01 9.6388E~D] 1.%200E%00 2,0596E+00 3,8805E00
QadTB4E+00 2.5210E+00 2,1252F+00 |,6284F00 1.0109E400 §426B3E~D1

340106F-02 2,9911F=02 2,4361£~02 2,2900£-02 1,4499E-02 4,9970E~03 1,1912E-03 3,4453Ew04
2:3542E=05 3,2345E=06 4,4603F~07 )

42.2T90E~02 4,1560E=02 3,9940F=02 3,8040E~02 3,5700E~02 3,3510EwD2 3,2320E-02 3,1960Em02
301920€-02 3.4650E-02 4.3950E~02 |,0TBOE-01 4.462TQE=0]

LI ]

tore

L e N T R T T T S S S R LT I


http:I.fl33t.Ol
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NAOS IV HAS PROCESSED

PROALEM IN LINK

TABLE 4-3 (Continued)

} SEPERATE REGION PROBLEMS

@

flojeioge
183]9NU0SY



LY

RADIAL CORE CENTEH REGION "M
REGYON MESH HOUNDARIES

LEFTeane 1 0.00000
RiHTeee 13 43+50000
HITTUMes 1 0.00000

TOPssense 28 137416000

ND, OF ELEMENTS,qs 9

TABLE 4-3 (Continued)

ELEMENT NO, NAME ATOM DENSITY DENSTTY
(s TD)
5 CARHEON 7,54000E=02 1.503)18BE+00
27 CHROMI 4«50000E~06 3.88385F=04
1 HYDROL Be02500E=05 1le34061E=0s
1 HyDj 00 2,40TH0E=-04 4,027A3C04
29 1RON 2491000E=05 2.59743E=03
i NEICKEL 5440000E~05 Se2bp15E=03
127 NIDHTU 2.00000E=04 3.0B412E=02
10 U~235 1.74000E=04 6.78a27FE=p2
12 =238 1.40000E-05 $.%3166E~03
REGION VOLUMEsesas  As153T2E+(S
REGTON WETGHTsease 1431790E%06
REGION INTEGRATED
PHOTON SOURCEeqns 9.75341E+02
FISSIUNS..-.I...O ?:069935‘:‘01

NEUTRUN SOURCE . e« 1472118E+02
PHOTON SOURCE gY GROUP {INTEGRATED
2+19500F=01
1,06229F 400
2B43T72E+00
1« 0RBBAE+L
3+47655E+0]
B«11039E+01
S« 1801 TE+p]
T+N9HOGE+Q)
Ve16528F+g]
1+27231E+02
1+69694E 492

0 LT P e

p—

AND AVERAGE)
2,69202€=07
1,30242E-06
3.,48763E=06
1,33542€=05
“026376E*05
F.94686E-«(5
6+3593] IF=05
8, 70%30E-05
1412406F =04
1.56040E=04
2eNBliBF=04

WEIGHT

1¢22565E+06
Jelabb2Eeg2
1094T73E+02
2+19941E+03

4+29061E+03.

2¢51470E+04
5.53492E+ 04
4.51036Eooq

CAPTURES

8,17523E=04

4459226E~05

B.12244E=05
2,436TIE(H
2.85352E~04
B8,71434E~04
‘0259615'02
1e22764Ewq]
T.03715E+01

F1SSIONS

T.,03715E+p)

e,
0,

0,
3,40725E~01
&09“7435'01

INJSCATTER

&,94T43E~01

[+ 1Y
O

0,

3464]13BE=04
6450710E=04
5,B84040E=03
1,23B41E=02
1413120E~03


http:7.09806E.01
http:I.102d2E.06
http:2.43673E.04
http:3.2R418E.02
http:4.02R3E.04

Ll

12
13

2426B20E 02
1:062T8E+g2

TABLE 4-3 (Continued)

2, 101850FE =04
1.30343p~04

&

A10}EJ0QR)
1B8JINUOISY



8L

RADIAL CORE CENTER REGION CT
REGION INTEGRATED FLUX

1 342377RE+gp
2 9.5707BE+00
3 T«lala9E+00
4 1.,00403E+0]
5 14455866401
6 1.B9B40E+01
7 Br64621E+00
8 1,8l4g¢g4+01
9 14391g4E+0]
10 p.994g2E+00
11 54502586400
12 5 ,2T37HE«00
13 1+82961E400
14  6e37352E=01
15 2e91397E=01
Y16  3+63089E~p02

TABLE 4-3 (Continved)

HELATIVE SQURCE AND FISSTUN OISTRIHUTIONS

RADIUS PHOTON

(oM.}

(+sQ000

1.%000

9.5000
14,0600
18,0000
221000“
2GaB000
300000
33.5qq00
3h.5000
39,0000
41,0000
42,7590
43;5ﬂﬁﬂ

Fin?

FI1SS1DN
DISTRIRUTIONS
F{R)

12119 12120
1.2097 102098
1.19%4 11955
1.1742 1.1743
1,1467 1.1468
1s1]04% 1,1105
140648 140668
leQg98 10098
9554 29553
.9049 '9049
«Bepi «8621
«8290 8289
+Bpp2 «Bp21
+T1918 « 71917

NEUTRON

F (R}

12120
1,2098
121954
1.1743
1,1467
le1104
lepbh48
1+00p98
+9553
+3049
«8A21
+8289
«Rn21
07917

HE1GRY PHOTON

{CM,)

80,0000
«5000
1.7500
3,0000
4,T500
7.5000
1145000
170000
2345000
30.5000
37450040
44,5000
515000
S8.5000
6505000
72,5000
13,8000
86,5008

FiZ)

F13s5108
DISTRIBUTIONS
Ftz)

« 0655 « 0654
0800 0759
1321 «1320
+ 1813 .,1813
-L1Y L2467
s #4839 «4839
« 65491 « 6591
B43) +B8431
1.0139 140139
1.1558 1.155686
1,2693 1.2693
1,3545 31,3545
1.4112 l.4112
1,4388 1. 4388
1,4372 1.9372
1.4064 1,4065
1.347) 1.3471

NEUTROHN

F2)

‘s 0684
-, 0800
01321
+1813
W ChDT
23454
«4839
5591
«84831
1.0139
1+1558
1.,269%3
143545
1.4112
1.4388
1.4372
1.4064
13471



[ YA4

TABLE 4-3 (Continued)

93,5000
100.5600
107,5000
114,5000
121.5000
127g5000
131.5000
1340000
135+6500
1367300
1371600

1,260]
1. 1467
1,0086
. 83489
6738
« 5206
e 4242
«3729
« 3475
v 3381
c?351

1.,260]
1.1467
1,0086
+ 8489

. «bT38

+«5206
424)
«3728
e 3473
3377
¢3346

1.260)
le 14867
1.0085
+ 8489
«5738
« 5205
eh2h]
+3728
s 3472
03377
* 3346

@

fiojeloger
IBajanuasy
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TABLE 4-3 (Continued)

RELATIVE PHOTON SOURCE DISTRIpUTION

O
Nel6l11E+0l
e32222E+01
0«4A333Fe0l
Nebbta44E+Q]
0e80596E+01
0+95667F+01
Oel127HE+0E
0el2889E+02
NeldBHUDES0Z
felelllf+p2
0.177228 402
Nal9333E+02
De20944E+02
Ne2P5596E+02
Ne2alblE+D2 -
Ns25778E+02
0e273iBYE+02
0.29000E+02
0«3nallE+02
Ne32222E+02
1+33433E402
te35444F 402
De37056E+02
Ne3866TE+Q2
aeb0278E+02
0«41R89E+02
N,43500E,02

0,12129g+01
0al2124E40])
0s12110E+01
De12088E+01
0.12056£+01
0.12012g+01
(t+1195TE+0)
Nel18GPE+O]
0«11814E+01
0.11722E+01
Ns11617+01
0,11498E4+01
0.11365£+0]
fell218E+0}
0411085£401
0.10877E+0]
0.106A4E+01]
0410474E+01
0.10251E+0]
0.10014E+01
09TAS7E+00
0.95057E+00
0+92352E+400
s RI600E+00
Ne86846E+00
nsB4136E+00
G«BISKRTE+0O
0,79245E+00

THE FOLLOWING DATA ARRAY HAS REEN PLOTTED FOR,,,¢ RADIAL CORE CENTER REGION

Pl
RADIUS (CM}


http:0.27i89E.02
http:0.10684E.01
http:A.64444E.ol
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TABLE 4-3 (Continued)

RELATIVE NEUTRON SOURCE OISTRIGUTION

O .

O+16111E+p1
0e32222E+01
De48333L401
UFTYTYYINY )
GeHNSH6E+D]
B+96606TF+01
0el4278E+02
NelPBHIF 02
0414900k +02
0elplllEsqe
0,17722k 402
Ge19333E 402
D+20944E402
H.E?h5hf¢0£
0e241BTE W02
0.2$ITHE+02
N,27309E+02
D429000F402

04306116402

0e372222E+02
D«33IBAIE02
Nednb44E+02
3437956402
0s3866TE+QE
Gs40218E402
N4} 889 +02
0e43500E+02

0e12130E+01]
0e12125E401
0el12111E+01
0«12C0RGE+D]
141205 TE+0]
Ne12013E¢(])
0s1195AE«01
De)lA93E+01
Da11814E+D)
Hell1723g4+01
DallblBE’Ol
0,11499E.01
0e411366E+41
Nell218E+D)
De1l086E+01
D.10877L+01
311065§E+01
0,10474E+01
Da.10251£+01
0,10014€+01
De37656E+00
(e95055L+00
NewZ234%E+00
e AFLIEE+]Q
NeARB41IE+DO
0+R4130E-00
DeBB1B49E+00
Qe 79236E+00

InE FOLLOWING DATA ARRAY HAS BEEN PLOTTED FOR,,s. RADIAL CORE CENTEP REGION

RADIUS (CM)

Pl

@&

Al0)BJoQR]
123|INU0LISY


http:0.20944E.02
http:0.11499E.01
http:0O177?2E.02
http:0.14OOL.02
http:0,14218E.02

28y

D

0,24063E,01
0e48)126E+q]
Ne72189E¢g]
Ga96eD3E+01
0.12032€+02
n,14438E,02
Nel6Ba4E+p2
0a21657E+02
NaPaUB63E+D2
Ne2nabIE+(2
0e20876F+02
Ne31282E+02
Ne336H8E+02
(e3G6U95E 02
0+3R501E+02
PebpI07E+02
0433546402
ne&ds5T20E 42
ne4B126E+02
0.50533E+02
0,52939%,02
04553458402
QeB77R2E+ 02
0+60158E402
NeB25b4E4g2
Neb49TIE (2
0«6TITTE+p2
0+69783L 602
NeT21H9E 402
0eT4H%96E 402
0.,77002E+02
0e79408E 402
0.81H15E4+02
0.R4221E+02
0eB662TE«OLR
0«R9034E402
0491440E402
0e93H46E+p2
Ne96253E«p2
Ne9865YE+02
D.10107E+03
Dal03GTE+D3
Ne1098BE+0 3

0e65551E-01
0,15840E400
0e24933E+00
l«33086E+00
D,42100E+00
0,50217E+00

0,58037E400 -

0y72640E+00
0,79431£400
0.,ASHBBE+QD
0+92011E+00
01977925400
el10323E+0)
0+10832E+01
0+1130RE+01
0Ds.11750E+401
Ge1215BE+Q]
pe12536E+p]
(e128T6E+01}
Nel131B4E+Q1
0413459E+0]
0.137OOE+01
0vE390TE+(]
0+14080E+Q]
0414219E+401
0.14323E401
0.14393E4+¢9])
0e14428E+01
0214428BE+01
0+14394E+0]
0.14325E+01
0,14222E+01
0.14085E+01
0,13914E+0)
0.13709E+01
0,13472E+01
0.13200E+01
0,12898E+0]
0+12564E+01]
012197E+01
0«118CLE*Q]
0+11375E+01)
Ne10919E+01)
0+10436E+01}

TABLE 4-3 (Continued)

THE FOLLOWING DATA ARRAY HAS BEEN PLOTTED FOR,,ss RADIAL CORE CENTER REGION P1
RELATIVE PHOTON SOURCE DISTRIgUTIUN

AXIAL DISTANCE FROM STATION=g=(CM)

Fad


http:0.91440E.02
http:O.13200E.OI
http:O.744OE.02
http:O.74596E.02
http:0.14428E.01
http:0.67377E.02
http:0.14393E.01
http:0.48126E.02
http:O.33688E.02
http:O.31292E.02
http:AlQb1E.02

£8-v

0.108285003
0:11069E+03
Dali3V0E+03

. 0e11550E403

NellTwlE+0d
0,12037E403
0¢12272E+03
Belp413F+03d

Qelp 538401

0.1?9945003
0e13235E403
0e)3475E+03
0¢13716E+03

0.99254E 400
0+93872E+00
0.8830TE+00
DeB2490E 400
Do TOGRYE+0D
047044 k400
0 e64241F+00
0 5B050€ 400
0.52022E+00
0,4601TE+00
04405536400
0«36003E+00
0433550E+00

TABLE 4-3 (Continued)

@

Kioleiogey
Jeajanuonsy


http:0.1?153E.03

TABLE 4-3 (Continued)

THE FOLLU*ING DATA ARRAY HAS BEEN PL TTED FOR RADIAL CORE CENTER RESGION
RELATIVE NEUTRON SOURCE DISTRIRUTION''® AXTAL DISTANCE FROM ‘.i’fﬂlDN-g-[ch

¥8-v

O«

0.,24063E401
QedR126E4+g1]
NeA624%3E6D}
DelpuddEeqe
N. 14438402
DelEB&4E+p2
Neluo251E+p2
NaP1657E+02
Oe24053E+02
De2bisb69E +02
Ne2plTEE+D2
ftedl2H2E+p2
ne336R8E4+p2
Oedaoysfepz
Q«AHG01E+92
0e40907k+Q2
De%3314E+p2
Doy 7208 eg2
DebB)26F 402
Desnn33E+02
0,92939€,92
0553409k 492
DeS3T192E+p2
De6OLEHE 402
Neb2984E402
0et497TiEsp2
Ne&737TE 402
Nef9 THIE 402
De7P189E g2
De74596F 4p2
De77002R 402
Ge79408E 402
Deg1a15Fep2
N,B4a221F 42
0eBHE2TE+2
Os anU34Eege
0,914408,02
te93nabteg?
re9a’53E 402
e 9RRSIE +02
Del010T7E«Q3
Ne«l0347E+03
NeldnHBF+03

Det848TERD]
0,15833E400
0424927E+00
04336808+00
D.42096E+00
0.50213£400
0,58034E400
De65512E400
0472639E+00D
0.79430E40Q
G+ RGHRABESOD
0+92012E+00
DL57T93IE+QQ

0+10323E+0]1 |

D.10832FE«0}
0a1130HE+0]
0«11750E+0]
D«12159E4D)
Nel2534E+D]
D] 2BT6E+n]
Ns13184E40]
0.13459E40)
0,13700E+01
0e13907TE+0Q)
0+14080E+0])
Ns14219E40]
Ne14323E+01
D414393E+0)
0.14428E401
014420401
Dald394k+01

0.14325E40)

NelG222E+0]
0.14086F+01
0«13914E+01
0,13709k4+01
0.134T2E+0)
0.13201E+01
H,12898E.01
0s12564E+0)
01.12197E+0}
a11802E+0)

0«11376E+01

6.10919t+01
N.10437E+0)


http:O.10437E.O1
http:U.A903E.02
http:O.13472E.o1
http:fl,67377E.02
http:O.5S34bE.02
http:0.72639E.00

B+1082BE 403
Oel]069F 03
0411310E403
Delln%H0E+03
0,31791E403
De12U3Pke 3
O«lp272E+03
DelPYl3F+0d
DelP7u 3F+pd
0,12994E,03
De13235F 403
0el34T79E+p3
De13/16E+03

0,99256E400
0+938T3E+00
0,RB30RE+DD
0.B2491E+00
o, T6489E4+00
070442E+00
0+6%261E+00
0.58B050E+00
OQHEGEOE +00
0,46013E4+00
0.40545E+00
0 +15986E+00

1433498E400

TABLE 4-3 (Continued)

@

£lojeioqe]
1eg|onuolisy


http:0.13235F.03
http:0.58050E.OO
http:O.11',bOE.03
http:O.0B3O8E.O0
http:O11069F.03

98-1

TABLE 4-3 (Continued) .

THE FOLLOWING DATA ARRAY HAS BEEN PLOTTED FOR, .44 RADIAL CORE CENTER REGION
RELATIVE FISSION SOURCE DISTRIAUTION

[\

N.16111E+01
0e¢32222E+01
N+4R333E+01
Nebad44E+01
Oe80950E+nl
0,9664TE. 0l
Qe V12T8E4 02
nel2d89E+02
De)14900E+02
nslelllE+p2
Nel7722R+02
De}0333E+02
Oec0944be02
0.22956E4+02
Be26l6TE+g2
Ned57785+02
04272898 +02
Ge?29000L+02
Geld0nlifen?
Ned2222E+0¢
0133H33E'02
0,35444E,02
0e37056F +p2
0«3R66TE+02
0.40278E+02
0e4)18BL 02
Ne43500E+02

0;12130E¢01
0.12125E001
fel2111E+01
0,12089E+40)
Ns1205TE+0L
0,12013g+01
0,11958E401
0,11893E+01
0+1181%E+01
D:117238+01
Nell6lBE+D]
(211499E+0]
Del)l366E+0)
Ga11219E€+0])
0,11086E+01
04108T8E+Q]
0.19684E40]
Dal04T4E0]
De10281E£+01
Ce10014E401L
0e9T656E+00
0egS054E+00
0,92348E 400
0 AFSOSE + 30
0.86840E400
0.84129E+00
0+81549E+00
D,79236E+00

RADIUS (CW)


http:0.43b00E.02
http:O.R95951.0O
http:0.27389E.02
http:n.llaE.Ol
http:0,12089.01

L8~y

Ne

0.24063E401
De4R126E+0]
Ge721890 g}
OePa2b3E4+9])
0el1p03PE*02
Nela438Feqe
e LbH44E+02
0e19291E+52
0e21657E+p2
0e24063F+0d
026469402
0es28876E+02
tedl28ll+02
0+33088E+02
0434095%E4+082
0+3R50LF«02
De40907 02
fN,43314F +p2
Deds720Eep2
D+48126E402
0¢504933E+02
NebPr9igke2
0553456 +02
De5T7752E402
0-60153[&02
Bet2n64E+g2
Deb49T1E+02
0eb673TTE+p2
N6971BIt 42
0s 12189 +g2
GeT40296E+n2
0+77002F+02
0e1940BE402
aBlulbE+02
NeB4221t+02

D HyD34F+02

GeGl440E+2

. DeG3846F 402

04G62S3E 402
049R6SIE 402
0.10107E+03
0,10347¢+03
0410585E+03

D.654T6E=01
0,15832E400
0e24925E+00
Na336T9E+ (0
Deb2BIGESGQ
0502128400
Ga58033E+00
Ne65511E+00
DeT2639E+00
1+ TI430E+00
N BSEBTEL(O
De92011E 400
(1eQT793IE+00
G.10323E+0}
Mel0832E+0)
Na11308E+01
0s1175%QE+Q)
0,12]1%9E+0])
n,12534E4+01
D,1Z28B7HE+D]
0«13184E+01
Dal3459E+01
0.13700E+0]
Dal390TE+0]
Da140R0E+0]
Da14219E+01
Nald323E+01
Ne]14393E+01
De14428E+0]
Deléd2BE+N]
Dul@394£001
N.14325£+401
0,14222E401
teldOReE+D]
G 13A914E+01
D413709E+01
0,13472E40)
0.,13201F401
0.12858E+01
Ny 125645401
Va12197E+01
0118028401
Na11376E+D1
0,109l9g+01
G.18437E+01

TABLE 4-3 (Continued)

THE FOLLOWLING DATA ARRAY HAS BEEN PLOTTED FOR,..., RADIAL CORE CENTER REGION
RELAFIVE FISSION SOURCE DISTRIRUTION

Pl

AXIAL DISTANCE FROM S'ATIDN-o-(CH)

@

f1oleiogel
1eajanuolisy



88-¥

0,10828E+03
0s11069E+03
NDe113)10E«03
0e11950E+03
Ne11791E+03
Bsl20326+03
Nel22T2E+03
Del29136+03
NaelP?93F+03
0012994F003
Nel3235E+03
0,13475E+03
Nel3716E+03

0,99256E+00
0.93873E+00
0+8830HE+00
NeB2491E+00
Do TBLRIEY0D
0+ T04G2E+ Q0
Deb8241E+00
0,58050F+00
0,52020g+00
N.,46014£400
0+40546E+00
N, 399ATE+ 00
0,33501g+00

TABLE 4-3 (Continved)


http:0,12'13E.03
http:O.11069E.03

68-¥

TABLE 4-3 (Continued)

THE FOLLOWING CARDS WERE PUNCHED FOR KAP

15

46
75
1

1400
1408
1410
5533
5534
R639
5644
5546
5584
5585
85490
55985
5600
5605
5610
“612
5635
5636
q64]
5646
5648
1T
G6HT
56492
5697
5702
5707
5712
5714
&7371
5738
5743
5748
5750
s788
57H9

T 5794

5799
5H04
5809
K8l
shale

AEGION NO,
14 29

140
2+19%00E~01
B¢11039£¢0]
1069694 +p2
O
3,50000E+00
2+.50000E+01
4,10000E+0})
4+35000E+0]
O
5,00000E=0)
1.,15000E+0})
4, 45000F+01
7.95000F +01
1+ 148B00E+02
1.,3%650F +02
137160E+02
1.21151E+00
1+20966F+00
1.,0647T85E+00
8.29020E~01
7,21809E.0])
6,54802E~02
B.0021BE=~02
4.83907E~0]
1+20926E4+00
1.40642E+00
A,488T0E=~0]
2,4T486E=01
3.391349E~01
1,21201E.+00
1.20976F+00
1.0647BE+00
B.28950E~01
7.917i0E=01
6.54] AL =02
7,99553E=02
44.,B83RTIE=D])
1.26978E+00
1.,40645k+00
g.#BBHQF-ol
347237801
J434619E=0)

1 RADTAL CORE CENTER REGION Pl

7406993E40)
1406229400
S.1Hn1TE+0)
2.26R20k+02

9.50000E+00
3.00000k+01
ﬁ0275005401

1+75000E+09
1.70000640])
5.15000E+ﬁ]
Be65000E+0)
1421500k +02
1¢36730E402

119536k +09
1.00980E+00
He02164E=0)

123211650
6259146k =0y
14354506 +00
1+34707TE+00
6-73758E-0]
3.38055E=0)

1.19545E+00
1.00980£+00
B8+02081k=01

1,32050£=01
6.59129E =0}
135453E+09
13471064090
6.73758E-01
}-3?672ﬁ'01

2:843712€400
T+09806E+01
1.06278E+02

1440000E+0}
3,35000E+01

3,00000E+00
2.35000e+01
5.85000E+01
9+35000£+01
1.27S00E+02

1s17422E+¢0
G +55354E~0})

1.81346E-0)
B,43143E~0)
1441116E400
1.2600TE+00
54205706~0}

1.17429€+90
9.55334E-0)

1.,81282E~01
8,43142E~0]
le41118E+00
1,26009E+00
5420549E~0)

1+08886E+g]
9416528£+40]

1+80000E40]
3,65000E+0]

4+ T5000E+00
3.05000E+01
6+55000E+01
1.00500E+02
131500E+02

1+14668E+00
9.04914E~0]

2+46T40E~]]
1.01392E+400
1.43879E+00
1+14666E+00
4.24208E~-0]

1.14674E400
9.04B73E~01

2<46681E=01
1.,01393E+00
1+438B2E+00
1.1466BE+00
he24)144E=01

Je4THE5E ()
1.27231E+02

2+20000E+0)
3.90000E+0)

T«50000E+00
3.75000£+01
T.25000£+0)
1.07500E¢02
1+34D00E*02

1e11040E+00
B.62141E=0]

3146490E-0)
10155T6E+00
1+43717E+0p
1.00860E+00
3.72909€=0}

1e11045E+00
Be62084E-01

3,46439E=0)
1+15577€+00
1¢43720E+00
1400B62E+00
3. T2T69E-01

@

Aloleloge
1e3[onuolisy


http:1.269?SE.O0
http:1.195456.00
http:7.9IR09E.01
http:1.2150OL.02
http:4.45000F.01
http:3.75o0OE.01
http:2.350001.01
http:1.27231E.02

06-¥

TOTAL PHOTON SOURCE .4,
TOTAL FISSIONSsesconns
TOTAL NEUTRON SQURCE..

TABLE 4-3 (Continued)

" 9475341E¢02

T406993E+01
1.72115E+02



L6-¥

NEUTRON SOURCE

1
2
J
o
9
6
7
8
9

10
11
12
14
14
| £
16
17
18
19
29
21
2
23
24
25
26
27
28
29
30
31
32
33
16

L d

(=GR = BN o R TVl VI

1.50
9450
14400
18.00
22400
26,00
30:00
33.90
ELP-Ti]
37490
41400
42,75
44 425
45.51
YT %)
4737
4R.1¢2
48.T%
4945
45475
1.0
50460
51.05
51.65
52,50
53,75
55,19
56,69
84,25
59.75%
61,25
624159
64,75
65,52

3.59

9.5p
14.00
19,09
22090
20,00
3-')-00
33,59

\
+50
2103355'05
2«0C97E~05
1¢9747E=05
1.9291E~05
1+8691E~-05
1. T93TE=05
*1eTp32E~05
1613588 =05
1+5313E-05
14461TE~DS
1+4073E=05
1-36255“05
fie
Qe
{i»
L]
e
fie
e
Oe

9
30,50
2.5972E'04
2.5566E=06
?CEIISE‘04
2.4527TE~04
2:3753F-p4
2-2’79£‘04
2+1607TE=04
200@47E-D4

GROUP NO, s |
2 3

1.75 3.00
3.:3585E«05 4,610%«ps
43195E=05 . 4,5574E-05
3e2618E=05 4,47B4E=g5
3.1868E-08 4,.31752R~05
3.0B77E=05  4,2395k«p5
249633E~05 4,06B85E=05"
2.8136E=05 3.R62YE~p5
2.6656Ew05  3,6592E=p6
2.5%&55-95 3.4711E=p5
2eb12TE=05 3,3112E=95
2:3226E=05 3,1879E=-p%
2i2491E=0% 3,0873E~05
O 0.

00 OI
O« Dae
O O
Os [1 18
Qe Oe
0! OI
O O
13 [/
G O
0- o.
o, 0.
0, 0.
[ % [1 39
0- ol
O 0,
O 0.
[ 2] 0.
0 [
Os B
0l o.
0, 0,

10 il
2+950BE=04 3,72417Eaqp4
2,9158E=04 3,2032t-p4
2+8040E=04 3,1464k-p4
2.T270E~04 3,0724E=p4
2.7084E=04 22,9750k -p4
245971k=0% 2,852%kL-p4
244631E-04 2,7051E-p4
2+3306E=04 2,5593E-p4

TABLE 4-3 (Continued)

s
‘4o TH
6e274HE=3S
6.2020E=05
640944Ewg5
549541E=p5
5,7691E=gb
5,8363E=p5
5,2561E=95
4.9787E=~(¢S
4.T223E=p5

% ¢5054E«p5

4+33TBE=(S
4,2028E~p5
Do
Qs
Qs
Gs
1
O»
D
O

12
51.50
3,4600E~04
3.4)189E=p4
3+35B82€=04
3.2792E~p4
3-1751E'04
3:0442E‘0§
?uBB&&E“ﬂ#
2731 1E=ps

5
TS0
81813?£'05
8iT115E~=05
8,5601E~05
8,3628E~05
8,1026E=p5
7+3810E=05
6-99}15-05
6.6306E=05
6,3262E=09
6.0923E~95
O
1
O«
[: Y
Do
0
O»
Ge

13
58,50
3.6050E=-04
3.5622E'9‘
3-‘989E*0§
3.4165E=-04
3,3080E=-p4
3.1717E'°‘
3.0076E=p4
2+¢BabaE-n4

6
11450
102316E=04
1¢2)73E~04
141960E~04
11163Q5‘04
1+1319E-p4
1.086)E~04
l1s030%E~04
9,7625E~05
9,2583E-g05

.B.8327E~p5

B4505%9E~05

B.2439E-05
.

O

O

O

Os

Qs

Co

Oe

14
65,50
3.6758E=pa
3,6321E~04
3 56ThE«gs
3,4835E~04
3,3729E~p4
3,2338E~p4
3.0665E=p4
2.9009E=04

¥
}17.00
1.6795E=p4
1.65%3E~04
1,6303E=04
1-5926E-04
1+5425E=04
1.4798E'0*
1.4043E~04
1.3296E~0a
1.2607E~04
102024E?04
1415T6E~04
1.1217E~04
D¢
O
O
(11
O
0»
G»
0.

15
72450
3.6717E-°‘
3.523QE'0‘
3.5636E=04
3.4T98E=ps
3,3691E-04
3.2302E~04
Ji0631E~pa
2.B976E=p4

B
23.50
2. 1A9TE=p 4
2:1244E-04
2:,08T0E=04
2+03B4E~0a
1:9T42E=p 4

1+B93RE=04 |

14 7966E~04
"7°°5E-°4
1e611BE=0a
1+5368E=04

1479 0E=Da

1.4325E=-08
1Y .
O«

0.

[1 1

0

O

[1 1Y

0,

16
* 19,50
3,5931E=04
3.550‘5‘0‘
3.4873E=ps
346052E=-04
3.29?0E-0‘
3.1610E‘0‘
2:9975E-04
2+Ba56E=p4

@

Aloleloqel
Ieajonuossy



&6

1l
12
13
14
1%
16
14
14
19

21
22
23
24
25
26

28
29
ag
n
iy
a3
LS

D O E~NwT PP -

38,50
39,00
41.00
42,75
G4 .29
45,50
4hea
41,37
4Hal2
4R, 715 ¢
49,425
49,75
Bradf
53e&0
51,05
51065
5250
53,75
55,19
56.69
58.25
99,75
61.25
62.79%
64,25
65,52

3.b0

.50
14,00
13.00
22400
26400
3n.00
33,50
36,54
3%.00
4l.00
“2.,5
44425
45450
46ebD

47,37

48,12
48,75
49,25

1.9375£=04
1.B45BE~p4
1. 716TE=04%
1720 E~04
Qe
O«
0s
fia
fla
Na
Na
Os
Ns

17
86,50
Je4414E~04
1,4005E~04
1.3601E-04
3.2614E~04
3.1978E=04
Jet2ToE~04
2.8B710E-04
2.T160E~04
2.5725E=04
24451 gE=04
2¢35T9E~D4
2e2B809E-04
Ne
Qe
Os
n.
(]
Qe
Oe

2.,2079E=04
2e]104pE=pé
2,0238E =g
1+9588E=p4
[
113
[
O¢
o
O
Os
0e
0.
s

18
93,50
3,219VE=04%
3,180TE=04
3!12425-04
3,0506E=04
2¢9538t=04
2.8320E«p4
2.6855E=-04
2:5406E=04
2e5064E~p4
2+2928k=-04
2e204%E=94
2013335-04
De
D»
Os
o,
0.
(N
0.

TABLE 4-3 (Continved)

2,4243E=04
2.31005”0‘
2+1500E~g4
LU

0,

0,

0.

Ge

0.

2

0.

0.

0.

0,

0,

o,

0

o,

0y

G

[/

[t

0

0

D¢

19
10050

2.92%1Ep4
2.R943&-0¢
2.R429Eapy
27759 =34
2,68T8E~94
2.57T0k=04
2.443BL=py
23120t =04
241899%E=094
240868k =g¢
2.0067E-q4
149421E7p4
Oe

0’ '

0,

0!

0,

0,

0,

2. 5869Ewg4
2e464TE=p4
2.3T03E=g4
24293BE g4
O
Os
1]
Qe
O
O
[
O

a0
107 ._50
2+5163E=04
2+.9005E~p4
Zed416E=g4
Pe3641E«04
24266TE=04
2¢1495E~p4
2+0336E-04
1.8355E=56
1 T653E~p4
1+ T0B5E=p4
e
(1] ]
Os
O,
0o
[\
O

2.,6950E«04
2.,56TTE=g4
2 4692E =04
2+3895E=~04
0.
O
D.
De
0«
0.
O
Os

D

O

0.

0s

O«

8.

21

. 114,50
2.1685E-04
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4.6 PROGRAM LOGIC

The general code logic used in the NAGS code is presented in this section. A

description of each of the subroutines and their function in the overall code logic is described.
4.6.1 Subroutine Description and Calculational Procedure

The FORTRAN situcture of the NAGS code consists of a main control link subroutine
(MAIN) and four basic calculation routines (subroutines NAGS 1 through NAGS 4) which
individually perform steps in reducing the neutron and photon energy flux data info usable
forms. The final output of @ NAGS problem is dependent upon the route or options chosen.

A brief description of each FORTRAN routine is shown in Figure 4=3 . A description
of each routine' s function is as follows:

1) The MAIN subroutine initializes the problem by clearing out (set fo 0.0} all
data storage and allocates data storage on the basis of input pieces of data so that a variety
of problems can be handled without program changes. This routine also handles the logical flow
throughout the NAGS program system.

2) The NAGS1 subroutine processes all geometrical data and neutron and photon
energy flux data fo obtain a binary work tape confaining the flux data in a usable form for
subsequent use.

3) The NAGS2 subroutine processes the elementwise neuiron and photon reaction
rate and flux data to obtain a regionwise source function and/or response function binary
work tape for subsequent use.

4) The NAGS3 subroutine calculates regionwise neutron and/or photon energy
deposition disiributions and integrals, In addition, NAGS 3 calculates neutron and photon
dose rate throughout the two-dimensional mesh cell array.

5} The NAGS4 sybroutine calculates regionwise photon source distritutions and

integrals for use in subsequent discrete ordinate fransport, Monte Carlo or point kernel analyses.
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In addition, a set of subroutines are included in the NAGS c;)de to calculate the
region distribution data (SISET and SIR), fo processes neutron and photon energy flux data
in the separable R and Z mesh cell directions (COLR and COLZ), and to print matrices of
flux data (SCOUT). '

An SC-4020 plotting capability is achieved using the subroutines ARRAY, POINT,
SORT, GRAB, FLAGSV, NXV, and NYV. The basic framework for plotting is controlled by
subroutine AICRT4. In addition to these subroutines, another 20 to 30 subroutines for plotting

are obtained from the EXEC 8 computer system.
4.6.2 Overlay Structure

‘To obtain more problem data spacre in core storage, the OVERLAY feature of the
MSFC UNIVAC-1108 computer system is used, OVERLAY is a programming technique that
minimizes the core storage requirements of the FORTRAN program. By minimizing the core
storage required for the source program, more problem data space becomes available in core
storage. -

The level structure used in the overlay of the NAGS code is shown in Figure 4-4,
Levels are used to describe the sequence of loading overlays and to specify which sections
of the source program overlay others. The main level of the overlay structure always resides
in core storage. Only one primary level and its respective secondary levels can reside in
core storage at one time.

