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FOREWORD

This report is Volume 5 of six volumes of the final report on "Nuclear Rockéf Shield-
ing Methods, Modification, Updating, and Input Data Preparation®. This work was performed
for-the George C. Marshall Space Flight Center (MSFC), Huntsville, Alabama, under
Contract No. NAS-8-24919, Control No. DCN 1-X-80-00056. The technical monifor of
this contract was Mr. Henry E. Stern, Deputy Manager of the Nuclear and Plasma Physics
Division of the Space Sciences Laboratory, MSFC., A description of DOT={IW, DOQ,,
ADOQ and MAP codes is presenred in this volume

In summcry, The SIX voiumes of the Fmal report are as follows:

Volume 1:  "Synopsis of Methods and Results of Anclyses" - A summary of i'he work perFormed‘

under this contract, .

Volume 2:. . "Compilation of Neuiron 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, and SATURN codes,

) 1 |3
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 6:  "Point Kemel Techniques" - A description of the KAP-VI and SCAP codes.
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" ABSTRACT

The WANL version of the DOT computer code for solving the two-dimensional,
energy dependent, linear Boltzmann transport equation with general anisotropic scattering,
and the MAP COITIPUfEl; code for solving for the angular, spatial, and energy dependent flux
external to a nuclear system are described, The major improvements of the DOT-IIW code
over the DOT code are the inclusion of acceleration techniques on the group flux solution,
im;;roved convergence logic, asymmetric quadrature capability, and improved tape opera-
tions, Detailed user information involving problem setup, running time, quadrature data,
and mesh spacing requirements is described for both codes. In addition, requirements for
eigenvalue, fixed volume distributed source, boundary source, and search calculations are
given for the DOT-1IW code. Typical problem setup information is supplied for both codes
as well as a description of the printed output. A sample problem card input and printout
are included for each code. The Appendix describes the DOQ and ADOQ quadrature

coefficient calculation codes.
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1.0 INTRODUCTION

This report is Volume 5 of six volumes of the final report on -"Nixclec:r Rocket
Shielding Methods, Modification, Updating, and Input Data Preparation.” Presented in
this volume is a description of the DOT-IIW, two-dimensional, discrete ordinates transport
code and the MAP, radiation transport code.

The DOT-IIW and MAP codes are an integral part of both the preliminary or
parameiric and the detailed design radiation analysis methods provided for the Marshall
Space Flight Center {MSFC) under this contract and the previous contractual work (NAS-S—
20414). A simplified, schematic diagram of each method is shown i in Flgures -1 and 1-2,
Both methods are fully described in Volume 1 of this report.

In the preliminary or parametric 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 geometry. From the netron and photon fluxes, neutron and
photon energy sources and distributions or heat generation rates are obtained using the
NAGS data processi.ng code {Volume 3), These sources and distributions are used as input
to the KAP-V| point kernel code (Volume 6). The KAP-VI] code provides gamma ray and

fast neuiron radiation levels at locations external to the reactor. Radiation sources, heat
generation rates, and radiation environment, both internal and exfernal-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 as input data to the DOT-1IW, two~
dimensional, discrete ordinates fransport code. The DOT-IIW 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 neutron and photon
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energy desposition and nevfron and phofon energy sources and distributions within the reactor
system, These sources and distributions are used as input to the KAP-VI point kernel code
(Volume 6). The KAP-V| code provides gamma ray and fast neutron radiation levels at
locations external to the reactor. In addition, the surface leakage fluxes from the DOT-1IW
problem geometry 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 to the
DOT-1IW geometry and includes provision for last-flight transport using optional point

kernel techniques. The SCAP single~ or albedo-scatter code (Volume 6) is used fo compute
external radiation environmgn* -using, as source input data, the output from either the KAP-V!
or the MAP codes. Radiation sources, heat generation rates, and radiation environment,
both infernal and external to the reactor as well as shield effectiveness can be computed
using the detailed 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.

In the analysis of nuclear sysi’en:s;, a two~dimensional, fransport theory technique
serves as the basis for many different types of calculations such as crificu[if.y, radiation
envir.onmenf,sh ield effectiveness, and flux attenuation. The need for a flexible, yet
efficient technique fo facilitate these calculations is obvious, For this reason, the DOT-HW
and MAP codes were developed.

The DOT-1IW code is described in Section 2.0 of this report; the MAP code is
described in Section 3.0, Both of these codes require discrete ordinates quadrature coeffi-
cients (direction cosines and weights) generated by thé DOQ (symmetric) and the ADOQ
' (asyr?metric) codes, Appendixes A and B describe the DOQ and ADOQ codes, respectively.,
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2,0 bOT-1iw CODE

5

A reliable technique for predicting the transport of neutrons or photons through
matter is a basis for a wide variety of calculations in nuclear engineering. Reactor. design
and analysis, shielding design and analysis, experiment analysis as well as other interests
all share this common need. The method of discrete ordinates or Carlson' s Sn method is one
such technique for approximating the solution of the energy dependent, linear, Boltzmann
transport equation with anisotropic scattering, In fact, as the approximation of the space,
angle, and energy mesh gpproaches differential size, the solution of the Boltzmann equation
approaches exaciness.

The discrete ordinates fez:h)nique has been implemented in the DOT-{IW code.

R

Discrete Ordinates Transport DOT" ' solves the two dimensional, Boltzmann transport

equation with general anisotropic scattering for x, y; r, z; and r, 8 geometries by using a

diamond difference solution technique, @ 3)

DOT solves forward or adjoint, homogeneous
or inhomogeneous problems. The inhomogeneous problems may have a fixed volume dis-
tributed source or a specified-angular dependent boundary source at the right or top
boundaries; fissions may be included for a subcritical system, Vacuum, reflective, periodic,
white, or albedo boundary conditions may be specified. Time absorption calculations, con-
ceniration searches, or zone thickness searches are also solved, Cross sections may be

input from a library tape and/or from cards, Asymmetric or symmetric quadrafure calcula-"
tions may be performed. The code includes a choice of Gaussian lferation, Successive
Overrelaxation, Space Point Scaling, or Chebyshev Acceleration to achieve a flux solution
on inner iterations,

The version of the program described in this report has been altered from the
original version because of the following: (1) to be consistent with the nuclear and radiation
analysis methods used at MSFC, and (2) to incorporgte state-of-the-art features of the
current DOT-1I code released by RSIC (with the exception of a polynomial source option).
A number of improvements in the convergence logic and, other téchniques in the DOT-II

code have been included in this version of the code.

2-1



DOT-1W is a complete code written in standard, USASI FORTRAN-IV, The
code utifizes variable dimensioning to'allow efficient core data storage allocation,
consequently eliminating the necessity for recompilation for different size problems. This
version of the code is operational on the UNIVAC-1108 computer using the EXEC-8
Monitor System, seven tape or disk de\;ices, and input and output disks,

The program described is the latest WANL producfi6;1 version of the DOT code.
This version is derived from the original IBM 7094 version of the DOT code as released by
F. R. Mynatt, R, Rodgers, and W, W, Engle, Jr., of the Compufer Technology Center of
Union Carbide Corporation, Nuclear Division, Oak Ridge, Tenne;.ssee. Subsequent coding
to include additional capabilities (described later) fo provide a code with similar capabili-

tias to the DOT-II code released by Mynatt, et al., has been performed by the authors.
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2.1 -COMPUTER CODE SYNOPSIS