An increase of approximately '15,.0001 g core storage locations for NAGS problem
data resulting in a total problem data storage of 47,0001 0 is achieved using the OVERLAY
feature of the MSFC UNIVAC=-1108 gomputer.
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4.7 METHOD OF SOLUTION

4.7.1 Multigroup Flux Operations = Mesh Cell Deletion

The NAGS code is capable of redefining the radial or axial mesh cell
description of the input problem geometry and fluxes by mesh deletion. This procedure is
included, at user options, to increase the utility of the program by adjusting the mesh size
in a NAGS problem to meet computer core memory limitations in subsequeni problems.
Redefinition of mesh cells is done in & manner to conserve mesh cell fluxes in the redefined
mesh cells. This procedure is restricted to the deletion of mesh lines internal fo region
boundaries of the problem geometry. The user specifies in the general problem input dataq,
the mesh cell dimensions (coordinates) of the original or input flux data solution, as well

" as the mes cell coordinate identification numbers which will comprise the new (or redefined)
mesh cell description. The average particle flux, Qi i in each group in each new (redefined)

radial mesh cell is computed as:*

ie

=
>
>

B = i =i

—
~h

where ’dl- is the centered average flux in the redefined radial mesh cell, 1, for each axial
mesh cell, i. The quontities is and i{_. are the input flux mesh cell coordinate indices which

form the left and right boundaries of the new or redefined radial mesh cell, |. The quantity,
2
Pl
flux data, ﬂli’ is placed af the radial midpoint of the new mesh cell, Rl =1/2 (Ri + Ri )e
: s f

AA? is the cross sectional area, (R Rzi), of the mesh cell, i. The computed average

*"Note: The solution for the azimuthal variable, 6, in the R-8 solution is the same as for
the variable Z in the R-Z solution. ) '

4-120



Astronuciear
Laboratory

In a similar fashion, the average flux, ﬁ Jr in each new axial mesh’cell is obtained as:
i

- 1 &1
gy = =
) ‘ If

where ,@'U is the centered average fiux in each group i;w the redefined mesh cell, (I, J)} and
lei is the centered average flux previously computed in the redefined radial mesh cell, 1, for
each axial mesh cell, j. The quantities, I and j ip are the mpur flux mesh cell coordmafe
indices which form the bottom and top boundarles of the new (or redefined) axial ‘mesh cell,

J. The quantity, AZi, is the height of éach axial mesh ceil, j- The computed average flux

=1/2 (Zis + Zif)'

data, ’GIJ' is placed at the axial midpoint of the redefined mesh cell, Z_]

4.,7.2 Mesh Cell Calculations

The computation of the neutron and photen fn’rerqcfions in each mesh cell of each
region of a NAGS problem geometry is carried out using fluxes obtained in the redefined
mesh cell description. The interaction calculations and the resultant product (neutron source,
photon source, or particle energy deposition) are summed over all groups, materials, and
interactions to provide total inferactions, source strength, or energy deposition on an
individual mesh cell basis throughout the fwo dimensional model. Subsequent operations on
the mesh cell data provide the region integral distributions, as well as the integrals over all
mesh cells and all regions. These final data processing operations are performed without
alteration of mesh cell data so that all mesh cell data can be used in subsequent photon
trarsport caleulations. The procedure for obtaining particle inferacﬁon data in the program

is carried out on a regicnwise basis.
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The mesh cell calculations are based on the redefined mesh cell description and
Fluxes These fluxes are processed on a groupwise basis to obtain the total source or energy
deposition in each mesh cell of a region. Mesh cell calculations dre performed at both
internal and external mesh cells of a region and at adjacent external mesh cells. Internal
mesh cells are designated in Figt.u:e 4-5 by O's; external mesh cells are designed by X's.

Calculations in mesh cells, external to and adjacent to the region being calculated s
provide results for use in interpolation or extrapolation of distribution values at the region
boundaries. This procedure provides a calculated source or energy deposition distribution
value at each boundary of a region. This calculation is described in detail in Section -
The calculation of photon source and associated quantities at each mesh cell follow as:

1) Neutron fission density:

NEL NGN
Fu= D0 D> Na ok 40
m=1 g=1
2) Fission neutron source density:
NEL NGN .
Q) = mE:] QZ:] Np?" % ¢?4

3) Photon source density in photon group, k, from neutron fission (prempt and decay):
kK _/rk, 1k
OF "(r ' [ ) Fis
p Id

4) Neutron radiative capture density for element, m:
NGN

= g g
CmU gz':-:'l Nm acm¢lJ

5) Photon source density in group, k, from neutron radiative capture:

NEL

cu 2;['
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— MESH CELL BOUNDARIES

611855-618

Figure 4-5. Region Mesh Cell Description
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6) Neutron inelastic scattering density for neutron group, gr and element, m:

m  _ 2] g
SU Nm 7Sm qb”

7)  Photon source density in phofon group, k, from neutron inelastic scatter:

NI NEL k
n
IJ 'sgm

Kk
Qpy =X
g=1 m#]

8) Total photon source density in photon group, k, from all sources:

k

R k | C#
Q= % v Yt Su
The mesh cell caleulations of energy deposition are performed for neufrons and

photons on a groupwise basis. The calculations follow as:

1)  Neutron kinetic energy deposition:

0 13 NEL NFAST g NmN a3 .
H]J =1.603 x 10 2} Z_: %o, off (____.._._._) 4
m= g=1

2) Phokon energy deposition:

13 NEL NGG o ko
Ho o= 1.603x 10792 2 N p (5 ¢
M mel k=] moD m 1

; 24
The quantity, N_, is Avogadro's number 0. 602257 x 10° .
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4.7.3 Region Operations

Region dependent quantities dre calculated from the internal and external mesh cell
data described in the previous section. These data are processed on a single region basis to
obtain the total mesh cell photon source for photon transport, or ’rhe regio::l source integral
and energy, or spatial distribution data requnred for pomf kernel cmd/or Monte Carlo input,
or region energy deposition mfegrals and-distributions. The calculation of the photon source
data and particle energy deposn‘ion data is discussed separately in the following sections.
The region boundary mesh cell numbers ls,r !F,_JS, and JF define the NAGS region in the

total mesh cell description. These values determine the limits. of infegration to be used in

NAGS region calculations.

4,7.3.1 Photon Source

The photon soyrce mesh cell data, déescribed in the previous section, are processed
in conjunction with the region and .mesh cell.dimensions to obtain final region quantities of:
1) Total region volume.
2) Total region weight.
3) Region integrals of:
a) photon source
b) neutron induced fissions-
¢) neutron source
d) photon energy spectrum including volume avercged spectrum
4) Region separable radial and axial distributions for photon source, neutron
induced fission, and neutron source,
Intermediate and final region data are calculated from the internal and external

mesh cells as shown in Figure 4-6. The region boundary values calculated from these data are

shown in Figure 4~7.
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w DESIRED VALUES

O INTERNAL VALUE

& EXTERNAL VALUE

= REGION BOUNDARY

— MESH CELL BOUNDARIES

611855-658

Figure 4-6. Region Separable Distribution Descripfion

4-126



_ @ Astronuclear
Laboratory

RADIAL OPERATIONS

Condition 1: Linear Interpolation at Internal Boundaries, R, #0.0

or # Outer Radius of Reactor Geometry

The value at the radial boundaries R, is found by linear
inferpolatian of adjacent mesh cell values as shown below

| 1 P t
' ' | |
t ]
o x o o> x 0
| i 1 i
i 1 1
I?{3 : Ri R2 I R2 ! R] . R3 I
Left Radial Righi Radial
Region Boundary Region Boundary
[A o, PaRa AR R - Rz)}
R 2 -2 R3 - R2
1 R]
where: AI’ AZ’ and A3 are the values, of the flux at the radial positions R], R2, and RS'
respectively.
Condition 2: Parabolic Extrapolation of Reccfor__genferline, R, =0.0 "

1

The derivative of the distribution, S must be zero at R, =0,0 (i.e., 85,76 =0,0).

The geometry with the two mesh cell vc|ues internal tothe geomefry used forrparabollc
extrapolations is as follows:

A A

] 2 A

[ ]
3]

¢
R Ry R3

[ J

;
'
I
o
]
t

Left Regio‘r; Boundary

2 2

AgRy =Ay Ry
Afz R.2 -2
2 " %3

Figure 4-7. D%sfribtrjﬁon Interpolation and Extrapolation Techniques

(1 of 3 Sheets)
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AXIAL OPERATIONS

Condition 1: Linear Interpolation Applies at Internal Boundaries,

Z, # Bottom or Top of Reactor Geometry

The value at the boundary Z_ is found by linear interpolation of
adjacent mesh cell values as shown below:

A A

e SN e SN

A Z

1 N ! A] N ZL
e Y

A 4 A Z
_..._:i_.._...@_..__..:_;..._ ___;2.._..@.....__2__.._
Bottom Region Boundary Top Regio;’a Boundary

NN Rl A B
1 2 (23 - 22)

where: Al’ AZ’ and A3 are the values of the flux at the axial positions Z], 22’ and ZS’

respectively.

Condition 2: Logarithmic Extrapolation at External Boundaries Z1=

Bottom or Top of Reactor Geometry

The value at the boundary Z. is found by exirapolation from the two adjacent mesh

cells internal to the boundary as shown below.
_-_%g_.._@__%.g._.._.. o
z A, . Z
-__ﬁ.B...._..@..__.S _____ P SN - SRR
A ‘1 ) w
LY x - — e _______ o
Bottom Region Boundary Top Region Boundary
A
- 3
| (Z] 2'.3) In(Kz_)
A=A, exp
1 3 -
L3714

Figure 4-7.(Continued) (2 of 3 sheets)
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Condition 3: Logarithmic Extrapolation ot the External Boundory,

R, = Outer Radius of Reactor Geometry
bl |

The value at the boundary R, is found by logarithmic extrapolation
from the two adjacent mesh cells internal to the boundary as shown
below.

]
A, | A :- Al
' S
[ [
o 0 X
. i
! !
Ry Ry R
Right Region Boundary"
R
®R. -R )In(A3 3)
R 1 AR
A=A, R—S"’"P R—R22
1 37"

L

Figure 4-7. (Continued) (3 of 3 Sheets)
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The initial operation to obtain region source or fission distributions separable in the

radial and axial directions with values at the top, bottom, left, and right boundaries defin=

ing the exterior boundary of a region are as follows:
1) External mesh cell values

a} Top External

IF NGG

- k A
S, z: Sh 2 A
=l k=1 .

b) Bottom External
%
SED 5 L R
l=Is

¢) Left External

J
F, NGG

5= ), Sy 42,

Ve
d) Right External
S = JF e sk A Z
r Z rl J
= e
2) Internal mesh values
a) Radial-
F.oNee
5= > St
=] =
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b)  Axial
B Neo )
3 S A%
=1, k=
3) Region areas and volumes
e
AA = Z BA
I
AZ = AZ,
J=)g
VR = AA - AZ
4) Region integral values
e g NGG
- 2
§S =, k=

5) Normalized distribution values

a) Internal

SI {normalized radial) = Sl AA/ST

SJ (normalized axial) = § AZ/S.r

J
b) External
St,b - Sf,b AA/?T
Si,r = Sl,r AZ/ST
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The normalization operation is performed as above for phofon source, neutron
3 P Sy 3

calculate boundary values shown in Figure 4-6 using the techniques described in Seciion 4. 7. 2.

induced fission, and neutron source. The values SI, S and Sr are used to

The remaining region quantities are obtained as follows:

1) Region Weight

2) Region photon source

a) Total Integrated Spectrum

) ’ Y Neo )
Sty 2. 2. Smotmey
J=JS .l=ls k=1
b} Average Specirum
k _ k
QT = QT/VR
¢) Total
NGG
k k
QU = E Qr
k=1
3) Region neuiron induced fission
JF ]F
fe 2 L futh
J=JS l=is
4) Region neutron source
JF IF NGN g
SRR M M
J=JS I=!S g=1
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4.7.3.2 Energy Deposition

The energy deposition mesh cell data described in Section 4.7.2 is used in a fashion
similar to that described for processing of photon source data. The final region quantities
calculated are:

1) Element or constituent quantities

a) ‘ Densi-fy in region in gms/cc

b) Tofai energy deposition in kilowatts
2) Region quunféfies for each material in the region

a) Density in lbs/in.3

b) Weight in Ibs

c) Total energy deposition in.kilowatts

~d) Photon energy deposition in kilowatts
e) Neutron energy deposition in kilowatts
f)  Total energy-deposition in Btu/hour, watts/gram, waﬂ‘s/cms.in the solid
“material, Btu/lb-hour, and Bfu/in.3~hour in the solid material . _‘

3) FéegiOn separable radial and axial energy deposition distributions (relative to a

region volume average of 1.0 and region average energy deposition in Bfu/in.s-hour).

4) Region mesh cell total energy deposition in Bfu/in.3"hour. _

These distribution qu&n’riﬁes are calculated using the same techniques described for
the photon source calculation. Region integrals are obtained as the summation of neutron and
photon energy deposition or as .;.eporafe quantities. The integrals are multiplied by appropriate

conversion factors to obtain either meiric or English unifs,

4.7.3.3 Interpolation and Exirapolation Procedure

The procedures for calculating the end (or boundary) poinis of a radial or axial
source or response distribution in a NAGS region are described in this section. The techniques
are discussed in general terminology because the calculation of boundary values for neutron or

photon source, fission, or energy deposition disiributions are the same.
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As defined earlier, a NAGS region is o set of adjacent mesh cells having the same
material composition and a rectangular outer boundary, The separable radial and axial
distributions are calculated ot the midpoints of the redefined mesh cells of a region. These
data are used for all interpolation or extrapolation operations. The additiona! data used in
these operations are the external boundary sources (or response values) calculated with
material properties of the region, but with particle fluxes at the mesh cells external and
immediately adjacent to the region, os shown in Figure 4-7 Dependent upon the position of
the region in the reactor geometry, the calculation of the boundary’vaiue assumes one of
five types of interpolation or extrapolation techniques, as shown in Figure 4-7. The mesh cell
data (internal and external to the NAGS region) are denoted by the dashed lines and the open
O's. The boundary values to be calculated are denoted by the solid lines and by X's. The
special case where the mesh cell lies at the reactor centerline, outer radius, top boundary,
or botfom boundary of the reactor geometry requires special techniques to obtain the boundary
valve. [n addition, the calculation of the boundary velues of o region of only one mesh cell
in width (or height) is based on the value af that mesh cell and at the two adjacent external
mesh cell values. All values of external mesh cell data are calculated with the nuclear

properties of the NAGS region and are relative to the internal mesh cell values.
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4,7.4 Overall Problem Operations

At the completion of the region data processing, the NAGS program performs
caleulations and operations for all mesh cells in the reactor geometry. These final
operations are dependent upon whether the neuiron or phofon source or energy deposition

calculation option is used.
4.7.4.1 Neutron or Phofon Source

The overall reactor geometry neufron and photon source caleulations yield the

integral photon source, neutron source, and fissions in the reactor. These integrations
follow:

1) Total photon source

JCM NGG

_ k
Uotal = Z Z ;} N4

2) Total fissions
JCM ICM
Frotal = Z iy 84 82
J= 1=1
3} Total neutron source

JCM  ICM NGN

C’)To{rcal :‘ Z ;ZQIJAA AZ

J=1 i=1

In addition, the NAGS program will prepare a group dependent neutron or photon

- source binary tape. This tape will contain either neuiron, total photon, or fission product
decay photon source for all mesh cells in the reactor geomeiry. These data (with minor
intermediate processing to generate a tape with one logical record instead of NGN or NGG
logical records) are compatible with distributed fixed source input requirements of the ODD—K
discrete ordinate transport program. The options available to the NAGS user are controlled
by input integer NPUN (Card Type 3). The program prepares a binary tape containing one

of the following sets of mesh cell data.
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1) Total photon source for each group, k,

k

Qryy

2) Fission product decay photon source for each group, k,

Kk
Ay = & Fy

3) Total neutron source for each group, g,

g _ 49
QY X* Q)

Special features are included in the NAGS program for the generation of a binary
tape of source data., The user can incéease the size of the mesh cell source data of a reactor
gecmetry by placing zeros on the tape to the left, right, or fop of the reactor geometry.

This opticn, which positions the NAGS calculated source data in a larger mesh cell descrip-
tion, is Included to permit, for example, a detailed neutron source calculation in the reactor
core for use in a subsequent coarse reactor geometry. The detailed source calculation in the
coarse geometry may not be possible in NAGS because of limited memory core storage;
hence, this option can be used to reduce the flux data and then expand the source data,
Further, this option, in conjunction with the mesh cell and flux redefining options, provides
the user with considerable flexibility in running a linked neutron and photon transport

problem using the DOT-IIW discrefe ordinate fransport program,
4.7.4.2 Neutron or Gamma Ray Dose Rates ‘

At the completion of a NAGS mesh cell energy deposition calculation, the flux
data at each mesh cell in the recctor geometry are used to caleulate the neutron and photon
dose rate at each of the mesh cells. This calculation of the neutron and photon dese rate

follows:
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1) Neutron dose rate

NGN

g=1
2) Photon dose rate
NGG
O = 2 K5 %)
k=1
Since this operation is essentially a response function c;zlculafion, and is not stored

in memory, the NAGSuser cansubstitute other conversion factors in place of Kg or Kll;, in

the library to obtain mesh cell data as desired.
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5,0 SATURN CODE

_ In certain calculations using the ANISN-W and DOT-HW discrete
ordinates transport codes with a large number of input cross section data, execution
of the caleulation is sometimes terminated because of insufficient core storage to
process the cross section data, To alleviate this situation, the SATURN code was
developed. SATURN processes P, or transport corrected cross section data using a
minimum amount of core storage to produce mulfigroup cross section data fapes in two
formats for use in the ANISN-W or DOT~IIW codes. The two formats are the normal,
group-dependent data tape or the specic”y prepared, group-independent data tape.
The data processing functions and options performed by the SATURN
code are cs follows:
1) Preparation of group-dependent and/or group-independent cross section
data on magnetic tape or disk file and/or punched cards,
2) lInaclusion of transverse leakage corrections to the macroscopic,
cross section data,
3) Preparation of macroscopic cross sections using mixing table
operations,
4) Adjoint reversal of the cross section date, and

5) Qutput tape labeling and relabeling.

These operations are performed in the SATURN code as a sequence of
logical steps to minimize the core storage required fo prepare cross section data.
The SATURN code is an auxiliary code and should only be used for
those situations where the DOT=IIW or ANISN-W codes cannot process the cross section data

or for problems that require special, fransverse leakage corractions, or group-independent

tapes.
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5.1 COMPUTER CODE SYNOPSIS

1. Name: SATURN(Y

2, Computer: The code is designed for the UNIVAC-1108 computer

3. Nature of Physical Problem Solved: SATURN processes Py or
transport corrected cross section data with a minimum computer core storage requirement
to produce multigroup cross section data tapes in two formats for use in ANISN-W(Z)
or DOT-1IW, ) The two formats are the normal, group dependent data tapes or the
specially prepared, group independent data tape.

Options provided in the code include mixing fable operdiions, selective
transverse leakage comrections for F, or transport corrected cross section datq, and output
tape labeling or relabeling copabilities. Cross section data are inpui fo SATURN from

up to two magnetic fapes and/or cards at user option.

4, Method of Solution: Fb

are processed as group dependent deta on a per set basis o produce a group independent

or fransport corrected cross section data

data tape for subsequent processing. A diagonal fransport correction for P] cross secfion
data is calculated for use in the calculation of the diffusion coefficient required for the
transverse leakage correction. Mixtures of cross section data are formed by specification
of the mixture sef number, component set number, and component density (or abundance).
The final output of the code are two tupes containing the macroscopic cross section data
for mixtures in a group-independent and group-dependent cross section data tape format.
The group-dependent data for mixiures are obfained as output only if sufficient core memory
storage is available fo contain all of these data.

5. Restrictions on the Complexity of the Problem: The SATURN

computef code utilizes flexible dimensioning and magnetic tape or disk files to process

the cross section data in @ minimum core storage requirement mode. Because of the use
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of the flexible dimensioning technique, no-size restriction is imposed on any given
array but the sum of the length of all data arrays is restricted by the available computer
core memory, This limitation will restrict the use of SATURN on only a small

fraction of problems. The user should only use SATURN for ANISN-W or DOT-IW
problems requiring either transverse leakage corrections, or group independent tapes.

6. Typical running fime: SATURN will process approximately 10
cross section sets per .mi_nufe of UNIVAC-1108 CPU time with each set containing 2000
entries. The large amount of input/output will require approximately a factor of 4-5
greater elapsed time for the majority of problems. '

7. Unusual Features of the Code: Use of flexible dimensioning and the
processing of data as group independent data provides for the use of small computer
core memory for the majority of problems, Calculation of fransverse leakage corrections
for 5 and transport corrected cross sections is automatieally handled by‘ the code.

8. Related or Auxilary Codes: Cross section data tapes may be supplied
by the CAMBIT® camEG-w D ANIsN-W P APPROPOSDodes as well as other
cross section generation codes which are compatible in format with ANISN=W, Output
data tapes generated are admissible to ANISN-W or DOT-IIW.

9. Status: The code is in production use at the Marshall Space Flight
Center (MSFC). Users at MSFC load the code from a tape with control cards followed by
user's input data. -

10, References:
1. R. G. Soltesz, R, K. Disney, and S. L. Zeigler, WANL-PR{LL)-
034 Volume 3, "Cross Section Generation and Data Processing

Techniques, " August 1970,

2. R. G, Soltesz and R. K. Disney, WANL-PR(LL)-034, Volume 4,
"One-Dimensional, Discrete Ordinate Transport Technique®,
August 1970,



3. R. K. Disney, R, G. Soltesz, J, Jedruch, and S. L. Zeigler,
WANL=PR(LL)-034, Volume 5, "Two=Dimensional, Discrete
Ordinate Transport Techniques, " August 1970.

4, G, Collier and G, Gibson, WANL-TME=1752, "GAMBIT
Program, " April 1968,

11. Machine Requirements: The SATURN code .is in produqﬁon at
MSEC on the UNli/AC-] 108 computer with 65K core storage locations. The program
requires approximately 15K decimal locations for the program; the remaining 50K decimal
locations are available for problem data storage.
12. Programming Language Used: The SATURN code is written in
standard, USASI FORTRAN-IV,
- 13, Operating System or Monitor Under Which Program is Executed:
The SATURN code is opefational under the UNIVAC~1108, EXEC 8 Monitor System
at MSFC, _
14. Other Programming or Operating Information or Resirictions:
None, '
15. Name and Establishment of Authors:
R. G. Soliesz and R, K. Disney
Westinghouse Astronuclear Laboratory
P, O, Box 10864
Pitisburgh, Pa. 15236
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5.2 INPUT DATA DESCRIPTION

5.2.1 Input Format

Input data for the SATURN code are subdivided inta  four data sets:

1) Overall problem storage allocation, problem descriptive title, and
problem size specifications and options,

2) Problem datq,

3) Output fape cross section set label data, and

4 Cross section data.

The first data set is entered as five cards of input under a fixed FORTRAN
format for each card; the third data set is enfered as three cards of input under a fixed,
FORTRAN format for each card. The second and fourth data set are entered under FIDO
input subroutine conirol and can be written in one of three FORTRAN type format cc:pch;iliﬁes
with data operations. The integer data arrays {(denoted by a dollar sign) must always be
input in the standard FIDO format capability which consists of 6 fields of 12 columns in
each field. Each field in the siandard format is subdivided into three subfields as shown
in Figure5.-1, Integer data must be entered as right adjusted in the third subfield of each
data field. Real data {denoted by a *, U or V) may be entered in the standard FIDO
format or one of the non=-standard

The non=standard SATURN input formats which are shown in Figure 5~1 are
included for the user's convenience and can only be used for any real (Floating point)
data array. These non-standard formats cannot include any operation f);pe {Fill, skip,
interpolate, repeat, etc.) but can include blank fields on a card that cause the input
routine fo ignore the rest of the card; i. e., if the punched cross section data for a material
includes 117 entries (9 groups by 13 table positions), the set would be 19 full cards and
a final card of three entries,using the U format. SATURN would skip the last three fields
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STANDARD: (6 (12, A1, F?.0}

CARD COLUMNS [1 23] 4 5 6 7 8 9 10 11 12[13 14j15|16 17 18 19

I

DATA FIELD

DATA TYPE
OR OPERATION TYPE

DATA ARRAY IDENTIFICATION NO. OR NUMBER OF OPERATIONS

NON=STANDARD: (6E12.5), U DATA TYPE

CARDCOLUMNS]1 2 3 4 5 6 7 8 % 10 11 12|13 14 15 16 17 18 19

\— DATA FIELD

NON-STANDARD: (4 (1X, E16 9, 1X), V DATA TYPE

CARD COLUMNS

1'23456789&111213141516]718K9
. A \\‘
DATA FIELD EXPONENT FIELD

613359-108

Figure 5-1. SATURN Input Formats Using the FIDO Subroutine
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and commence reading at the first data field of the next.card, In the standard SATURN
format, the second subfield may include one of the data type or operation fype code
letiers, The following characters may be enfered: $, *, U, V, R, I, T, S, F, A, +, Z, E,
- Q, N,”M, W.and X,

$ indicates the beginning of an integer (fixed point) array. The first subfield
identifies the data array. )

-* indicates the beginning of a real (floating point) aray in standard fomat.
The first subfield identifies the array .

U indicates the beginning of a real (floating point} array in the non-standard
format 6E12.5 and the data aray beginning on the next physical card. The first subfield
identifies-the array. _ '

V indicates the beginning of areal (floating point) array in the non=standard
(ODD-K) format 4 (1X, E16.9, 1X). The first subfield identifies the data array beginning o\n
the next physical card.

' R indicates that the data contained in the third subfield are fo be entered R
times in succession, The first subfield defines.the number of total successive entries or
Repeats(e. go, a 16R 1.0 enters 16 1.0's).

I indicates linear [ nterpolation between the data in the associated third
subfield and the following third subfield. The first subfield defines the number of inter=
polations befween the two data eniries (e. 9o, 41 0.0, 10,0 enters 0.0, 2,0, 4.0, 6.0,
8.0, 10,0),

T indicates Termination of data reading for a particular subset of dafa. No
further data reading for a subset of data is aitempted and the program proceeds fo the next
subset ond the next physical data-card,

S indicates Skip. The first subfield defines the number of entries to be
skipped. The third subfield may contain the first entry following the skips (e. g., 155
1 enters a 1 in the 16th word of any array).

* "Right Adjusted" means the last significant digit of a number is at the extreme
right of a field.
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F indicates that the remainder of the present array is to be Filled with the
data eniry in the third subfield. Any eniry in the first subfiela is ignored (e, g, F 1.0
will enter all values of 1. 0 in the 6* array).

A indicates A ddress modification. The next non-blank data entry is entered
in the Nth location of the present array where Nis an integer entry in the third subfield
associated with the A. Any eniry in the first subfield is ignored.

+ or = indicates exponentiation, The data entry in the third subfield is
muliiplied by ]0+E- where N is the entry in the first subfield, This option allows more
significant digiis if necessary,

Z indicates the entry of Zeros. The integer eniry in the first plus the third
subfield indicates the number of successive zeros to be entered, (e. g., 10Z enters 10 zeros,
Z 20enters 20 zeros, and 10Z 20 enters 30 zercs).

E indicates End array. This option skips fo the end of an array without the
need for specifying the number of skips.

Q indicates sequence repect. The integer eniry-in the first plus the third
subfield indicates the number of previous entries to be repeated.

N indicates inverted sequence repeat, This option is similar to the Q option
except that the previous eniries are repeated in reverse order, {e. g., 0, 2, 4, 2N enters
0, 2, 4, 4, 2),

M indicates invetted sequence repeat except that the signs of previous
eniries are reversed when they are repeated.

W indicates the array identified by the first subfield will be read according
to the format on the following card,

X indicates the array identified by the first subfield will be read according

to the last variable format read in. For example,
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3w Card 1 (remainder of card must be blank)
(7E10, 3) Card 2 (contains format only)
3X Card 3 ( remainder of card must be blank)

Cards 4 through N (contain the data according o
the specified format. No blank fields are allowed.

Integer data in the third subfield must be right adjusted.  Floating point data
may be written with or without an exponent and with or without a decimal point.- If the
decimal point is not included, it is assumed o be immediately to the left of the exponent
field. If there is no exponent, the decimal point is assumed to be at the extreme right of
the nine~column subfield.

The following restrictions must be observed when writing input data for the
SATURN program: '

1) Flodting point zeroes must be written as 0. or 0.0, A ,0 or =0.0 in
either the standard or non-standard format is not acceptable.

2) Blanks are ignored and the reading of data commences on the next
physical card for the non—standard format and on the next field dofter the blank field for
the standard formais,

3) If an | is specified in any data field, the third subfield of that field
and the following third subfield of the next field cannot be blank. In addition, the second
subfield of the field following a field confaining an | cannot confain an A.

4) if the third subfield of a datfa field containing a $ or a * contains an
infeger, N, the next data enfry is assumed fo be the (N + 1} _th_membe‘r of the array.
Normally, this third subfield is blank and is interpreted as zero.

5-9



5.2,2 Input Data Instructions

This section is to be used as a guide in preparing problem input data for the
SATURN code, Other sections present a more detailed description of the data presented
hete. The quantity in slashes represents the condition requiring that array or set of arrays.
Arrays or seis of arrays with the comresponding terminate {T) card which are not required
should not be entered. If no condition is specified, the array is required. Note that o

T card must follow the dafa entered in data set 2.
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TABLE 5-1 INPUT INSTRUCTIONS FOR THE SATURN CODE

DATA SET T -~ OVERALL PROBLEM STORAGE ALLOCATION, PROBLEM TITLE,
PROBLEM SIZE SPECIFICATIONS, AND OPTIONS

Card .
Number Format Column Variable
] (6X,16) 7-12 MAXCOR*
2 (18A4) 1-72 TITLE
3 . (6112) - ———
1-12 MTP
13 - 24 MTX
25 - 36 1IBUK
37 - 48 IMIX
4 (6112) ——— _—
1-~12 IGM
13 ~24 IHP
25 - 36 IHT
37 - 48 IHS
49 - 60 ISOL

Description

Maximum number of core locations
available for SATURN dota (i. e.,
MAXCOCR = 35000710 on the UNIVAC-
1108, EXEC8 computer with a 65K core

memory storage available)
Problem Title

Problem Size Specifications and Options:

Number of input cross section sets from
cards and tapes

Number of mixtures to be formed

Number of mixtures to be excluded from
transverse leakage calculation. I IBTY
equal 0, then IBUK =0, and the 2* and 3%
array are not required;-if IBUK equal to 0,
then, the 1$ data array is not required.

Mixing fable length

Cross Section Sef Specificafions:

Number of energy groups

Table length without the total upscatter
cross section position

Position of total cress section, oy, in
cross section fable

Position of within~group (self~scatter)
cross section, ¢gg, in cross section table

Cross Section Qutput Format: (0/1;
Forward Adjoint)

* The maximum value of MAXCOR is determined by the maximum-size of blank commeon
set at code compile time,



TABLE 5-1 INPUT INSTRUCTIONS FOR THE SATURN CODE

(Continued)
Card
Number Format Column Variable Description
5 (6112) —_— ——— Calculation Options:
1-12 ICODE Output data option: (0/1; ANISN-W/
DOT-I1IW)

Note: ANISN-W data option provides the
total upscatter cross section in table
position IHP + 1. DOT-IIW data option
provides the total upscatter cross section
in table position, IHT + 1.

13 - 24 IBTY Transverse Leakage {DB2) Calculation
Option: (0/1/2/3/4; None/Group and
Material Independent/Group Dependent-
Material Independent/Group Independent-
Material Dependent/Group and Material

"Dependent)
25 - 36 ITAPE Card and Tape Input Cross Section Datq

Options:

ITAPE = 1: Card input only.

ITAPE = 2: Tape 16 and/or card input.

ITAPE = 3: Tape 16, tape 18, and/or card input.
If ITAPE>0, cards are read with the FIDO
Format.

If ITAPE<0, cards are read with a
FORTRAN (6E12.5) Format.
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TABLE 5-1 INPUT INSTRUCTIQNS. FOR. THE SATURN CODE

(Continued)
Card
Number Format  Column Variable Description
37 - 48 ITYPE " 0/1; Group~independent tapé only/group=-
independent tape and group dependent
fape

Note: Group-independent tape is
generated on Tape 14, Group-dependent
tape is generated on Tape 12 only if the
memory core allocation, MAXCOR, is
large enough to accept all MTP cross
section seis (MTX = D) or MTX cross

section sets.

49 - 60 ICARDS. Punched Card Quipui: {0/1; No/yes)
Note: Punched card output is provided
only if ITYPE = 1 and a group=dependent
tape is successfully generated (Tape 12).

61 =72 ILABL Tape Labeling or Relabeling Option:
(0/7; No/Yes)
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TABLE 5-1 (Continued)
DATA SET 2 - PROBLEM INPUT DATA (FIDO FORMAT)

Set FIDO
Number Format  Varigble  Description

Y $ 1B /1§ IBUK # 0/
Cross section set numbers excluded from DR2 calculation.

IBs must be entered in the same number sequence as fhe
entries in the MT data array (93)
(1IBUK Values)

2 *orU  BK /1F IBTY # O/ Transverse leakage data:
JIFIBTY = 1/

BK(1) =
BK(2) = DZ
BK(3) =

22 B 2+ o 2
DYHBE/ 24, DZ+(BF/ ™ Ziy)
(3 Values)

» Group and material independent

/I IBTY =2/
BK(1) - BK(IGM), Group-dependent BZ
(IGM Values)

/1f IBTY = 3/
BK(1) - BK(MTX) , Mo’rerml-dependent B2

(MTX Values)

JIFIBTY = 4/

BK(1) - BK(IGM*MTX), Group and r&atermf—
dependent B
(MTX*IGM Values)

3 $ LPL  /if IBTY # 0/

P scattering order of each macroscopic (inpuf or mixture)

cross section set (e.g., for a P3 set, enter a 3)
(MTP or MTX Values)

4 $ MB /1F IMIX # o/

Mixture material numbers in mixing table

(IMIX Valyes)
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TABLE 5-1 (Continued)

DATA SET 2 - PROBLEM INPUT DATA (FIDO FORMAT)

Set FIDO
Number Format  Variable  Description
5 $ MC /18 IMIX # 0)/
Component material numbers in mixing table
(IMIX Values)
6 *orU XD /1f IMIX # 0/
Atom densifies, partial densities, or fractions of component
materials in mixing table.
(IMIX Values)
9 $ MT

Terminate Card (T in Column 3)

Cross Section Set and Input Source Specifications:
~M:Tapel8, M = ID Number,

0: Cards, or l
+M:Tapel6, M = ID Number
(MTP Values)

5-15



TABLE 5-1 (Continued)

DATA SET 3 - LABEL DATA FOR OUTPUT TAPE AND CROSS SECTION SETS

Card FORTRAN
Number Format Column Variable
1 (16,A6) _— -——
1-6 1A
7-12 B
2 (18X,16,8A6)  —-- —
19 - 24 JPT
25 =72 IDT

Description

JIFILABL=1/
Group dependent output tape label:

Number of cross section sets to be
placed on the output tape (Tape 12),
1A = MTP

A six character title for the output tape

/IEILABL = 1/

Cross Section set label information:

Cross section set identification number
to be placed on output tape

Cross section set identification title.
A 48 character descriptive title,

NOTE: [f ILABL = 1, then card 2 is repeated for MTP cards.

3 (18X,16,8A6)  —-- —

19 -24 DT

25 =72 iDT

J1E IMIX > 0/

Cross section set label information for
mixtures formed in mixing table.

Cross section set identification number
to be placed on group-dependent output
tape (Tape 12).

Cross section set identification title,
A 48 character descriptive title.

NOTE: 1) If IMIX >0, then card 3 is repeated for MTX cards
2) if ILABL = 1, then IMIX and MTX must be equal to zero.
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TABLE 5-1 (Continued)

DATA SET 4 - CROSS SECTION DATA FOR COMPONENT MATERIAL ON CARDS

Set
Number Format Variable  Description
/1f ITAPE <0/
10 *orlU CRI Cross Section data for each set in AIDO format.

(IHP*IGM Values). Each set is preceded by a 10* or
U and followed by a T card.

Terminate Card (T in Column 3}

/1F ITAPE >0/

-_— (6E12,5) CRj Cross section data for each set in a fixed, FORTRAN
format
(IHP*IGM Values)
Note: Cross Section data must be continuous on
cards; no terminate card is required.

NOTE: Data Set 4 is repeated in the sequence of zeros (0s) for all values of MT = 0 in the 9%
array in Data Set 2.

This concludes the required input for the SATURN code, Stacked problems would begin with
card number 2 in Data Set 1; however, Tapes 12 and 14 are rewritten for stacked problems,



5.3 DETAILED INPUT DATA INFORMATION

This section presents a more detailed definition of selected parameters
and arrays defined in Section 5.2.2. Examples are provided to illusirate the various

ways of enfering the data or the specific manner in which the data must be input.

5.3.1 Mixing Table Calculations

The SATURN mixing table calculations ofe performed in a similar fashion
to the ANISN-W and DOT~IIW codes. The mixing table is input os three seis of input

data ( ice., mixture material, component material, and density) in the following form:

TABLE 5~2
EXAMPLE OF MIXING TABLE OPERATIONS
Mixture Material Componeni Material Density,
Number, MB Number, MC XD
Number 4% 5% 6%
1 é- 0 0.0
2 6 1 0,10
3 6 3 0,0002
4 7 0 0.0
5 7 2 0.06
) 7 4 0,04
7 8 0 1.0

The combination of three values of inpuf data in the 48, 53, and 6* arrays
specify the type of mixture calculation to be performed.

Mixing table operations assume that the cross section data, whether
components or mixture materials, are referred fo by a continuous sequence of material

numbers. Operation on a set number, N,is specified in the 4% or 5% input data arrays.
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The following explun_aﬁon of mixing table operations uses a [ower case @, to illusirate
microscopic or macroscopic cross sections; the group and cross section type indices are
not included for simplicity, )

The type of mixing table operations available are:

1. If the mixture material number, MB, “is the number N, and the
component material number is zero, 0, then all values of the cross section set, N are
multiplied by the density, XD,  This operaﬁ‘on can be used to set all values of asef
to zero (i.e., XD = 0.0) or to multiply all values by a constant (i.e., XD =C),
The operation performed is as follows:

o (New) = @ N(Old) * XD

2. If the mixture material number is the number, N, and the component
material number is the number, M, then all values of the cross sections in set M are
multiplied by the density, XD, and added to the comresponding values of the cross
sections in set N. The operation performed is as follows:

o &(New) = o N(Old) +( 9\ * XD)

In the above mixing table operations, the mixfure or component material
may be made up of microscopic or macroscopic cross sections for a single element or
isotope or mixture of elements or isotopes. By proper choice of the density (e.g., afom
density, weight fraction, or volume fraction) the required macrescopic cross section
data can be formed,

If the user specifies a set number, N, which is greafer than the sum of
the input values of the number of sets from cards and tape, MTP, and number-of mixiures,

MTX, the following error message is printed:

INPUT ERRE@R - INSUFFICIENT STGRAGE F@R MIXTURES



Examples of the use of the mixing table afe shown in Table 5= 2 , The

seven operations performed in the table are:

1,

Initialize the mixiure material set 6 cross sections to zero by;

o, =¢ * 0,0

6 6

Add cross sections of component material set 1 weighted by the
density to mixiure material set 6 by;

= *®
06 06+(o] 0.1)

Add cross sections of material set 3 weighted by the density to
mixiure material set 6 by;

= *
0g= o, * (0 * 0.002)

Same as Step 1 except for mixture material set 7,

Same as Step 2 except for mixiure material set 7 and component material
set 2.

Same os Step 3 except for mixture material set 7 and component material
set 4, T

Muliiply the mixiure (or component) material set 8 by 1.0 and store

the result in mixture material set 8 by:

"o g(New) = 0 4(Old) * 1,0

When the order of scatfer for any material zone is greater than zero,

both the ANISN-W and DOT-lW codes expect the P, cross sections fo be material

M + 1, the P, cross sections to be M + 2, etc., where M is the P

2

material number

0

specified in the 9% array in these codes. Therefore, in generating the group-independent

tape, the sequence of cross section data set mixture numbers must adhere to these

requirements.
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5.3.2 TRANSVERSE LEAKAGE CALCULATIONS

The option to calculate a fransverse [eakage correction as a fictitious ‘absorption
is included in SATURN for two purposes. The first purpose is to pm\iide'cx capability to include a
transverse leakage correction to macroscopic cross sections for use in x, y, orr, 8 DOT-HW
calculations, The second purpose is fo provide the flexibility to include a transverse leakage
correction which is group and/or material dependent fo supplement the group and material
independent transverse leakage correction in ANISN-W,

The generation of cross sections with transverse leakage corrections with the
SATURN code assumes that the user wiil not perform mixing table, search, or density
factar calculations in ANISN=W or DOT=IIW because these calculations do not allow
the adjustment of the fransverse leakage correction with these operations.

The inclusion of a fransverse leckage correction using the SATURN code is
based on a particular fype of transport correction applied fo P, cross section data as well as
the order or sequence of the Py cross section sets. The transverse leakage correction
applied to each macroscopic cross section set is the inclusion of a fictitious absorption cross
section in the total and absorption cross section of; 1) the PO cross section data of a P,
cross section sef or 2) the fransport and absorpfion cross section of a iransport-corrected, P0
set, This transverse leakage correction term, Dmg Bm92 (i.e., fictitious chsorption cross

section), is chosen from one of the following four forms:

1. Group and Material Independent: 2 2
T
2 . If \ ™ N
mgmg {307 * v . BF BF
. mg DY +—=~ DZ +——
o o
mg mg

2. Group Dependent - Material independent:

B2 = ] * B2
mg mg fr g
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3., Group Independent=- Material Dependent:

B2

mg mg

1
30

ir
mg

4, GCroup and Material Dependent

2
D B

mg mg

1
30

where: D 82
mg mg

tr
o

mg
DY, DZ
BF

B2, B2
m mg

ir

* B2
m

* B2
mg

is the fransverse leckage correciion applied to the total
(or iransport corrected) cross section and absorption

cross section of each group g of material m.

is the macroscopic ransport cross section of group g of
material m {(see the following discussion for additional

information).

are the input values of the fransverse dimensions of the

system.

is the input constant, -GIL;)T- s (Usually input es 1,4209)
to define a group and material dependent exirapolaiion

distance, if desired.

are input values of the iransverse buckling term for group-
dependent, material dependent, or group and material

dependent calculations,
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The calculation of a fransverse leakage correction assumes that for PO (transport
corrected cross section data) the transport cross section, omf;, is in position IHT in set m
for all groups . If PB cross section data are used, the user specifies, as input, the Pg order
of the set m. The calculation of the iransport correction using the diagonal fransport

approximation with P, cross section data is defined by:

G
ar;rg ) amtg ) _(?-Tfflﬂ“_])- ) glz-:ﬂ gt g | fors =0
where:
on:; is the macroscopic fransport. cross section used in the calculation

of transverse leakage correciion for group g and material m. -

% g is the macroscopic fofal cross section for group g and material m.,
G is the total number of energy groups, IGM
°mg' g is the P] scatter cross section for fransfer from group g to group g'

and material m.

The operation performed in the SATURN code is to calculate the quantity:

S
T
T &Ly Tme'e

for each group of each input cross section set and place this quantity in the position of

the absorption cross section (IHT<2) of the group, g. This calculation is not performed

if the cross section in the total cross section position, [HT, is non~zero. Therefore, the user is
cautioned in the input of cross section data tsuch as activifies) because the total cross section

position must be non-zero to delete the calculation of the sum. of the P, scattering data.
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543.3 Labeling Option

The labeling opfion, ILABL =1 in Data Set 3 allows the user to generate
a group~dependent cross section tape with cross section set identification supplied by the
user, This cross section set identification consists of the material identification number on tape
and a 48 character descriptive title for each sef of cross section data input from magnetic tape
or cards. The SATURN code produces a new magnetic tape containing the relabeled cross
section data for MTP sets in the sequence specified by the input data. This output tape is
group dependent, no transverse leakage correction or mixing table operations are permitted
on this data,

The other labeling option in the SATURN code allows the user to label the mixtures
formed in the calculation. This option is only permitted when ILABL = 0 in Data Set 3.
These labels must be provided and are used as part of the information on the group-debendeni'
fape.
5.3.4 Limitations

In performing SATURN calculations, two fypes of limitations can be encountered;
the first limitation occurs due to insufficient core data storage space, and the second limita-
tion occurs due fo insufficient Central Processor Unit (CPU) time.

The first limitation of insufficient core data storage space resulis from attempting
to run too large o prablem for the amount of data storage specified on the MAXCOR card,
On the MSFC UNIVAC-~1108 computer with the EXEC 8 Monitor-System, . the maximum
value of MAXCOR, or the amount of available problem data siorage, is approximately
35, 000]0 when used with 65 K]O core locations. Because the SATURN code is written in
veriable dimension, on any -given data array no size restriction is imposed; a size restriction
is only imposed on the length of the sum of all data arrays. For this reason, changing the
code to use more core storage for data should it become available of MSFC, can be easily

accomplished by changing only one FORTRAN card in the main program of the SATURN code.
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This first limitation can sometimes be circumvented by splitting up the calculation
into two calculations, in the case of the group-dependent fape, and combining the two
tapes using system utility routines, For the group-independent tape, no simple solution
is possible, The calculation must be l:educed in complexity.

The second limitation of insufficient CPU time can be readily alleviated. By
using the time estimate equation with an appropriate "safety factor, " this limitation can

be circumvented,

5¢3.5 Problem Size Determination

To determine the number of core memory storage locaiions required for data of a
given problem, each of the expressions below should be evaluated and summed as noted. The
value of the sum, including the conditions imposed on the expressions, provides the value of
the required input paremeter, MAXCOR, on card 1 of Data Set 1. For a SATURN calculation
to run successfully, the input value of MAXCOR must be greaier than or equal to the calcu-
lated value of MAXCOR, All quantities in the expressions below are required input parameters
defined in section 5,2.2 except where defined. The symbolism, MAX (x], Xor o o s )s
signifies the maximum value of the quantities or expressions, Xer in.the parenthesis is used

in the calculation of the overall expression.

SATURN Flexible Dimension Data Storage Requirementis:

IFITYPE=0: MAXCOR=A + (IHP * IGM) + NRI
FITYPE=1: MAXCOR= MAX (A + (IHP * IGM) + NR1, A + NR2)}

Where the quantities, A, NR1, and NR2, are dependent on the parameter, MTX
If MTX =0:

A =50+ IBUK+IBT +( 11 * MTP )
NRT = MAX ( MTP * |H, IGM * IH)
NRZ =[H * IGM * MTP
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where: IUP =1HS = [HT ~ 1

If IUP=0, IH=1HP

If IUP#0, IH=1HP + T

If IBTY =0, IBT =0

If IBTY=1, IBT =3

If IBTY =2, IBT=1GM

If 1BTY =3, IBT = MTP

If IBTY =4, IBT = IGM * MTP

if MTX # 0:

A =50 + IBUK + IBT + (10 * MTX) + (10 * MTP) + { 3 * IMIX)
NR1 = (MAX (MTP + MTX, IGM) ) * IH
NR2 =[H * [GM * MTX

where: JUP =1HS - IHT - 1

' If 1UP=0, IH=IHP
If IUP#0, IH=1HP +1
If IBTY =0, IBT=0
If IBTY=1, IBT=3
If IBTY =2, IBT =IGM
If IBTY =3, IBT = MTX
If IBTY =4, IBT =IGM ¥ MTX
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5.4 PROBLEM SETUP INFORMATION

This section describes the data deck setup for the SATURN code. lnformaﬁon'on

tape cssignments, running time, error messages, and a sample problem, card input are

provided,

5.4.1 Tape Assignments

The SATURN code requires @ maximum of 7 tape or disk files. The specific number

of files required is dependentupon the type of calculation. For many problems, only fwo
tapes are required; all other files can be scratch disk devices (FASTRAND). The file
assignments for the SATURN code are:

Tape 2
Tape 5
Tape 6
Tepe 7
Tape 8
 Tape 9
* Tape 12
Tape 14
Tape 16
Tepe 18

Infermediate Scratch Disk -
Input Disk

Pri;'lfed Output Disk
Punched Ouiput Disk

: Intermediate Scratch Disk

Intermediate Scrafch Disk
Group~Dependent Output Tape
Group=Independent Qutput Tape
Input Cross-Section Librery Tape
Input Cross=Section Library Tape

Generally, disk devices should be requested for fapes 2, 8, and 9 because of the

{arge volume of data per record.

5.4+2 Running Time

The SATURN code will process approximately 10 cross section sets per minute of

UNIVAC-1108 CPU time with each set containing approximately 2000 entries; the large
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amaunt of tape and disk operations requires about 4 or 5 minutes of elapsed fime (exclusive

of roll out/roll in operations or disk access competition) for 10 cross section sets, -
5.4.3 FError Messages

A number of SATURN code generated error messages may be encountered in running
a SATURN problem. These messages are primarily due fo incorrect problem input. The

error messages are generally self explanatory.

Message Explanation )

STOP 1 Problems foo large to fit on the computer
or else the value of MAXCOR was input
incorrectly.

STOP 2 An input error has occurred in reading the
input data for Data Set 2,

STOP 3 An input error has occurred in reading the
input data for Data Set 4,

input Error=Insufficient Storage MTX was input as zero and mixtures were

for Mixiures, STOP 4 input or else a sef number, n, wos input

which is greater than the sum of the input
values of the number of sets from cards ond
tape, MTP, plus the number of mixtures,

End~of-file encounter on tope A tape 1D number was improperly specified
(16, for example), check input (out of sequence or non-existent) for input
value of (MT(M), for example) tapes 16 or 18,

for (M, for example) = (2, for

example), STOP 5

Error, N entries required in (34, Too many or foo few pieces of data were
for example) array, data edit input to the specified array.

confinues.
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Message Explanation

Warning, Interpolation used in ihe The code is warning the user that integer

(93, for example) integer aray, data  interpolation, which involves computer integer

edit continues. arithmetic,is being used. Computers in.
performing infeger arithmetic, drop any
fractional remainder. '

Fifl Option ignored in (9%, for The code already has all the data it needs

example) aray. for the specified array. Most offen, no
entries are required for the input array.

Warning, Address is beyond The user, in inpuiting data with the A

the limits of the (95, for example) format, has exceeded the storage area set

array. ) eside for the specified array.

5.4.4 Sample Problem Input

A listing of the input data for a SATURN sample problem has been included
in Table 5-3 to illusirate the flexibility of the input data formeds and the siructure of a

complete set of input dota. The prinfout for this sample problem is presented in Section 5.5. 1.

5-29



0e-g

SATURN FOR FULE Pl {KRO215) FOR CyU235,AL 52GROUPS FOR RGS HOLLEY DATA
) 0 3

TABLE 5-3

SAMPLE PROBLEM CARD INPUT FOR THE SATURN CODE

30000 DATA

6 2 DATA
52 36 3 14 0 DAYA

0 1 2 1 0 ODATA

2% DATA
162.56 0.0 0.0 DATA

as DATA
DATA
DATA
» T T T 8 BDAYA
8 DATA

DATA

3 5 0 2DATA
DATA

DATA
0.0 i 0.0037 0.06 0.0041 0.0 0.0037 DATA
0.06 0.0041 . DATA

DATA
o120 . 0121 0620 0621 3520 35210ATA

DATA
1 PO,S2GROUPS, AL,C,U235% DATA
2 P1452GROUPSy ALsC,U235 . DATA

[

43

5%

PO BN O

[= ]

o

9%

010
020
030
040
050
0460
070
080
090
100
110
120
130
140
150
160
170
180
190
200
210
220
230
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5.5 DESCRIPTION OF OUTPUT

Computer output from a SATURN code calculation consists of printed output,
punched output and two binary tapes. The following sections describe, in detail, each

form of output.
5.5.1 Prinfed Output

The printed output from the semple problem input data presented in Section 5.4.4
is shown in Table 5~4, The first output section prinied by the SATURN code is a description
of the overall problem parameters contained in Data Set 1 consisting of set/mixiure specifications,
cross section set specific.:aﬁons, options, and core memory information. The second output
section consists of a brief edit of the input data arrays contained in Data Set 2 consisting
of the array identification and the number of eniries found in that aray. If the number of
entries is incorrect, the entire array is prinfed. T's are printed when encountered. Sewveral
self-explanatory error messages may be printed in this section. If any ;:Iatq errors are found,
the problem is terminated of this point. l

The next section lists the fransverse leakage data, if entered (IBTY > 0), The
code first lists which materials are to be excluded from the fransverse leckage correction
(1$) and then the P | order (35) of all the MTP or MTX sets to be processed. Next, the code
lists the parameters DY, DZ, and BF(2*) if IBTY = 1 (implying group—and region=independent
data). If IBTY =2 (implying group-dependent data), or IBTY = 3 (implying material ~dependent
data), IGM or MTX values of transverse leakage dara(2*), respectively, are prinfed. If
IBTY = 4 (implying group-and material-dependent date) a table of IGM x MTX values of
trasverse leakage data(2*) are printed. |

The next section lists the mixing table data (if IMIX > 0) and the data source
and identification number (9$), whether from tape 18 (-M), from cards (0), or from tape 16 (M),
The mixing table data consists of the mixfure material numbers (4$), the component material

numbers (55), and the component afom densities (6%).
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" TABLE 5-4

SAMPLE PROBLEM COMPUTER PRINTOUT FOR THE SATURN CODE
SATURN FOR FULL P1 {KRO21%) FOR CyU235sAL  526ROUPS FOR ROS  HOLLEY

SETS/MIXTURES SPECIFICATIONS

NO, OF CROSS SECTION SETS FROM CAROSoTAPEléiTAPE!E 6
NC. OF MIXTURES TO BE FORMED o & » " e s 2
NG, OF MIXTURESISETS) NOT IN Bé#2 qnucuLIrION ' . 0
NG OF ENTRIES IN MIXTURE TABLE o o ¢ o 2 ¢ o o » 8

CROSS SECTION SEYT SPECIFICATIONS

NO, OF GROUPS e o ¢ ¢ & o ¢ 9 5 9 9 0 8 0 & 5 o 52
NO, OF CROSS SECTION PoS,{TABLE LENGTH w/UPS) , . 34
POSITION OF SIGMA(TOTALYs o o 3 ¢ o ¢ ¢ ¢ ¢ o o & 3
POSITION OF SIGMAIGG)s o o o = o 8 8 ¢ 8 ¢ o ¢ & 14
THEURY (/3 9REGULAR/ADJOINTY "0 o ¢ o 8 ¢ & o ¢ 0 o 0
OPTJONS

CODE FORMAT QUTFUT(O/14ANISN/DOT) o 2 o ¢ ¢ ¢ o o 0
BUCKLING OPTION{0/1/2/3/4NO/GRIZGD/MD/GMD) | & o i
INPUT OPTION(=111/=292/=3+30RC/Ce16/Ce16918) o o 2
OUTPUT TAPE QPTION(0/14GROYP INDEP,/GROYP DEP,) 13
PUNCHED OUTPUT{0/]19NO/GROUP DEPa=YES) o o o o o 0
LABELING OPTION(D/LsNO/YES) o o o ¢ 8 o & ¢ 0 o & 0

CORE MEMORY ALLOCATION(0/1+GROUP DEP4/GROUP INDe) o 13
CORE MEMORY {OCATIONS NEEDED + s o o ¢ o« v 0 ¢ o » 3745
MAXTMUM CORE MEMORY ALLOCATED (INFUT VALUE) "¢ 4 e o 30000

2% ARAAY 3 ENTRIES READ
35 ARRAY 2 ENTRIES READ
43 ARRAY 8. ENTRIES READ
58 ARRAY 8 ENTRIES READ
5% ARRAY 8 ENTRIES READ
‘9% ARRAY 6 ENTRIES READ

L)
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TRANSVERSE LEAKAGE DATA
NO, EXCLs SET  MAT, P(L}

1 . 0
2 1

NO, DY s DZy1F
1,62560E+02

0
0

el P2 pr

TABLE 5-4 (Continued)

@

Alojeloqen
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TABLE 5-4 (Continued)

MIXING TABLE DATA AND DATA SOURCE{=/0/+4418/CARDS/16}

NO.  MIXe NOy  COMP, NO, DENSITY DATA SOURCE

1 7 0 0 *120
2 7 1 3,70000E~03 121
3 7 3 6+00009E=02 620
N Y 5 4.10000E-03 . &2l
5 g 0 0 - 3520
b 2 3.70000E=03  352)
7 8 4 6400000E=02

8 8 6 4410000E=03
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CROSS SECTION SET NO«= 120

POS.,

Bt Put ot

T at e
O D =~

g N
i MO~ O

]
~w

POS.

o h

14
1%
16

Ty P

GRPs 1
1,50600E~01)

Q.

1. TTT42E400
Na
PoSs,
6.60410F=01
(U
0.
Ne
Ne
Ne
Ce
Qe
Qe
POS,

Ll

GRPe 9

4, TBOALE =%
Oe

4 ,09855E+00
Oe
POS,
3,71 004E+00
&,568%90E=0}
1.01989E=01
5400000E=02
1.40000E=01
6+00000E=02
2.30000£-01
2,000005=01
1.800002=01
Ge

Qe
POSe

GRPa 17
3,39430E=03

e :
1.41340E+00
Qe
POS.
1.27942E+00
71.095) 7TE=02
O

0.
& THRU POS.

Ghr, 2
T.5)1300E=02

0.
1,88442E4+00

8,52085E~01
9.64093E~02

23 THRV POSs 34

GRp, 10
1,90831E«03

0,
4,596892E+00
[N

5 THRU POS. 13

4,34397E400
3.88931E~01
F450549E~02
[+ 1%

4400000E~02
4,00000E=02
3,000006=02
7.00000E=02
S.00000E~02
%,00000E=02

0.
¢% THRY POS. s

GRP, 18
4,35000E=03

Oa
1,41435E+00

Y
5 THRU POS, 13

1.002V6E+G0Q
1s 305BAE=01

0.

TABLE 5-4 (Continued)

ALUMINUM

GRP, 13
2,99000E-02

0.
1,91892E+00
O

13 SAME AS ABOVE

9,59144E=p}’
1.37T203E=01
2,00000E=02
0.
[
De
O
0.
O

SAME AS ABOVE

GRP, 11
3.4§2035-03

e
5,01087E400

O
SAME AS ABOVE
4,68466F+00

2.53043E=01}
O»
Qe

Oe

SAME AS ABOVE

GRP, 19
S, 150005-03

0,
1.41515€+00

o. '

SAME AS ABOVE

1¢00206E¢00
4,07943E=01

Os

GRPs 4
9,92000E=03

0,
2012169E400

Qe

1+13418E+00
1,598T3E=01
3,00000E-02
3,00000E~02
Do
O
O
O«

(1

GRp, 12
S5,60469E-03

O
4,58998E+00

O

4451761E+00
30227935"01
e

O 1
Ge -
Oa

G

Oe

De

|

[+ 1Y

GRP, 20
5.SooooE-0§

O
1,41550E+00

1 1Y

1+00206E¢00
4,07943E=01

Oa

Po CORE

GRey %
2¢96000E-02

0s
2.,61494E400
[/ E]

144T167E+00
4.9758TE=0}
3,00000E=02
6+ 00000E=02
T«00000E~02
O
O
O«
Oe

GRP, 13
5.32298E=03

O
1+40339E+00
0s

1425277E+00
6-67’10E“°a
[+ X3
Qe
Qs
O«
0
De
O
[1
Os

GrRP, 21

6440000E=03

0
1.41640E+00
O

1:00208E¢00
4,07943E=0)
0

EDGE
GRP, &

%gl!ﬁoog'ﬂf
[ )
3%18175€ 00

O

2+28107E*00
5.6031#E-01
7.000005'02
T400000€E=02
9.000005-02
1.00000E=01
0,
0.
0,

GRp, 1%
a.xazaas-ua

42108E+00

2132E+00
45291 E=01

>

GRP. 22
1¢30000E~03

0,
1s41T30E+00
0.

1s+00206E%00
4407942E~01
0-

6RP, 7
3,76689Ew04

0o
3,07461E+00

Os

2.57392E+0
T.50270E=01
9,00000E=02
2-00000E-01
1.80000E=01
2.10000E=g]
2430000E=0)
Qe

0o

GRP, 15
%g11739§-03

1.41112E%00

1:33478Ew 00
o, 757418.02
e

GRP, 23
B+20000E=03

0 _
1.41820E400

1.0 oenﬁEooo
O

GRP, @&
4y 16237EWp4

0.
3,37418E400
Oe

2+B2)80Ekpo
3,9B331E=0])
6,00000E=D2
1¢10000Ew01
1:20000E=01
1:90000E=0)
1+80000E=01
2+00000E=0])
O

GRPI 16
2+07944E0]

De
1+4120BEsQQ
De

1.33905E400
Te5224%E=p2
0
Oe
De
0«
Go
0e
Qe
Oe
e

GRPI, 24
930000802

0o
1:41930E%00
O«

1.002006E0¢
4,07942E-01

0. i

@

f101e10q8]
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http:10002066.00
http:1.41930E1.00
http:8,2000E.03
http:4.51761E.00
http:3,71004E.O0
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POS.

[ 1 ) S=lat T =

POS, 17 THRY POSs 34

GRPe 25
1.06000E=02

GRPs 26
1,21000E~02

O 0.
1642060E+00 1,42210E+00
Oe 0,

POSa & THRU POSe 13
1400206£400 1,002U6E+00
4.07942E=01 4,07942E=01
0. 0

POS, 17 THRU POS, 34
GRPs 33 GRP, 34
2.735935E=02 2.90818TE=g2

O 0,
1:42735E400 1.42982E+0¢0

0. 0,

POSe 5 THRU POS, 13
1,40000E+00 1.40000E+00
4.07943E=01 0,

O O

POS, 17 THRU POS, 34
GRP. 4] GRP,. 42

7,57354E02 8,51710E~02

0 0
12475746400 1.48517E400
5 THRU POS. 13

P0OS.

1.,40000E400 Ll 400Y0E+DD
0. 0,

PQaS, 16 THRU POS. 34
GRP. 49 GRP, 50
2.20800E=03 2,93559E~01
Oa 0,
1.62010E400 1,69356E+00
0 0.

POS. & THRU POSs 13
1,40000E400 1.40000E+00
O» 0.

POSe 16 THRU POSe 34

SAME AS ABOVE

GRPy 27
1.38000E=02

O
1+42380E+00

O
SAME AS ABOVE
1:00206E+00

4+071943E-01

O
SAME AS ABOVE

GRP, 135
3,27553E~02

O
1+432T6E+00

O
SAME AS ABOVE
1+40000E+00

Ce
SAME AS ABOVE

GRPS 43
9,63245Ew02

0
1.49632E+00

0.
SAME AS ABOVE

"1+40000E+00
0.

SAME AS ABOVE

GRP, 51
4,20619E=01
O
1.B2062E+00

Os
SAME AS ABOVE
10 40000E+00 -

9 ‘ 0
SAME AS ABOVE

GRp, 28
1450000E«G2

Qe
1e42500E+00

Qe

1000206E+00
4+07943E=01

O

GRP. 36
3.53772E~02

L1 IS
1+43538E+00

O

1+40000E+00
O -
O

GRP. 44
1,07834E=01

Qe
1:50783E+00

0« i

1.40000E+00

0.

GRP, &2
64 0565]1E=0]

O
2{005555+00

Oo

1.40000E+00

TABLE 5-4 (Continued)

GRpe 29
1e71000E=02

O
1+42T10E*00
[

1.00205E+00
400794 2E~01
0o

GRP, 37
3.99805%E=02

O
1143998E¢00
O

1:40000E%00
e
Os-

GRtP. 4S
11203I§E-01
Os
1:52031E+00

0

1:40008E*00

BRpW 30
2403000E=02
0e
1443030E+00

0

1002066400
4¢07943E=01

0,

GRpy 38
4,95893€~02

0,
1:44959E8+00

04

14400006400
0

0.

GRPy 46
1,36090E=01
b
1:53609E+00

=

D O

+40000E+00
[}

GRp, 31
2:23000E=02

0o
1+43230E+00

0.

1.0G206E+00
4¢079%3E=01

0,

BRP, 39
6411332E=02
Qe
1,46113E+00

s.&onoozboo

e

GRP, 47
1,59815E.01
0
1:55982E00
0y
1:40000E%00
0,

GRPW 32
2.520006m02

O
1+43520E400
0.

1.00206E%00
30079#35&01

GAPL 40
6+B5945E=p2

0.
1:.46859E900
/1Y

1e4%0000E%p0

0.

0s
GRPY, 48

0.
1+5BB5TE»D0
04

1440000E+00
0.
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TABLE 5-4 (Confinved)

CROSS SECTION SET NO.w 12] ALUMINUM
POSs GRPs | GRR, 2 GRP, 3 GRP, &
L s O Qe Oe
POS, 2 THRU POSs 13 SAME AS ABOVE
16 1,43574€+400 1,76999E400 1.94919E¢00 2.,01003E+00
15 0O =4 o2852TE=02 =4¢3THBSE*02 «74T6246E~03
16 0. ol DO 00
POS, 17 THRU POS, 34 SAME AS ABOVE
POS. GRPe 9 GRP, 10 GRPs 11 GRP. 12
l_' 0. o. OC o.
POS. 2 THRU POSs 13 SAME As ABOVE
14 2,75602E+00 1,02026E400 1.02226E+400 =~7,27167E=01
15 =B,08015E=02 =2,80794E=01 ~2+55192E~01 =2443623E~0}
16 0. Os O 0
P0S4 17 THRU POS, 34 SAME AS ABOVE
POSe GRPs 17 , GRP. 18 GRPs 19 GRPs 20
1 0. [/ 0s O
POS. 2 THRU POSe 13 SAME AS ABOVE
14 2,30881E=Q1 4,92111€~0)1 4.92111E-61 4.92111E~0]
15 ] ,37686EmQY ] .26290E=(]1 =3.BTS61E~0]l =3.,B7514E=01
16 0. 0, 0. 0
POS, 17 THRU POS, 34 SAME AS aABOVE
P0S.  GRPs 25 GRP, 26 GRP, 27 GRP, 28
x 0. 0. 0- 0
P05, 2 THRU P0Ss 13 SAME AS ABOVE 1
1% 4,921131E=01 4.,92111E=01 4,92111E~01 4,92111E~0)
15 =3,87534E=01 =~3,87486E=01 =3.87561E~0} «3,87561E«¢1
16 0. [+ 1% [+ 1% Oe
PDSe 17 THRY POSs 34 SAME AS ABOVE
POSe  GRPs 33 GRp, 34 GRP, 35 GRp, 36
1 a. O 1Y [+ 1Y
POS. 2 THRU POSe 14 SAME AS ABOVE
15 =3,87570E=01 0. O O
16 o0, 0. O 0
POS. 17 THRU POS, 34 SAME A4S ABOVE
PUSs  GRP. 41 GRP, 42 GRP, 43 GRP, 44
1 0. 0. D 0
POSa 2 THRU POSe 34 SAME AS ABOVE
POSe GRPs 49 GRp, 50 GRP, 51 GRP, 52
1 0. (1Y Qe . Qe

P1 CORE

GRPy §
O

2¢36545E400
=5, 22028E~=02
0.

GRP, 13
0y

2.07329E-01
=5, 71T22E~02
0«

GRp, 21
Oa

4:92111E~0}
=3,87561E=0)
0.

GRP. 29
0.

4.92111E=01
=3.87534E=01
s

GRP, 37
0s
Oo
0s

GRP, 48
s

EDGE

GRPy, &
0y

3,45767E+00
»1159492E=01

GRPl, 14
0y

1.86906E~01
»),31357Em0]

GRP, 30
0y

4,92111E~01
~g,a?514ﬁvol
»

8RPy 38

0

Oy
0:

GRPY, 46

O

GRPy 7

O

3,07275E+00
»1441313E~01
0,

GRP. 15
Oy

12‘39‘65501
'7!7;~‘IE—02

4.92111E-p}
»3,87551E=9]
0.

GRP. 31
0.

4,92111E=0}
—g.a?ssag-ol
L]

GRP, 3%
Os
0s
0,

GRP, 47

GRPy &
O

3,20610E800
=B 31 600E=G2
0.

GRP, 16
04

2,42A39E0]
=3493B15Em0?2
Oe

GRP 24
O

4,92111€=01
=3¢B7534ER0)
Ve

GRPL, 32
0

4,92111E=0]
=3sB7561EwD]
O»

GRP 40
O«
O
0.

GRP, 4B
0

&)

Alojeloger
Jesjanuonsy


http:3.87534E.0I
http:2.75602E.O0
http:1.41313E.01
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POS.

2 THRUY POS,

TABLE 5-4 (Continued)

34 SAME AS ABOVE
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CROSS SECTION SET NOex 620

POS

N OE~NPRS Puwiires

OOV W) et et 3 Bt et i

TABLE 5-4 (Continued)

CARBONy 296 DEa, K

GRP4 2 GRP, 3 GRP, &
4.811395-02 a.aalooz-oa o, Do
0, Oe
1033#715*00 10165395*00 1019615E’00 1.88253E+00
Do e, 0a 0.
POS, & THRU POS, 13 SAME AS ABOVE
5,T0110E«01 4,82040E~01 5,34910E-01 9,08220E-01
Oe 3,17840E=p1 23, 43&505-01 5,52410E=01
Be o, 3.904605-02 5,)8260E~02
O 0. [ 1.255846E~01
Qe Oe Ce Os
De 0, Qe [/ 1%
De 11 [+ 1% O«
Qs Qs O 0o
04 0, Qo 0.
P0Se 23 THRU PDS.s 34 SAME AS ABOVE
GRPs g *° GRP, 10 GRPe 11 GRP. 12
Qs (119 LY T.24148E=07
De , O Do Oc
3.27284E400 4,0331TE+00 4,STI9TE00 4,59433E+00
Os (119 e 0s
PGS, . 5 THRU poSs, 13 SAME AS ABOVE
2.58174E400 3,56330E+00 3,86318E+00 3,88825E+00
8,23402E=01 6. «91103E«0]1 4,89878F=0] 7,08784E~01
O 0, Ce (1 1Y
POSe 17 THRU POSe 19 SAME AS ABOVE N
3 6UITAE=D2 O, O O .
94 16605E=03 0. 0s
1.008555-03 9, 6,63B15E=0¢ p,
Oe 2.20833E=04 0, J.44141E«05
Go . 0o 0.
Qe 139 [/ Qe
Os 0a O« Oe
Go O Qs De
POSe 28 THRY POSs 34 SAME AS ABOVE
GRPa 17 GRP, 18 GRP, 19 GRP. 20
5-613865-05 7,20000E=0% .ouoooﬁ-os 9.oooooE-05
O, 0o
4-710055*00 6 71003E+00 4.710015000' 4,T1008E+00
O O 0
POS, 5 THRU POSs 13 SAME AS ABOVE
3, 756776400 1,90720E400 1,91760E+00° 1,90990E+00
5,19087E=01 6.989385-01 2.62280E+00 2,62010E+00

Po  CORE
GRP, &

D

02
2+,01800E¢00
0o

8,21090E-01
8,02360E=01
1467310E=02

O
1:51049E~01
0.
Do
O«
0.

GRP. 13
B.T1029E~06

O
4,66T94E+ Q0
Qo

3.,95458E%00
7.06082E~0]
Os

O
O
0.
0s
7.25406E=06
O
Qo
0s

GRP, 21
1+04000E=04

Os
4371003E+00
O+

1:90340E¢00
2-63430E°00

EnoE
GRpy, &

O«

O«
1:65995@'00
0

6,39190E~=01
1:05160E+00
1:71950E=01

G
8,03257E=n2
T.79267E=02
o.

0y

0s

GRP. 14
1-023925'05

693868*00

L 1Y o O
TR

3.98308E+00
Y.13354E=01
0-

41531£~00

1 18 L 19 80 /1% 18 18

DOoONOOOOO

GRPY 22
+1Bgook=oé

$71010E400

1320E+00

ls
0y
4
Oe
1.91
2:63100E+00

GRP, 7
Os

0
1,93662E+00

1,30659E+00
1,0206TE+p0
1445510E=0}
0.

1t‘3577£"01
1.179325-03

L]

0,

GRP, 15
1,75929E=05

Qs
4,70830E%00

4415599E% 00
To10T74E=0L
0s

0

GRP, 23
1¢31000Ewgs
]
ﬁ.lloiagﬁoo

1020E+p0

0a
1.9
2e62420E+ 00

.
1,69853E=08"

GRP, &
Qe
O
2+.60744ED0
O

1. TB404E400
6.30024E=01
O«
D«

O
4,.557T68E=Q2
5,59595E=02
2+£3B35E=-03
[V

GRPYW 16
3.32A32Em05

[+
4, TO0PB0EH 00
Os

441%068BEwp
5,49292E%01
[1 1Y

[/ Y

Qe

Os
O»
(v 2
Ge
Gs
Oe

GRP, 24 -
104B000Emp4

Do
4. T1014EL 0O
0.