1. Name- DOT ”W( )
2, Compuf‘er - The code is designed for the UNIVAC—-HOS compufer
3. Nature of- Physncal Problem Solved: -DOT-1IW, soIVes fhe fwo-dtmensroncl

energy dependenf linear Boltzmann fransporf equation wn‘h general amsofroplc scatfermg
forx, y; v, z; and r, 8 geometries. DOT so!ves Forward or ad;omf homogeneous or mhomo-—
geneous problems. The mhomogeneous problems may have a Frxed vofume distributed source,
or a specified cmgular dependent boundary source at the rlghf or fop boundaries; fissions may
be included for a subc:rll'lca! system, Vctcuum, reflechve, pez:ngdlc, whlre, or albedo .
boundary condmons may be spec:ﬂed Time absorphon cc!cuqurons concenfrqhon “searches,
or zone th:ckness secrches are also solved. Cross sections may be mpuf from a hbrory tape
and/or from cc:rds. Asymmefrrc or symmetric quadrature_ calculahons -may be performed The (
code includes a chonce of Gaussian Iteration, Successive Overreluxahon, Spuce Pomr -
Scaling, or Chebyshev Acceleration to achieve a flux solutlon on rnner sfemfrons

4. Method of Solution:  The discrete ordinates or Ccrlson s Sn mefhod usmg a.
diamond d:fference so!uhon technique is employed. (2) The methcd is cppilccbie fc bofh
neutron and gamma-ray fmnsporf problems. The solutign in fhe tode will approach the

exact solution of fhe Bol’rzmcmn equation with mcreosmg orders of qpproximahon as the
space, angle, uncl energy mesh appraaches dlfferenflal size. .'" >

5, Resfrlc{'t’ons on the Complex:i‘y of the Problem' The DOT 1w compufer code ‘
utilizes varlable dlmenswmng to Facuhque effrclem‘ Lore duh:: si‘orage q”ocohon Beccuse .
of the variable d:menswnmg technique on any given data c:rl'ciyI no size restriction is
imposed; only a size restriction on the length of the sum of c“ arrcys ‘is imposed, The
amount of core data storage for a given problem may be exucf[y compufed as indicated in
the documenfahon . . o .

6. Typical Runnlng Tume The DOT-IIW g:ode‘compq.j‘é‘é éppr@ximafé!y 4500 cmg'ulc:xr.a

fluxes per second. |



7. Unusual Features of the Program: The code employs a general anisotropic
scattering ccpaf:ilify, variable dimensioﬁing, and the concentration of the bulk of the
computations in one subroutine. -

8, Related and Auxiliary Programs: Cross sections may be supplied by the
appROPOS™ or GAMLEG-W®) '
as energy deposition may be provided_ using the MAP(I) code,

Q. Status:  The code is in production use at MSFC, Users af MSFC load the code

codes. Fixed disiributed neutron or photon sources as well

from a disk or tape with control cards followed by the user's input data,

10, References: 1, R. K, Disney, R, G. Sc;lfesz, J. Jedruch, and S. L. Zeigler,
WANL-PR(LL)-034,Volume 5, "Two-Dimensional, Discrete
Ordinates Transport Techniques, " August 1970,

2, F.R. Mynatt, F, J, Muckenthaler, and P. N, Stevens,
CTC-INF-952, "Development of Two-Dimensional Discrete
Ordinates Transport Theory for Radiation Shielding, " August
1970,

3. R, K, Disney, R, G, Soltesz, and S. L, Zeigler, WANL-PR(LL)-
034, Volume 3, "Cross Section Generation and Data Processing
Techniques," August 1970.

1. Machine Requirements:  The DOT-1IW codé is in production at MSFC on the
UNIVAC-1108 with 65K core storage locations, The source program requires 14K decimal
locations; the remaining locations are used for problem data sforage. Up fo eight tape'or

disk devices are required in addition to input and output disks.

12, Programming Language' Used: The code is written in standard, USAS| FORTRAN-
V. '

13. Operating System or Monitor Under Which Program is Executed: The DOT-IIW
code is operafional under the EXEC-8 Monitor System,

14, Other Programming or Operating Information or Restrictions: None,

15, Nome and Establishment of Authors:

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

Pittsburgh, Pa. 15236
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2.2 INPUT DATA DESCRIPTION

2.2.1 Input Format

The input data for the DOT-1IW code are divided info the following nine data sets:

1) Overall problem storage allocation, tape assignments, and boundary
. source input tape parameters

2) Overall problem title and parameters

3) Cross section data

4) Flux guess data

5) Fixed distributed source data

6) Fixed boundary source data

7) Angular quadrature {direction cosines: p, 7 ) data

8) Angular quadrature (weights: w) data

9) Remainder of data

The first data set is entered on a single formatted card which is the first physical
card of each p‘roblem deck, The second dafa set consists of the title card and nine cards of
integer and real (floating point) data intermixed on formatted cards in data fields of 12
columns each. This set of data is always required as input fo a DOT~IIW problem and all
input data must be entered in the correct field of each card since a fixed, FORTRAN
format is used to read all c;urds.

Al remaining data sefs (3 through 9) of a DOT-IIW problem input are written in
one of three FORTRAN type format capabilities, The integer data arrays (denoted by a
dollar sign) must always be input in the standard DOT-1IW format capability which consists
of 6 fields of 12 columns in each field, Each field in the standard format is subdivided into
three subfields as shown in Figure 2-1. 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 DOT-HW or one of two non-standard,  FORTRAN format capabilities.

The non—sfqndqr‘d WANL DOT input formats which are shown in Figure 2-1 are

included for the user's convenience and can only be used for any real (floating point) data

* 'Right adjusted” means that the last significant digit of a number is at thé extreme right of
a field. ‘



* 1. Standard: (6 {12, Al, F9.0))
Card Columns 1 21314 5 6 7 8 9 10 11 12{13 14|15}16 17 18 19

Data Field

Data Type
or Operation Type

‘Data Array ldentification No. or Number of Operations
2. Non-Standard: (6E12.5), U Data Type

Card Columns |1 2 3 4 § '6 7 8 9 10 17 12713 14 15 18 17 18 19
Data Field

3. Non-Standard: (4(1X, E16.9, 1X)), V Data:typé or ODDK (FLOCOW)

Card Columns |1 2 3 4 567 8 9|10 1112 13 14|15 16 17 {1819

Data Field Exponent Field

Figure 2-1, DOT-1IW Input Formats

2=-6
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array. These nor;-sfcmdcrd formats cannot include any operation type (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; e.g., if the punched cross section data for a material includes 117 entries
(9 groups by 13 tables), i'!'xé set would be 19 full cards and a final card of three entries using
" the U format, DOT-IIW, using this. non-standard capability, would skip the last three’
fields and commence reading at the first data field of the next card,

In the standard DOT-IIW format, the second subfield may include one of :’rhe.dcfc
type or operation type code letters. The following characters may be .entered:
5% U VR LT, S,F A+ -, Z,E, Q N, M, W, orX, |

$ indicates the beginning of an integer {fixed point) array. The first

subfield identifies the data array.

* indicates the beginning of a real (floating point) array in standard

format. 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 array beginning on the next physical
card. The first subfield identifies the array.

V indicates the beginning of a real ‘(Fiouﬁng point) array in.the non-
" standard ODD-K format 4 (1X, E16.9, 1X). The-first subfield identifies
the array-beginning on the next physical card.

R indicates that the data contained in the third subfield are to be entered
R times in succession., The first subfield defines the number of total
successive entries or Repeats (e.g., a 16R 1.0 enters 16 1,0's),

| indicates linear Interpolation between the data in the associated third
subfield and the following third subfield, The first subfield defines the
number of interpolations between the two data entries (e.g., 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 data.
No further ddfa reading for-a subset of data is attempted and the program
proceeds fo the next subset and 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. 15 S 1 enters a 1 in the 16th word of an array).

F indicates that the remainder of the present array is fo be Filled with
the data entry in the third subfield. Any entry in the first subfield is ig-
nored (e.g., F 1.0 will enter a 1.0 for all entries in an array).



A indicates Address modification, The next non-blank data entry is
entered in the Nth location of the present array where N is an integer
entry in the third subfield associated with the A. Any entry in the
first subfield is ignored.

+ or ~ indicates exponentiation. The data entry in the third subfield
is multiplied by 10+ N where N is the enfry in the first subfield, This
option allows more significant digits if necessary.

Z indicates the entry of Zeros. The integer entry in the Frrsa‘ plus
the third subfield indicates the number of successive zeros to be
entered. (e.g., 10Z enters 10 zeros, Z 20 enters 20 zeros, and
10Z 20 enters 30 zeros).

E indicates End array. This option skips to the end of an array without
fhe need for specifying the number of skips.

Q indicates sequence repeat. .The integer entry in the first plus the
third subfield indicates the number of previous entries to be repeated.

N indjcates inverted sequence repeat. This option is similar to the Q

option except that the previous entries are repeated in reverse order,
(e.g., 0, 2, 4, XN enters 0, 2, 4, 4, 2).

M indicates inverted sequence repeat except that the signs of previous
entries are reversed when they are repeated,

"W indicates the array identified by the first subfield will be read accord-
ing to the format on the following card,

X indicates the array identified by the first subfield will be read accord-
ing to the last variable format read in. For example,

3w Card 1 (remainder of card must be blank)
(7E 10.3) Card 2 (contains format only)
X ) Card 3 (remainder of card must be blank)

Cards 4 through N (contain the data according
to 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 expenent and with or without a decimal point. If the decimal
point is not included, it is assumed to be immediately to the left of the exponent field
within the nine-column subfield. lf'there is no exponent, the decimal point is assumed to

be at the extreme right of the nine column subfield,

2-8
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The following restrictions must be obsérved when writing input data for the DOT~IIW
code:

1) Floating poir;f zeros 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 after the blank field for the standard

formats, !

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 sub-

field of the field following a field containing an | cannot contain an A,

4) If the third subfield of a data field containing @ $ or a * contains an infeger,
N, the next data enfry is assumed to be the (N + 1) th member of the array. Normally this

third subfield is blank and is interpreted as zero.

2,2,2 Input Data Instructions

This section describes the problem input data for the DOT-1IW code, Section 2.3 -
presents a more defailed description of the data presenfed here, The quantity in slashes
represents the array dimension, or the number of pieces of data required, and the expression
in braces is the condition requiring that array or set of arrays. Arrays or sets of arrays
with the corresponding terminate (T) card which are not required should not be entered. If
no condition is specified, the array is required. Note that a T card must follow the data

entered in data.sets 3 through 9; no T card is entered after data sets 1 and 2.
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DATA SET 1 - OVERALL PROBLEM STORAGE ALLOCATION, TAPE ASSIGNMENTS, AND INPUT TAPE PARAMETERS

Card Format

1 110

14

Column Variable
1-10 ISIZE*
11-14 NINP
15-18 NOUT
19-22 NCR1
23-26 NSCRAT
27-30 NBSO
31-34 NFLUX1
35-38 NAFT
39-42  IBXS
43-46 IMOLD

Description

- The maximum number of locations available for DOT-IIW

data (e.g., ISIZE = 51000, on the UNIVAC-1108,

EXEC~8 computer with a 65K core memory storage
available),

Input data fé:pe drive, Always set NINP =5
Output data tape drive, Always set NOUT = 6
Scratch tape drive. Always set NCR1 =1
Scrctfch tape drive, Always set NSCRAT 2

Distributed source tape. Always set NBSO =8. Ifa non-
zero.normalization factor {S01) for a fixed distributed
source problem is input, the code will normalize the input
source data and place it on a scratch tape drive (1,2, or 3).

Scratch tape drive. Always set NFLUX1 = 3
Angular flux output tape drive. Alwoys set NAFT 4

Boundary source input option. 0/1, no boundary source
data or boundary source data from cards/boundary source
entered from tape drive. 9 . If IBXS = 1, mount boundary
source fape (in format of DOT -1IW angular flux output
tape) on tape drive 9.

Number of radial mesh intervals in the input boundary
source data tape on tape drive 2.

IMOLD must be greater than or equal to the number of
radial mesh intervals, IM, in the current DOT problem.

/T IBXS = 0/IMOLD = ¢/

* The maximum value of ISIZE is determined by the maximum size of BLANK COMMON set at code compile time.
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Card Format

i4

14

Column Variable
47-50 JMOLD
51-54 JMLEV
55-58 IDIR

Description

Number of axial mesh intervels in the input boundury
source data tape on tape 9.

JMOLD must be equal to the number of axial mesh
intervals used to describe the boundary source, If a pre-
vious DOT-1IW problem was used to generate this data
tape, two techniques in DOT-IIW exist to generate this
tape. If the DOT-HIW input quantity, A11 =0, then
JMOLD must equal the number of axial mesh intervals,
JM, in the previous DOT-1IW problem, If A11>0, then
JMOLD must equal 3,

Specific axial interval number at which boundary source
data will be obtained from boundary source data tape on
tape 9. If a previous DOT-1IW problem was used to
generate this data tape, the following options exist:

If ATT = 0 inthe previous DOT-IIW problem, then JMLEV
can be any axial interval in the previous DOT-IIW
problem,

If A11 # 0, then JMLEV can be axial intervals 1, 2, or 3
which correspond fo axial intervals A11+ 1, Al1, or
A11-1 from the previous DOT-1IW problem.

If a MAP problem has been used to generate a boundary
source tape, then JMLEV must be equal to 2 or 3 depend-
ing upon the DOT-IIW problem surface considered as a
source and defined by .the input quantity, IDIR. /TF IBXS
= 0: then JMLEV = §/

Direction of boundary source data from previous DOT-IIW
or source surface from previous MAP problem.

If tape 9 is from a previous DOT-{IW problem, then the
downward directed or upward directed angular flux at
an axial mesh interval can be input as a top boundary
source as follows:

/1t IDR = 0/1 ~ Upward/Downward/

@
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Card Format Column Variable

14 59-62

14 63-66

NA

NC

Description

If tape 9 is obfained from a MAP problem, then-the

following options exist:

/TF JMLEV = 3: IDR = 0/1 - total visible surface/top or
.bottom visible surchg_7

_/TF JMLEV = 2: IDIR = 0 - side visible surfocg_?

Starting radial mesh interval number in IMOLD at which

the boundary source angular flux data from tape 9 is
desired for DOT-1IW problem_ZNC =0 if IBXS=0/"

Final interval number in IMOLD at which the angular flux
boundary source data from tape ¢ is desired for DOT-IW
problem, /NC = 0 if BXS = G/

If NA and NC are both zero, no selective boundary sourcs
is used; i.e., the boundary sousce data is used for all
IMOLD intervals. If NA and NC are greater than zero,
the code only uses data from NA to NC, inclusive. All
other radial interval data are sef to zero.

DATA SET 2 - OVERALL PROBLEM TITLE AND INPUT PARAMETERS

2 12A6 1-72
12 . 1-12
112 13-24
112 25-36
12 37-48

TITLE
AOT
A02

A03

A04

Problem descriptive title card
Problem identification number

0 - forward calculation
1 = adjoint calculation

Maximum order of scattering found in any zone (0/1/2
"l;PO’ P]' P2.'.) ‘
Number of space angles {discrete directions) in calcula-

tion (6/16/30/48. . .; S./$ 4/56/58' L)

See Section 2,2.4 for additional information
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Card

Format Column  Variable
(12 L 49-60 IGE
nz 61-72 1zZM
12 1-12 IM
12 1324 M
112 25-36 104
E12.5 37-48°  EV
E125 4960  EVM

Déscripjion

Geometry Parameter

0 - x, y geometry
1 ~r, z géometry
2 - r, 6 geometry

Number of zones or regions in the problem-éeometry (9%)

Number of x or radial mesh intervals in the problem
geometry (4%) '

Number of ¥r Z, or 8 mesh- intervdls in the problém
geometry (2*) -

Type of calculation to be performed

0 - Q-fixed volume distributed source calculation
» (inhomogeneous calculation) . .
I - k-calculation (eigenvalue (homogenecus) calculation)
2 - o - time absorption calcualtion
3 - C - conceniration search cafculation
4 ~ b - zone thickness search calculation
5.~ BQ - fixed boundary.source calculation (inhomogeneous
caiculation) ‘ :

Eigenvalue guess for seareh calculations (104 =2, 3, and 4)

. See detailed notes for explanation. Sei EV = 0.0 if 104 =

0, .1, or.5.