1.,90B30E400
20629108400

@
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Oe
O
PUS,
GRP, 25
1¢61000E=04

0,
4,71016E400
Q.
POS.
191450E+00
2.b2480E+00
1.707005“01
o
POS.

GRPe 33
4,11734Ex04
0.
4,85061E+00,
1517955k =4]
3,89T18E=3%
44 T1656E=36
6,33T86L~34
3,98852E-30
4,53793E=21
1.99050E~14
4,T73820E=11
4,640T71E=~07
6,12404E-03
16 TT3BIE+00
LeT1264F 00
1,58472E=01
O
G,
Qe
0.
LI
0Oa
POS,

GRP, 41
1,13268E-03

Ou

4.6T123E+00
9,36946E=08
1+22745E=04

0,

0,
18 THRU POSe 234

GRP, 26
1495000E=04

0.
4-7101;E¢°°

G
5 THRU POS. 13

1e91160E+00
2,621508+00
1.76890E 01

O
18 THRU POS. 14

GRP. 34
4,4591BE w04

0
& ,B8338F+00

1.1301%€E-35
2.35985F=33

4,28957E~3]
2,36997c=28
1.97118E=26
4,41019E-23
4.35833E-15
3,78730E~09
4 ,65262F =06
2,39127E=02
1,687T8B9E+00
1.94428E+00
8,51640E=01
2.73611E=p2

23 THRU POSs 34

GRP, 42
1,27815E-03

O,

4,6656TE+qgg
9-03819E*0‘
6.3319!5'04

5,42896E=02

Oe
SAME AS ABOVE

GRP, 27
2.17000E-04

0.
4,71028E+00

e
SAME AS ABOVE

1+91070E+00
2.6253pE+00
1+ T400pE~01

O
SAME A5 ABOVE

GRP. 38
4,869T7E=-04

[ Y

4,5294TE«00
2+58093E=~3¢
S.46433E=29
6+642T0E=2T
Tad3IRFBE=2S
24117865E=22
1.22526E-20
1.19211£-17
1+71215E=10
4,511apE=05
3, 72645E=02
1 T4869E+00
1.9038a8F+0Q
9,11447E-01
1099360E‘01
l.?llZﬁE-OJ
Os

D

)

Qe

SAME AS ABOVE

GRP. 43

1,45103E~03,

0.
4.7038pE+00
Qe
3,25068E~03

TABLE 5-4 (Continued)

1., 79980E=0)

[

GRP, 28
2,48000E~04

O
4,7T1022E+00

Os

1+90500E+00
2,63200E+00
1+73040E~=01

s

GRP. 36
5,28422E-04

(119

4,4T309E+00
1219263E=27
3.,07520E=26
5¢29904E-25
4,517T05E=23
2:22604E=20
1,157226=17
B,62226E=]16
3.T326)E=13
2,09185E=07
24TIP4TE2
1.52956E+00
1.S0346E+00
6.867782-01
1:81448E=0]
1.89682E«02
3.82712E-05
(19

O,

De

" GRP, 4%

1.53237E-03
0O
4,T2814E+00

O

O

1¢72290E~0]
(1 2]

GRP, 29
2:86000E=04

Cs
4,71025E+00
Qe

1+91566E+00
2,62T00E*00
1¢67360E=01
0

GRP, 37
8.,95T70E~D4

i

4.,568TBE+0
9+70710E16
1476190E~14
2.97568E~12
1.03037E~12
2¢T4A806E~12
8,76453E«12
1+366T0E=19
2+05102E=09
1+51231E%07
2+93493Ew02
2.90597E+00
243240)E00
1«17721E+00
2.94332E-0)
3.93235€=02
2+15524E~03
1¢12730E=06
O

Ge

GRP. 4%
1.80%88Ew93

0
4.T2343E%qp
O
Oe

1.657906=01

GRpi, 30
g.aa“ooﬁ'o*

4,.71028E+00
Dc

1+90950E400
2.52250£+00
1.779705-01
0.

GRPH 3§
Ty 42951E-04

0.
4,64915E+00
1:51945E=08

*3e12394E=08

B,88025E=08
21193285'07
.#23315-07
2.51998E-96
1:92551E=05
;.356~oé-04
2.65812E-03
1.187TTE=p1
3461376E400
165470E400
3.76200&=01
7.566222-02
5,93561E~03
23009025”04
2:61372E=0%
1
0s

GRPY, &b
2 OQBBEE-OS
4 Ba346E+ 00
O
i)

1,75530E=01

GRp, 31
3,58000E=04

¢,
4,71035E+00
O

1+490500E%g0
2.63310E+00
1+ T1B60E~py
Qa

GRP, 3%
9,18212Ew04

G,

4 ,6557BE4 g0
B8,80860E~-07
1.270955-06
2449602E=06
5,47192Em08
1.89501En05
1.61356Ewp5
3 918032-04
2+24730Emg3
Re46352E~02
2.54644E=0})
3.20337E¢oo
7402525E0]
6,40245Emp2
3.4650TE=03
4,98286E-05
b.lo#12E-o7
2+ 36572E-09
G,

0

GRP. &7
2,42604Ew03

0.
4,8458TE+q0

L)

14 T2580ERD]
Qe

BRPY 32
4409000E-04

0.
4,7T103BEwQ0
Os

1+92520E% 90
2.,61740E%00
106?360Eh01
()

B8RPl 40
1,02327£w03

('Y

4 ,66814E400
3.40443E=06
3,853T7E-06
6+ 10743E=06
1+56007E=05
5.98710E~05
2415041 1E=DA
4o5T149Empé
1+B1051E=03
1.06766E=02
1.,58184Ewpt
2.89643E4+00
%.38081E~01
1+439345E=0]
T+90430Em03
6,9556%E=05
S.48TT1EmT
3.018l4E=05
#4,5675TE=12
D

6RO, 48
2,89223E.03

11N
4,84)23E% g0
O«
(\X)



34

1.2TGGTE=04
2.87304E=04
4sB79223E=04
1,09001E=03
2.61389E=03
6,09465E=03
2.T6119E=Q2
2.28899E~p1
3.42B44E¢00
8, 97760E=01
§,60238E~0]
1,10514E«01
5, 917405“03
6,04950E=06
6.26519&-09
2¢30513€=10
2.19231E=13
0.

Qs

Qo

Qe

O

De-

Qs

e
P0OSe
GRP« 49
3-‘19535'03

5-03986E‘00
O

POS.
4,53810E=02
4o T0BBSE=D2
S«53799E=02
4,81548E400
T434039E=02
S.,02TSTE=Y2
2.,87823FE=02
2+31340E=02
1260TT6E~D2
1:445994E=02
1+0T224E=02
Ta22476E=03
1,68544E~03
1,25883E-03

6,22336E=04
T+ 79200E=04
1,11780E=03
2,19049E=03
4,83169E-33
Lal6T3BE=~Q2
3.31599E=02
ie93228E~01
3.51621E+00
$,42190E-01
2.79675E=01
1,82751E=01
24592664E=02
1.71065E~-03
9,11906E=08
9.76655E~10
1+91996E=12
B,71806E=16

L ] .
31 THRU POSs 34

GRP, 50
4,47556E=03

Qs
0.567805*00

] THRg POS. 10

S5e14268E=02
b432253E=h2
4436828E+00
5,25385E«02
44,5011 TE=02
2+3845T7E~02
24044 )14E=02
1.37941E=02
1:08456E=g2
1+0693BE=p2
8,5507SE=03
4,04215€=03
1+14395E~03

2,7T1T00E=03
3,09541E~03
3.92263E~03
5.,247152E=023
1.01988E~02
2:90847E=02
T.82465E=02
2.68709€=0]
3.83%943E+00
5,40068E=01
2.64829F=01
1,76911E=01
1.011558E=0]
1.42457E=02
1.10721E=03
1,71991E=09
3,13121E~11
31T923E=14
9.68671E~18
[/ )Y

O«

0.

De

Ne

Go
SAME AS ABOVE

GRP, 5)
6.43811E%03

0o
4435369E00

O«
SAME Ag ABOVE

[ 1]

O

9,69283E=03
4,16129E+00
1:03993E=02
1,09622E=02
6,39567TE=02

4,62)134E=03
4:07935E~03

2.83172E=03
2.80380E~03
2028395E~03
2.08713E=03
7.026§2E-0h

4,91872E=03
3.,8780%5E~03
3.&652‘E'03
5,27225E«03

.8.12¢03E-03

1+96265E=02
4,94159E~02
1+93229E-01
3+80848E+00
2,54301E-01
1+35093E~01
8,48510E=02
6.52145E=02
21 54924E=02
3,91349E=03
3429T46E~04
3.,25125E«11
4,03622E=-13
2.8533pE=16
3,864288E=20
Os

0s

Ge

O»

O

GRP, 52
9,80514E=03

De
3.82814E+00

Ds

Do
Do

O

3460952E¢00
5,20580E~03
543951 4E=03
3, 46095E«03
3413181E~-03
2.43975E=03
1:75503E=03
1,90436E=03
16476 T2E=03
1+43565E-023

TABLE 5-4 {Continued)

O
8434669E~03
7+2759TE=03
B,44639E~D3
1437344E=92
2.20828E=02
heh0920E~02
1s71109E=01
3.97686E*00
3,23310E~01
1;5611§E-01
B,TT245C=02
6+31800E~02
5+04010E~02
1+27941E=02
2.58873E-03
1+30635€~04
3.24727E-12
3.2896TE=14
1+ T14RBE=1T
l.62260£~21
0"
0e
G
Oe

Qs
O
1,97819E=02
1,802868E-p2
2g11597€*02
2:80825E=02
4,651905'02
1+444879E«9]
44315536490
2.70986E~91
142659E~01
9,65994@-02
6,33657&E=-p2
' T29T1E~02
2.53801E~02
T.94829Ew03
1+6555%9E=03
1e62352E%05
2.09531E"l3
1-681635'15
6.17918E=19
3_86352E323

Oe
0s
O
3,79479Ewp?2
3.079905Ewp2
3.,9250% w02
Y498139Ew=p2
1:45271E=p]
4¢45032E000
2,105%5E-0)
1:10094E=01
8.80626E g2
5.49730E-02
4.323195”02
3,28646Em02
9.30B51E=03
5402362E~02
T49659%E=p4
9.7333]E=07
7462242E%15
4y69520Ew]?
1,16008E=20
4.525545-25
04

0

O
Os
Oe

0.

2¢7158TEmp2
2¢70275Em0Q2
446252TE=02
6. 95594F g2
4e4B141E400
B8,975BBE-Q2
#4,39795E=(?
3,61703E=02
Pe3B6I2E=p2
1.8845TE=0p
1:42123E=02
1:092B4E=g2
2+49¢68Emp2
1. 70050E=0]
2e424BJIEmDS
3.B2206E-18
1404106E16
4,T73753E=13
Tedl046E=-23
1:66TT5E=2T7
Da

@

Alojeioqey
1B3januoSy



er-g

25
2b
27

29
30

e
a3
KL}

1,34678E=04

Qe

T30 74E~18
2,76345E8.20
3,24]1550=24
5417310k=29
Os

(1

O

O ’

9,12920E=04
Ty636F0E=05

0,

?.95005E-19
B,92268E=22
Teb0295E =28
Boz29B58E=31

Qe

De
0

TABLE 5-4 (Continued)

2,48010E~04
2¢12192E=04
5.4??325-05

»
156653E=2]
3.46064E=24
1 +B4980E~28
1414686E33

[ )
G

4,01085E=04
1462391Ex04
1403515E=04
1,04822E-05
O«
8.,892349E-223
1064997E-25
6.78523E=30
30030495'35
.



er-9

CROSS

POS,
1

14
19
16
17

POS.
1

14
15
16

TABLE 5-4 (Continved)

GRP, 3

CARBONy 296 DEQ, K

GRPy &

Qe 0
SAME AS ABOVE

10163505‘00-
w2:42390E=01
=9 ,96640F-02

1.90360E+00
-3,25120E~01
=1,29650E=01

0. Oe
SAME AS ABOVE

GRP, 11

6RP, 12

0. 0
SAME AS ABOVE

135493E+00
=3,71120E=0}

1:34775E«00
«5,82947E~01

Oa 0
SAME AS ABOVE

GRP, 19

0s
SAME AS ABOVE
2:9719pE+00
=1,76410E+00
“1,37783E=01)

GRP. 20
(1

2.98990E+00
«1.75810E+00
b 08960E=01

O« 0
SAME AS ABOVE

GRP, 27

Qe 0
SAME AS ABOVE

GRp. 28
i

SECTION SET NOe® 621
GRPy 1 GRP, 2
Qe Oe
A0S, 2 THRU POSe 13
1s367T30E*00 1,04940E+00
fre , 4,92950E-02
Qe 0,
Qe 04
POS, ,18 THRU PQSs 34
GRPs 9 GRP, 190
0, 0,
POS. 2 THRU POS. 13
1.5832TE+00 1.29756E+00
=5,64956E=0]1 =4,92884E~01
118 0'.
POS, 17 THRY POS, 34
GRPs 17 GRP, 18
Oe 0,
POSe 2 THRU POS. 13
1.05639E+00 2.99510E+00
~8,96116E=01 =7.33526E~01
e []
o. 0.
PQSa 18 THRU POSs 34
BRPs 25 8RP, 26
Oa [
RPOS. 2 THRY PQS. 13
2,978TpE+00  2,98530E+00
-1, 76850E+00 =1,76110E+00

=4 ,25330E=01 =4,3909T0E=0)

2.,98T3pF+00 3,00010E+00
w] ,JEITQEU0 ul,TR4SOESO0O
=4,32610E=01 =4,30520E~01

e
POS,

GRPs 33

O«

P0S,
=14031T1E=40
=2, T0530E-38
=2,47806E=35
=2,92281£-33
-1, 3720 F=29
=1,05042E=20
“4e25299L~14

0.

18 THRU PDS. 14

GRp, 34

O
2 THRU POS, 3

*9.433§7E'35
»1.43611E~32
-2,12000E~30
9 ,271848E~28
=6,9972T7E=26
=1,25703E~«22
=8,9n/HBBE~15

O Q
SAME AS ABOVE

GRP, 35

GRP, 36

(1Y 0
SAME AS ABDVE

~1.83703E"29
-3,30666E~28
~-3,02827E-20
»3, 85238624
“§,98544F=22
=3,6T256E=20
=3.01869E=17

-8,26378E-2T

=) 4 T3I954E=25
©2,58341E~24
=1s71293E=22
=b,46301E~20
=3, 23288817
=24¢34055E=15

Pl CORE

GRP, 5
00

1+84810E+00
«7.39580E~0]
-3.92&00E-02

GRP, 13
0.

1+35840E+Q0
-5.82219E”ol
0o

8RP, 21
0o

3.00350E+q0

=1,78970E+00
=& ,2B8820E=0]
Ce

GRp, 29
0e

. 2497630E+00
~1.77360E+00

“4517810E=0}
(1

GRP, 37
0

“2460573E~18
=4 o82273E14
»]1.58727€=13
=2+70212E=13
-1.85771E-12
~1¢54238E~11
=2:78644E=10

EDGE

GRP, &
0

1+17610E%00

»1,208820E+00

':!‘2330§'01
)

GRM, 14
O

1.32252E%00
»5,80535E=01
e

GRP, 22

Os

2498179E%p0

v} 78250E+00
4,1 4280E=01
[+ 1Y

GRps 30
0,

2,98990£+00
~1.76350E+00
“4,4)840E~01
O

GRp, 38

0

=1418906C~gB
»3,02]15%E%08
=8,39124£-08
=2,35659E+07
wb,41452E~07
=3,16628E=0b
*243B636E=05

GRP, 7
0e

1:04799E490
»1+11267E+00
»3,67000E=01
0.

GRP, 15
0,

1407051E» g0
»5,4031 TE=01

GRP, 23
0

2+98040E4pp
~1,76730E¢00
"3360305-01

GRP, 31
0s

3.,00010E900
«1,78720E400
"!27370E501

0.

GRP. 3?
0s

«7,32993Exq7
‘l.ZEbBGE-ob
=2, 19085E~06
=B, 04292E=p8
'2.37350E”05
'7.‘106~E-05
=3:35623Ew0y

GRPL, B
Ge

1.56773Ew00
-;.570005-01
4

GRPL 16
0,

1.6B109E%00
«2,86391E=0]
0.

GRPl, 24
0.

2:99250Ek g0
=]1477800E%00
ko 29480EmG]
0.

GRPL 32
O«

2.95510E00
=], 75230E400
k1 T760E=0]
G

GRPH 40
De

=2426953E=08
=3:PTT44E=06
~6494809E~06
~1476121E=05
=64 04649E~05
=1¢7T0002E=04
=34 86895E=04

@

fi0jejogey
1RaJANUOLISY


http:8.o4292E.06
http:27?o85E.06
http:4!-17810E.01
http:1.76970E.0C
http:2.9873oE.00
http:1;76730E.00
http:17;8250E.00

yr-G

b bt ot B gt ol Pt ot
LGN FWN -~

o
"N =o

L)
<
o

e

TSR FPWN=T D~ P

TP ks s e Gt o o

POS,

WRHNNNNNNRN Y RN~
DD E— TP IS D

=8,14889E=1}
=1, 48554E=07
5,38829E203
2.99309E+00
4o 22657E~]
=3, 766H2t=01
119
1,
Qe
L
04
Do
POS.
GRPe &1
O
POSe
~3,94191E-05
=6,68458L=05
w] 2e2ToE=04
=] 9E556E=04
=3, T12THE~04
=3,89017E=04
=2,17000E~03
=5,12234E=n3
w2,17769E=p2
=], 45426Ew0]
1.55544E+00
-, 4T935E=9]
“3,54462F%0]
=1,29143E=0}
-H,08703E~03
=1,80336E=-05
“2,20519€E~07
|, 00223E-0%

Y =1.17547E=12

Ne
e
e

GRPs 49

Os
23 THRY POSe

31 THRU POS,

*5,64T49E=Y
.3'é7992E.06
2,06TB6E=Q2
24.31920E+00
3, T7p999E~02
=1425020E+00
~8,026837E~02
L ]
D
O
04

34

GRP. #2
Qe

2 THRU POSs 3

~2,06420E=04
~2,47539E~04
-3,363326=04
=5,18351E=04
~8,178B6E=04

‘»1.7T9439E=03

=by02333E=g3
~9,98073€-03
=2.T1941E~02
=), 34052E~01

1.4698B8E+ g0
-3076a11E-01
»2,25542E-01
»1459042E~01
-4 ,11959E~p2
~1,88292E=03
-2489525E«07
=4410825€~09
~l.,05102E~11
b, 14471E~15

34
GRpP. 50

TABLE 5-4 (Continued)

~2+89375¢E=10
=2407]133E=05
3,49163E=02
2.21831E+00
~8,68152E-u2
=1.16T64F+00
=4435010E-01L
5,671 05E=03
Qe

Qe

Qe

O
SAME AS ABOVE
GRP! 83

wh, 62293E=13
=2¢31}188E-07

1,54230E~02
2.06035E+00
9497229E~02
»8,51183E=01
=3,50342E~01
«4,913)5E+02
=14 38953E~04

O»

0,

0s

GRPs 4%

0 0
SAME AS ABOVE

O
=1 ,02009E~03
=1,18692E=03
=1, TT0T1E~03
=2,T1091E=03
“4,05009E~03
=~8,48353F=93
w2, 43547802
~6+48015E=02
=2,03395E=01]

Te17428Ev0¢
-30992148“01
=2417668E~0]
=1+51312E~01
“9,B0172E=02
-1.99?33Fn02
“7469176E~D4
»T,.25225E=09
=1 ,58615E«10
~2,571989E=13
~8,69370E~17

O

0.

O«

O

O

O

6RP, 51

Oe

O»
»1:53104E~03
=1,77326E-03
=2,29141E=03
w3,94]16E~03
=B8,59228E=03
] ,62612E~02
=4y 20 THOE=(2
'1.50271E‘01

1. 163ATE+0D
«2,22096E~01
=1:13066E=0}
w7 1TTG4EE=D2
5,431 08E=02
=2,73741E~02
~5,16864E~03
=1,63529E~04
~]465002E~10
-2, 62999E=12
=2,58541E=15
b s 675B4E=19

0
Do

O

O«

0
SAME AS ABOVE

GRP+ 52

«3+55665£=09
«1+87409E=07
1,32396E~03
1+996T2E+ 00
“7e64665E~01]
=1+39552E+00
~5+57638E~01
-8,86TH2E=02
=6+ 09666E~03
*4237668E~08
02
Os

GRP, 45
0

Da
Qs

Ds
=2462185E=03
=3 49049E=03
~5,54568E=p3
»1404TBEE=D2
=1+80048E=02
=3.77718E=p2
-1.39153E“01

1+09327E+00
=2.535456E~0]
=~]1+30984E~0}
=7.550T0E=02
=54+3536TE~02
=k 09T64E~(D
~)1+63p60E~02
=3414914E=03
=1+09308E=04
=1:929]3E=]1}
“2,54292E~13
=1.86021E~16
~2¢35319E=20

0

Qe

De

De

“2,80443E~04
“2403243E%03
=3 ,8527TE=p2

1.53922E+00
=1.19234E%00
~6,31420501
=1¢635T0E~01
Dl.‘BSTTE‘ﬂZ
«5,36438E=04
=8,53080E-06

“b BTI4IE*DT
'8.9?797§"03
»l.4206TE=D2
»2426314E=02
«3,97901E~02
~]1,21311E~01
44,93p10E~01
=2,23917E=01
=1e226T7E~01
=8,25265E~02
“5-26875E'02
~3,83207E"02
=2 36011E=p2
-8,62383E=03
~1,72266E=03
=3,79651E~(05
=1,53030E=12
=1+61663E~14
»8,3B600E=18
~6499649E~22
0s

»]e86344E%02
»1¢73327E=02
i 20327E=p}
1.71524E¢00
=541 T466E=q]
=9,8070TE=(2
w5,8)045E=02
w] 41991Enpé
=]1,98p43Ewpnb
~8,605%1E=09
0

.
*],586p23E=02
=1,8]1276E=q02
~2,B88572Emp2
8,51 0P1E=02
=] 422992Ewy}

3€18751En0!
=179216Emp)
=3 ¢53764E=g2
»7,37863Ewg2
=4 o59152E=02
'3.4054‘E-02
“2.#3733E-02
“],08990E=g2
=5430010E~03
'B|60777E“ﬂ‘
=2+8235TE=b
=7429574En14
=5,95880E.16
“2,07985E=19
©1,07599E=23

C.

O

m]1+49100E02
=8,31330E%03
w8, 437T4Ewp?
1.B5768E+p0
-3,18117Emp]
=]1+39815E~01]
w] o 366T2E-02
-],96991Eug4
w]s76202E-06
=] el 6566E-08
~2411379E=11
De

GRPH *B
Os

O
1)
0
Os
Os

Qe

], 3254TE=p2
=] T9684Em02
=3,57235E=02
-5.75697Eh02
3,05004E=0]
«l+6306PEwD2
=3, 7TBT(05Ewp2
wD O5LBTE=(2
=) 4 I6TOE=0Q2
w] 43996Eu02
=1, 04E56FE-02
=T TTAB7E=(3
-2+BI001E=-03
=],5197T0E=03
=] B2ZBOTEQS
“le15411Em1?
vl #2)127EL]S
~B,61912E=18
©]450145E~2]
=8,63169E=26

e


http:5.95B8oE.16
http:1.79214E.01
http:1.46988E.00
http:5,75697E6.02
http:6;09666E.03
http:1,41991E.04

S-S

e o o
D~ O U W T e [ ad

N N
o

AVELTN Y]
-~

W
o O

k)
32
33
34

0

0.

POS, 2 Tnng POSs 10

»d 43313E=02
=3,34186E=02
~4,56991E=02
-8054049E-01
~6,0608TE=02
=4,15526E=02
~-2,31201+ =02
=1.777801 =02
=1,20816E~02
=1, 00431E=02
=1,10942E=03
4 ,86128F=03
-1,71331E=03
=9 ,59565E=04
~R,42031E=05

0.
~]1.,30571E=16
~6.51652E~19
=1.07105E=22
=2.,22952E-2T

Ne

Ds

fia

Oo

*
=3,23939E~02
'3.461655“02
] 03779E+00
=4 ,332TBE=02
«3,52256E~02
=1,77136E=92
=1.37896E=02
«9,079U6E=03
~6, 79009E~03
-6,14580E-03
wt 51 3168E~03
~2.45450E=03
'9032456E‘04
«S,40104E=04
=3,3095TE~0S

Ge
=7+31617E~18
=2.92237E-20
«3,44683E-24
=4 ,839B5E=29

Ga

Do

0s

TABLE 5-4 (Continued)

0o 0
SAME AS ABOVE

0.

QO
w?.51416E=03
=1.00021E+00
wB 26922E=03
=T+50909£~03
=4,25975E~03
=2,70035E~03
=2+04683€-03
136243803
=) s 2696RE=03
~5,94420E~04
-7:.93632E~04
=3:460045E~04
“1,46402E-04
«8,59790E=05
“6.59§77E-0?

0s
-6,98848E~20
=2.02937E~22
=1.48121E=26
) ,]16490E=31
O

Qe

Oe
O

0
=}.B16BTE+00Q
-3,90382E~03
-4y 00943E=03
02;81175E'03
w1 462679E=03
«]¢23560E=03
«B8e12T7TIE=04
wB,28579E=04
=5 ,66562E=04
—ho39223E=04
=3, 43494E=0h
=1,3887SE=04
-6,08014E=05
»3,64644E=05
*6-699165'08

D
=6, 2T944E=21
=1,50937E-23
~8,34B37E~28
=44 T2920E«33

De

&)

f1ojelogey
1B3)2NU0ISY



9r-G

CROSS SECTION SET NO.w3520

POS.

L R R R ol ettty
P WUT=O0 O We S UNw

s B RO NGNS
=D T~ T &

FPOS.

GRPe

1.81440E¢00
6,8B644E+400
5,05439E+00

Oe
POS,
2,93662E+00
Qe ’

{ta

'Y

[1

GRPs 9
1.344456E+00
2.,96691E+00
T,4B8654E«00
Oe
P0S,
&,27002E+00
T.168n1E=01
6, 7T1TT6E=01
T.43040E-01
7,27589E=01
&,84550E=01
6,0296Q0F=01
3, 02862E-0]
T.6817gk=02
Ga

POS,

GRPS 17
3.30311E+01
5400043E+401

GRP, 2
1.59T40E+00
5,48213E400
6,46T41E+00

0.
5 THRU POS. 13

3,73691E+00
1.3603%E~02

]
23 THRU POS, 34

PER

GRP. 10
1.7T0506E+00
3,43988E+00
1,04588E+01

0
5 THRU POS. 13

8,37999% 400
8,87079E=01
§|57038E‘01
3,95995E=01
5,30859E=~01
4.642695'01
3.9499TE=0)
3,18129E=01
1:4757T0E=01
3,20163E=02
O,
[
s
0.
Co
Os
0

31 THRU POSs 34

GRP, 18
24 T4258E+91
4+ T3065E+01

TABLE 5-4 (Continued)

URANTIUM=2235

GRPs 3

1.18840E+00
3.T3511E+00
.101385*00

SAME AS ABOVE

4,93298E+00
1.54315E-02
1.28190€£-03
0
0.
Oe
0
Q.

O
SAME AS ABGVE

GRPe 11
2+31837E409
4,32945E+ 00
1.23122E+01
Oe

SAME AS ABOVE

9.8787TE+00
3,18475E-01
1.364695-01
8s52T91E=~02
3.,90558g=02
Te05661E=02
5., 80507E=-02
A4, 6TE64E=(O2
3,58794F~02
159395E~02
3,32800E=03
O
Os
[+
0.
Os

O« .
SAME AS ABOVE

GRPs 19
Te ‘61755’01
1.265T2E+02

GRPe &
1.25210E+00
3+66097E+00
B¢68F06E+00

L

S5.365T3E«00
2+6T629E-02
G,85820E-03
4, 72600E=03
O
O«
Oe
Oe
O

GRP. 12
3.78252E+00
6, T5434E+0D
1e43415E£401

0s

1+04682E+01
1.12389E«01
4o 41543E=02
3:10663E-02
1438565E~02
64254 TRE=(OI
1+10822E=02
B8496980E~¢3
7¢10840E«03
5.3B004E«03
2+36162E«03
4487901E=04
[+

[+

Oa

" G

O

GRP, 20
5,09892E+01
8.01334E+01

P CORE

Ghr, S
1:30940£+00
3+59450E+00
8,32439E+00
O

4,95888E+00
5453210E~02
3.,20300E=02
2.959TOE=~02
1.18210E~02
Oe
)
0s
0s

GRp, 13
545354TE+00
1.,02005E+0]
%,6035?5‘01

.

1+404143E+0]
9. 013135-02
2:55575E~03
8g60490E'03
1413T68BE=02
3+95334E=03
9,00946E=04
1+58466E=03
1+273006=03
1+00416E=-D3
7.56231E'U‘
3.30484E-04
6+800T1E=08
O

0.

Oe

O

GRP. 21}
7+97733E+0}
1-153415002

EooE

@RP% @
1435960£+00
3.58538E+00
T.T1465E400

4,34913E400
8,01920E~02
S.484B0E-02
a.ozlsoe-oa

6,29420€~02
241766002

s
0
0e

GRpl, 14
TohD1BTE+QD
{.24999E+01
3.790235001

L}

204152601
59256E~02
»B85520E=04
,36075E~04
, T5082E~03
+20782E~93
45622E=03
24767E=04
20188#95‘04
1:75370E~04
1:3805TE=p4
1403768E=04
4452833E~05
9¢30399E~06

O
Y

1
8
F
i
1
4
1
ie

EL ]

BRPY, 22
bhzp426E4p)

1,03410E402

GRP, T
1.33630E4+00
3.355°3E00°
6,91584E400
O«

4, 0TTR3E+ Q0O
2. 79575‘01
2.338715-01
3,05650E=01
3.,650940Em01
2.35430E-01
6491 780E~02
0.

0.

GRP 15
1,26489E4n1
Z!O?EJ‘EOOI
2431493E201)

0

14 0A34TE
a:5a554a-3%

O
8016774Eh05
2.133775505
T+09709E=04
1, 712ﬁ25-03
5.85434E=04
1,80937E=p5
32168515-05
2,3301BE=p5
1.9?531E-05
1443805E=0%
64524814E=06
1.337675-06
0y
O

GRP, 23
B.ST120E+01
10242295*02

GRP, B
1.32216E400
3.13771E«00
6.TBI24EwQ0
0.

4,28206E+00
3.B7585Emq0)
4.20580E~=0]
A+81710E=01
5,20820E~01
5418320E=0]
2+90T30E=01
To45710E=02
O«

BRPL 16
2435652E4 0}
3,99%37Ew01
3.40656E091

1+04384Ek )
&, 5?2175b02
O

O

8,30131Ew06
2+BSAR0E~0S
644513TE=05
1+52111E=04
5+5046%E=05
1¢4B44TE=D5
2.85513E=06
2+21185E=06
1¢72229E=08
1+34726E=06
5,28330E=07
1:425321Em=07
G

GRPL, 24
4¢91342E49)
Te6601BE+D]



-

POS.

L

14
15

4,35315€+01 3,79262€+01
Os 0,

POS, 5 THRU POS. 13
1,03863E401 1,014408+0])
6,19940E=02 1414098E-01
Qe O

POS, 17 THRU POSs 18
Bs09TTOE=0T 0.
4,14753=0T7 1,19962E~07
[+ ’ Te42119E=08
Do 0,

[+ 1 Oe
1636T26E=0T7 0,

1] .

0- 00

[+ Oa

O [+1%

POSe 29 THRU POSe 38
GRP+ PS GRP. 26
9,38692E+01 1,12B11E+02
9.24914E+01 2,02613E+02
1,06729E+02 1,25431E+402
De O

POS, 5 THRU POS. 13
1,24230E%01 1.21920E+01
3,605106=01 4,36550F~01
e 0,

POS, 17 THRU POS, 26
1:30648E~08 0. :
1.,13784E=08 9,.,89200E=09
(e 8,40631E~09
00 o.

0, 0,

{118 0.

e Oe

O [

GRP, 33 GRp. 34

1. 76852E401 2.13664E+01
3,458T9E+01 &,17601E+01
2.86852E+01 3,23664E+91
11 (1Y

PUS. 5 THRU P0Ss 13
1. 100005401 é-IOOEOE‘Ol
0 .

f0S, 16 THRU POS, 34

TABLE 5-4 (Continved)

9,16673E+01
Oe

SAME AS ABOVE
1.54Ti0E+0]

3.56440E~01)
O

SAME AS ABOVE

[

O
8441204E=08
5,59741E=00
[ 23
LY
o
Qe
[

Qs
SAME AS ABOVE

GRP, 27
3,0B793F+0}
3,1B601E+0)
9.15594E¢01

D
SAME AS ABOVE

1.02210E+01
4,28410E~0]

(1Y
SAME AS ABOVE

Qe
Qe
7:53091E~0S
6,825688E~09
Os
O«
O
De

GRP, 35
6. TP?183E 01

1.21581E+02"

T.B9163E+01

0s
SAME AS ABOVE
1¢10000E+01

6,22154E+01

Ge

1.03‘9°E¢°1
5, 78790E~01

0

Os
0
Os
5,985B4E~)B
4424899E=08
0.
Oo
Qs
Oe

Qe

BRP. 28
6,1 THTIEX(]
6.22251E+01
T+271T7E¢01

Ge

1,08T80E«0]
3,591860E=01
Ou
Oe E
Qe

G

54 T6064E=09
Os

O

De

GRP. 36
9.90114E+01
2,02411E402
1a10011E+02

{119

1¢10000E201

Oe 0
SAME AS ABOVE

94519288+ 0)

0s

1448960E+0)
3+81220E=0]
O

0e
04
Os
Oe
4431803E=0H
3+24223E=08
Co
04
0s
Qo

GRP, 29
2e40312E+01
1425236E+0]
3.5TIL4E+D]
[ 1]

1+13030E+0]
3.71720E~01
O

be
Oe
Oe

Oe
4.42218E=09
O
Os
0s

GRp, 37
642051 TE*DY
1.35982E+02
T+3051TE+0)
Oe

1«10000E*0]
0e

;-3?12§§°01

1,07910E+01
5,23460E-01

O
3:15415€E-08
2.68456E-08
0¢
0e
&

GRpY, 30
4,54959E+0]
7.40557E+01
8,67995E%0]
Os ’
9160E+n1
1180€=01

Do

40708E=09

OO OOOO O

o0 jlele (8o teie

Grp, 38
8,79110€+01
1,90764E+02
9,69110E+01

[ ]
.

lo10000E+0])
0

9.84121E+0]

0.

1,22690€401
3,79180E=01

0,
2,32984Ew08
1e90997TE=g8
O+
0s

GBRP, 31
1.68122E+01
3,3096E901

" 2.89119E+01

0.
1.16830E+0]

*
1.75715E=07

Os

GRP, 139
11859‘5&“02
3,746@5E+02
1.96948E4 02

0o

1.10000E%01

3,83600E-01

$,97537E4 01

1,02590E40)
4,31120Em0}
0«

Os
O
O
O
G
O
Q.
1+73743E=pB
1e4T300Ew08
Qs

GRrP, 32
2.738%4Ew0]
Fe50244E401]
3,9B898Ek0]
0.

1425003E401
4,107S0E=0})
O

Qo
Qe
G
Os
0y
Qe
1Y
Oe

GRPlW 40
22365832Ek02
4,61678E402
2¢47532E002

O

1+10000E%01
O

/

@

£lojeloge]
183]INU01ISY
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GRPs 4}
2014724E¢02
4423098E+02
2.,25T24E¢02
Oe
POS.
l.10000E+01
(118
P0S.

GRPs 49
6,842] 36402
1.‘17‘8E*0$
6.95213E4 02
e ~
POS»
1,10000E+01

0e
POS.

Y
16 THRU PoS,

GRP, 42
2+14590E#02
4o 360082E+02
2.25590E+02
0.

S THRU POS, 13

1.10000E+01
O

. 16 THRU POS, 34

GRP, 50
9,22161E+02
1.91026E+03
9433181E%02
0

[ ]
S THRU POSe 13

1410090E+01

TABLE 5-4 (Continued)

GRP, 43
2439693E¢92
4+24965E+02
2.50692E+02

0.
SAME AS ABOVE

1010000E+0}

Oa
SAME AS ABOyYE

GRP. 51

1,35805E+03
2.81300E+03
3-36905E‘03

.
SAME AS ABOVE

1+10000E+0D]

GRP, 44
2+ T5068E+02
S,69TI9E+ (2
2.86068E+02

0.

1+10000E+0}

O

GRP. 52
2.05283E+03
4425161E+03
2+06383E+03

1.10000E+0]

0 Ou
34 SAME AS ABOVE

GRp, 45
3413002E+02
6¢4B315E+0p
3,24002E+02
O

1+10000E+0)

Os

GRPl, 4b
3.67740E4p2
756&769@002
;787608402
0.

111p0000£+p1

Gy

GRP, 47T
4,5504GE+52
Dekh279E402
&,66840E%02
0.

1410000E+0)
0y

GRPl, 48
5,62508E4p2
1016525E03
5.73508§402
Oe

1e10G000E0D1
O
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TABLE 5-4 (Continved)

CROSS SECTION SET NO.w3%2) URANTUMw23%
POSs GRPy 1 GRP. 2 GRP, 13 GRP, 4
0s 0. 0
PDOS, 2 THRU POSe 1|3 SAME AS ABOVE
14 9,80680Ee00 1.,17820E401 1.6TBBQE*0) 2.04350E+01]
15 0. =2,16040E+00 =1473550E+00 ~3,57150E+00
16 ne Os e Os
POSe 17 THRU POSe 34 SAME AS ABOVE
POSs  GRPe* 9 GRP. 10 GRPs 11 GRPs 12
| 11 O 0
ROS, 2 THRU PQSe 13 SAME AS ABOVE
1% 4,93090E+00 3,96814E+00 3.22098E+00 1.4546BE+00
15 =1,08981E+00 ~?.397?9E-01 =1 +BOTTSE~0] «3,49622E~01
16 0. (1% [ 1Y O
POSe 17 THRU POSe 34 SAME AS ABOVE
POSe  GRPe 17 GRP, 18 GRP, 19 GRP. 20
1 e O, O 0
PiIS, 2 THRU POS, 13 SAME AS ABOVE :
16 1,95939E~01 3,90410E~01 6,76230E~01" 4,40720E=01
15 =1,07114E«0) =1,06599E=01 =3,01070E~01 =5.3117pE=01
16 0. D Oe De
POSs , 17 THRU POSs 34 SAME AS ABOVE
PUS, GRP, 25 GRp, 26 GRP, 27 GRP, 28
1 0. Oa Qe (119
POS, 2 THRU POSs 13 SAME AS ABOVE .
14 4,78160E=0) 5,00530E~01 3.,97790E=01 4,34290E=Dl
15 =3.30850E=01 =3,68740E~01 ~3,93160E=0]1 «3.07780E~01
16 e O (1) Os
POSs 17 THRU POSe 34 SAME AS ABOVE
POS. GRP. 33 GRP. 34 GRP, 3% GRP, 36
1 e Ge Qe O
P05, 2 THRU POSe 34 SAME AS ABOVE
POSe  GRPs 41 GRP, 42 GRP, 43 GRP. 44
1 o0, 0. Os [
- P0S, 2 THRU POSs 34 SAME AS ABOVE
POSe  GRPe 49 GRP, S50 GRPy 51 ' GRPy S2
1 0. 0, [/ O
PUS, 2 THRU PDS. 34 SAME AS ABOVE

Pl CORE

GRP, %
0s

1¢58160E%01
=7454020E+00
Qs

GRp, 13
O

Be«38740E~p]
=1+T73315E~0]
Os

GRp, 21
0.

5,73340E«0]
w3451 TOE=0]
G '

GRP, 29
Os

4435030E~0]
=3+41)130E=0]
0e

GRP, 37
Oe

GRP. 45
0

EDGE

GRP 8
0s

1+27220E+0)
=5.01640E%00

1:55498E=01
=8,675688=02
1 2]

ORPY 22
0s

4,43020E~01
=4,42150E~01
L)

8RR, 30

0o
4,43460E-0)

=3,35480E~01
Qe

GRPW 38
0.

GRP, &5
Os

GRP, T
0

5+39232E+p0
»5,06610E+00

1922579Emq}
~6,51603E=02
0y

GRP, 23
0,

8,03700E~01
*3:47990Ew01
0o ’

GRP, 31
0s

425469%0Ewp1
»3,47320E~0)
O

GR?O 3%
0e

GRP, 47
0

GRP, 8
O

5.22097E+00
-9, 54862Ew0])
Go

BRPL 16
O»

1¢96483Emg]
«3,32389Em02
D4

GRPL 24
O

4,21210E=01
=3,95680E=0]
]

GRPY, 32
O

1+056350E=0}
»3:52000E=01
O»

BRPY 40
Os

GRP, 48
e

@

Alojeloqget
1e3|anueclisy


http:5.03700E.01
http:5.22097E'.00
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TABLE 5-4 (Continued)

CROSS SECTIONS FOR GROUP 1
POS,  MATe 1 MAY, 2 MAT, 3 MAT, 4 MAY, & MAY, & MAT, 7 MAT, 8
1 1.,50000E=01 4,064296E=0]1 4,8i130E~02 4,38977E=01 1:0014840E400 Z,54880E+00 1,204245w02 3,85086E-02
2 0e 0e 0+ De 6+8B64SEY00 o 2e823A4E=02 (s
3 1.77742E400 0, 1e334TLE*00 0. 5,05439E400 0. : 10085%1E=0Y 0.
LI Y Ve 0« Oa 0. 0. 04 De
PoS, 5 THRU POS, 13 SAME AS ABOVE ‘
14 6.60410E=01 1.435T4E+00 SeT0110E=0) 1436T30E+00 2493662E+00 :-_306805’00 :-969'025-02 3-27558?-0!
15 0 ’ O . * ¢

Oy Qo De
P05, 16 THRU PGS, 35 SAME AS ABOVE



CROSS SECTIONS FOR GROUP

POSe
1
e
3
&

14
15
16

L6-¢

MATs 1
7.51300E=02

O
1,33“2E¢00
Qe
P05,
B8.52085E=D1

5 THRU POS.

MAT, 2
S, 75400E=01
0,
6,
Oe

1,76999E+00

TABLE 5-4 (Continued)

MAT. 3
2.88100E~03

O
1,16536E+00

[
13 SAME AS ABOVE

4,8Z040E-01"

9,64093Ew02 =4,2852TE=02 3,17840E~01

0, +
P0OSe

L ]
17 THRU POSs

0

MAT, #
2,25787E=01

1.04940E+00
4,92950E=02

O 0
3% SAME AS ABOVE

MAT, S
1+59740E+00
5482136400
6, 44TA)E+00
Oe

3.T73691E¢00
1.36039E=02
Os

MAT, &
3, 34883E+00
»
0,
0o
1.17820E4p]

=2,16040E400
0s

MAT . T
8,205p3Ew=0]
26424T67E=02
1,04593E-01
D

6,73964EmQ2
1,94829E=02
O

HaT, B8
2e94064ELQ2
(| 1Y
O
Qe
1:17819Ew0]

=b o )5849Ew]
O

@

£10}810Q€]
1B3[INUOLISY
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TABLE 5-4 (Continued)

CROSS SECYIONS FOR GROUP 3
POSs  MATs 1 HaT, 2 MAT. 3 MATs 4 MAT, 8 MATe b HAT. 7 HaT, 8
1 2,99000E=02 6,47143E=01 0. 2.66407E~01  1418640E+00 4440580800 6,08589E=03 3,64414E802
2 Qo O Co De 3.73511E400 O 1'53!395_"02 0s
3 1.91892E¢00 0, 1.19615E+00 0, B+101368E+00 0. 1:13195E=0]1 0.
4 0. ] O D« O [+ 1%

. [+ 13 0
POSe 5 THRU POS. 13 SAME AS ABOVE ]
9,59144E=01 1,94919E400 S,34910E=01 1.16360E+00 4.93298E¢00 1«6788pE+p) 5,5868T7Ewg2 1.45859Ewq])
1a37203E~01 =6,378H5E=(02 3,43450E=0] «2,42390E=01 1+54318E=02 =)1.73550£400 2.11779E=02 =2.1B210E=02
2.,00000E~02 0, 3+90460E-02 =9,96640E=02 1+28190E~C3 0, 2¢42202Ew0a =5.97984E=03
Os 0. o. o 00_ 0- 0-_ 00
POSe 18 THRU POSs 35 SAME AS ABOVE

e s
- P



£6-¢

TABLE 5-4 (Continued)

CROSS SECTIONS FOR GROUP [}
POSe  MAT, 1 MAT, 2 MAT, 3 MAT. &
1 9,92000E=03 &,35276E=01 0. 2440563E~01
2 0. 04 Oa O
3 2,12169E+00 0, 1.88253F«00 o,
4 (e OQ 00 o'
BOS, S THR PGSe 13 SAME AS ABOVE
14 1,13418F+00 2,01003E+00 9,08220E=01 1,90360E+00
15 1,59873E=01 ~7,76246E=03 &,52410E=0] =3,24120E«01
16 3,00000E=02 0, 5,18260E=02 =1,29650E~01
17 2,00000E=02 0, }+25586E~01 0,
18

e Qs Dy 0
P0Sa 19 THRUY POS. 35 SAME AS ABOVE

MAT, S MAT, &
1+2%210E%00 4.29827&+00
3.6609TE*00 bg
B+68%06E+00 g.

» -

5.36573E+00 2.04350E+01
2¢67629E=02 =3,57150E400
9,85820E~03 0,

heT2600E=03 O
0 e

MAT, 7 MAT, 8
5,96618Ex03 3,44220£-02
1.,501n00E=02 0,
1.57223E~=01 0.

00. 0.

By 06BAZE~g2 2405437E=pl
3,38459E=02 =3441791EW02
3,26098Em03 =T,77900EW03
7,66554E=03 O,
e Go

@)

A1ojeloge]
183{aNuCSY


http:7,77900E6.03
http:3.26D9BE.o3
http:1.90360E.00
http:2.01063E.00

yS-S

CROSS
POS,.

) T

e e Mt gt G
D@~

TABLE 5-4 (Continued)

SECTIONS FOR GROUP -]

MAT. 1 MAT, 2 MAT, 3 MAT, 4
2496000E=03 T435319E~01 0o 6443000E~02
Qe G Qe , 0.
2.A1494E+00 0, 2+.01800E<00 0.

O 0. 0. . 0
P0OS, 5 THRU PQSe 13 SAME AS ABOVE

1e4T16TE+00 2.36545E¢00 B.21090E~01  1,848)0E+00
4,97587E=01] =9,22028E=02 B.02360E=0] w7,39580E=0]
3,00000E=02 0, 1,67310E=02 «3,92600E=02
6,00000E~02 0, D O
1.51049E=01 G,

7.,00000E=02 0,
O« O (1 G.
POSe  2n THRU POSs 35 SAME AS ABOVE

MAT, §
1¢30940E+00
3459450E¢00
Be32439E+00
0

4+95888E+00
%:.53210E=02
392030°E'02
2«959TO0E=02
1,18210E=02
O

MAT, &
3,599976+00
0,

0y

O

1,58160E+01
=7454020E400

0,

04

0y

0

”AI. 7 MAT, B
6:13793E=03 2413381E=g2
1.47374E=02 0.
1,64904E=01 0o
Qe 0.
"Te504p0Emp2 1+844B4ER)

E.02095E=072 =7¢56308E=072
1,24618Ew03 =2,35560EmD3

3.43348E~04
9,37041E=023
O

04
0
O



GG-G

TABLE 5-4 (Continued)

CROSS SECTIONS FOR GROUP 6
POS: MATe 1 MAT, 2 MAT, 3 MAT. &
1 4,13000E=0% 1,30545E+400 0. 2418100E-02
Z 90 00 00 n!
3 3,1817sE+00 O, 1.65986E400 0.
O 04 Ge 0
POS, 5 THRU P0OSs. 13 SAME AS ABOVE
14 2,26107E+00 3,45767E+00 6,39190E~01 1,17810E+00
15 5,603L4E=01 =1,59492E=01 1.05140£+00 «1,28820E+00
16 7.000006=02 O 1¢71950E=01 =4.42330E=01
17 T.00000E=02 0. Os Qe
18 9,00000E~02 O, B.03257E~02 0.
19 1.00000E=-0% 0. 1.79267E02 0.
20

De O O 0
POS . 21 THRU PQSe 35 SAME AS ABOVE

HAT, &
1+35960E+00
1.98538E+00
T+T1465E*00
O

4,34S13E+00
Be.01920E=02
5+4B400E=02
B0} 150E=02
6+2942(E=02
2+17660E~02
Oe

HAT, [
2,5%197E¢ 00
0
0o
0e
1.27220E+01

»5,0)640E+00

Qs
[\ )Y
¢
04
Os

MAT, 7
6,44652Ewg)
1,47001E=02
1.,43865E=01

0.

6,46228E=(2

MAT, &
1.58618E-02
O
O

1435640Ew01

6,54B59E=02 =9,B846494E-02

1408D09E=02 =2+ 56339B8ERp2

5.87471E=04
Se41060E=p3

0a
Oe

Es13484E=03 04

0s

@

f10leJoqeT
1e91aNU0IISY



96-¢

CROSS

£ Wiy e

TABLE 5-4 (Continued)

SECTIONS FOR cROuUpP T
MAY, 1 MAT, 2 MAT! 3 MAT, &
3,7863GE=04 9,94531E=01 0. 1.96996E=0]
G 0, On [+ 1
3.074618400 O, 1.93662E+00 0,

[ 39 0. Oe 0

POS, 5 THRU POS: 13 SAME AS ABOVE

2457392E¢00  3,0727SE+00 1.30659E¢00 1.04799E+00
T.50230E201 =1441313E~0] 1+02067E+400 =1411267E+00
9,00000E=02 0, 1.,45510E~01 «3,67000E~0QL
2.00000E=0) Q. [ I Qe
1.80000E=01 0@, D 0.
2,10000E~01 o, 1,48877E=01 o,
2430000E=01 0. 117032E=-03 Q.

118 G . 0s 0

POS, 22 THRU rOS, 35 SAME AS ABOVE

MAT, &
1433630E+00
3435503E+00
54,91584E+00
O

440TTB3E+gp
242795TE=0)
P+I38T1ESD]
3:05650E=01
3.60940E=0)
2,35430E=0)
6491780E=02
O

MAT, &
1,812409€+00
0o
0,

04

61392325’00
»5.066)0E+00
0.

MAT, 7
6,27864Ewp3
1+37556E=02
1.56727E=01
Qs

1+04638E%0]
6+49507E=02
1,00225€.02
1:99316E=03
2214585E=03
1,06749E=02
1,20485Ew03

G,

MAT, B
2.2930TEm02
0,

0.
0

1:0065TE=p]
=8,B0541E=02
=2, 20200E~02


http:2.10000E.01
http:8B80541E.Op

£G-G

TABLE 5-4 (Continued)

CROSS SECTIONS FOR GROUP 8
POS. MATs ) HAT, 2 MAT, 3 MAT, &
1 4,1623TE=04 1,04110E+00 O, 3,34259E=90])
2 0, [l Oo De
3 3,3THL6E00 O, 2¢60TALE*QD 0.
& 0. 0. 0. 0
£0S$, % THR. POSe 13 SAME AS ABOVE
14 2,82189E+00 3,20410E*00 1.78404E*00 1.56772E¢QQ
15 3,9833]E=01 »B,91600E=02 6,30024E=C] =4,57000E~01
14 6,00000E=-02 0O, 0 0o
17 1.,10000E=~01 0. O 0o
18 1,20000E=01 O, O De
19 1.90000E~0y 0, 4.55768E=02 0,
20 1,80000E«01 O, 5,59595E=02 0,
21 2.00000E=01 0, 246383593 o,
22 0. 0 O 0
POSs 23 THRU POS, 35 SAME AS ABOVE

L4

MAT,
1032216E+00
3213771E400
6+78324E400
De

4.28206E+pp
3,87585E=01
4.20580E~0]
4.81710E=0]
5.20820E-0})
5¢18920E=0)
2+907T30E=Q]
Te45T10E=02
[+ 1Y

MAT, &
1¢37705E+00
O
0.

0,
5.22097E%00
-?!56362§“0‘
0! '

Gy

0.

0.

.

(-5 -3 -]
ivie 8

MAT, 7
6405571 7E~03
1,28648E=02
33973755-01

[ )

1+3503%E=0

MAT, 8

2495538EWg2 .

0.
Oe
(119

1027325Emp1

4,0B663E=02 »3,150649E=02

1:945638E=02
2+38201E=03
2+57936E=03
S5+56510E=03
5,21556E=03
le20404EmD2
De

Go
Os
0.
0o
O
O
O

@

f10jeloqe
183|3NUCAISY



8G-G

CROSS
POS,.

SECTIONS FOR GROUP

MAT, |
4,T8944Ew04

0
4, 09B55E+ 01
Y

P0G s THRU POS.

9

HAY,
8,25077E=01
0,

0.

0,

3. T1004E+00 R2.T5602E+00
4,56895E%p] =8,080i5E#02

L,01989E=01,
5,00000E=02
l¢4000pE=01"

5. 00000E=02
2430000£=01
2.0000QE=0}

1,80000E=01

Oa

Q.
0.
Do

.
P05 26 THRU POSe

TABLE 5-4 (Continved)

HAT. 3
0.

0
3.2T2684E*00

(1)
13 SAME AS ABOVE
2.581T4E+00 1+5832T7E+00
8,23402E-01] w54 64956E=01

Ga
O
De
[ K]
3,60374E=02

Qe
1,00855E=03

HAY,
3.,63462E=01

Os
Qe

0

O
Os
O»
Do
Os
De
D

0s 0
35 SAME AS ABOVE

MAT, 94

1+ 34446E+00
2+96691E+00
Te6BES4EOD
O

5427002E*00
7.16801E~01
6+717T6E=01
T.43040E-01
7«27580E~0]
64B4550E=01
6402960E-01
3.028626=01
T+051T70E~02
Do

WAY, ©
1.39704E+00
4
0,
0

?59389v5*oo
»1s08981£400

Do

Os

Oe

O

O

Qs

0,

D

MATs 7
6,02628E=p)
1,21 543E=02
2043552Em01
De

1:90239Ewg]
5,40335E=02
3¢13164E~03
3.¢23146EwD3
3,5010B8E=03
3102365E~03
5. 4B530E=02
1.98173E~03
1,01563E.03
0y

#at, B
3.05883E-02
Os
Qe
]

1+25%10E=01
w3, B6645E=02
Do

O

O

Oe

D

Qe

O»

0o


http:1.39704E.00

66-G

CROSS SECYIONS FOR GROUP 10
PQOS, MAT. 1 MAT, 2 MAT, 2
1 1,90831E=03 2,55023E=01 0,
2 0. O« 0. 1
3 4,59892E+00 O, 4,03317E+400 o0,
4 0, O [ Y 0
POS,. % THRU POS. 13 SAME AS ABOVE
14 4,34397E+00 1.02026E+00 13,54330E+00
15 3,88011E=0] «2,80794E=01 6,91103E=0] wh ,F28B4E~01
16 9,5054%E=02 0, O, O
17T 0, 0. O, O
18 4 _00000&=02 O, 0. O
19 4,00000E=02 0, 0 . e
20  ;.,00000E~02 O, 0, 0
21 7,00000E=~02 O, 9.?5605&'_"03 O
22 5.,00000E=02 0, [ 1Y Os
23 A,00000E=02 0. 2.20833E~04 ¢,
24 0. O G 0
POS. 5 THRU PGSe 35 SAME AS ABOVE

TABLE 5-4 (Continued)

MAT
3.08847E=901

1429766E+00

t

ATl 8
1.70506E%00
3,43988E+00
1+04%88E+01
O |

8+37999E400
B.87079E=01
3,57038E%0]
3+95995E=01]
5,30859E=01
4164269E=0]
3494997E=01
3,18129E-01
1e47570E=01
3.20163E~02
Oe

MaT, 6 MAYy, 7
1,26206E400 7.45018E=p3
O ' 3.02300E=01
o, [
3,96814E+400 2,63028Ewp)

«7,39779E=01 4 ,653R9E=p2
0, 1.81556Ew03
'Y 1,62358Eupy
0, 2,32452Eu0]
G 2,05150E=p2
0. 1. T7T3049E=01
03 2+ 14869E=0)
0y 7490037604
Oy 2092517E=04
O 0y

Hate &
2446505Em02

o]
O«

9479041Em07
©3436481Eu02
04

@

Alojeioge
leajonuolisy



09-5

CROSS SECTIONS FOR GROUP

POS,

LR ] Fr Ty e

A

16
17
18
20
21
22
23
24
25

MAT-
3 #1203E*03 2,59546E«-Q1

1 MAT,

O 0.
S «01087E+00 0-

POS.

G, 684868E+00
2,53043Ew0} -2,55]192E~01

Y
Qe
0.
Oe
Qs

5 THRU POSe

TABLE 5-4 (Continued)

HAT, 3
4,57197E+00

3,86318E40¢

q.89378E-01 =3,T1120E-01

[ 1 1%
Qe
0.
(1]
Os
O
60638155'9‘
O
O

0
35 SAME AS ABOVE

Qe g
13 SAME AS ABOVE
1.02226E+00

HAT, Hit, 5
225TI2TE01  2,3183TE+ 00
Oe 42 32945E+00
O 1.23122E+01

Os
1635493€400 9.8787TE+gp

3.18475E=p)
0s 1036469E=h]
Os 8:52791E~02
0. 3.,90558E=02

o. 7.0566‘E.02
04 5:80507E~02
e 4e8THOLE~]2
Oe 3+58794E=Qp
be 15939502
Ge 3432B00E=03
0. 0“

HAT, &
915?120€“0!

0-
0.

3.22098E+90
»1,B807T5E=01

Da

0y

0.

0e

0y

Oe

O

O o3
FLL Y

MAT., 7
9183053Eb03
Ve TT507E=02
3.43701E=0)
0.

3, 16347F-oz
5.595225-04
3.49644E=04
1.60129E=04
2489321E=04
2:3600BE~04
1¢86994E=04
6,53515E-05
1436446808
0,

HAY, 8
2:03241Enp?2
Ce
04
O

9.82B41E=p2
=24¢39526EmQ2
Oa

119

O

[+ 19

De


http:6,53519E.o5

19-9

CROSS SECTIONS FOR GROuUp
MAT,.

POS,

ks N

MAT: |}

12

5,60469E=03 ~24614486E=01
U. 0'
4,58998E¢00 0.

f1e
P05,

5 THRU

0

.
POS,

4,51761E+00 =7.271567E=01
3,22798E=41 =2,43523E=01

n'
e
Os
O
'Y
Ne
Oe
[t
Qe
e

04 .
POS, 27 THRU POS,

o,
Qe
0s
G
Qs
Ge

TABLE 5-4 (Continued)

MAT. 3

MAY+

MAT, S

Te24145E=07 2,55155E=01 3478252E+00

Qe
13 SAME AS ABOVE

3,88825E+900
7+08786E=01 ~5.82947E~01
[\ Co
0. 0.
G 0
Os O»
Da Os
O Oe
[ 2 e
3, 44141E-05 0,
O [+ 1Y
0. 0.
e

0.
35 SAHE AS ABOVE

0. 0!
4,5F433E+00 0.

1434775E¢00

60 T5434E+00
12434156401
0e

1+04682E¢0)
1.12389E=01
b o4 546E~02
3.10663E=02
1+38565E-02
6.2547BE=02
1¢10822E~02
8:95980E~03
T+1 0B40E=-n3
5,38004E=03
2+36162E=0)
42A7901E=04
0y

MAT, 6
33271235'01

._
0
O
1+45468E400
=3,49622£~01]
0

0s
0,
0

- R— A -4 -K- N

e ie 1810 8|8

AT 7
1.,58834E=02
2,76928E=02
3,51 7E=(]
De

2,.9293pE=01
ho41822E=02
1,81034E04
142T7372Empé
5,668115E=05
2256‘465-05
4454370E=0%
3.67352E=05
2491 b4hEnps
2441230E=-05
J,6B2phEn0s
5300039E-na
»

MaT, B
1260932E=02
0.

O
0.

Bed1384Em2
w3,73117Ew02

O,

O

O»

O

O

(1)

Qs

(119

Do

Ge

Ge

&)

£loleioqe]
leajonuonsy



9-§

CROSS SECTIONS FOR GROUP

POS.

-—
oE~T Nne LT RLTE

AR IR NS NG P Aot b et gt gt et
~ TN WU O

MATs 1}

MAT,

13

5,32298E~03 2,53237E-02
Oe 0
1,40339€+00 0,

Qs
POS,.

0.

5 THRU POSs

1.252TTES00 2.07329E=01
6,67710E=02 =5,71722E~02

o
Oe
Na
e
(119
LUM
Da
{ie
[
e
1

Oe
POSy 28 THRY POS,

O
Qe
O«
Os
0.

TABLE 5-4 (Continued)

MAY, 3 MAT o MAT, 8
8,.T1029E-06 2,59288E=01 5.53547E+00
0. Os 1e02005E+0]
4o 66TIAE+DD 0O, 146035TE+0]
0. Os 0

13 SAME AS ABOVE
3,95458E+00 1438840E+00 14041438401
To060B2E=0]) «5,82279E=01 9.01313E~(2
O O P2eSSSTOE=03
O O B+50490E=03
Qe Os 1+13T68E=02
0o De 3+95334E=03
0. e D400946E=04
0, 0, 1.58466Ew=)2
Os Oe 1+27300E=03
Qe Qe 1+00416E=03
T«25406E=08 0o Te+56231E-04
[\ Os 3:304B4E=D4
O Oe 80300715“05
[ ]

1 0
"35 SAME AS ABOVE

MAT, 6
0

5,38740E~=p1
=1,73315E=01
0y
0,
0o

MAT. 7
2«30TD3E=p2
4,102]19E=02
3.51370E=0}
0.

2+8450%Eng)
4,29815E=02
1.04766E=0%
3.52B01E=0%
4,66451E=(5
1:620B7Ewg5S
3,69388E=06
6,49711€E-06
5,21930E=06
4:117086E~06
3.53579E=08
1.,35498Ew06
2¢78829E=Q7
0

MAT, 8
1.,62060E=02
0. '
0.

L+

8,44799%Eup?
=3,5B8589E02
Qe

O

Do

Oa

O

o,

G

0o

Qe

[+ )%

0

Os


http:6.49711E.06

£9-6

CROSS SECTIONS FOR GROUpP

POS,

Pt O et gt
S WERNO R oW

NN N RS T Ny
O =3 O AP e

TABLE 5-4 (Continued)

14

MATe 1 MAT, MAT, 2 MAT. 4 MAT, %
2,18265E=03 3,6%200E=02 1,02392E<05 2,60T33E=01  T.4018TE400
LI (UM Oe (1] 1¢24999E+0]
1.42108E+00 O, 4,69385E¢00 o, 1+ 79023E40}
nu ol 0- 0. 09
Fnsg, § THRU POS, 13 SAME AS ABOVE
1.32132E+00 1.,86906E~0D1 3,9830RE+400 1,32252E400 1,04152E¢0]
1,45291E=0) =1,31357E=01 7.,13354E=01 ~5,80535E=0] B,59256E~02
Oe . [ 1Y [ 4,B85520E=04
Ny 04 Oe 0, 1436075E=04
O Qs [ 1Y 0, 1+75082E=013
Ne O O« O« 4420 7BZE~(3
Oe O fa Oo 1045623E"03
Na 0. O O l-?‘TGTE“04
0. 0, 0. 0, 2,18B49E-04
Ge O bo Ge 1+75370E-04
Ne Qs O [\ )8 1:38067E=04
e Qs 2+41531E~06 ¢, 1403768E=(s
Ny 1% 0o O, 4,%2B33E~05
0 0, G 0s 9.30399E=06
0o 0. Oe . 9 Qe
PoS,. 29 THRU POS. 35 SAME AS ABOVE

MATY, &
2i971ﬂ§§'°?
0y
0,

Oy
1155§93§‘01
~6,67508BE~02
0,
0,
b
ok

0,

0.

g,

04
0,

O
0.

0.
b,

MAT, 7
3.07019E~02
8,12¢95E=02
3.60635E=01

0

2.86576Eug)
4,36911E=p2
1.99063Em08
5,5T908EWDT
T.1T838E=04
1, 72521E=08
£, 97054E=06
50‘15‘35-07
8,97281Ew07T
T419017E~07
B5.66075E=07
5, T0367E=07
1.85682E=07
3.81464E~08

e

MAT, 8
1.59012E=02
O
0.

O

B8,006801E=02
»3:55919E=02

@

AiojesoqeT
1B3|aNU0IISY



yo-G

CROSS SECTIONS FOR GROUP

POS.
1
2
3
N

14
15
16
17
14
19
20
21

22 .

23
24
25
26
27
28
29

15
HAT. 1 MAT, MAT, 2
1.11739E=03 3,4854TE=(Q2 1015929E'05 2461372E~01
0 . 0, O«
1.41112E+00 O, A.TOS30E+00 0.
0o . 0 0o
PS, 5 THRU POS, 13 SAME AS ABOVE
1033478E+00  1,43946E=01  4,15599E+400 1.070S1E«00
GoTETALER(2 =TeTIHAIE=02 T4107T4E=0] <5,4031TE=01
O« Qs 0. Oe
0. 0, 0. Oe
O+ 0. ] Qs
O 0. O Oe
0. 0, 0. 0,
e O [ O
(Y 1Y 0. O
O O Qe Oe
0w (Y 0 De
Qe [ Oe Oa
O Qe l.b?BSSE-OS G
04 O O Do
Ge O 0 e

TABLE 5«4 (Continued)

MAT o

0w De O Ds
PDSe 30 THRY POS, 35 SAME AS ABOVE

MAT, S
1.264B9E+H)
2+09274E+0)
2e31493E+0]
Os

14 0434TE+D)
B,52554E~02
Oe

B,16774E~05
2013377E-D8
T:09T09E~04
1-712‘2E-03
5¢85494E=04
1:80%37E=05
3.16B851E=05
2+53818E=05
1+99581E=05
1«4980SE=05
6.52414E=06
1+337ATE=06
O«

MAY, &
2,97800E~02
O,

0

0.

1g22579£‘01
=646]623E702

MAT, 7
5,21012Ewg2
8,58022Ew02
3,82777E=01
0.

2+970B0E=01
4.3§BWOE-02

0,

3,34877TE~07
B.T74845E=08
2+90981E=06
7,02093Ew06
2.40053E-06
T.41842E=00
1429909£=07
1,04065E=07
Be182B2E=08
1.08054Empb
2,6TAB0E=08
5448304E=09
1Y

MAT, B
1¢59334E02
G
Oy
O

6452655Ewn?
=34 29TH4EwD2
Qs

0.

Qe

Do

Do

De

Oe

Oe

O

O

Oe

Oe

O

O



g9-S

POS,

CRUSS SECTIONS FOR GROUP 16
MAT. 1 MAT. 2 MAT. 2
2,07944E=03 3,48513E=-02 3,32432£-0% 2,61653E~01
Ce C. Qe Oe
1.,41208E«00 0, 4,70980£¢00 0.
Ne Qe Qe
FOS. 5 THRU POSs 13 SAME AS ABOVE
1033905E¢00 2,42439E=01 441906BE*00
T.52249E~02 =3,93815E=02 5+49292E~01 =2,863%91E=0}
De Ce Qe Qe
N Ce Oe [
Mo Oe Ge Qs
O« O O O
o. 0' o. o.
Qs O (1Y [/
Qe Do O« Oo
O O o Oo
O 11 Oe 0o
Os [ [ Oe
1 Co O« Oo
Qe 0 Oe Oe
Ne Oe O« O
Os Oe O O
Oe N O O« 0
POS. 31 THRYU POS, 3% SAME AS ABOVE

TABLE 5-4 (Continued)

MAT,

1.68109E+00

MAT, 8 MAT, b
2.35852E+0)
J+.9G4ITE*0Y . Oy
3240656E+0] -0!

Os ‘0
1+043B4E+0) |1.96453En£1
6.572TTE=02 P3o32389E~02
Oe

0 0!
8030131E=06 O
2485440E=06 04
6+46137E=05 04

11521115'04 02
E+50665E=05 (4
144844TE=06 G
2+855]13E=06 0,
2e27186FE=06 (4
1+ 79229E=06 04
1:434726E%06 04
B.98330E~0T (o
1¢25321E~0T Q.

Oe Oe

HAT. 7

t

¥

MAT

le 63769E-01| Os

4, 277735'01
Qe

2:99193E=p1

1Y
Os
3-#0354E-08
.ITOGIEHOB
6423654E=07
2:25501E-07
6,08433E=99
1¢17060E=p8
9-31¢63E-09
5452377E=09
2445315E=09
8,13816E=10

t 1e02568E-0]
3435084Emg2 -1-7‘655E*02

0a
0s

O
O»
O
Gs

0

B
2 977955-02 9,89182E02 | },59502E=02

@)

Asojesoqe
1B3]2NU0MISY


http:vf32389.02
http:9.69182EE.02

99-6

TABLE 5-4 (Continued)

CROSS SECTIONS FOR GROUP 17
POS, MAT, 1 MAT, 2 MAT, 3 MAT, & . MAT NAT, 7 HAT, &
1 3,39430E~03 3,48635E=02 s +61386E-08  2,61663E-01 ana118401 2.97500i-oa 1,35710Ew01  1.59509Ew=02
2 Do O 0 5+00043E*01 Qo 2005018E=01 Qe
3 1.41340E¢00 0O, 4.110055000 o. 4+35315E401 0. 42665T79FE=01 O
& 0. 0 Oe 0. 0, 0,
POS, 5.THRU POS, 13 snne AS ABOVE = ~
14 1.279426000 2,30881E=01 "3,75677£400 1,65630E+00 1.03863£¢0]1 1,9593%E~0) 2,72724E=01 1.01034E-0]
15 7.095]7EwD2 =1437B86Emg]l 5,19087E=01 =B,96136E~01 6,199406=02 =1,07114E=01 3,16619Ew02 5,471 75Em02
16 0. Os Os De Oe 0a 0 De
POSs 17 THRU POSs 18 SAME AS ABOVE
19 ¢ Os Qe Os B84+097T0E=CT 0» 3:32006E~09 O«
20 Oe Qe O Oe 4214753E-07 04 1.T0049E=09 0.
2l 0, Oa O O« : 0 o‘, 0. 0o
POS, 22 THRU FOSs 23 SAME AS ABOVE
26 0, Os 0e 0o 1+36T28E=07 09 B,60376E=10 Qs
25 0O O Qe Os O De O 0

POS, 26 THRU POSe 35 SAME AS ABOVE



£9-§

CROSS
POSe

SECTIONS FOR GROUP 18
MAT: 1 MAT, 2
4,35000E~03 3,4B500E-02
[ 0.
1,41435E+00 0,
Qs [
POS,. g5 THRU POSe 13
1.00206E+00 4,92111E-01
1,30584E=0) ~1,26290E~01
Os 0
POSe 17 THRU POS. 19
O De
Ne O
Oe 0,
POS, 23 THRU POS. as

TABLE 5-4 (Continued)

MAT. 3 MAT: 4
7,20000E~05 2.61680E=01

O O
4,T1005E+00 o,
[+ Qe

SAME AS ABOVE

1.90720E+00 2.99510E+00

B,9893BE=01l «7,33528E=01

0o 0
SAME AS ABOVE

O Oe

O (1

0.

O,
SAME AS ABOVE

MAT, 5 MATs, &
247425%8E+01
4sTIDSKES0Y O
3,79262E+0) 0,

0. 0y

1¢01440E¢01  3,90410E~01
1.14098E=0] =1,06599E~01
0 [/

1419962E=07 O
T442119E=08 04
Oe Oe

2.97800E=02 1,12747E=d)

HAY, B
1,59518Emp2
14939%8E=01 0o
$,43015E=01 0O,

Os Qs

1,59730E=01 1483127Ew01
5,48B73Ew02 =4469160E~02
0a 0.