Eigenvalue guess modifier used in s'earc[’: calculations. If
104 =2, 3, or 4, the second guess of the eigenvalue is

set equal to EVHEVM where the sign of the quantity, EVM,
is takén as positive, if the first eigenvalue is greater than

1.0." Set EVM =-0,0; if 104=0, 1, or 5,

Aloleloge
© 1e3jonuossy
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Card Format

E12.5

5 12

112

Column Variable
61-72 EPS
1-12 BO1
13-24 B02

Description

Overall problem convergence criteria, This quantity is

- used fo test: 1) the convergence in eigenvalue or search

caleulations, 2) the convergence of reflected or periodic
boundary conditions and, if applicable, 3) the integral
convergence of the flux solution in each group. The value
of EPS is strongly dependent on the type of calculation
being performed and the convergence criteria placed on
flux and/or upscatter by the input quantities of pointwise
flux convergence criteria G06, and upscatter convergence
criteria, A14, Experience has shown that the value of EPS

should be equal to or greater than G06 and equal to or less
than Al4,

Left boundary condition

0 -~ vacuum (no reflection

1 - reflection {(d@/dX = 0)

2 - periodic {angular flux leaving boundary re-enters at
the opposite boundary ~- left-right or top-bottom ~= in
the same angle

Right boundary condition

0, 1, or 2 ~~ same as BO1 conditions described above,

3 - white (isotropic re~entrant angular flux}-- the
integral of the angular flux leaving the boundary is return-
ed as an isotropic angular flux in all incoming discrete
angles.

4 - boundary source {input angular dependent data from
cards or tape. If IBXS =0, 104 =5 and BO2 = 4, then
the boundary source data 18* or 18U is required input.
The present DOT-1IW will not atlow right boundary
source input from tape.

5 - glbedo (same condition as the white boundary condi-
tion B02 = 3 except that the isotropic re-entrant angular
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Card Format

112

12

112

Column Variable
25-36 BO3

' 37-48 BO4
49-560

MO7

Description

flux at the boundary is multiplied by the position and
group dependent albedo input data as entered in the 25
or 25U array).

Top boundary condition

0, 1, 2, 3 - Same as BO2 condition except that if IBXS =
1, 104 = 5, and BO3 = 4, then the boundary source data
are entered on tape 9. IF IBXS =0, 104 =5, and BO2 =
4, then the boundary source data 18* or 18U are required
input.

5 - Same as BO2 condition except that the position and
group dependent albedo input data are entered in the 26*
or 26U array.

Bottom boundary condition
0, 1, 2, 3 - Same as BO2 conditions described above

5 ~ Same ds B0O2 conditions except that the. position and
group dependent albedo input data are entered in the
27*% or 27U array.

Flux input option trigger

0 - Enter flux guess as a single set of values in a 3* or 3U
array. A total of IGM group values is required input
with a uniform distribution in space and the IGM values
provide an input energy (group) dependence as follows:
N,, =A

g 9
1 - Enter flux guess as IGM sefs of values in successive
sets of 3* or 3U arrays. A total of IGM sets of values are
ferminate {T) cards. Each set of data are IM*JM values
describing the flux guess for each group of the IGM groups
to be solved for as follows: '

N.. = A,
19 g

1<
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Format

Card

112

Column

Mariable

61-72

MODE

Description

2 - Enter flux guess a5 two sets of values in successive 3*
or 3U arrays with terminate (T) cards, The first 3* or 3U
array is IGM values of group dependent data and the sec-
ond set of 3* or 3U arrays is IM*JM values of space

.dependent data to provide the flux guess as follows:

3 - Enter flux guess as three sets of values in successive
3* or 3U arrays with terminate (T) cards, The first 3* or
3U array is IGM values of group dependent data; the sec~
ond set is IM values of space dependent (X, R, orR)
data; and the third set is JM values of space dependent

(Y, Z, or 0) data to provide the flux guess as follows:

N,, =AgB.C,
Hg o

4 - Enter flux guess as two sets of values for each group

of the IGM groups in successive 3* or 3U arrays with

terminate (T) cards, The first 3* or 3U array for each

group is IM values of the space dependent (X, R, or R)

data,. and the second 3* or 3U array for each group is JM

values of the space dependent (Y, Z, or ) data. The

flux guess is constructed as follows: N.. =A, B,

18 g ig

5 - Enter flux guess as group and space dependent data

" from tape 12, No 3* or 3U arrays and corresponding

terminate (T) cards are required.

Flux calculation option

0 - Use linear flux calculation mode only and do nof

recompute angular flux if solution is negative (Operation-
a! and recommended for specific problems)

1 - Mixed mode--use linear flux calculation mode and
recompute angular flux with step function model if
solution is negative, (Recommended option for normal
problems)
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Card Formaf

6 12

12
112

112

12

Column Variable
1-12 MT
13-24 MOT
25-36 MCR

- 37-48 MTP
49-60 1z

Description

2 - Use step function model only
(Operational but not recomniended option.)

3 - Use weighted difference flux calculation mode
{Operational and recommended for specific problems.}

Total number of materials (MCR + MTP + Mixtures
formed in ¢éross section mixing table)

Cross section mixing fable length (108, 115, 12*)

Number of cross section sets fo be read from cards (dgfc
entered in 14* or 14U array.)

Number of cross section sets to be read from input fape--
(identification numbers of each set are entered in the
13% array). '

NOTE: 1. Cross section tape is mounted on tape unit 14

2. Cross sections from cards are read in before
those from tape,

3. Each set of cross sections whether from cards,
tape, or forméd in the mixing table is assign-
ed a unique number less than or equal to the
total number of sets, MT,

If MCR and MTP are both equal to zero, a
specially prepared group independent tape (IGM
records of MT*ITL data) is required input on
unit NCR1, This special tape can be obtained -
from a previous DOT-{IW problem, or it can be
generated by the SATURN code. .-

Number of radial zones for a zone thickness search. Enter
a zero for 104 # 4. See detailed notes in Section 2.3.4

for explanation,

£10]e1008]
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Card Format

112

7 n2

E12.5

112
112
12

: 112
8 . E12.5

112

12

Column Variable
61-72 Jz
1-12 S02
13-24 S03
25-36 IGM
37-48 IHT
49-60 [HS
61-72 ITL
1-12 SO1
13-24 MO05
25-36 MO6

Description

Number of axial zones for a zone thickness search. Enter
a zero for 104 # 4, See detailed notes in Section 2.3.4 for
explanation, ‘

Type of parametric eigenvalue search
0 - not a parametric eigenvalue search (04 =0, 1, or 5)

1 - search on k in 104=3, 4 calculation

2 - search on o in 104 = 2 calculation

Parametric eigenvalue for search, Enter as 0.0 for 104 7
2, 3, ord’ .

Number of energy groups in the calculafion

Position of 2 in cross section table.

total & “transport

Position of 2. (within-group scatter) in cross section

table. 99
Length of cross section table.