MAT., 7

4,31843E=10 0o
3.,0426%E~10 00
[ I [+

@

fJojeioge]
1e3)JRUOHISY



1g9-¢

CROSS
POS,

el T -

1
15

Pt et
-~

2l
22
23

SECTIONS FOR GROUP 19
MAT! l "ATU 2
S.15000E=03 3,48657E-02
(178 O
1,41516E+00 0,
O 0,
P0Se 85 THRU POSe 13
1400206E+00 4,92111E~01
4,07943E=0] »3,58756]E=9]
04 0,
Qe 0.
PosS, 18 THRU POS, 20
Oe 0.
(119 0,
fle 0.
P0Se 24 THRU POSe 35

TABLE 5-4 (Continued)

MAT, 3 MAT, &
B,00000E=0% 2,61660E=01

O 0a
4,TID0TE+QC o,

0. 0
SAME AS ABOVE

1.91760E+00 2,97190E+00
2.62280E400 «1,T76410E+00
Ge42094E=02 »),37783E=0]

0- OI
SAME AS ABOVE

Oe 1
0. 0,

O 0
SAME AS ABOVE

MAT, 8
Te46175E« 0]
1:24572E+02
9.166T3E+0]
[

1064T10E+q)

MAT, 6
4,83533E~02
0.

0,
0

6476230E~01

3,56440E~0] =3.01070&~01

Qe
0.

8441204E=08
5.59741E=08
0

Oy
%

o
0.

%

MAT, 7
30061‘35501
5.18947E=01
61633ﬁ‘£-01
0.

1.862958E=p)
1+60339E=p1]
3, 25738E=03
04

3.44004E~10
2.29#94E-ln
Oy

MAT, 8
1460269Eg2
De
Go
0.

1+8290TE=p]}
=1e0B514E=~01
“Re2H69TE=03
Do

Oe
G
Os



69-S

CROSS SECTIONS FOR GROUP

TABLE 5-4 (Continued)

20

PUS,. MAT, 1 MAT, MAT, 3 MAT. 4
1 5.5030p5-03 3,48500E=-02 9,00000E-05 2,61673E-01
2 0. 0, [ 0.
3 1,41550E+00 o0, 4,T100BE+Q0 o,
L N P 0 0a De
PS5, s THRU PGS« 13 SAME AS ABOVE
1% 1 400206F+00 4,92111E=01 1.90990E+00 2.98900E+00
15 4,07943E=01 =3,87514E~01 2,620106+00 -1,75810E+00
16 0. On 1479980E"0] =# 48960E=0]
17 0. 0, De 0
POS, 18 THRU POSs 21 SAME AS ABOVE
22 0, 0. 04 O
23 0. Ow Os Ce
24 0, 0, Q. ¢
POS, 25 THRU POS, 3% SAME AS ABOVE

MAT, 9
5.,090852E+01
Be01334E+D]
6.,22154E+0)
[ 1Y

%-08490@*01
278790E=01
O«
0

S5.908584E~08
4+24899E=08

MAT, & MAT. 7
3,185006=02 2,09254E~q)
O 342856 TE=01
0, 5,43155E=01
Qs O
49407206<01 }4627B3E~0)

=6,31170E=01 1,61088E~01
0. 1:07988Ewp2
D! 0. i
0, 2o45819E=10
0s 1:T4209Em10
0 O

MAY, B8
1.59592ELp2
Qs
0.

Os

1482968E=01
'1-0909e§50!
w2 6T57T6ER(R
1)

De
O
Qs

®

Alojeloqe]
1R3jINUO1ISY


http:I.415SoE.O0

04-6

CRUSS SECTIONS FOR GROUP 21
POS, HAT! MAT, 2
1 6,40000E~03 3,48890E=02
¢ 0. 0,
3 lo‘létﬂﬁ‘oo 0,
¢ O, 0.
P0OS. 5 YHRU POSe 13
14 1.00206E+00 4.92111€E=01
15 4.07943E-0] «3,87561E=01
lb 0‘ [ ]
17 0. e
POS. 18 THRU POSs 22
23 0. O,
2% 0. O
25 Oa /I
26 THRV POSe s

TABLE 5-4 (Continued)

HATQ 3 MAT, &
104000E=04 2,61657E~01

(1Y Ge
4o T1003E+00 0O,

O Ge
SAME AS ABOVE
1:90340E+400 3.00350E+00
2+463430E+00 «1,729T0E+0D
‘.122905'01 -4.28320E-91

0. ({1
SAME AS ABOVE

O Qe
0. Oe

Oe G
SAME AS ABUVE

1
MAT,! s
7.97733E+01
1+15341E+02
5.51928E40}
0s

1+48960E+0]
3+81220E=01
0.
O

4,31803E-08
3424223E-08
Ce

MAT, &
4,37300£~02
0o
Cs
N i
52733¢0§'Jl
*3:.45170E~0)

0s

Os

0
0
0s

MAT, T
3,27284E=01
4, 72858E=01
6+78317E=01

O

10759355-01

}

MAT, &
1+600TTE=02
Oq
0.,

o
1:B43B2E=pY

1.611730Ewp]l =].10231E=0),
1,03374E002 »2,57292Ew02

0s

1,7703%E=10
1,32931Ex10
Uy

Oa

0s,
G,
(1


http:2.P7292Ek.02
http:103374t.o2

CROSS
POS,

2y

TABLE 5-4 {Conti nued)

SECTIONS FOR GROUP e
MATs 1 MAT, 2 MAT, -3 MAT, .4
1 30000E=03 3. 48500E=02 1. 15600:-04 z.alssoc.ol
0, 0. Os
l.¢17305000 o, &, 71010E000 Oe
e Oe 0o o
POSs 5 THRU POS. 13 SAME AS ABOVE
1.,00206E¢00 4,92111E~01 1491320E+00 2,98170E+00
4,0T942E=0]1 ~3,87534E=01 2,63100E+400 ~1,782%50E+00
0. 0, 1,65790E=0] =b,14280E=01
11 0. 0o 0
POSe 18 THRU P0OS. 23 SAME AS ABOVE
Oe 0e Qo 0s '
g* O 0. Ge

0. 0. [+ 1
FOS, 27 THRY POS: 3% SAME AS ABOVE

'

6,20426E¢0)
1003410602
7,32128E+0]

4,43020E-01
5,23460E~01 =4.42)150E~0l

1¢07910E+0}

3.15415E~08
2048456E=p8

e 1e 18

MAT, 7 AT, B

Te
3,1876TE=02 2,546Q1E~01 1.,59572Emp2

4,23981E=01 O
5,868234E=01 0.
O O

10637‘3E'01 1. 82539E~°‘
1,6i516E<p] =1410197Ew01
9.94T40En0] «2,4B56BE=02
Os O

1429320Ew10 0«
1401B867E=10 O

. O

@

Aiojesoqe
1B8|INUCLSY


http:1t29320E.10
http:4.,1420E.01
http:5,8234E.O1
http:1.59572.02

LS

CROSS SECTIONS FOR GROUP 23
POSy, MATs 1 MAT, 2
1 B,20000E=03 3,4859pE-02
2 U, 0.
3 1,41820E¢00 O,
L] Qs 09 "
POSe 5 THRV P0OSe 13
1% 1.,00206E+00 4.9214)E=0]
15 4.07943E=01 -3,87561E=01
16 0, 0,
17T 0. [+ Y
POS. 18 THRU PoSe 24
25 o, 0,
26  0a Os
2T 0. De
POSs 28 THRY POSe: 35

IABLE 95-4 (Continued)

MAT, 3 MAT, 4
1:21000E~04 2.6169GE~C]

(1 {179
4,TI013E+00 o,

0. 0
SAME AS ABOVE
1¢91020E+00 2,98B40E400
2.62420E+00 =1,76730E+00
1,75530E=01 «4,36030E-01

0 0O
SAME AS ABOVE

Qe 0.
Qe Os

O« O
SAME AS ABOVE

MAY, 8
B.57126E¢0)
1026229E+02
9,84121E¢01
0e

122890E+01

HAT, B
60167602

(1 Il g

3
0
0,
Cs

5.03700E=01

3.79180E~01 =3:47990E=01

0.
Oe

2+32984E~08
1:90997E=08
QOs

0,

0
0y
0
0y

MAT, 7 HaT, &
3.51637E=p1 1.59780E-02
5009338E=0) O
6.9152,5E‘01 0.

[ D
1:68623E=0] 1+B83190Ekg]

1:60616Em0] =1.08899Ew0)
1,0531BE=p2 »2,61618Ew02

0

9.55233Ew11
7+83087E=11
Ge

O

0.
O
0


http:9.55233E.11
http:1.0531BE.02

- 8L-G

CROSS SESTIONS FOR GROUP. 24
FOS. MAT, 1 MAT, ?
1 9,30000E~03 3,43590E~02
2 D O
3 1.41930E¢00 0,
L 0o
P0S. 5 THRU P0OS. 13
1% 1.,00206E+00 4.,92111E=0]
15 4,07942E=01 »3,87534E~01
16 0. (Y
17T 0. O
POSs 18 THRU POS. 25
25 0. [
27 0. O
28 0. 0,
POS, 29 THRU POS, as

TABLE 5-4 (Continued)

"MAY, 3 MATe &
1.48000E=04 2,61643E=01

O [

4. TI014E+DD 0,

0 0

SAME AS ABOVE

1+90830E+00 2.992590E+00
2.62910E+00 «1,77800E+00
1.72580E=0] «#,29480E=01

O Os
SAME AS ABOVE

Qo Oe

O« Os

Oe 0.
SAME AS ABOVE

: .
t .

uAri 5 MAT. | 6

4491342E+01 '3.01200E~02

T¢66018E+01 10

5.9753TE*0]1 - 0e

O 0y

1002590E%0) 4.21210E%0)
4,31120E=01 =3,95650E=01
0. 0,
0o '

173T43E=08 0
1+47300E~08 " 0
0 0!

Hﬁ!. T MAT, @&
2e01727EmpY | 145951 1Emp2
3¢140487E=01 | O¢
5433084E=0) | Ov
0, 1 O
1460258E=p) » 1+83998Emg1
1,61023Ewnl k1409736E=01]
1.035h8Emp2 =245768BE=02
0. O

Te12344Ew]]  Os
6,03922E=11 0,
0. 0.

@

Alojeloget
1Bajanuclsy



VLG

CROSS SECTIONS FOR GROUP 25
POSe MATs 1 MAT, 2 .
1 1.06000E=02 3J,.48730E-02
2 0. 18
3 1.42060E400 0.
& 90, 0,
POS, 5 THRU POS, 13
1% 1.00206E+00 4.92111E=01
16 4407942E=01 =3,87534E~01
16 0, 0,
17 0. 0.
PDS, 18 THRU POS. 26
27T s Oe
28 o Os
2% 0. Do
P05e 30 THRU POSe 35

1ABLE 5-4 {Continued)

MAT, 3 MAT: &
1s61000E=04 2,61663E=0]

Oe Oe
4, T1016E*00 G,

Os ]
SAME AS ABOVE
1.91450E%00 2.9787¢E+00
24624B80E+00 =1,.76850E+00
1., T0700E=01 «4,25330E-01

0 . 0
SAME AS ABOVE

Oe 0

De Oe

[ 7Y ¢
SAME AS ABOVE

MAT, S
9,38692E+01
e 241 4E+0]
1,06729E+02
0,

1024230640}
326051 0E=01
e
0

1:3064BE=(8
1+13784E=08
O

MAT, 6
3.64733E~02

4.78160E=9)
=3,308506=01

04

O¢
Os
0s

MAT. 7
3,85084E=p1
3.79215E=01
7+25625E~01

0

1:69542E=91
1,60475E=01
1.,02420E~02
O

5435668E«11
4,66813E=1}
Os

HAT, 8
1.597B4EWp2
Qo
Oe
0.

1+82503Ewg]
=]1.08500E=01
=2,55198E=02
O

Qe
Os
Qe



S/-G

CROSS SECTIONS EOR GROUP 26
POS, HAT! 1 MAT, 2
1 1,21000E=02 3,48500E=02
2 0s O
3 1,42210E+400 0.
& 0. 04
POS,. 5 THRU POS. 13
1% 1.00206E+00 4,921L1E=01
15 4,07942£-01 =3,87486E~0}
16 0. O,
17 0. oI
POS, 18 THRY POS. 27
28 g, O
29 0. O
30 o0, 0,
P05, 31 THRU POS, kL)

TABLE 5-4 (Continved)

MAT, 2 MAT, 4
1:95000E=04 2,61660F-01
O O
4,71013E+00 0.

L S Os
SAME AS ABOVE

1+91160E+00 2.98529E+00
2,62150E400 «1,76110E+00
1. T6890E=01 =4439070E=0)

0. 0
SAME AS ABOVE

O Qs

O O

0. 0,
SAME AS ABOVE

MAY, S AT, & HAT, 7
1.12811E¢02 3.579006~02 #.62736E-01
2:026136+02 O« 8.30712E=01
1:25431E%02 0. . B402293E=0]
0 O« 0. '
121920E+01 5+00530E~01 1.683%91E=9)
4,36550E=0] =3.68740E~01 1.60589Ewp]
O 0 1,06134E=p2
0. 03 ¢, .
9.89200E=09 O 4,05572E=11
B.30631E=09 0o 3.61059E=11
04 o, ]

MAT, B

1:39783Ep2.

)
Qe
O,

lnazgasghﬁl
~1408612Ew01
=24563442E=02

04

Os
O
O

®

Aiojeingen
1e3januol)sy



LG

CROSS
POS,
1

e
k]

4

14
15
16
17

29
30
31

SECTIONS FOR GROUP 27
MATe 1} MAY, 2
1438000E=02 J,488G0E=02
Qe 0,
1-‘2380E‘00 G,
Qe 0.
POS, 5 THRU POS. 13
1.00208E+00 #,92111E=01

4,07943E=01 «3,87861E=01
0. 0.

Oa O

POS, 18 THRU PoOS, 28
Qe Ca B

0, G,

O (19

POS, 32 THRU P0OS, as

FABLE 5-4 {Lontinued)

MAT., 3

2.17000E=04 2,81663E=01

MAT.

O 0o
4,71028g+400 o,

D

0.
SAME AS ABOVE

De
O«

0
SAME AS ABOVE
1¢91670E+00 2498T30E+00
2462530F+00 ] ,T76970E+00Q
17T4000E~0]1 wio326)0E=0]

Oe

O
0o

0. 0
SAME AS ABOYE

&

MAT, S MAT, 6
3408793E+01 340003302
3.18601E+0] 0.
4.14594E+401 O,

e 0.
1:02210E+01 3.,9779¢0E=91
4.28410E=01 ~3,93160E~0)
0. 0.
0 0y
7+53091E-09 0.
6482888E=09 O,
De 0y

MAT, Y
1:269%1Ewg)
1,306p6E=0}
4,58140Ew01

1:60286E«p]
1.60784Ew01]
1404400Ew02
0o

3, 08T6TE=1)
§,79951§-11
L]

HaT, B8
1459518E02
Be
O
0.

1.82690E=p1
«]1,0922B8E=0]
w2:59566E=02
De

0«
Oa
0



LL-G

CROSS
POS,

Bt T -

SECTIONS FOR GROUP 28
MATs 1 MAT, 2
1.50000E%02 3,48590E=02
Oe O
1.42500E+00 0,
De 0,
P0OS, 5 THRY P0S. 13
1,00206E400 4,92111E-01
4,07943E=01 -3,87561E-01
(e 0.
Oe [+1Y
POS. 18 THRU PFOS. 29
O» Oe
0- 00
0, 0,
POS. 33 THRU POSs 3%

TABLE 5-4 (Continued)

MATs 3 HAT: &
2,48000E=04 2,618653E~01

Qe O
4. TI022E+00 0.

0. ' Os
SAME AS ABOVE
1,90500£+00 3,00010E+00
2,63200E+00 <1,78450E+00
1:,73040E=01 =4,30520E=01

Ds 0
SAME AS ABOVE

(i) Oe

Os O

0. Ge
SAME AS ABOVE

"1.,05780E+01

§
E l i
MATe &  , MAT, 6|
6.17879E401 3.10533E~02
6+22251E¢01 0o
7.2T177E201 O
Qe 0, |

4,38290€=01
3,59160E=01 =3,07780E=D]

0+ 0.
O O«

5.76064E=09 O«
1037575E‘°ﬁ 0!
Oe 0,

i

]

MAT. 7 AT, B
2.53571E00] ! 1,59555EL02
2.55123E=0) ' 0
5,86240Ew01 04
O, O

Yo !
1,61377E=n1 111836015h01
1,60902E=0] »1,08766E01
1403B24Ewg2 =2,583128wp2
O« Qe

2¢36186E«11  0»
50690595'09 [+ 19
O, 0.

@

f1cieloge]
JB3|INUOLSY


http:2.58312E.02
http:2.61653E.O1

846

CROSS SECTIONS FOR GROUP 29
POS, MAT. 1 MAT, 2
2 0. ' 0.
3 1.,42T10E+00 Q.
& Q. Qe "
POS, g THRY POSe 13
16 1,00206E+00 4,92111E=01
15 4,079426=01 «3,87534E=01
16 0. O
17 0, 0.
POS, 18 THRU POS, 30
31 g, [
32 0. Oe
POSs 33 THRU POSe 35

TABLE 5-4 (Continued)

MAT, 3 MAT. &
2.86000E-04 2,61642E«01

00 0-
4. TL025E+00 4.
Oe . O»

SAME AS ABOVE

1¢91560E¢G0 2.97639E+00D
2+62700E+00 =1.TT36QE«00
1-61360E-01 =i 1781 0E=0]

O 1]
SAME AS ABOVE
Qs O«

0
sime As agove O

MAT, 8§ MAT, &
2.403126401 3,31833E-02
125236401 O,

3.57314E+01 04

Og 03
1¢13030E¢0) #,35030E-01
3.71720E=01 =3,43130€#01,
0{ 0:
L) 0.
4,42218E=09 0O¢
s 0»

MAT, 7 MAT, 8
9,88981Ea02 1.59637EL0P
5313‘695502 0
#¢34580E=01 O
Oy 0

1,64986Ewg) 1.82182EW0]
1460653E=0] =1.09249E01
1,00816E=02 ~2:50686E02

0. 0»
1481309E=31 0«
O De


http:142T1OE.00
http:88931E.02

b6L~G

CROSS
POS,

ol 0D -

TABLE 5-4 (Continued)

SECTIONS FOR GROUP a0
MATe 1 mat, 2 MAT, 3 MAT. &
2.03000E=02 3,4B500E~02 3,22000E~04 2,61647E=01
0. 00 0. 00
1.43030E«00 0, 4,T1028E+00 0,

Os o, 0. o

P0S, 5 THRU POS, 13 SAME AS ABOVE

1.00205E400 4.92111E~01 “1.90950E+00 2.98990E+00

4,07943E=0] =3,87514E=01 2,62250£+00 «1,76350E+00

Os 0. 1-77?705'01 who4]1540E=01
Da o 0. Qe
POSs 18 THRU POSe 31 SAME AS ABOVE

Oe O 0» Qs
Qe Ou (1 0
POSs 34 THRU POS. 35 SAME AS ABOVE

MAT, 8
4,54999E401]
Te4059TE*0]
B+ 67995E+01
0.

1+09160E+91
1,9T180E~0)
2]
O

3.40T0S5E=09
Os

MAY, b
3,2046TE=02
Oy
0
0

4,43460E~01
»3,35480E~01

Os

e

oo

MAT, T
1.88883E=p1
34035648E-01
5,21 026E=01
04

1463033E~p}

MAT, B8
1¢59591Em02
O
O«

0.
1+83033E=p}

1,604B8E=01 ~1,0B8619Ew01
1,067B2E=02 =2,64924E-02

0

1:.395a9E=11
Oa

O

D
O

oy

Aiojeloqe
1B3januolLsy



08-¢

CROSS

POS,
1
2
3
L]

14
15
1%
17

33
34
as

SECTIONS FOR GROUP 3]

MATs 1 MAT, 2
2,23000E=02 3,48500E-02

G O»
1.43230E400 O,
Ve 0.
POS. S THRU POSe 13
1.00206E+00 4,92111E-01
4.07943E=01 =3.,87561E-01

O 0.
Oe Ge
POSe 18 THRU POSs 32
O O
Ne O
Os 0.

{ABLE 5-4 (Continued)

HAT! 3 MAT, &
3,58000E=04 2,6167T3E~0]

0» O
‘17!035E*Q° 1Y

0. 0
SAME AS ABOVE

1.90500E+00 3,00010E+00
2+63310E+00 =»1,78720E+00
1,7T1860E~0]1 «4,27870E=01

O O»
SAME AS ABOVE

0 Os
Gs Oe
Os De

MAT, &
1.68122E4+01

3430946E40)

3.89119£¢01
)

1416890E+0]1 4.54940E~0]
g:BS&OOE-Ol 'g:47320§'01
L] »

O Oe

1.75T15E~0T 0,
O« Oe
Or O

HAT, &
43133E=-02

O OOl

s ,n jo .0

MAY, 7 MAT, 8
6,93401E=02 1.59700EL02
1435688E=0) O+
4,06765E»0] 0.

0. Cs

1,65093E=01 1483652E=0]
1461068E=01 =1:10090E~0Q]
1,03118Ew02 =2.56722E=02

Os (11
T.20433E=10 0.
O 0e
O O



18-6

TABLE 5-4 {Continued)

CROSS SECTIONS FOR GROUP 3z
POS.  MAT. 1 MAT, 2 MAT, 3 MAT, 4
1 2,52000E«02 3,484T0E~02 4,09000E=04 2,61667E-01
2 e Qo 0 (119
3 1.43520E+00 O, &4+7T1038E+00 o,
4 o, 0, 0. 0
POS, 5 THRU POS, 13 SAME AS ABOVE
14 1.00206E+00 #.92111E=01 1.92520E400 2.95510E+00
15 4,07943E=01 =3,8T7501E=01 2.,61740E+00 ~1.75230E400
16 0, ‘ 0. 1e67360E=01 «4,17760E=0])
1.7 n. 0. 00 0
POSs 18 THRU POSe 35 SAME AS ABOVE

HAY, 8
2,73894E+0{
A,50244E40])
3.9B898E+0)
O ’

1425003E+9)
4:10750E=0]
0,
0

MATY., &

+54500E-02

06350E~01
52000E~01

MAY, 7
1.12690E-01
1.43600E=0}
451 78TEw=0}

0y

1.T04T1Ewq)

MAY, B8

1.59743Ew02

Oa
Oe
0.

1¢79563E%01

1460237E=01 «1+0B015E=01
1,00416E=02 «2,50656Em02

0,

0

®

fiojelogey
1eajanuolsy


http:2,61667E.01

78-G.

CROSS SECTIONS FOR GROUP 33
POS, MATs 1} MAT, 2

1 2.,73535E~02 0.

2 0. Qs

3 1,427358+00 0,

& 0. . Oa

S 0. 0.

& 9. 0.

T 0. , 11

8 g, L 1S

9 0 O«
lD 0. o.
11 aq, G,

12 ¢a Os

13

b s
-G

0. 0.
1,40000E+00 4q,

4,07943E=0]1 =3,875T0E=qQ)
0 0.

Oy o,

P0OS, 18 THRU POS.

TABLE 5-4 (Continued)

MAT, 23
4.117348=04

MATe &
44 74334E=01

L1 (1 %
4.B5061E+00 0,

1+17958E=4]
3.,89718E=39
4,71656E-36
6.33786F =34
3,98852E-3¢
4.53793=2}
1+99050E-14
5073829E‘1\
haG40T1E=0T
6,12404F=03
1, 773816400
1a7T1264E+00
158472E=0]

“1¢03171E~40
=2,70538E=38
«2,47B06Ew3S
~2,92281E=33
«1,3720)E~29
=14050426=20
“4s25299E=14
«B8,14889E~1]
=3,48554E+07
5,38829E=03
2,39309E 00
~4,29657E=01
*3.76682E~0]

0. Qe
35 SAME AS ABOVE

MAT, &
1+T6852E+401
3.4587T9E* 0]
2+86852E+0]
0e
0s
O,

O
O
[+
Qe
04
Oe

0s
1,10000E0}
0
0o
0

MATY .

&

MAT, 7
7,29382E=02
1e41BY0E=0)
4,147228E=01
T+07728Ewiy
2.33831E~40
2.82993E«37
3,80271E~35
2.39311E=3)
2.72276E=22
1,19430E=15
2,84202E=12
2.78442E-08
3.67~~2E'0‘
1,566R0E=01
1, 04258Emp]
%.50Ba4E=013

-

MaY, B
2:84601E=-D2
Oe
O«

=61 9026E=42
=1462323E=39
u]  AB684E=36
=14 75369E-34
-R423203E=31
=6430254E~22
w2 o551 T9E=1S
=4 ,88333E~12
“2,09133E=08
3.2329TE=Ob
1,79586E=01
«2+72134E~02
»2:256009E=0p
De


http:I41B.4"t0.Oi
http:I.TT351E.O0
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TABLE 5-4 (Continued)

CROSS SECTIONS FOR GROUP a4
POS,e MATs } MAT, 2 MAT, 23 MAT, &
1 2,98187E=02 o, 4,4591085=04 2,71364E«01
2 D Oe O O
3 1,42982e900 0, 4.58338E+00 0,
4+ o, 0, 1,13019E-35 .9,43337E.35
S Oe [ 2.35985E-33 -l.¢36115'32
5 Q0. O 4 2895T7E=31 «2,12000E=30
T 0. . D 2+3699TE«28 «9,27849E~28
8 0. O 1:,97118E=26 =6,99727E-26
9 Q. o, A A1019E=23 =1 ,25703E-22
10 o, 0. 4,38833E~15 .8,90688E-15
1l 0. 0. 3.THT30E=09 «5,64T49E=09
12 0. O, 4,69262E=06 «3,17992E=06
13 o O, 2439127E=-02 2,6678B6E-02
14 1.,40000E+00 0, 1.,68789E+00 2,31920E400
15 0. O 1:9442BE+00 3,7T0999E~02
16 o0, 0 B8.51640E=0) «1,25020E+00
17 0. 0, 2¢T36T1E=02 «8,02837E=02
18 0. Oo O 0
. POS. 19 THRU POSs 34 SAME AS ABOVE
3 Oe !

G T6,32604E=03 5,38829E-03

MAY, 8
2.13664E£00)
4:17601E401
3.23664E401
0.

O
[
O¢
Oe
[+ Y
O
O
O
0e
1+10000E+0}
O
Oe
0,
0s

Oe

MAT, 7
B,80409Ewp2
1:71217E=01
4+13257E=01
6,78112E27
14159)1E=24
2057374E=32
1:42198E=29
1.,18271E=27
2e64611E=24
2.63300En16
2.2723BE=10
2.7915TE=0TY
1.43476E~03
1.51583E=0]
1:16657Ewg]
5,1G5R4Emp2
1,64203E~03
0s

3.6Th42E=p4

MAY, O
1.62818Eu02
Os
O

w8, 66002EL36
By 61669E=24
«]1¢27T200E=3}
=5,56709Ew29
by ] 3B36EWRT
~Te54216E=24
b ,344]13E=16
=3,38850E~10
=] 4P0T95E=0T
1.6007T1Eg3
1¢39152E=01
2¢2P599E~03
=7«50118E~Q2
=44817T02E~0]
Os

3.23297E-04

@

Alojeloge]
1B3JaNU0IISY
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TABLE 5-4 (Continued)

CROSS SECTIONS FOR GHROUP as
POSs  MATe 1 MAT, 2 MAT, 3 MAT, & MAT, § MAT, & MAT, 7 MAT, 8
1 3,27553E-02 0, 4,869TTE=04 2,61826E=01 B,79183E*0) 0. 2,78B23E=0] 1.5T096Ew02
2 0. Oo e O 1:21581E402 0. 4,98483E-01 0.
3 1,43276E400 0, 4452947E400 9, 7.89183E+01 D, 6,00841E«01 0,
6 0. 0 2+58093E~30 =1,83703E~29 0. Oe 1,54856E-3) =1.10222E30
5 0 0. 5,46433E=29 =3,30666E=28 04 0s 3427B60E~30 ~149B399E-29
6 o0, 0. 64642T0E=27 =3,02827E~26 (. 0 3.98562E=28 =1,81696E=27
7T 0. . © O Toh3490E=25 2,85238E=24 Qo 0¢ 4,46009Ewps =1,71143E-25
B fe 0e 201786522 =6,98544E=22 Qe 0¢ 1030719E=23 «4,419126E=23
9 q, 0 1422526F=2) =3,67296E=20 0. 0o Te35157E~22 ~2420377E=2)
10 0, 04 1419211E~1T =3,01869E=17 0. 0. Te15265Ew19 =1,811231E=18
11 o, 0, 1.,7121SE~10 =2,8937SE=10 0, 0. 1eN27R29E=11 =1473625Em11
12 0. Co 4,5]1188E=05 =2,07133E~05 0. O« 2.T07T13E=06 =1 .24200E=064
13 0. Oe 3,72445E=02 3,49163E~02 0. Oe 2+23467E-p3 2.,09498E%0)
1%  1,40000E+00 0, 1474869400 2,21831E+400 1410000E+01 04 155201E=01 1433099E=0}
15 Qo Be 1+90388F+00 =B468152E~02 0« 0s 1414233E=0] =5,20B91E-03
16 o0, 0s Fe1144TE=01 =1,16764E+00 0, O 5,46BpBE=p2 =7,00581E=02
17 0. O 1a99360E=0)1 =4.35010E=01 €4 O 1419606Emp2 ~2.61006E-02
18 ¢, G 1.T1124E~03 -5,67105E=03 0. 0. 1,026T4E=p4 =3.40263ER04
13 0. Ge 0 o O Oe O Os
. POoSe 20 THRU P0S, 34 SAME AS ABOVE
35 Qo 0s 2039131E~02 2466782E=02 0+ Oe 1.43479ERp3  1460069E~03



G8-§

CROSS SECTIONS FOR gROUP

POS.

P g g gt put it
U rFrLUNN-OODE R W -

T I e
Ui O WD -~

MATs 1
3,53772E=02

Qe
1.#3538E+00
Oy

Ne

Do

Ge ’

e

Qe
1.40000E+00
Qe
De
0,
Oe
1
0
POS,
O

Os

2) THRU POS.

0,

2

36

TABLE 5-4 (Confinued)

MAY: 2
5,28422E=04

0.

4,4T309¢g+00
1.19263E«27
3,07520E%26
5,29904F=25
4,51T05g=~23
2e22604E=20
1415722F~17
Bo62226E~16
3,73261F~13
2.07185E=07
27194702
1452956E 400
1250346E¢00
6.847785-01
1,8l448E=01
1.89682E=02
3.82712E=~05

Qe
34 SAME AS ABOVE

3,72491E~02"

MAT, &
2431050E=0)
O

0o
=R4263TBE~2T
=]e13954E=25
w2, 58341E~24
«1.71293E=22
=6 486301E=20
~3,2328RE~17
=2+ 34055E»]15
=ho62293E~13
»2+31188E=0T

1¢54239E=02

2+06035E+00
9,97229E~02
=8451153E-01
r3,50342E=01
~k,81316E=02
=]+38953E~04

O

3,49131E-02

MAT, %
9.90114E40})
2+02411E+02
1210011E¢02
O
0
Ds
0
O
[+
O
0
0

0s ~
1+10000E+01]

MAT,

[N A-N-N_E_N-_N- LR
® %, .88 9 'e. .0 18 .

6

MAT. 7
4,062R1E=p1
8.29885E=01
T+269]15F=p)
T:15376E=29
1+.84512E=27
3,17943E=26
2+T1023E=24
1433562E~21
6,94335E-19
S5417336Emy7
2+23956E=14
1.,255]11E=08
1.63168E-03
1:42054E=01
9.02074E=02
4410B6TE=p2
1.03369E-02
1.13809Em03
232?6275"06
O

2.23495E-023

MAT, 8
1438630E=p2
0s
(119

=4 3582 TE=28
) 03T3E=26
~]455005Ew25
=1le02TT6E=23
=3,87780E-2)
=1.93973E~18
=1s40433E~16
wgo T7T3T6E=14
=]1+38713E=p8
9,25381E-p4%
1+23621Emp)
§,98337E=p3
=5,10692E=32
wf, 10205Ewp2
w2 94 7B9E=p3
=8,33T21E=)6
O,

2409479E=03

@

Alojeioge
1e3)anuolsy
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CROSS SECTIONS FOR GROUP

-
o
W
-

P et s i B Bt gt b

[YE \ye
X r

1l
un

O U W DD~ O L

3.99805E'92 G,
O« ) 0.
1<4399BE+00 0,
Go 0.
De 0.
Oe CGe
De ’ Ce
Oe G
(U O
(119 Qe
Oa 0.
Qs De
e G
1+40000E+00 o,
De s
Do 0,
04 o,
O¢ O
0o Oa
0e 0.
0. _0|
POS, 22 THRU POS,

O¢

G

2

k)

TABLE 5-4 {Continued)

MAT, 3
5.95TT0E~04
0

[ ]
4.668TBE+00
9.70710E~=16
1.76190E=14
2.97568E=13
1403037E=12
2eT74806F~12
8.76453E~12
1+36670E=10
2+051026-09
1451201E=07
2+93493E=02
2+90597E+00
2+52401E+00
1.17721E400
2.943326-01
3.93235€=02
2415524E«03
1¢12730E-06

MAT: &
2.32328E=01
e
De
~2:60575E-15
wio422T3E=14
»1e58727E-13
«2¢70212E~13
=1s857T1E=12
=1¢54238E=11
-2+ TAOALE~LD
=3455665E~09
“)leBT4OGE~0T

1432396E~03

1+99672E+00
w7 64665E-0]
=1439552E+00
=5,5T76318E=01
-B.B6782E”02
-6+ 03564E~03
=443T668E=06

0. 0
34 SAME AS ABOVE
24T2399E~02

1+54023E=02

MAT, &
6+20817E« 01
1¢35962E+02
730517601
O

04
Os
D
O
0o
Oe
0
[N

Os
1+10000E¢0}

MAT, T
2,54808Ewp)
5,575 7Ew0y
5235!79E'01
5.82‘265-17
10057 4E=1%
1¢785%1E=14
6+18220E=14
1+64884E~13
B,25872E~13
8,20019E=)2
1+23061Em=10
9.07386E=09
1076096E-03
2e24538E=01
1.51#615'01
Te06326Em02
1.76599Ewp2
2.35911E'03
1e429314E=04
6,763p1E=08

0

1,6243%E=03

MatT, 8
139397002
O
[/

=] vS634TE=]A
“2.65364E=15
=9, 52343ER15
=1+6212TEmt 4
=1ell1062E=13
=,25030E~12
»1e6T1B6E~]])
w2,13399Em] g
=1:12446E=0B
Te943IT4E~(S
1+19803E=0)
=4,5B799Emp 2
=B437312E~02
=3, 34583E=02
=5432069E=03
«32 65799 EmGs
=2eb2601E=OT
0o

Fe2413TER04


http:3.3k583E.02
http:2.13399E.10
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CROSS SECTIONS FOR GROUP

©
(=
w
»

DL~ NS LR -

MATs 1 MAT,
4,95893E-02 0,
Oo De
1.44559E+00 0,
O 0.
Da 0.
Oe O
0 \ 0,
0, o,
D [+ 1S
o- 00
o G,
Na O
Oe Oa
1.40000E+00 O,
Oe Qe
Oe 1
s G,
Qe 0.
Oe 0.
Qs Q.
O (119
POS. 22 THRU POS,
Qe Os

2

k]

TABLE 5-4 (Continued)

MAT. 3
To*2951E~04

O

4,64G1G5E+00
1.519456=08
3,12394E-08
8,88025E=08
2.18320E=07
5,42381E-07
25199806
1.92551E=05
3.2564DE=0%
2.65812E-03
1«147T7TTE=01}
3.61376E+00
1.654T4E4U0
3.78200E-0]
T .56622g=02
5.93561E=03
2,00902£=04
2.61372E-06

MAT, &
2e27261E=01
Qe

0.
=1s18506E=08
«3,02155E=08
=8, 39124E=08
=2, 36659E=0T
wb, #1452E=07
-3, 16628E-06
w3, 38636E=05
«2,80043E=04
w2.03242E=03
=3,8527TE~02

1¢5H3922E+0D
«1e19234E400
wte31420E-01
=)o 53570E=D]
w] o 4BATTE=(2
w5s3443BE«04
-B453080E~06

O» ¢
34 SAME AS ABOVE

2493496F=02

1+32372E-03

MAT., S
B+72110E+0)
1a90764E*D2
9.89110E401
Oe
0
De
O
0,

Oe
0.
O«
0s

Os
1.10000E*0)
O

e e

* a

- 9o0oOCco
.