Normalization factor (If $01 = 0,0, no normalization of
source data is performed)

Activity calculation option (193, 20%)

0 - no activities calculated
N - compute N activities for each mesh cell

Fixed volume distributed source input option

0 - Enter source guess as a single set of values in a 17% or
17U array. A total of IGM group values is required input
with a uniform distribution in space and the IGM values
provide an input energy {group) dependence as follows:

g g .
1 - Enter source guess as !GM sets of values in
successive sets of 17% or 17U arrays separated by
terminate (T) cards, Each set of data is IM*IM values
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Card Format Column Variable Description

describing the source guess for each group of the IGM

groups to be solved for as follows: Niig = Ai i
2 - Enter source guess as two sets of values in successive
17* or 17U arrays with terminate (T) cards. The first 17*
or 17U array is IGM values of group dependent data and
the second set of 17* or 17U arrays is IM*JM values of
space dependent data to provide the source guess as follows:
N.. = AgB.,
119 1 : ) )
3 - Enter source guess as three sets of values in successive
7% or 17U arrays with terminate (T) cards. The first 17*
or 17U array is IGM values of group dependent data; the
- the second set is IM values of space dependent (X, R, or
R) data; and the third set if JM values of space dependent
(Y, Z, or 8) data to provide the source guess as follows:
N.. =AgB, C, '
g o
4 ~ Enter source guess as two sets of values for each group
of the IGM groups in successive 17* or 17U arrays with
terminate (T) cards, The first 17* or 17U array for each
group is IM values of the space dependent (X, R, orR) -
data, and the second 17* or 17U array for each group is
JM values of the space dependent (Y, Z, or 8) data.
The source guess is constructed as follows: Niig = A. Big
5 ~ Enter source guess as group and space dependent data
from tape 8. No 17* or 17U arrays and corresponding.
terminate (T) cards are required, This tape can be gener-
ated with the NAGS data processing code.

12 37-48 S04 * Initial maximum number of inner iterations per group. This
value limits the number of inner iterations for each group

on an outer iteration until eigenvalue convergence of
LAMBDA - 1.0l is less than 10.0 times EPS.

(Suggested value of S04 is equal to G07.)

Amwmq_u /
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0¢-¢

Card Format Column Varigble Description
112 49-60 - D05 Quter iteration maximum

The value for k and search calculations, 104 = 1, 2,

3, 4, is dependent upon complexity of preblem. Suggest-
ed value for source calculations, 104 =0 or 5, is depend-
ent upon presence of upscatter or fissions in the problem,
and angular flux output option. If no upscatter or fissions,
the following input is required: If IAFT = O for no angular
flux output, then D05 must equal 1. If IAFT # 0 for
angular flux output, then DO5 must equal 0. If upscatter -
or fissions-are present, then D05 must be greater than 1

to converge upscatter and/or fission distribution.

See detailed nofes in Sections 2.3.1 through 2.3.4 for

explanation. _
112 61-72  GO7 . Maximum number of inner iterations per group
9 - E12.5 1-12 GO05 Enter as 0.0
E?2.5 13-24 G0 Pointwise flux convergence criteria. Pointwise flux

convergence fest is not made if G06=0.0. If GO6 is
greater than 0,0, the pointwise flux convergence must
be satisfied for the entire problem or for specified zones
of convergence on the inner iteration calculations,
(Suggested value of G056 is equal fo or less than EPS

for eigenvalue calculations, and equal to EPS for source
calculations,)

El2.5 25-36 LAL Search calculation convergence criteria, If |JLAMBDA -
1.0} <LAL, DOT-IIW uses a linear search calculation
and if JLAMBDA - 1,0| >LAL, a quadratic calculation
is performed,

(Suggested value for search calculations, LAL = 0.01,
for other calculations, LAL = 0.0)



1g-¢

Card Format

E12.5

. EI25

E12.5

10 12

iT2

n2

1302477 koS

Column Variable
37-48 .!".A.H
61-72 EP;SA .‘
1-12 |AFT

2536 . AG6 -

Description

Upper limit on [LAMBDA - 1,0] used in linear search,
(Suggested value for search calculations,” LAH = 0,05,
for other calculations, LAH = 0,0}

Parameter oscillation damper. (Suggested value for search
caléulations,- POD 0.75;. for other; calculahons, POD =

0.0.)

Epsslon For new parar_nef;ers. (Suggested vclue for search
calculations, POD = 0,75; for ofhepca!culafions,
POD =0.0.)

Angular flux output trigger

" 0 - né angular flux output desired

1 ~ write binary angular flux tape .

2 - print angular fluxes
3 - both T.and 2

- NOTE: 1..If IAFT-2 0, then D05 must be input equal to

or greater than 1 for all calcylations, -
.2, If IAFT # 0, then D05 must be input fo,0 for-
© source calculations if no.upscatter or fissions

.are~present in problém (e.g:, phofon h‘ansporf).,

or greafer thcm 0 ff upscuﬁer or Frssmns c:re
’ _.ﬂpresenf ' Soap e e e v

-

T
- v
an

The upward (+5) direction reférs to the direction of i in-

’ ‘creasing y, z, or Q wnfh respect to (x, y), (v, z) or {(r, 8)

geometry, . .
See defails nored in Sechon 2, 2 4 for exp!anohon of A04,

. AO5 AQ6; AQ7, and AQ8 input data, -

Number of quodrafure angles in the downword (-n).

E direchon

B Number of quqdrafure angles in the upward (+n ) d:recflon‘ '

" f10jei0g8]
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Card Format Column Variable Description

112 37-48 A07 Number of quadrature initialization directions in the
- upward (+7) direction.

112 49-60 A8 Number of quadrature initialization directions in the
downward {-») direction.

112 61-72 A0? Inner iteration convergence acceleration option:

A0? = 0, Gaussian {(or normal) acceleration
AQ? =1, Successive Overrelaxation
“A09 = 2, Space Point Scaling

AQ9 = 3, Chebyshev acceleration

1 112 1-12 A10 Zones of Convergence.Option:
' 0/N where N is the number of zones to be used in conver~
gence tests and the zone numbers are specified in the
28% arrdy. '

112 13-24 All Axial Interval at which Angular Fluxes are desired. If
: : A1l =0, all intervals are obtained. f A1t #0, then

three intervals of data are obtained centered about
interval A11,

112 25-36 Al2 Number of Neutron Energy Groups. (Not used.
' Set A12 = Q)
112 37-48 Al3 - 0/1 = Print/Don' t print cross sections.
112 " 49-60 Al4 Upscatter Epsilon. If A14 is entered as zero, Al4 is

internally set equal to EPS, If A14 is entered as non-zero,
A4 is used as the upscatter epsilon.

112 61-72  Al5 Enter as Q
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DATA SET 3: CROSS SECTION DATA

13%

14* or U

Terminate Card

Cross Section Data  {MCR # 0 and/or MTP # 0}

Library tape ID Numbers / MTP./ {MTP> 0}  Cross section set ID numbers are entered for sets to
be obtained from input data tape on-tape unit 14, Data tape is in a format identical to the ANISN-
W tape and can bé generated by the SATURN, GAMLEG-W, and APPROPOS codes. ID numbers

must be ordered in the sequence of data sets on tape.
Cross section data on cards are entered, /ITLxIGMxMCR/ {MCR > 0}

NOTE: 1) If MCR # 0 and MTP # 0, then the cross section data from cards (MCR sets) are the
first MCR sets in a DOT problem and tape data are the MCR + 1 to MCR + MTP sets.
2) If MCR = 0 and MTP = 0, then all cross section data are input on tape unit NCR1. This
specially prepared, group independent tape can be obtained from a previous DOT-1IW
problem or from the SATURN code;

DATA SET 4: INPUT FLUX DATA

3*or U

Terminate Card

Flux Data  {M07< 5}

Flux guess is entered on cards in the manner specified by the input parameter M07 on card 5 of '
data set 2,

NOTE: - If more than one set of 3* or 3U data is required, each set is preceded by a 3* or 3U
card and followed by a terminate card., :

. DATA SET 5: INPUT FIXED DISTRIBUTED SOURCE DATA

17% or U

Terminate Card

Fixed Distributed Source Data {l04 = 0 and M06<5}

Fixed distributed source data are entered on cards in the manner specnfled by the mpuf parameter

MO06 on card 8 of data set 2,
NOTE: """ If more than one set of 17* of* 17U data is required, each set is preceded by a ?7’ or

17U card and followed by ‘a terminate card.