MAT, 7
3.60844E01
7.82132E=01
6.90028E=01
9.11671E~10
1,87436E=09
5,32815E=09
1,30997E~08
3,25429E.08
1e51167E=07
1+15591E=06
1,953R4E~05
1.59487E=p4
6,88660E=03
2,6T105E=01
9.92841E=g2
2.26920E=02
4,53973E=03
3.5613TE=p4
15205W1E~gS
1.56823E~07
0%

1,760537E-73

MAT, B
143638TE=02
Oe
Oe

=T.13438E=10
=1,81293Ew09
=5,034T75E=09
=1,41395E=08
=3 BVETYIELOR
] BIFTTEQT
»1+431B1E=QB
Ul.ﬁBabbE-oE
~]1e21F46E=04
~2e31166E-03
9.23529E=02,
=Te15%06E=D2
=3, TBES2E=02
«9,81A20E=03
=By 9I2E4E=0H
=3.20663E-05
w5 ,11B4BE=07
Os

7494235E=05

@

flojeioqe]
183]9NU0JISY
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CROSS5 SECTIONS FOR GROUP

POS,

e ot et ol ot b et Gt ot
VB ~NTRP WO OO~ 0N PW N -

nro
Ll

[~
w

MAT. 1 MAT,
6,11332€=02 0,
Qe ' L
l+461)13E+00 G,
[HIY 0,
O 0.
0. o.
LIS . 0.
O O«
Qe fie
O Q.
i, o,
2% Oq
0o 0.
1,40000€E+00 o0,
Oe ,Oe
0. o.
O Qs
Qo Q.
00 00
0. 0.
Qe 0,
POS, 22 THRY PO0S.
O Qe

2

39

MAT, 3
9.1B212Em04

O

4:6557BE+00
8,80860E=07
1:27098E~06
2+49602E=06
6.‘7?Q?E-06
1+89501E-05
T+61356E~05
3.91808E=04
2,24730E=03
2446392F=02
2:54644E=01
3,20337E+00
T+02526E=01
6,40248E=02
3,4650TE~03
& +982B6E=05
6,10412E~07
20368T2E=09

TABLE 5-4 (Continued)

MAT: &
2.28442E=[0)
O
O
w7, 32993E=0T
w]s22496E=06
«2,T50B86E-G6
-8, 04292E=06
~2437350E~0S
mTebh]064E=05
w3, IB623E~04
-1,86344E.03
«1,71327E=02
=1,20327E=01

1,71524E+0¢
=5, 1T455E=01
=2,8070TE~02
-5,81046E=023
wl 41991E=C4
1.98043E=06
=8,60541E=0%

G Oe
34 SAME AS ABOVE

"1414777E01 ~3,85278E=Q2

MAT, &
1.85945E+02
3+T4625E4902
1+96945E+02
0s
Oe
0.

O
Qs

1.10000E+0]

NA!- T
To62TT2ERpL
1.53596E+00
1.0923¢E+00
5,28516Exp8
74,62589E=08
1.49751E=07
3,88675E-07
1413701E=06
4¢55B14E~p6
2+350n5E~05
b, 34838E.04
1+47BASE~03
1,52787E~D2
2,42482E-01
#421515E=02
3,8414TE=03
21079b6E-04
2¢98972E=05
3,6624TE=p8
1341943610

O

6+88561E~03

HAT, B
1937065E0?2
O
De

by 39796E=0B
=Te34DTTE~QS
=1e&6T4S1E=07
wh ,B257SE=0T
«)s42410E-06
4o 4463BE=05
=2+01374E=05
-1,1180TE=04
=1+02796E=03
»Ts21965E~03
1.,02914Ew9]
w3,10473ELp?
w5, B8424E=03
w3 4B62BE=(4
=8451944E=06
=]4+1B826EW07
=5, 16324E=10
0

=243)1167E=03



68-6

CROSS SECTIONS FOR gROUP

POS»

Fr e by g

W TN N e g
W e O D~

CUFUN—D OO~ U > W

MATs )
6,85948E~02

Os
1,46B59E+00
Qe

fle

Do

De .

O

De

Qs

e

Oe

0.
1.40000E+00
1
Oe
Oo
Oe
0.
Oa -
O,
Os
P05
Os

MAT o

0.
0e
0,
O
[1 1%
Os
'Y
0.
0.
O

23 THRU POS,

Ge

40

TABLE 5-4 (Continued)

MAT. 3
1402327E-013

Oe

4,66514E+400
3.40443E-06
3.8837T€E~06
&e10T49E=06
1456007E=05
6.,98710E-05
2.14061E-04%
445T149F~04
1.81051E=03
1.04766E~02
1.58184E~01
2,89643F+00
543B081E~01
1¢39345E~01
T.90430F=03
6495569508
5.46771E~07
3,01814E-09
4.56T57E~12

G
34 SAME AS ABOVE

2+57303E~01°

MATs &
2.24991E=01
0¢
0
=2,26953E~00
=3:97T44E=06
n5,94B09E=06
=1+76121E~0S
wb,04649E=05
=1.700Q2E=Q4
=3,86895E=04
-1449100E~03
«B8,31330E~03
wBahITTHE=DR

1,85T68E+00
~3,18117E~01
=1,39818E~01]
-] 366T2E~D2
-].96991E=04
'l-7§2025-06
w} 16566E=08
~2,11379E~11

O

w]¢22360E70]

MAT, §
2+365%532E+02
4.616TBEYQ2
24478326402
0s
s
Oe
O
(11
O
0
0o
Ds
Qs
1,10000EC]
Qs
Oe
O
[
be .

Os
G
0o

MAT, 7
9, 70194E=0)
1,89288E400
1+30032E«00
2+ 042066E=47
2431226E~p7
3466549E~07
9436041E=07
‘.19226E-ob
‘QEB‘ESEUGS
2sTH2R9E=p5
1.08681E-04
6,28599E=04
G, 431 05E~D3
2,24086Ee0]
3,22348E~02
B8,36068BE=03
*!7$353En0§
4,17301Ew08
3,28063E-08
1.810ABE=10
5.71054Ea13
»

1454382Em02

MAY, 8
143%555Em92
Ge

Os
=1,25172E%07
=2, 3B645E=07
=hs 1 5886E=p7
=)+ HB6TIE=DH
=3, 82 TRIE(DSH
=1«02001E=05
~2.32137E=05

=8.94603E=05

w4 GHTIBE=D4
=5, 0b265E~03

1.11461E=01
“} 2o F08TOE-D?
=~B,38B891E=03
=B420034E=04
=] 418194E=05
«140BTZ1E~DT
wh e GFIFBER] D
=] ,2682BF=12

0e

=7+3%159ER03

@

fiojeloge
Jesjanuolisy



06-6

CROSS SECTIONS FOR GROUP

b,
<
w
VRSPV LS LN~ OO LT RS WIS

M N PUAD S ot ol bt s ok ot G b Bt
[P TR |

[™
W

MATe 1 MAT .
7.57354E-92 0,
Gs 0.
lo47574E+00 O,
0, 0,
0. "0
0. ol
Qe s
Go ‘ Os
[19 L1 8
Oe Oe
Qe O
[HY O,
O Oe
1.40000E+00 O,
Qe O
Oe O
Oe Qo
G 04
Oe Oe
[ 1Y 0.
Oa 0.
O [
0 O
POS, 24 THRY POS.
Oa - D

2

4}

MAT, 2
1,13268£-03

Oe

4,67123E+090
9,694 6E«09
1422T45E=04
1,97667E-04
2.87304E=04
4eBTIZ3E~04
1.09001E~03
2+61389g~03
6:09465F=03
2.T6119E=02
2,28899E~01
3442B44E+00
8.97T160E~01
4.60239E~01
1+410514E=01
B+01740E=Q3
6.04950E=06
6.26519e=~08
2+30513E-10
219231E~13
0.

TABLE 5-4 (Continuved)

MAT, 4
2,18508E201
[+ 79
O
=3,94191E-05
b 6B4SBE=05
w] o 222T0EwD4
~1+95566E=04
=3, T1276E%04
«B, 8901 7E~04
=2+1T000E~03
=5,12234E=03
=2e17760E02
=1s45426E=0)

lt555‘6€*00
«5.47935E=01
“%5eRe462E=01
=1.29143E=01
«8,08703E~03
=]1.8033¢6E~05
=24205)19E~07
«)s00223E~09
141754 TE=12

0
34 SAME AS ABOVE

"1e83149E%0) =1,01791E~D]

MAT, S
2.14724E+02
4.23098E%02
2.25724E+02
9,

0
0y
Os
e
0s
O»
Qe
0

0.
1:10000E+0}
Ge
O
0y
0
1 )]
0y
0.
Qe
O

0

MAT,

Do
> -

&

HAY, 7
8,80019E=01
1.73470E+00
1,21130E+00
5,62 167E=D6
T+364T2E=pé
1,18600E-0%
1.72382E=95
2¢92754E=05%
6+54004E=05
1:56B33E=04
34656TIEmGA
1.,65672E«03
1.37T3A0E=p2
2.55986E=01
5.,38556E02
24T6143E=02
6:630B5Ew02
3.01044E=04
?.629705'07
33759115-09
1.,38308E=11
1¢31538E=14
O«

1,09889Ewg2

MAT, 8
1,31105%ELg2
G

i
w2 3651 4EL06
=k 010T5E=06
=T.33623E-06
=14]17333E=05
=2:22766E=05
»54334)0E=05
=1+30200E=04
=3 0T340E=04
w] s J0E61E~03
=8, T72556E=03

9433274E=02
-3.28-761E-02
w2.1267TTEwg2
=T TABGOE=DY
“0352225'0‘
=1.08202E=08
=1:32311E~08
=64 01340E=1]
«Te)5285E]4

Gy -

whe10TH4E=Q3



16-9

TABLE 5-4 (Continued)

CROSS SECTIONS FOR GROUP a2

POS, MATe 1 MAT, 2 MATe 3 MATe & MAT, S MATs b MAY, 7 HAT, 8
1 8,517)10E~02 0, 1,278156-03 2,05482E-01 2,14590E+02 0, B,8631%FEwol 1.23285Ew02
2 Qe Ge s Oe 4.36082E+02 0. 1.78794E¢00 0.
3 1.48517E+00 O, 4,66567E400 0, 24255906402 0O, 1.210486E000 04
4 0. . 0 9,03819E~04 =p,06420E~04 0, 0. 5,42292E=0% =1,23852Em05
5 a. 0, 6,33161E=04 «2,4T539E-04 ¢, 0, 3,7989TE=08 =1,48523E~05
6 0. 04 6,223366=04 =3,36332E-04 ¢, 0. 3.73402Ew05 =2,01799E=08
7 0, O 7.79200E~04 =-5,18351E-04 0, O 6,67520En0S =3,11010E=05
B 0. ’ 0. 1.11780E=03 «8,17B86E=-04 0, 0. 6o TOGROEw()S =4,90732E=05
9 0. O 2,19049E=03 =]1,T0439E-03 Q. 0, 10314p9E=04 ~1,02264EW04
10 0. 0, 4eB3160E=203 ~4,02333E-03 0, 0, 2489%302E=04 =2.,41400E=04
11 o, (1% 1.16738E=02 -9.98073E“0§ O 02 Te00429E=gh =5,98844E04
12 0. D, 3:31599E+02 =2,T1941E=02 Q. 0 1,98959E=03 =1,63165E~03
13 ¢, 0. 1,93228E=01 «1,34052E-01 9, D, 1.15937E=p2 =»8,04310E~03
1» 1,40000E+00 O, 3,51621E¢00 1,46988E+00 1.,10000E+01 Oe 2,61253Ewg] B,81927Ew02
15 ¢ 0 Se#421F30E=0] «3,T6411E=01 Qe Os 3,253)4E=02 =2.2584TE=Q2
16 . 0, O, . 2,7T9675E=0] «2,25542E«01 0. Os 1.,67B05E=02 =~1,35325E=02
17 a4, 0. 1.82751E-01 -1.590‘2E-°1 [+ 8 0, 11095505-02 -9.5‘250£h°3
18 9. . Os 2.92664E=02 =4(11959E=02 04 0 1,75598Em03 =2,47175E=03
19 0. .0 1.T106SE~03 w),88292E=03 0. 0. - 1+02639Empd =1,12975E=0%
20 0. O 9,11996E=08 =2,89525E=07 ¢ Os Se47198E=09 =1,737156=08
21 O, O G, TOELEEE=10 =4, 108285E=09 04 0e 5,85993F=]1 =2,456495E=10
22 D Oa 1.91906E~12 =1,05102E=11 0. O .1a15144E=]3 =56,306]12E=13
23 0 De 3.148065'15 wbo144T1E=«1S g, O« 5.2303#5-17 =3,6B6B82ER]6
2% O Ne Oe Os ) o! o! [+ O
P0Se 25 THRU POSs 134 SAME AS ABOVE " )
35 g Oo 204!§*3E'0l ‘10556275'03 O» O 1399?86§hoz =P,33T60Em93

@

Aloleioqel
12a|InUoLSY



[A]

CROSS SECTIONS FOR GROUP

POS.

IO (W DTG R 7t et gt e ed 5 pon g e e
e WO O~ Ot W Ao YN~

Lt
o

MATe 1 MAT, 2
9,63245E=02 0,

0o 0
1,49632E400 0,

04 De
0. 0.
0q O
[ » 0.
Qs Qs
Os e
D« O«
0. o'
Qe Qs
0.
1.40000E+00 O,
D« [
01 t 01
0. 0.
O Oe
LU Qe
0. * 0.
Ga O
04 Q.
O+ 0.
[ 0.
qe Ga
P0Se 26 THRY POS.

N 04

43

34 SAME AS ABOVE

MAT: 2
1445103E=03

De
44 T0380E+00

D

3,2586AF=03
2471700E=03
3,09541F=013
3,92263F=03
§.24752F-03
1+019BRE~U2
2,90847€E=02
T.B2465F=02
2+68700E-01
3,83943€E+00
5.40068E=01
2,64829r=0]
1:76%911E=0}
1«01155£=01
1424576=02
1.10721E-03
177991 E~0Y
3.13122e~11
3,77923E=14
9.68671E'18

2423045E=01

MAT: &
1+87692E=D]
Oe
0-

'10020095'03
»)s18692E=03
«1,77071E-03
—2.710915-03
ko 05009E~03
wBe4B8353E~03
“2,4354TE=02
«6.480156=02
«“2.03395E~01

1.1 TH28E+00
«3,99214E=01
~2,17668E~0]
-‘ .513125-01
»9,80172E~02
«)eP943IBE=DE
‘7-69176E“°§
T4 265225E=07
w1s58618E=10
»2457989E=13
-30693705'17

—1.57658E‘01

TABLE 5-4 (Continued)

MAY, 3
2+39692E+02
449496BE*02
24506926+ 02
De
O
De
De
De
0r
(1]

O
O»
O»
1:10000E+0}
Oe
D
De
O»
0e -
O
Qe
1.1
(]
O
Qe

0s

MAT, 7
5,83274E=0}
2:029356E+00
1031569E+00

Do

1495521E«04
163020E~04
1.85725E=04
2+435358BE=04
A.14B51E=Dd
6411%30E~04
1+ T450BE=D2
40 69479E=p23
1.61225E=02
2,80646E=p1
Be24001E=02
1 +SBBIBE=D2
1.08148E=p?
64 06929E=03
BeB4TesE=04
beb4323E~05
1:067965E~1p
1.87872E=12
2+26754E-15
5,61203E=19
D¢

1233B27E~02

MAT, &
1.006]15E=02
Do
O

(Y
wb 12053E=05
w1 2169E0%
=] 06243E=04
wleH2685E~04
w2 o h3D0SE=D4
wGe0912E=04
-l446128E=02
=3,88B09E=p3
=1 422037E=02

T.0086TE=02
=2439529E~02
=1430601Enp2
-9.078145-03
=5,8B8103E~03
=1e¢}¥643E-02
w44 61506E=05
=k o35]35E=10
w3, 51690632
=14 54T93E~1 4
=5421022E~18
De

=P 45951Ewpn]



L
SDU@ANENF LN

[
-t

Wttt i gt gl o st
Lol e o o SN Y]

R, Y ]
A=

£6~G
n
4

NN
o e

[ 7]
W

MATe ]
1. 0783401

0
1.50783E+00
Qe

¢

Qe
0
0o
Qs
Os
0~
D
O»
O»
Os
Je

0' L ]
PosS, 27 THAU Pos,

Qs

L 2 40000E 00

L

CROSS SECTIONS FOR GROUP
MAT,

0.

Q.

TABLE 5-4 (Continued)

MAT, 3
1.63237E <03

Oe.
4,TRA14E+00
Oe

G
4,91872E-03
3,878905e=013
3.,64524E=03
5.27225E~03
8.124036=02
1.96265F=02
4.94159E=02
1+933229E=U1
3,B0B4BEDD
2:84301E>01
1:35093E~01]
8,4851pE~02
4.52145F=02
2e44924E=02
3'913Q9E'ﬂ3
3,29746E~04
3.,25125¢=11
4403622613
2+85330E=16
3,86288E=20

O¢ 0
34 SAME AS ABOVE
3,08497E~01

MAT: &
1451018401
Qe

O
w1,53104E-0D
] T1326E~03
-2.291‘15*03
=3,94114E~03
«6,59228E=03
=] o H2612E=02
-k 20T44E=02
«1,50271E~01

116347E+00
w2 22096E~01
'lolSObﬁE'Ol
al 1TT46E=02
~544310BE«02
=2, TITHIE=02
=0, 1AB64E~03
=) 463529E-04
«].65002E~10
2 62999E~12
-2.585415“15
“h o 4TSBAE-1O

>

i

=2436173E=0

MAY, 8
2.7506B84 02
5e69799E+02
2,86068E+02
0s
O
O
Oe
Oe
Qe
[+
Ds
Qs
0. .
%.100002*01
0s
O
Qs
Qe
Do
G
0
1]}

O
G
0

0

k- AN - X -2 N -3-F-F_-F-F_-X-¥-L_N_W-J3-F_T-N-¥-1.]

1% (% 19 10,8 [9,6 .8 ,8 18 (9 18,8 (8 18,8 [8 ;8 16 8,4 219 @ .08

-]

"

MAT, T
12125365000
2¢33618Ew00
1,46223E400
0.

0.

2,95123Fwpn4
2+32683E=04
2:18TY14E=04
3.162335E=04

A,BT442Ewp4
1,17 759E=p)
2.9§‘96E-03
1+15937E=02
aengBQE-OI
1o 705B1E=p2
B8¢10556E=013
5.09106E=g3
3.91287E=q3
1446954E=03
2434810E=p4
1.97B4BE=(S
1495075E=12
2e42173E~14
1+71198E=)7
2431773E-2y

O

1:85098E=92

MAT, @
5,7060BEW03
(1Y
Co
Oe
Gs

-9,18626EL05
=1+ 06356E=04
=1s3T485E=~04
=24364T0E=04
=349553TE=04
=0, TSETAE=( 4
=2,524468E=03
-2.0)1623E~03
=]1¢3325TEqQ2
=6 THIDTEWDY
=4,3064BE=03
n3,25865E=03
=1¢64245E=03
=3,1011%E=04
=GeBLITS5E=06
=9490013E=12
*1e57799813
=1.55124E<)6
=2.80550E=20
0s

“lsh]T704E=02

@)

Al0jes0qe]
1B3|2NUCLSY



¥6-6

CROSS SECTIONS FOR gROup
MATs 1}

é 112031§E'01 gi
3 l 520315*00 118
L O
FOS. 5 THRU PQS,
T 0« O
8 0, + Ge
? 0. O
10 0. Ou
13 0O 0o
12 0. Qe
13 Q. Oe
14 1.,60000E+00 O,
15 0. De
16 0. O
17 0. e O»
18 0. Os
19 9, Co
20 g, Os
2l o0, 0,
22 0. O
23 g, O
2% 0. G
25 0. 0.
25 0. 0.
27 Q. Ou
POS, 28 THRU POS,

35 0. 00

MAT,

45

TABLE 5-4 (Continued)

MAT. 3
1+.80588E=)3
0e
4.723438400

MAT 5 _‘
1:6276TE=01
Oe
04

[+ 1Y O
& SAME AS ABOVE

D. 0
34 SAME AS ABOVE

8.34669E~03
T421997E=023
B,44639E~01]
1e37344F~02
2+20BR8E~)2
4.40%20E=02
1.7110%€=01
3.97684E+00
3,23310E=0)

de56113E+0)

B,TT248E=02
6431800E~02
5.040)10E~02
1.27941E=02
2.55873E-03
1+30635E=04
3.247127E=-12
3.,28967E~14
1+71486E~17
1.62260E=2]1

2.85994E=0]

«2462185E=02
~3,49049E-03
«5,54568E=03
=104 786E=02
~1480048E~02
«3.77718E=02
»1439153E-0}

1,09327E+00
«2455456E=01
=1¢30984E=0}
=T+550T6E~02
«543536TE~02
«be 09T64E~0Z
«1¢53060E=02
«3,14914Ex03
«140930BE=04
=1492913E-11
“2.54292E=13
~1186021E=16
«2435319E=20

H

-2.27‘175*01

MAT, &
3:13002€002
6e4B3]15E+02
3.24002E402
0

]
Qe
[ 1%
O
G
Oe

0s
1:+10000E+0)
Os

MAY,

e ie &

L Y T T BT Y Y B L R BT )

ODOOOOODOOO DO

O

uAT, 7
1.28294E499
2, 658G9E+00
%!617515000

%.00801Ew04
4.36798E-04
S.06TBAE~Q4
8.24043E=04
1+32455E=03
2'545525503
1:02665E=02
2,88B32E=01
1:939806£-92
9!36580E-03
5¢263ATE=p3
3.790R0E=Q3
3,02406E=03
Te6T645E=04
1,535264En04
7.83811Ea06
1.948665-13
1,97380E=15
1,02BR2E~18
9,73551E-23
O

1,71898E=p2

AT, &
9, 76605EnD3
O
Oe
Qe

=1+57311E=04
=2,09%30Em=04
=3:32741E=08
‘3023714Eh0~
=1+03029E~02
»2e28631E=-03
wB,349)6E=0]3
6455961E=0p
=]¢532T4E=Q2
=7.85903E=03
=4:53046E~03
=3+21220E=03
=2.45858Ew012
=Q,TBIS2E~04
w] 8B0&9Ew04
=6455845E=-04
=] 415748Em}2
w] S25T5E=14
=1411613E=17
's"llglEhEl
N

=1236450E=02


http:5,00801E.04

G6-G

CROSS SECTIONS FOR gROUP 46
POS. MATs 1 MAT, 2

1 1.36090E=01 0,

2 0. 0.

3 1,53609E+00 O,

L} Ne 00

POS. 5 THRU PQS.

B on. O

9 0, . 0.

10 0. 0,

) I W O

12 0. Q.

13 o, 0,

14 1,40000E+00 0,

15 0. [N

16 0a O

17 0 [+

18 0, , Os

19 0. 0,
20 0. Ou
21 0. Da
22 O ° Ge
23 0. 0,
2% 0, 0.
2% e s
26 0. 0,
2T 0. 0.
23 0. 0.

POSe 29 THRU PaS,

35 e 0,

MAT, 23
2.04882E-03

0.
4,8BJ46E+00

0. L
1 SAME AS ABOVE

1+97819E~02
1,.80288g~02
2.,11597E-02
2.,80828E-02
4+65190E=02
1,44879E=01
4,31553E400
2.70986E=01
1+42659E=01
9, 6589402
6,33657E%02
4,T72911E-02
2.53801E~02
T«94829E=03
1,65599F~93
1442352E=05
2.09531€=123
1:6816BE~15
6.17918E~19
3,66352Ew23

0. 0.
34 SAME AS ABOVE ’

2+55600£~01

TABLE 5-4 (Continued)

MAT. & MAT, &
B.54584E=03 3,6TT40E¢02
Oe Teb1T69E+D2
1Y 3,78TAQE«(2

[

«54B7943E=03 Q.
=B,9GTYTE=03 0,
«1,4206TE~D2 D,
=2.26314E«02 0o
«3,97901E«02 0.
«1,21311E~01 0,
4,93014E=01 1.10000E¢D}
242391 7E=01 0o
w]4226TTE=Q) O+
=By 25265E=02 Qo
«5,26875E=02 04
«3,83207E=02 0o
-2436911E~02 0.
-9, 62383E-03 Q. -
«1o72266E~03 04
«3,79651E~05 0,
«1453030E=12 0.
w]eH1663E=14 D
w8,38600E=18 04
«6,99669E~22 (o
? 00

“w2,10563E=01 0.

OO0 000CoDO0O0

FL M BT P BT BT Y Y T Y]

<

MAT, 7
1.50843E« 00
de12325E400
%185159E+oo

L

1:18681E=g3
1,08173E=03
1,26958E=03
1.68495E=03
2e79114E=03
3.092128=01
1462592E=p2
8,559558E~p3
5.79516E-03
3!8019§E-03
2.83783E=03
1.,52280E-03
4!76897E-o4
9!935925-05
B,54111E=p7
1.25718E~14
lg009b15-16n
3,70751E~20
2.31811E=24

Os

1453385E=02

MaY, 8
5,12751Em(4
O«

Qe
Qe

iy ] 2T6EE=Q 8
=8 39BTRE=GS
mB 52405E~04
-1-35789E-03
«Z2.3874LE=~03
=l,2TB6TE=0]

2+95808E-02

w]e34350E-p2

=T436060E=-03
©4495159E=03

=3¢16]125E=03

g e 29924E~03

“ls4214TE(3
~5.TT430E~04
«1+03360E=-04
=2.2T791E=06

~5,18)1T8E=14

=9,69976FE=16

»5403}860ER19

-“'1980!5h23
Qe

=1426338ELp2

@

Alojeloqe
123)2nU0118Y
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CROSS SECTIONS FOR GROUP

POs

~“~OUN SO O e

ORI A PO A N T P I 0 et et bt ot ot e e s
WO~ ORI =O0 DD

w N
U o

MAT. ) MA
1,59815E=01 0,
0. 0,
1.55982E+00 0,
O» 0,
POSe & THRY POSe
0. [
De ’ 1
De Do
Os Do
1 0,
1.40000E+00 0,
Qs 0.
Oa 0,
O 0.
Qs O
Oe e Qo
0, 0,
0' o.
o. OI
Qe De
Os O
0 0.
Ce 0.
Os (1N
Ge O
Oe 0,
P0S, 30 THRU POS,
Ge O

47

MAT, 3
2442604E~03
O
4.84587E+00

TABLE 5-4 (Continued)

MAT: 4
=24 22689E=03

Os
0.

O» 0
B SAME AS ABOVE

34 SAME AS ABOVE

3.79479E-02
3,07905E«02
3.92509E=02
T.98139E=02
1.452T1E=01
§.45032E+400
2410545£=01
1,10094E=01
B,80626E=02
5.49730F~02
#.32B19E=02
3,28646E~02
9,30851E=03
G.02362E=03
7.96999€=04
9, 73331E~07
7.62242E=1%
4,69520E=17
1+16006E~20
6.5255¢E-25

“2+21493E~01"

=1458623E~02
=1+81276E=02
«2.,88572E=p2
«5,51091E=02
422992601

3,18751E=-0)
«1,79214E=0}
w3, 53TO4E-02
w?e37863E~02
why59152E=02
n3.4084‘£'02
-2.48733E“02
w1l 0899YE-D2
“5430010E-03
~846077TTE-0H
=2.R2I6TE~06
«T295T4E~14
«5,958B0E~16
«2+07985E=19
-1.07599E-23

—1.85924E-01

MATs 5
A.55B40E+02
D.44279E+02
4+66B840E+02
B

0o
0e
Qe
0+

04
1+16000E+01
0
0s
Oe

MAY, 7
1.86374E+00
3.87154E400
2.21062E¢00
O

2.2768BE=p3
1.841&35—03
2.355p5E=93
4o TEBBIE=(3
8.71623E-03
3.172992-01
1.,26327Em02
6.60553Euo3
5323375E-03
3,29838E~03
2,59691E=03
1,97187E=-03

5 535&05-04'

3.0141T7E~04
4,T819%E=p5
5.839995-08
4,5TIA5E=16
E.BITIEEEJE
£,96034E=22
2071532Eh26

0y

1.32896E=02

MAT,
'1-33&145“0#
O
De
O

=3,51740ED4
=]1.0BT66E=03
®]e7T3143E=93
=3:90655E=03
-?.31950E“03

1.91251E=02
=140752BE=02
=5,72259Ew03
w4 b27]18BE~03
=2 7549 E~03
=2+ 04507E=~03
=1,49240E%03
=b453039E=08
=34 1B0CHE=~D4
=541 6466E~05
=1¢69420EmDT
-‘.3?7“E'!5
w3, 57528E=17
=1e24791E-20
=6, 4559 3Enp5

Oy

=1el1)1554E=02
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TABLE 5-4 (Continued)

CROSS SECTIONS FOR GROUP 48
POS, MATe 1} MAT, 2 MAT. 3 MAT, &

1 1.B8574E=01 O, 2.,89223E~023  3,94409E~03

e 0. 0. L)Y Os

3 1,58BST7EeQ0 0, 4,84123E+00 o0,

LI 0a O 0

POS. & THRU POS. 9 SAME AS ABOVE

10 Qe (ie ZeTIGBTE*QR =1e¢32547TE=~G2
11 0. O 2¢T0275E=02 w]aT9684E~02
12 o, * 0, 4,62527E=02 -3,57235E=02
13 0. Oe 6,96594E~02 «w5,T5697E=02
14 1,40000E+00 O, 4. 4B181E+00 3,06004E«01
19 ¢, Oe B,97558E~02 =T.63062E=02
16 0, 0, 4,39795E+02 w3, TBT05E~02
17 0. O 3,61T03E=(2 «2,95087E~02
18 o, O 2e3BEIRE-0G2 ~1,93670E~02
19 0. 0. 1.,88B457E=02 =1.43996E~02
20 0. . ({1 1:42123E=02 »1,04856E=02
2l . 0. e 1.09284E-02 "ToT?‘S?E'Oa
22 fie . De 2:49458E~03 »2,83001E=-03
23 0. 0 14 T0050E*03 =1,519TpE~03
24 o, 0, 2.424B0E=04 =1 ,8286T7E~04
25 o, 0, 3,82206E=18 w],154]1E~17
2b 0. Qo 1:041D6E=16 al 42127E415
2T 0. e 4¢TITSIE=19 =B, 61912E~18
28 0, O Te41046E=23 «1,90145E-21
2% 0. Os 106G775E~27 =8,63169Ew26
30 0, N 0. 0o :

POS, 31 YHRU POS, 34 SAME A5 ABOVE
35 0, Os ) 2¢28656E=01 -1.924515-01

MAT, §
5462508E+02
1:16%25€403
5,73508E+02
0»

Oe
0.
0

[+ X
1+1G000E¢0])
Oy
O
0s
Os
0
0.
Qe
De
Os
0.
Cs
()

MAT, 7
2430720E400
4. T7T54E400
2565773E300
Qe

1462952E=03
1:62165E~03
2,77516E=03
4,17956E=q3
3,19165E-01
5.38553E~013
2e638TTE=03
2¢17022E-03
1.43215Ewp2
1.1;07#5-03
8,52T740E~04
6,55702E=04
1.49681Emp4
1402030E=04
1,4548BE~05
2 29323E-19
6;24638E-18
2,84252E=20
4 446RTE=24
14 00065E~p8
0

1!3719‘E‘02

AT, ‘B
2e36645EL04
O
‘O
(1 1Y

7495280804
«]+07BYO0E~03
2214341603
“3e45418Em03

1+83602E=02
m4e5TRATE=DY
=2,27223E~03
w] e TTO052Em03
=1:16202Ew03
mBeBIVTLE=DA

=5429134E=04

who664T4E=04
=1,69001E=04
=3,1181%E=05
«}09720E~05
=6,92466E=19
=B,52T64E=1T
»5,1714TE~19
»]e140B8TEm22
=3437902E=27
(119

»}s15870EmD2

@

f1olesoqey
1B3|3NU0LISY
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86-S
Wi NNV AN Y
=D RO~ U W O

LA
w

MAT,
2.20100E=01

CROSS SECTIONS FOR GROUP
MAT .

0,

Oe : O
1.62010E400 O,

0

[1 XY
Oe
Qe
1.
Qs
Qe
O«
O
[1 1Y
Os
/)
Os
e
Qo
[+ 1%
Oe
Qs
Os
[+ 18
Qe

O
POS.

Qe

POS,

40000E+00

Os

0,
5 THRU POS,

0.
Oa
0.
0,
0.
Oe
O
O
0.
s
O

»
32 THRU POS,

O

TABLE 5-4 (Continued)

MAT,

: 3
" 3,41953E03

Qe
%5,08885E£+00

4,53810E~02
4+ T0885E=02
5,53799g=02
4,.B1548E¢00
T+34039E~02
5.,02757E=02
2.87823E~02
2.31340F=02
1,60776E~02
1045994E=02
107224802
Te224T6E~03
1.68544E=03
1.25883E«03
1,346 7RE=04
Oa

T+36276g~18
24 T6345E=20
3,24155pw24
5.17310E-29

Qe
34 SAME A5 ABOVE -

2.01467E0)

MAY, &
=3, 56928E~0]

Oe
O

0, o,
10 SAME AS ABOVE

=2 #3313E~02
w3,34186E~02
=h(S56991E=02
w8, 54049E=01
=6,06087E=02
ke 15525E=02
=2,31201E~02
=14 777B0E=02
=1s20816E=02
=1+00431E=02
»Ta10942E-03
whyo84128E~03
=)s71331E=02
«9,50565E=04

(1 18
=1+430%71E~16
-f,5]1652E=19
«1.,07105E=22
w2e22952E-27

T

'1-630365“01

MAT,! o
6,84213E402
1 +4) TABE+0]
6495213E002
O

O
O
O
1.10000E+01
0.
Gs
O
e
[1 1%
[ )
Os
Oe
Oe
0,
O
Os
L]
Os
0
e
1]

O

(LT BT BN NT B )

o oOoOTOOO

'

MAY, 7

2,80833E460
5,81148E+00
3.16178E400

2.722R6E~p)
2.62531E=902
343227%E=-03
3,39209Ew01
4,40423E=p3
3.015654E=03
ie72694E-93
1.36H04En(3
3,6455BE~04
6,43346Fp4
4433486Emp4
1¢01127E=04
T+5529TE=05%
8,08070E=06
0.

4. 41826E~19
1465807E-21
1494493E=25
3,10386E=30
G

1+.20880E=q2

|
MAT, 8
-2.34457E502

Ow

Oe .

0.! I
-1.Asqaaa-od
~2.00512E=03
~2470195E=03,
-8, IB#EQELOE
-3.63652E-0?
-2-#9315E-03
=1438721Ew02
=14 06668BE-03
=T 24898E=04
b 25B4E~GA
-4y b565£h0q
=2:504TTE~04
“1|02799EPOﬁ
=5, 7T5739E=05
b, 05219E-06

Qe .
vT.BS#ESEw}B
=3:90991E=2¢0
wh 4 2HPBENDA’
«1e33773Ew28

D

m9.TES) TEmQ3
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CROSS SECTIONS FOR GROUP

POSe MAT. MAT,

1 2,935%9E~0} 0,
2 0. O
3 1.69356E+00 0,

4 0, 0,

POS, S THRU POS.
12 0 0.
13 0. ’ .
14 1,40000E¢00 O,
15 0. Ga
16 0, O
17T 0. 0,
18 0. 0,
19 0 0
20 D Oa
€1 Do 0s
22 D, 0,
23 0. ‘ 0.
24 0. Qs
25 D (11
26 0e- Os
PT 0. 0.
28 0. Do
2% 0. LI
30 Q. O
31 0. O,
32 0. Oe

POS, 33 THRU POS,

35 0. O

TABLE 5-4 (Continued)

MAT,

MATe &

6, ATS56E=03 »3,94858E=01

G
4056780400

O
[

0. 0
11 SAME AS ABOVE

Oa (1Y
34 SAME AS ABOVE

5,1 #268E~02
4.322535-02
&,36828E¢00
5.253855*02
4450117E~02
2,38457F=02
2,04414E~02
1.37941E=02
1.08456E=02
1+ 06938E=02
8,55075E=03
&4, 04215FE=03
1¢14395E=03
9,12%20E~04
T+63590E=08

0.