@
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DATA SET 6: INPUT FIXED BOUNDARY, SOURCE DATA
Fixed Boundary Source Data {104 = 5 and IBXS = 0}

18* or U Boundary source data for right and/or top boundaries of problem are entered on cards in the manner
- specified in Section 2,3.3.

Terminate Card

DATA SET 7: ANGULAR QUADRATURE DIRECTION COSINE DATA

Angular Quadrature Direction Cosine Data

7*orlU - Angular quadrature direction cosines, p_ and 1/ (A05 + AQ) *2 values)/
Quadrature data are entered on cards with the AG4 values of p, data preceding the A04 values of
n data, See Section 2.2.4 for additional information,

Terminate Card

DATA SET 8: INPUT ANGULAR QUADRATURE WEIGHT DATA

Angular Quadrature .Weight Data

6% or U Angular quadrature weights, W"/ AO05 + A0b values/
Quadraiure weight data are entered on cards. See Section 2.2.4 for additional information.

Terminate Card

DATA SET 9: REMAINDER OF DATA
1* or U Fission spectrum data /IGM/

The sum of the IGM values of the 1* or U array should equal 1.0 for ke or search calculations
(l04=1, 2, 3, 4), 1£104 =0 or 5 and fissionable materials are in regions, then the 1* or U values
may be input as 0.0 to suppress calculation of new Fission source distributions on outer iterations,

4* or U X or Radial mesh line coordinates /IM + 1/
Mesh line coordinates defining the JM mesh intervals in the X or R direction,
2* or U Y, Z, or ® mesh line coordinates /JM +1/

Mesh line coordinates defining the JM mesh infervals in the Y, Z, or O direction,

The dimension of the @ coordinafes are input in revo!uf:ons (e.ger 6, =6 (radians)/ 6,28318 or
8; = 6; (degrees)/360,0)
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8%

%%

5% or U

10$
113

12* or U

19%

:20%

21%
2_2* or U
23%

Zone number by mesh cell /IM x JM/ :

Data are entered starting at the lower left mesh cell of the geometry and entered for all X or R
mesh cells for the first Y, Z, or © mesh row; all mesh cells. for-the second Y, Z, or 8 mesh row,
etc., until all mesh cells are defined. Eniries in 8% array must range from 1 to-[ZM.

Material Number by zone /IZM/ .

A negative material number identifies the material as an anisotropic material and cross section -
input or mixtures formed in DOT-1IW require that the P, (3>0) cross section sets must be the m+ 1,
m * 2, etc,, sets following the negative material number m. For example, if AO3 = 3 and zone &
contains the anisotropic scattering material 10, then a ~ 10 entry is the sixth number in the 9%
array and the material data 11, 12, 13, must contain the P_, P, “and P scattering data for
material 10, o2 3

Representative velocities by group /IGM/
Velocities must be non-zero and are required input only for atime absorption (Ressi alpha)
calculation (104 = 2), For all other calculations (104 # 2} enter velocities at 1,0,

Mixtuie material numbers in mixing table /M01/ {MO]>0}
See Section 2.3.7 for details. .

Component material numbers of mixtures in mixing table /M01/ {mo1 >0}
See Section 2.3.7 for details, - '

Atom densities of component materials in mixing table /MO1/ {MOI >0}
See Section 2,3.7 for details. .

Material numbers for activity calculation /M05/ {M05> 0}

A positive material number will cause the activity calculation for only those mesh cells in which
the material appears in the 9$ array: If thé material is negative, then the activity calculation
is performed for all mesh cells, See Section 2.3.7 for details. '

Cross section fable position for activity calculation /M05/* {M05 > 0} .
A cross section table position is required for each material number in the 19§ array. See Section

2.3.7 for details. )

X or Radial search zone numbers /IM/ 1104 = 4}
X or R search zone n?odifiérs /1Z/ {04 = 4}

Y, Z, or @ search zone numbers /JM/ {104 = 4}

&
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24% or U
25% or U

26* or U

. 27* or U

28%

Terminate Card

Y, Z, or Osearch zone modifiers /JZ/ {104 = 4}
Right boundary albedo data /JMxIGM/ {802 = 5}

Data are entered in order of increasing Y, Z, or © for group 1. This sequence is repeated for
IGM groups.

Top boundary albedo data /IMxIGM/ {803 = 5}

Data are entered in order of increasing X, R for group 1. This sequence is repeated for IGM groups.
Bottom boundary albedo data /IMxIGM/ {804 = 5} -

Data are entered in same order as 26* or U array.

Zones of Convergence /A10/ {A10>0}
The zone numbers specified as zones of convergence must appear in the 8% array of data,

This concludes the required input data for a caiculation,
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2.2.3 Problem Size Determination

To defermine the number of data focations required for a given problem (and there-
fofe, the value required for the parameter, ISIZE on Card 1, of Data Set 1) each of the .

expressions below should be evaluated and summed.

M = {@04 - @+ @M+ EIM )} .
2) = {IM (@ IM) + 8) + (4 JM) + (16 IGM) + (2* MO5) + (2* 1ZM) + (3-MO1) + 18}_
IF (IHS - IHT-1) >0
@ = (Tt MmT
IF (IHS ~ IHT - 1)<0
@) = ITL-MT
IF A03>0
@ = A% 72(A°3 *3) ¢[AO4-!‘- ( G- IM)- JM)] + 1!
IFA03< 0
@ =
IF IAFT >0
6) = -(A04' -'-2"-")
IF IAFTZ0
5). =0
IF 104 =4 .
©) = (IM+[Z+JMfJZ)
IF 104 # 4
©6) = 0
IF BO2 =4
O = Ime[@oy2) ra07 +AB]
IF BO2 # 4
@) = 0
IF BO3 =4
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(8) = [IM: a0s ]

IFBO3# 4

@ = 0

IF B2 or BO3 =4

9) - = [IGM + 1]
IF BO2 or BO3#£ 4

(9} = 0

IF A09 = 2 and AO3 # 0
(10) = [5*iM*Im]
IF AO® = 2 and AO3 =0
(10 = [6*1M*IMm]

IFA09 =1 or AO9 =3
(o) [imMxam]
IF AG9 = 0

(1) = 0

Next, the following equation shéuld be evaluated:
(rn JLAST = Eq (1) = Eq (2) = Eq (3) + Eq (4) = Eq (5) + Eq (6) + Eq (7)
+ Eq (8) + Eq (9} + Eq (10)

Then the user should evaluate the following equation, particularly if a large
amount of cross sections are to be used: -
(12) (1) KLasT =M1 - 1T . gem+ 1)

The amounf of variable dimension dafa storage required by the DOT=1IW code

is either JLAST or KLAST, whichever is greater.