2.95005E~19
8,922h8g=22
7.60295E~26
8,29858E=31

1.7TT19T13E=D])

‘w3423939E~02
«346165E«02
w]e0ATVIE20QO
=443327BE~02
~3.52256E~02
«]loTT136E=02
wle3ITA94E=02
=0, 07906E~03
by T9009E=0D
wbe 1 4580E=(3
-ty 51368E=03
w2e45650E=03
w0, 32456E~04
5,401 04E-04
=3430957E-05

0o
=T¢31617E~18
=2492237E-20
w3eA46BIE=2A
=4483985E-29

'103‘5005'01

MAT, 8
9.22161E+02
1491026E+403
B+33161E402
04

De

0.

1+10000E+0}
[ ]

Os

=
.

[-F-3-R-N-N-J-R-JN-J- -1} J—F-]

FL I INT L Al e I T BT 1 T Y I BT )

[
i)

CCODODOOODS OODO

IS .E 8.0 B 0818 e

MAT

il Nt Bt ]

iw

O

6

MAT, 7
3,782255+00
7,8320TE+00
4,10603E400

0y

3,08561E=p3
2,59352E=93
3,1237TE~(}
3.152315-03
2.70070E=03
1.430T4E~0]
1,22648E=p2
B,27646E~D4

6,50734E~04

Goh1626E=p4
£,13045E~04
2.‘2529E-0‘
6,86372E=p5
5,47752Ewp§
4,58154E=p6

0,

1. 77003Ew=29
5,35361E=23
4,561 7TE=27
Ae97915E=32

1,06787E=p2

MAT, B
w2.36914Ee02

Ca

Da

O

) .94363E03
w2, 07599E=03
wbo226T4EmQD
»2,5996TE=Q]
“2:11353E=03
»] ,062B2E=0)
w8, 24375E=0b
=5, 44T43Em04
why OTHOSE=4
~3,68748Em04
2, T0B21E=Qé
«144T7390E=04
«5,594T4E=p5
»3e2h0b2E=05
«149B5T4E=Qp
Qe

ko IBITOEW) S

w1+ 75342E=2)

w2, 0581 0E~28

-5.903915-30
[ ]

=8, 06999E03

@

fl01ei0qeT
183]3nUDJISY
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POS,

CROSS SECTIONS FOR GROUP 91
MATe 1 MAT o MAT, 3 MAT: #
4,20519E-01 0. 6,43611F =03 .3,T4649E.0)
O O O O¢
1.H206PE+0C 0, 4,35369E¢00 0,
0. O . O» 1]
POSe 5 THRU POSs 12 SAME AS ABOVE
0, . 9,692B83F=03 .7,51416E=03
1.40000E+00 O, 4,16129E+00 «1,00021E+00
Qs O, 1.03993E*U2 =B8426922E~0)
0, 0o 1,05622E=02 &7,50909E=03
Qe O 6+3956TE~03 ~4,2597TSE=~03
Do [+ 29 4,62134FE=03 «2,T003IRE=DI
[ 129 4, 0T793SE=(3 «2,04683E~D3
129 [ 2+831728=~023 '1.36243E“0;
Ga [ 2+B0380E~03 «1,26968E~03
O (118 2e2H398E=03 «9,94420E=0%
04 ’00 2-08713E'03 -7.936825“0‘
O Do To02662E~04 w3, 66045E«04 |
O Os 2048010E"04 «],44402E=04
Ge O» 2e12192E-04 «=B,59790E~05
0¢ - . O 1447982E=05 =6:5967TE~0T
(1 e 0. G
0, 0, 1.56653F=2] o6,98046E20
O« 0. 3, 46684F~24 =3 ,0293TE-22
0s O 1.84980E~28 =1,48121E~26
Oe 0. 1014686E=33 =] ,16490E~31
Da Qe 0. Do , 5
0. 0a 0. 0 :
1] 0, 1,80762E=0) «],19867E=01

TABLE 5-4 (Continued)

MAT, &
1+35805E+03
R+81300E+03
1+36905E+03
0o

Oo
1+10000E+01

MAY o
Do
0.
Oy

B-g-2-J-N_%_J
19 0% .0 .5 18

¢

MAT, 7
5,56996E,00
1+15333E+9])
51381085000
0«

5,81570E=04
249998TE=g]
642395 TE=04
6,33734E=04
3,83T40E=04
2,TT2B0EwQ4
BedbTHlE~p4
‘0699038'0‘
1.,68228E=-04
1437037E=04
1,25228E=04
4,21597TE~ 5
1,48806E=05
1427315E-05
8.87891E=07

0.
9,39918E.23
2+07999EmaE
1+1098BE=29-
6.88115E=35

)
1,08457E=02

mT, &
w2 20T95EL02

G

G

Os

«h ,50BB0ES04
=6400123E=02
*4¢96153E%04
wt 50545E=04
“2.55585E=04
~1462021E~04
=1.22B10E=04
~B,]1T4SBE=05
=T+61B09E=05
«5455652E=05
-4,76209E=05
«2,07627E=05
~Bo654]15E=06
“5e150THE=06
«3.95806E=08,

0.
wh, 19308Ea2]
=1421762E~23
=5,B8T2BE=28
=6 4,98938E=313
1 1Y

0.
=Te19201E=03



LoL-G

TABLE 5-4 {Continued)

CRO5S SECTIONS FOR GROUP 52
POSs  MATe 1 MAT, 2 MAT, 3 MAT, & MAT, 8 MAY, & MAT, 7 MAT, 8

1 6,05651E=01 0, 9.B0514E#03 =6,40820E«01 2.05283E+03 0. 8,41945E+00 =3.8449TEw0?

2 0. 04 e 0o 4225161E*03 O 1. T4316E401  Os

3 2,00565E+00 0, 3,82814E+400 0, 2+063B3E403 O, . B,69BB3E+400 O

b 0, C. Do Os O Oe [ 1Y Os

POS, 5 THRU POSe 13 SAME AS ABOVE

1% 1.,40000E+00 0. 3,60952E400 =1.8]1687E+00 1+10000E+01 O« 2466B51Ewp1 =1409012Ekp1
15 0. » G 5,20580E~03 «3,90382E=03 0, 0. 3o1234BE=04 =2+34229E=04
16 0. 0, 6,66386E=03 «4,00943E=03 0, G4 3,99821Ep4 =2,40566E=04
17 0. 0, 5+39514E=03 «2.B1175E=03 0 . 3,23708E=g4 =1 46BTQ5E=04
18 0. 0, 2.46095E~03 «1.62679E-03 04 0q 2¢07667E=n4 =53, 76075SE=05
19 0. s 3+13]181E~03 «1,23560E~03 0s e 1.87958Em=p4 =T,41361E=05
20 0. O 2,439T5E=03 =8,12773E=04 0. Qs 1¢46385E=04 whyBTB6AE=DS.
21 0. G 12 75503E=03 «5,20579E~04 - 0, O 1405302E=04 =3,17147E=05
22 0. 0, 1s90436E~03 =5,66562E=04 0, e 1.14251Ew04 =3,39937E-05
23 0. 0 1+4T972E~03 ~4,39223E=04 0. Ge B,87B33E=~p5 =~2.63534E~05
2% 0. Oe 1.43565E=03 =3,43494E~04 0« Oe B,61391E~05 =2.06096E=05
25 0. O 4,03085F=04 =},3BB75E~04 0. Oy 2+41B51Eeg5 ~B,3325QE~06
28 0. O 1¢62391E=04 =6,08014E~05 0+ 0 9. T4304Ew0b ~3.64809E~06
27 0. Oy 1,43515E=04 «3,64644E=05 0. G B,61089E=06 =2418786Em)b
28 o, 0, 1,04822E=0% «6,698164E~08 0, 0 6,28931E=07 «4,01B90E%09
29 D [V [+ XY 0. ' Oe u_l: O 0s
30 O Oe 8,89349E=23 «6,27%44E~2]1 0o 0a 5,33609E=24 =3, 7676TE=2D
3l 0. O 1:64997E=25 =1,50937E~23 6. 0s 9,89979E=27 =9,05624E=25
32 0. e 6,78523E=30 «B,34837E~28 0, D¢ 4e0T114E=3] »5,00902E=29
33 0, 0o 3,08049E=35 =4,72920E=33 0. Os 1,84830E=36 =2.83752E~36
34 0. Qs Oe O« N L Ge O« O
35 0. s 2.08817E=01 «1,05615E=01 0, 0s 1,25250Ew(2 =643363)1Em03

@

Alojeioge
1eajanuol)sy
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PUS.

52 34
GRP. i

1
GRP, 2

14204ZAE=02 8,20503E=03
2482344£-02 2,24757E=02

1.08541E=0]
O
POS,

L ]
5 THRU POS,.

3.04533E-01

44BEV02E=02 4,T3964E=02

Oe »
Oe
Ge
Oe
Oe
O
Oe

Ne
P0OS.
GRPs 9

6,026268E=03
1421643E=02

2443562E=0]
O
POS,.
1490239E=01
S.40335E~02
3.13164KE-03
3.231460=-03
A,501p8E=03
3,02BABE~03
5,48538E-03
1.98173k=p3
1-01563§-03
O

(e

Da

Na

{11

[

De

Oe
POS,
GRps 17

1.35710t=01
2+05018E=01

1.94829E=02
G,
D
(LY
O
0.
0.

0
23 THRU POSs 34

GRP. 10
T.41018E=p3
1443035E=02
3.02300E~01

Os
5 THRU POS. 13

2,6302BF=01
4,65389E=02
1,81556E~=03
1.62358E'03
2,32452E=-03
2.05150E=02
1.73049E~03
2,14869F=p3
TY0037E=04
2,9251TE~04
iy
O
Os
O
0.
O,

1%
31 THRU POS. 34

GRp,y 18
1,12747E=-01
1.93956E=p}

TABLE 5-4 (Continued)

P0+526ROUPSy ALeCsU235

GRP, 13
6.085595'03
1.53139E 02
1¢131958E=01

O»
13 SAME AS ABOVE

5,58687F=02
2411719802
2,42202£-03
Qe
[ ]
qQe
0.
0

Ce
§AME AS ABOVE

GRP, 11
9,88053E=03
1.77507E~02
3.43701E=0]

Do
SAME AS ABOVE

2.89627=01
3.160347E=02
5,59522 =08
3,49644E=04
1.,60129€E=04
2.89321E=04
2+43800BE=04
1:.91742E=p4
18693404
6,535819g~05
1 +3644BE~G5
Gs
[+ 1)
0
(LI
Os

GRPs 19
3.06143E=01
5¢18947E=-p1

GRPs &

5.966‘9E'0;
1.50100E=02
1.5T7223E=01

Qe

8,06892E=02
3,38459E=02
3426090E=03
Te&66554E-03
O
Ga
0.
O«

Os

GRp, 12
1058834E-02
2:76928E=02
32.51T9TE-01

O

2:9293pE-01
4,41822E«02
1481034E=04
10273725‘0‘
5.68]15E~05
2e56446E~05
4,54370E~05
3,67352E-05
2.91444E=05
2.41230E=05
9. 68264E~06
2+00039E-06
Ne

o

Ou

" e
Ose
SAME AS ABOVE

Ne

GRP. 20
2:09294E=0]
3.28547E=p]

GRp, S
6,13793E=p3
1.473T4E=02
1464904E~0]
Os

T+50420E=02
5302095E'02
152461 6E=02
3:43348E=04
9.37041E%03
O
0.
Oe
09

GRp, 13
2.3070§E-02
40|82]19E=02
3,51370E~0{
LY

2+84609E=0}
429818E=-02
1¢04786E=05
3+52B01E~05
#.56451E=05
1e62087E=95
3.6938BE=g6
6.,49711E~p6
5¢21930E=06
4:11706E=06
353579 =06
1+3549BE~(0%
2.TB8R29E~07
h

O

O

(2]

GRp. 21
3,2728AE=0)
4072898E“01

GRP, &
6, 44682E=03
1¢47001E~02
1443865E~9]

O«

6,46228E=02
5,54859E=02
1408009E=02
5.B74T1E~p4
B.41060E~03
S+13484E-03
O
0,
0s

GRp, 14
3.07019E~02
5912#95@'02
3460635E~01

0.

2486576E=p})
he36911E=p02
1.99063E=06
5.,57908E=07
T+17838E=06
1:+72521E=05
5,97954E~0b
8,97281E=07
Tel3017E=07
Se66075E~07
S¢T036TE=~07
1:85662E~-07
3,81464E=-08
0s

O

0s

GRp, 22
2.549215"01
4,23985E~p]

GRP, 7
6,27B64E=p3
1031556E-02
1.567278=3}

O«

1¢04638E-q1
1400225E-02
1,993)16E=p3
2+1458B6E=03
1.06745E=pp
1,20485E-03
1)

Os

GRP, 15
5,21912Ewp2
BDSQDEZE-OE
3.82777E-0[

0+

2e9T0B0E~p)
4,33570Ewgp
04

3,34877E-q7
B,74845E=98
2!909315—05
7,02093E=p6
2+40053Eps
Ta41842Eugs
1.299909E=p7
1404085E=97
8,18282E=08
1:08p54E=06
2e6TA90E~08
B448284Fep9
Oe

O«

GRp, 23
3.51807Em=p1
5.09338E=p1

GRP, 8
6.0551TE~(3
1:26648E=072
19737563
O«

1+35039E0q]1
4,0B643Fwq2
1.94638EL¢3
2+38201E=93
2+57936E-03
5,5651BE~p3
5,21556E~(3
1420404E~03
[/

GRPW 16
9:691682Eg2
1+63769E=q]
4,27TT3E=9)
Os

2.99193Emp]
3,35054Emp2
0,

O

3.40354E=p8B
1,170 E-p8
2464916E=q7
8,23654Emp7
2425691E=07
6.0B633Em9
141704DE~3B
P431463E=09
TaIsBA9E=~p9
E.5237TE=09
2+45315E-09
5.13R)6Ew=10
De

GRP:y 24
2.01727Emq1
3:1‘0675-01



-€01-9

4,665T9E=01 4,43815E~01 &,6308464F=0)
O 0q [ 1
POS, 5 THRU POSe 13 SAME AS ABOVE
2eT2T24E=0]1 1.59730E=0]1 ].86295E=0]
3,166]15F=02 5, 4&8735-02 1.60339g~01
0- 0- 3.25138E-03
Qe 0. 0
G De O
3,32006E=09 0, Ge
1.100&95-09_ .918435 10 0.
‘0, 3,04269E-10 3,44894E-10
o. 0 z.z949¢e-10
. 0, “De
,5 60576EmLD ¢, 0.
0 . De O
Qe " Qs [
[ 0, O
Q» 0a D
POSs 29 THRU POSs 34 SAME AS ABOVE
GRPs 25 aRp, 26 GRP, 27
3,85080E=l  4,62736E=01 3. z6¢415-01
3,79218E=01 B,30712E-~01 ),30626E~D)
T.256258=01 8.0?2?3E'01 4.5@140E'01
Oa (1Y Do .
P0OS, S THRU POSe 13 SAME As ABOVE
1.69512E=01 1,68391E-01 1,602568~0]
1.60475E~0F  1,60%89E-01 1.60764E=0]
.024205-02 1.06134E-02 1.04400E%02
Qs 0, 0s . ’
POS. 18 THRU POSs 26 SAME AS ABOVE
5.35658E=11 0. O
4966513E~11 4,0S572E=11 0.
D 3.61059E-11 3,08767E511
0s - 04 2.79861E"11
0s O, [/ 1Y
.09 DO o.
G L1 Ge
Oa G Oe
GRP, 233 GRP, 24 GRP, 3%
Ta29362E=(2 B,85409E~32 2.78823E-0]
1.41810F=01 1.71217E=0]1 ' 4,98483E=0]
4. 14228E=01  4,13297E=0]1 6.0084)E-0]
T, 0TT2BL =43 6,781126-37 §,54B55E«31
.33831F-40 “1.41501E=34 3,2786gE30
2.82993E-37 ' 2,57374E<32 3,9856pE~28

TABLE 5-4 (Continued)

By 43]155E~01
0w

1:62783E=0}
1:6108BE-~01
1,07988E~02
o0

0 '
Ge Lt
O o

0
1e74209E+10

D
O

"D

O

O

. GRp, 28

2.53521E~01
2.55123E<0]
5.862¢0E'01

O

1:81377E=01
1460902E=01
1403824E~02

O«

Do

Qe

Da
2:36184E~11
506‘059E-0?
Go

Oe

0o

GRPJ ad
4,06281E+0]
8.29885E~)]
T+ 249)5Ew0]
7. 16574E=29
1.84812E~27
3.[7943E'?§

2.45419E=10"

8,783)7E=01
0s

1:T7898EE=p)
1.61130E=0)
1-0337‘5-02
Oo
Oe
0s
O
0,
Os

1¢77039E=10

1,32931E~30

“0e

0s
Oe
Qe

GRp, 29
9.889%1E=p2
5,134669E=p2
44346808=0)
Qe

14849886E=(])
1+450653E=01
1. 00416E'02
G

0o

0e

De

0e .,
1+81309E=}1
O - .
O

0

GRP, ‘27
2.54808E~0)
5.57527TE=01
5851 79E=0]

5,82626E=17"

1¢05714E-15
1+ 7854 1E~) s

1

9

0

- 0
@
¢

¢

5,8582340Z~0]
&,

1262T743E"91
261516€E-0] -

.
L]
L
°
04
0. .

1.29320€=10

© 1s01867E=10
_o. . .Y

¢,
0s

3

GRp, 30
1+86883Eep1
3,03645E=p1
5,21020E=01

0o

1463033E~01
1ebphB8i=p1
l.oaraes-oa
0.

Oe

Oy

O

0e

0.
1739889€-11
0s

0,

GRP, 38

. 3.6pB44E=y]

7,82132E~p1
e.9n028E-01
9.11671E=10
1,87438€=p9
5¢32815E«09

.9a7~o€-oa

6,91585F01

O

1.688p3Ewg)
1460516Exp1
l 05318E-02

9 o S5233Em)]1 0. - N
712344501}
6e03932EmE]- ¢

7. 330875511
O

%

GRP, 31
1.356885-01
410@765E-01

0.

185933Ew01
1+61068E=p}
1,03)16E=02

03

7. 20433510

Os

GRP, 39
7.62?725501
1.,53596E+ g0
1,09234E+00

s.zssqss-oa-

7,62589E~98
1-&?7515*07

$,.33084Em0)
Oe

1e60268E=~g]

1. 61023£~01'.

1.035485—02
o ot
O
Ga
Oe

0,
‘0w
Qe

O,

- 1

Oe

AP, 32
1412690ERD1
1+43600ER01
&.51757Emp]
Q.

1o70473Emp}
1¢60237Em(]

loOOﬁléEhOE :

0

Oe
D
[/ 7
0
0.,
Os
Oy
On

GRPl, 40
9.70194Ew01
1.892884 02
1+30032E200
2400266607
2,31226E-07
3466449Em07

@

Alojeloqe]
JEQ[INEOIISY



701-G

Pt ot ot st P Rt ot ot o gt
W NGNS WO XD~ U~

NN NN NN
0~ O U E W D

3,8027T1E=35
2.,39311E«3)
2'72276£'22
1.19430E«15
2.,84292E~12
2, 78442EL08
3,6T442E=04
1.566908=01
1404268Ew0)
9,50834E-03
Os *
Ow
Qe
Oe
Qo
0,
POS,
GRPs 4}
8,80819E=01
173470E+0Q0
1.21130E+00
5,62167E=06
Te364T2E=06
1. 18600E=09
1,72382F=95
2.92754E=p5
6,54004E=05
1.56833Ew04
3, 656TFE=~04
1,65%672E=03
1,37340E=02
2,55984E=01
S ,38656F~02
2aT61435=02
6,63085L=03
1.01044E~04
3,62970E-07
3,75911E=09
1.38308E-11
1.31538E=14
O
1Y
1Y
0.’
O
Qe

1,42198E-29
1.18271E=27
2ebAGl1E=24
2,63300E-16
2.27238E=10
2,79157E=07
1443476F=03
1.51553E-01
1,1665TE=01
5,10984E=p2
1.6#293E'03
LY

0

(U

O

0

23 THRU POS, 34
. GRP. 42

8,80315E=01
1, 78794E+00
1.21046E+00
5,42292E=05
3, T9RITE=0S
3,73402E~0%
4,67520E%05
6,70680E-~05
1,31429E=04
2,89902E~04
Te00429E~04
1,98959€-03
1.16937E=02
2,61253E~-4)
3.25314E=p2
1.67805E=02
1+09650E=02
1.75598E~03
1,02639E-04
5,47198E=09
5,85993E~11
1.15144E~13
5,23084E=-17
0.

0.

0.

O,

G,

4, 46099E=26
1+30719E~23
T+35167E=22
7.15265E=19
1,02729€E=11
2.T0713E=06
2:2346TE=(3
1.55201E~01
1+14233E~01
5,46868E=02
141%616E~¢2
1+026TAE=~0%
Qs

[ X

0

0,
SAME AS ABOVE

GRP, 43
9,832T4E=01
2+02936E+400
1.31569E+00

0.

1.9%5521E«04
1.63020E~G4
1,857 25E=04
2.35358E~04
3.14851E~0h
6.11939E=04
1.,74508E=03
4,69479E w03
1.,61225E-02
2.80646E=0]
3.24041F~02
1,58898E=02
1406146E=02
6.06929E~03
8,54 T46E=04
6,64323E=05
1,067958~10
1.87872E=12
2,26754E=15
5.,81203E~19
O

0,

[

[\

TABLE 5-4 (Continued)

2.71023Eu24
1:33562E=21
6494215E=19
5,1T334E-17
2.23956E=ié
1,25511E«08
1+6316BE=03
1442054E=01
9,020T4E-~02
4410867E=02
1+ 08B&SE=Q2
1+13809E~(3
2e2962TE=06
Oa

(LY

o,

GRP. 44
1.12836E+00
2.33618E+00
1.46223E+00
0,

[
2495123E=04
2.32683E‘0’
2018714E=04
3,16335E~04
4.87442Ew04
1s17759E~03
2,96496E-03
1.15937E=02
1,T0581E=02
B,10556E%03
5,09106E~03
3.912875'03
1,46954E.03
243481 0E~04
1.97848E=05
. 1.4950TSE~12
2.,42173E~14
1:71198E=17
2431 773E=-21
0.
O
O

6.,18220E=14
1464884Ew1]3
5.25872E~13
3.200198‘12
1.23061E=10
9.,07386EwqQ9
1+ 76086E=02
2+24638E~=p)
1+51441E-01
T2:06326E=02
14 76599€=p2
2+35941E=03
1+29314E=04
6eTHIBLE=0B
0

Oy

GRP¢ #5
1.2B394E+00
29653095000
161 TS1E*0Q0
[/ 1Y
ds
O
5.00801E=04
4+36T798E=04A
5,06784E=04
Ba24063E=04
1+32495E=03
2.54552E~03
1402665E=02
2.88892E~01
1¢93986E=02
9:.36680E=03
5.2634TE~03
3.790805-03
3,02406E-03
T+6T64SE~04
1¢53524E=04
T+83811E=06
1.94836F=13
1.973805-15

1<02892E=18

G TIS61E=23
G
CGe

1,30997E=08
3,254292=08
1¢51197E=07
1.15531Em06
1,953B4E~05
1,594B7E~p4
6,88660k=03
2467105601
9.92841E-02
2,26920£-02
4,53973E=03
3.56137E=04
i5205§l§'05
1¢56823E=97
Oq

0y

GRP, b
1,59843E+00
3¢12325E+00
1233159E‘00
OQ ‘
Qe
0. -

G

1:18691E~p3
1,08173E-03
1426958E=p3
1468495E~03
2,79114E-03
8,69272E=03
3.09212E=01
1,62592E=-02
8,55955E=03
5.79536E=03
3:80194£=03
2.33?83g'03
1,52280E~03
4.76897E=04
9,92592E~95
8,54111E=07
1.25T186~14
1:009501E=16
3.70751E~20
g;leIIE"zt

L]

3,88675Ewq?
1:13701E=0é
4956814E=08
2.35085E~05
1.34838E=04
1,47835E.903
1.527B7Emp2
2e42482Eap)
4421515Ewpnp
3,8414TE=p3
2.07904Em04
2+98972Emp6
36624 7E~08
1enl9%3€]p
0.

0

GRP, 47
1.86574E400
3.87154E+00
2,21062E4090
0,

O

Os

Oe

O

2.2T686Ew()
1,84743E=03
2,35805Ew03
4,78883E=0)
B8,T1623E«03
3,17299E=p]
1426327Ew=02
6.5605563Ew03
5,28376E=03
3!29338E-03
2,59691E%03
1.97187E=p3
545851 0Ew04
340141 7Emp4
4,78159Em05
5.,83999Eap8
4,571345E-16
2,81712E-18
6:96034Em22
2.71532E=2¢

94,36041E=07
4,19226Em06
1+2B425E=05
2, T4289ELp5
1.0B631E=~04
6,28599ELpé
9,491058w03
P24 066EwDY
3.22848BEwgp
8,36068E~03
Lo TH258ERD4
4+ 1T341ERDG
3+42B063Em0B
1+81088E=-10
24TH084Em13

0.

GRP, 48
2.30720E%00
&y TTTSAES QO
2.68TTBERQD
O
Do
(1Y
O
[ 1Y
0.
1.62952E=03
1.62165€E=03
2,77516Ew-03
4o ) T956E=D3
3.,19165E=Q1
5,38553E=03
2¢63BTTE=D)
2+17022E=02
1:43215E8=03
1,13074E=03
ByS52740E=04
6.55T02E=04
1+49681ER04
1.02030E%04
1,45488E=05
2.29323E=13
6.24638E-18
2+84252E=20
Lo 4462 TE-2S

-



TABLE 5-4 (Continued)

2% 0, 0o O« 0o O 0y . 0 . 1200068828
KT 0, O O °i 0 Of 0: '
POS, 3] THRU POSe 34 SAME AS ABOVE

LR T L TR

LS R R R S AP
O E= N E W

G0L-G
A R O B
-3 O AT P et I

fat 3 LV
O O 2D

W
Rt 7]

an! &9
2,80633E+00
S.81168E+00
301617¢F‘00

N
POS.
2o TR2REE=(3
2.825315'03
3,322796~93
3,392p9E-01
4.‘0423L"03
3,01654E=03
1-72694E-03
1038804E‘°3
9,64658E~04
B8, 7596 TE=04
85,43346E-04
#'33¢8§E-04
1a0llg7E=04
7.5529TE=05
8,08070E~06
0

4.418246E-19
1,6580TE=2}
1+94493E~25
3.10386E=3¢
1Y)

Qo

O

O

GRP, 50
3,78225E+00
T.83207E<+00
3-106;35‘00

-
., 5 THRU POS, 10

[t

3.08561E=03
2,59352E-03
3,12377E=-0}
3.,15231E=03
24700T0E=03
1443074E~03
1,22648E=p3
8,27646E=D4
6,50734E~04
6,41626E~04
5-130456-04
2+42529E=04
6,86272E=05
S 4TT52E=05
4,58154E=06
i}

[ ]
1.77003E=29
5.35361E~23
4.551T7E=27
4.971915E-32
Qe
O
O

GRPs 5]

5,56994E+00

1.15333E+01
5.88108E+00

O
SAME AS ABOVE

Oe

0.

5,81570E=04
2.99957E=01
6,233957E=D4
6,33T34E-04
3.83740E%04
2.77280E'0“
2e44T6YIE=04
1.69903E~04
1+68228E-04
1.37037E=04
1425228~ 04
4,21597E-05
1,48806F=05
1:27315£=05
8,87891€-07

Qe
9,399 8E-23
2,07T999E=25
1210988E-29
6,88118E-35
[+ 1)
0»

GRP, %2
B,41945E+00
1o 743168401
A.698823E¢p0

Ge

O
Qs

0,

26685 E~(]
Fe12348E-04
3.99831E~04
3.23708E=~04
2.07657E=04
1.87908E-04
1046385E=04
1.08302E-04
1014261E~04
B,87833E~05
B,61391E~05
2.941851E=09
9. T4 AGAE=06
B,61089E~08
6428%31E~07
Ne .

5433609624
9.89979E~27
e 0T114E=31
1+84830E=34
[ %

&

Aiojeloge
1Bajanuc.Isy



201-9

P0S,

52 34 2 2

GRPs 1 ghe, 2

3,85066E=p2 2.94064E‘02
(1)
POS, 3 TH“U PosS, t3
1+27558Emp] 1017319E“01
Qe b, (5843E=0I
) Os

O - Os
P0Ss 18 THRU POS: 34

GRP. 9 G6RP, 10
3,058823E=02 2.#65055 02
Oe
POS . 3 1nnu POS, 13
[+25410E=01 9,79941E=02

'3-566455-02 -3.36551E-oz

POS, 17 YHRU POS, 34
G6RPs 1T = GRP. 18
1039509E=02  1+59518E-02

0 Os
POS, 3 THRU POS. 13
1s01036F=0) 1,8314TEwp]

=5,47175Em(2 =4,43]00E~02
D n.

2
18 THRU POS, 34

GRP« 25 GRp, 26
1.59T84E=02 i, S8753E=02
Ns e
Pos, 3 THRU P05, 13
1,82503E=01 1,82985E~01

=1.089005=01 =1,08612E~01
=2.55196F =02 =2,63442E=02

04
POS,

[ O
P05, 18 THRY POS, 34
GRPe 33 GRP, 34
2.84801c=02 1,62B1BE=D2
ﬁ. ol
' 0,
~6,19026E~42 =5,606G02E~36
~1.62321n-39 w8,61669E~34

TABLE 5-4 (Contfinued)

GRPe 3 GRP, &
3,64814En02 A.44220E-02

0 0
SAME AS AROVE

1.45859E=0] 2,05437E=01
~2. 18210802 «3,4}1791E~02
=5:9TIBAE~0I =T, TT990E~03

0. a
SAME AS ABOVE

GRP, 1] ORP, 12
2;032¢1E‘03 1.50932E=02

0. (1 1Y
SANE AS ABOVE

9,82B41E=02" B,4)384E~02
»2.39526E02 «3.73117E~02

Qe 1]
SANE AS ABOVE

GRPs 19
1.90269E=02

GRP, 20
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The next section lists the cross section set identification number and title
followed by the input cross section data {10* array or from tape) for MTP sets. Each
cross section set contains IGM energy groups and IHP table positions, '

The next section of printout lists the cross section data for all e‘lemenfs (MTP)
and mixtures (MTX) for energy group ‘]. The next page contains similar data for group 2,
This pattern is repecied for IGM groups. Note that even though the elements and mixtures
are printed, if IMIX >0, only the mixtures (MTX) are placed on the group-independent
tope, ) )

If ITYPE = 1, the code aitempts to write a group~dependent tape from the
group-independent tape. If insufficient core storage is available, a message giving the
core storage needed to generate a group=dependent tape is given; execution is then terminaied.
If sufficient core storage is available, the group-dependent data cre printed out by material,
Each material contains IHP x IGM values. This concludes the printout from a SATURN code

caleulation.
5.5.2 Punched Output .

Punched card outpuf from the SATURN code is only obtained if ICARDS =1
in Data Set 1, and u-group-dependen'r tape is generated. Under these conditions, either
MTP sets (if MTX = 0) or MTX seis of cross section data are punched out in a (6E'12., 5)
FORTRAN format. Each punched cross section set contains IHP table positions for each

IGM group. Each set begins on a new card.

5.5.3 Tape Ouiput

Two binary fapes can be generated as output daia by the SATURN code: a group~

dependent and a group~independent cross section tape.

The group independent tape confains IGM records. Each record contains either
MTPX (IHP + 1) values (if MTX = 0) or MTX x (IHP +[) values. If the input cross section
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data include upscatter, | =1; otherwise | =0, This tape is called the "specially prepared"

cross section tape and is suitable for use in the DOT-IIW and ANISN-:W codes with the

appropriate input parameters. Note that for the ANISN-W code, the total upscatter cross section

is computed by the SATURN code and is placed in position [HP + 1; for the DOT-IIW code,

the total upscatter cross section is placed in position IHT + 1 and the previous cross sections

from'lHT‘-!' 1 to IHP are placed in table positions IHT +2 to 1HP + 1, With this tape, ANISN-W

and DOT-IIW calculations can be made with little dependence on the number of energy groups.
The group dependent tape contains either MTP (if MTX = 0) or MTX sets of cross

section data with IHP x [GM values of cross section data for the particular material. This

fape is the conventional, cross section tape used as input data to the ANISN-W and DOT-IIW

codes,
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5.6 PROGRAM LOGIC

The general code logic used in the SATURN code is presenfed in this section.
A description of each of the subroutines and their function in the overall code logic is

described,
5.6.1 Subroutine bescripfion

The SATURN code contains a total of 14 subroutines. In developing the code,
a modular approach wes used.  That is, each subroutine performs a specific task within the
total caleulational procedure. As a resulf, the code is versatile, because of the ease of

adding another module fo the system. Table 5-5 describes the principal function performed
by each subroutine in the SATURN code.

5.6.2 Caleulational Procedure

The general code logic for the SATURN cede is shown in Figure 5-2, As
shown, the cdleulational procedure is strgightforward.

The calculational procedure begins in the SATURN main program, where the
core is zeroed out and the flexible dimension arrays are defineds The RING 1 subroutine
is then used to read the cross section datg, perform relabeling (if requested) and compute
the total upscatter cross section. If adjoint theory calculations are to be performed, sub-
" routine ADJN performs the necessary adjoint reversal of the cross section data. Subroutine
" PLSUM is used to compute a fransport correction for P, data for use with transverse leakage
data. The RING 3 subroutine is used fo prepare the group-independent tape, At this
point, if mixtures are desired, subroutine MIX is used fo combine the cross seciion data. {f
a group~dependent tape is requested, subrouiine RING 2 is used to generate this tape from
the group-independent fape generated in subroutine RING 3. Each output tape is rewound

and contains an end—of-file mark, The problem is then terminated,
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TABLE 5-5

LIST OF SATURN CODE SUBROUTINES AND THEIR FUNCTIONS

Subroutine Name

SATURN

RING 1

RING 2

RING 3

TRANS
MIX

PLSUM

ADJN

ERROT

FIDO
wOT
DUMP-

WOT 8

oW
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Principal Operation

Zero out core, compute flexible dimensions,
and conirol overall program logic

Read cross section data, perform relabeling
task, and compute total upscatier cross section

Prepare group-dependent cross section tape
from group=independent tape

Prepare group=~independent cross section tape
and control mixiure operations

Add in ttansverse leakage correction daia
Perform cross section mixture operations

Compute a iransport correction for P(L)
data for use with fransverse leakage data

Perform adjoint reversal of cross section data

Print out end-of~file efror message and related
information

Generalized, input data read routine
Print out, 1-, 2=, or 3- dimensional arrays
Special subroutine to essist in debug of code

Print out up fo 8 columns of fixed and/or
floating point data of variable length

Print out special page ot normal termination
of a calculation
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Figure 5-2. Code Logic for the SATURN Code
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5.7 METHOD OF SOLUTION

Because the SATURN code is an auxiliary, data processing code, the method
of solution in the code reduces fo the program logic described in Section 5.6. A thorough
discussion of the mixing fable calculations and iransverse leakage calculations is given in
Sections 5.3. 1 and 5.3.2, respectively. These two sections represent the only set of calcula-
tions in the code. All other operations cre processing operations to prepare the data in the
proper format for use in the ANISN-W and DOT-IIW codes.
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