(*NTLJ = ITL for problems without upscatter; ITLJ = ITL + 1 for problems with upscatter.
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2,24 Description of Quadrature Data Sets
This section presents a description of the discrete ordinates quadrature Inp;uf data
required for DOT-IIW calculations. Additional information describing the surface angular

fluxes is included because these data interface with othier computer codes.
Symmetric Quadruture Sets

Angular fluxes are obtained by the DOT- HW code at mesh points in each mesh
cell in the caleulation geometry. These fluxes are discrete direction fluxes with durechons
'represen’rohve of points on the unit sphere. In obtaining a numerical solution of the _
Bolfzm:':mn transport equation, integration of the continuous variable, 51, is performed by -
mechanical quadrature, where the continuous variable, @, is represented by a set of
"discrete directions (Qs) and a corresponding set of weights (ps). This mechanical quadrature
representation is achieved by using a set of direction cosines (pm nm).fdr the discrete direct~ -
ions (gs) and a set of level weights (w m) for the sum of the point weights (ps)‘cre the fevel m,
In solving for.angular fluxes in anr - z, two-dimensional mesh cell description,
each mesh cell is as indicated in Figure 2-2, Due to symmetry in the angle, 8, point
solutions are required only at points A, B, C, D, and P in the finite-volume, mesh cell
shown. Points A, B, C, and D are midpoints of each surface of the mesh cell, The angular
fluxes obfumed at each of these pomfs are then used to calculate the angular and scalar
flux at The m:dpomi’ of mesh cell,
At A, B, C, and D, the angular flux is calculated for a hemisphere of the unit
sphere centered about each point, The hemisphere is divided into its four octants as shown
in Figure 2~3. These octants represent ari S 5 order anguiar ;:[ucdrafure in r = z geometry,
The numbers in the circles in Figure 2-3 represent points at which the angular fluxes are
obtained in the DOT-IW 36 solution. As shown in the figure, the unit vectors (4, n, ) are
represented in an 56 angular quadrature as cosines, My pé, Hgr Myr Mg Ny E], Eor 53-
- With the same distribution of e B3 Ei on each unit vector, the discrete directions on the
surface of the hemisphere lie on latitudes which maintain rotational symmetry about all axes.
in the hemisphere. No check on rotational symmetry is made by the DOT-HW code; the L'Jlser

must verify independently the validity of other quadrature data than presented in this section

for his caleulation,
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Figure 2-2, R-Z Mesh Cell Description
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Figure 2-3, DOT-IIW Discrete Directions for R-Z and X-Y Geometries

2-31 . .



The requirements for rotation-reflection invariance with respect to 90° axis
rotations and with respect to reflections about an axis, and the origin are important concepts
in the selection of a generalized quadrature data set, It is convenient and desirable to use
a standard sef of mechanical quadrature data that in no way biases the results with respect
to geometrical oxis. For this reason, a set of completely symmetric quadrature data sets

(4)

oped(5) and calculated in the form necessary for use in the DOT-1IW code. These sets are

satisfying certain even moment conditions' "’ as well as rotational invariance were devel-

present in Table 2-1 for r, z, and x, y two-dimensional geometries and in Table 2-2 for r,

0 geomeiries,
The DOT=IIW code requires that:

(1) t '
wm =1.0

m= ]
that:
(2) :
Tm Hm Wm & 0.0
m=1
and that:
(3) Hn 7 0.0 and 7 o, # 0 for all m

In addition to satisfying the above three equations, the quadrature data sets pre-
sented in Tables 2-1 and 2-2 satisfy the requirement of rotation-~reflection invariance as

well as satisfying the "diffusion theory" condition:

@ ,
ﬁ woh o =1/3

m=]
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COMPLETELY SYMMETRIC QUADRATURE SETS SATISFYING CERTAIN EVEN
'MOMENT CONDITIONS FOR X, Y AND R, Z GEOMETRIES

TV

s2

ANGULAR CUADRAT URE

~0.816530060-0.57735000C €.577350000~0.816500000-0,577350000

~0+57135C000~045773500

T
6U

v ‘0.000000000

T

U ;
-~ 495006728
+35G021200
-.868896280
-.B4688902380
-.350021200
.350021290
T .
6U
©.0.00C090060
.083333333
.0823333133
:

0.250000000

-.350021200
868290280
-.350062120¢
-.B66850280
~.350021200
350021200

- 083333333
083333333
»C83333333

S4

4

35002120 ~.936741778
-.495004728 -.350€21200

«35CC21200 .B868E90280

~.868B890280 -.350421200
«868890280 - ,.868BE90280
«350C0212C0

350021200

+0B3333333 0.000C00000

0.0Co000000
«£B83333333

083333333

.083333333

2-33

0C~0.577350000, 0.577350000 0.577350000

Q0.25CC00000 C.000C00000 0.250000000

ANGULAR CUADRATURE

~-.868890280
«350021200

~-.350021200
«868890280

.083333333
+083333333

GCeSTT735000
0.577350000
¥

0.250000000

=.35002126G0
—-«936741778

~«350021220
«350021200

]

.083333333
0.050000000

(Sheet 1. of 5)
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TABLE 2-1
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§6 ANGULAR QUADRAT URE

7
~.377079540 -.266635500 ,266635500 -.T731810935 —,681507707 ~.266635500
2266635500  J6BL507707 ~.9€3T97442 ~.926180879 -.681507707 -+266635500
«206635500 L68L507707 .92618BC8T9 -4377079540 =-,266635500 266635500
~o72181C935 ~LEBI507707 ~, 266635500 4266635500 4681507707 -4963797442
~.92618C879 ~.6815077CT ~.266£35500 .266635500 .681507707 .926180879
~4926180879 ~.926183R79 -.92618CB79 —.681507707 —.68150TT07 —4681507707
~e63150TT07 ~.6B1537707 -,266€35500 ~.266£35500 —-,266635500 —. 266635500
~«266535500 =~.266635530 —-.26643550C 920180879 .920180879 ,924180479
.681507T07 .6B1507707 .6ELSCTT0T7 .6BLLOTTOT .5B1507707 .266635500
«266635500 .266635500 4266635500 266635500 266635500 266635500

3

6U .
0.000006000 1044031561 044031561 0,000000000 ,039301772 4039301772
.039301772 .039301772 6.CCOC00000 044031561 .039301772 .C44031561
.044031561 4039301772 .044031561 0.000C00000 .044031561 ,.044031561
0.076720000 4639201772 .03$301772 .€39301772 ,039301772 C.C000C0000
044031561 (039301772 .044031561 .C44031561 039301772 044031561
T . Lt
S8 ANGULAR CUADRAT URE

U :

- 308606714 ~.21821790C ,218217900 —.£17213403 -.57735G269 ~.216217900
.218217930 577350269 -.816494531 -, 7E6795790 -.577350269 ~.218217500
«218217900 +3TT35Q2€9  LT56795790 —~.975900071 ~.991189727 -~.786795790

~.57TT1360269 -.2182171900 218217900 .577350269 .TbATSS579Q .951189727

| -.308606714 ~.21821790€ .21E2179C0 -¢617213403 -.577350269 ~.2182179C0
.218217920 577350269 ~.816496581 ~,7¢6795790 ~.577350269 ~.218217900
L21821790C L STT350269 L 76679579C ~. 975500071 ~.951189727 —+ 786795790

-« 577350269 -,218217909 +21821790C 577350269 LTRLETSSTI0 951189727

-.951139727 ~.951100727 ~.951189727 ~.786795790 -.786795790 —. 736795790

- 786795790 ~. 766795150 ~.577350269 ~.577350269 -.577350269 —«577350269

~ 577350269 ~,577350269 ~,577350269 ~.218217900 —.218217900 -.218211900

-.21821799C ~,218217900 -.218217900 -.218217900 =-.Z18217500 —«218217900
L951189727  .951189727  .951189727 .78679579G .T66795790 . 786795790
J7BE795790 L TB6T95790  L577350289 .5717350269 577350269 577350269
571350269 L,577350269 .57735C0209 .218217900 ,L218217900 218217900
«Z18217906 .2182179CC .218217900 4218217900 .218217900 .218217900
T .

54 -

€.02CCO0000 ,030246915. 0320246915 C.CCOCO0QU0 ,022685185 ,022685185
.022695185 .0226B5185 €.0C0CCOC00 022885185 .023148l44 .022685185
.C22635185 .0231438144 L0Z26B5165 Q,C00C00000 .030246915 ,022685185
cA22685185  ,230246915 .£30246915 .022685185 .022685185 .030246915

0.00COCC000 4030246515 ,C3C2469L5 C.000000000 022685185 ,022685185
.022685185 ,022685185 €,CCOCCOOGC 022685185 ,023148144 .0226ES5185
.022585185 4023145144 022685185 0.CO0C00000 .030246915 .C2Z68B51B5
.0226A5185 ,030246915 .030246915 .C22685185 .022685185 .035246915
T
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0 -
~.23€474327
.1672126C0
.167212666
~.459547627
~.888153128
~167212600
-.971637737
.167212600
-.236474327
167212600
+167212600
~ 459547627
~.886153128
.167212600
~+971637737
167212600
-.971637737

-.87227C557

~e1606021724
-.628019099
- 2455547027
~.456547627
-.161212600
-.167212500
2971637737
.d72270557
76C021024
«628019099
455547627
2456547627
E67212600
«16721260C
T -
&
0.00C0%0000
+013970277
L005334415

036462814

0.0C0030000
«013970277
+017690641
+01769C641

0.006020000
0139762717
.009334415
«006462814

0.9360000600
«01397C277
«017690641
«017690641
T

~+167212600
-459547627
« 459541627
-.167212&00
-.87.2270557
«459547627
—«87227C557
«459547627
-.16721260G6
« 4595476217

+ 459547627

~.167212600
~«BT2270557

«459547627
-.872270557

« 459547627
—~«9716377327
-«872270557
-~ 160021024
--628019099
—« 459547627
~ 459547627

T-.167212600

-.167212600
« 971637737
«872270557
«76CN21024
.62801909¢%
«459547627
«459547627

.167212600°

«16721260C0

.017690641

«01l3970277

+012570495
«009334415
«G13970277
«012570495
.013970277
« 013970277
« 017690641
.01329702177
«Cl2570455
«009334415
«013970277
«012570495

© .013570277

.013570277

TABLE 2-1

5§12 .ANGULAR QUADRATURE

«167212609
- 649898467
628019099
167212600
-.76CC21024
.62B01909%
- 760021024
628019099
«1&£T21260C0
~.649E58487
.628C019C99
«167212860
~.T£0G21024
628019099
- 760621024
628016099
-.G71&37737
-.7606021C24
-.760021024
-.428019099
- 4459547027
- 456547627
-.167212600
~-.167212600
671637737
.760021024
7600219024
+£28019099
«459547627
459547627
4167212600
167212600

«0176SG641
«000C0COGC0
«009334415
«009334415
«G12570495
0C6062814
«009334415
+009334415
«017690641
+0C0CC0000
«CC9334415
«0C£9334415
«01257C495
006462814
069334415
.0C9334415

(=]

[ =]
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=+ 489C23594 —.459547627 —.167212600.
~.628019099 -.459547627 —.167212500

-. 778137925
«459547627
-.628019099
760021024
-. 628619099
LT60GC21024
-« 489023594
-~ 628019099
-« 178197325
« 459547627
-.628C19099
760021024
-.628019099
« 760021024
~«B7227D557
-. 760021024
-.628C19099
-.626019099
- 459547627
—. 459547627
-.167212600
-.1672126G0
«872270557
< 760021024
_+ 628019099
«628019099
« 459547627
«459547627
«167212600
«167212600

0.000C00000
«009334415
0.000C00000
006462814
.006462814
«012570495
+ 009334415
« 009334415
¢.C00C00000
+009334415
0.000000000
« 0064562814
.006462814
+01257C495
«009334415
«.009334415

2-35

—. 7160021524
-628019C95
- 459547627
«87227C5E7
- 459547621
«872270%57
— 459547627
- 459547627
~. 760021024
«628019099
— 459547627
«BT2270557
-.459547627
872270557
—.B12270557
—.760021024
—. 628019099
-, 628019099
-.459547627
-.459547627
-, 167212600
- 167212600
.872270557
+T60021G24
.628019099
628019099
459547621
+459547627
167212600

+ 167212600,

.013370277
.012570495
.009334415
.006462814
.012570495
.013970277
.013970277
.013976277
.01397027.7
.01257.0495
009334415
+006462814
.01257C495
- 4013970277
.013970277
.013970277

-+ 628019099
«760021024
-2 167212600
—.98592504862
-.167212&00
2971837747
—. 1872125600
~e167212500
-+ £28015C099
. 760021024
-.167212600
-.985920852
-.167212000
« 971637737
-.87227U557
-.760021524
-. 4628019099
-.£28013099
-.459547627
-. 1672126040
-. 167212600
-.167212600
872270557
. T760G21024
«62B0192099
. 628019099
459567627
«167212600
«167212600
167212600

.013970277
«609334415
L 006462814
.0093134415
.013970277
. 0GCO00000
J01769C641
+O17690641
.013970277
. 009334415
.G06462814
.0C9334415
.0139738277
0.00CGI0000

L017650041

017690041

[=]



b o -

NOT REPRODUCIBLE

7U
~«19£514591
«13895680G
«138956800
~+39228924¢
-.7565566237
«13895&8C0
~.831996571
«1389563CC
=.914841914
-+39229924¢
«T4ET30584
-.531996571
« 128%5£580C
«90924d551¢9
~+392299246
—e392230924c
~e6 50426455
«53709655¢
—+39228924¢
«T46T50584
~+332229246
«14675G584
-+ 550426455
«537096559
- +980570SCC
—«39229524¢
« 146150584
-«98C5009CT
—«30628551¢9
—«B31966571
=« T46750584
-.6504264955
~.65C42e455
-«537076559
~«53709€559
~+39223924¢
—e39223924¢
-«1389568C0
~«13885680C
=« 138956800
«90623551¢%
«831926571
«T4675C584
«T46750584
552426455
«0 50426455
«53709655¢
«537096559
« 3592295246
+392285246
«1389568CC
«13£9568G0

« 138956366

-.13895880C
«392289246
+37228924¢

-.13855680C

-, T46750584
« 392289246

-.T46753584
2392289246

-«9CS528551S

—+ 138955800
«B316965T1

-.T46750584
+352289246
«9805003C0

-+138%56600

~+1389568C¢C

~+23709655%
«H5C0426455
~«138550800

-.8435207¢8

~.128956800
8319965171

—+537096559
«65G426455

-.50%285519

-+ 138956808
+531966571

—. 980500900

-.9092435519

~+8318998571

~. 746750584

—.650426455

~+650426455

—«537096559"°

—«53709£559
—+352289246
~+392285246
—«392289246
-.128956800
-.132895&8C0
-+ 1384956AL0C
+9C6285519
«831966571
« T4OTENERSL
«T467505E4
- 650426455
+ 537096559
«537C9855%
«53T09£EES
« 392289246
« 302289246
« 123956820
» 138855800
«138556ECC

TABLE 2-1

$16 ANGULAR CUADRATURE

.138656800
~.55478C772
«537C5€559
.12895£800
~ 650426455
527096559
~o6EC426455
+527096559
~,831656571
.13855E800
»909295519
~ 650426455
“527C96559
~ 156514591
«13BS56800
«12ES5€3800
~.26228924¢
~.759569237
.138656800
~.831996571
< 138456800
~e5158419)4
~ 362289246
»T467505R84
~.8319946571
+12B55686GE
+GC9 205519
~+9805C0907
~.831996571
- .8315%6571
- T46750584
— W 680426455
—~ 6S0426455
~.537C56559
~+537096559
-+ 362289246
- e 3152289246
~ 2262285244
~¢128556800
- 138956850
«SBCECG900
«9092E65519
« 531996571
« 146750584
«b6EC424455
«05C426455
+537(%655¢
«53T709655¢
»392289246
e IC22R9246
«362285246
128656800
.128556800
-+ 128556800

—+416172855
—+537096559
~e&55 104177

«352289246.

-+537C96559
« 650426455
~+537096559
«650426455
~+ 146750584
«3522392446
-+ 990298444
—«537C96559
«650426455

-«138556800 °

«392289246
«352289246
-+«138556 800
~« 146150564
«392289246
-« 746750584
«3G2289244
- 909285519
~«138%56800
«B831596571
=+ 146750584
«352289246
« 9803500900
=+ 909285519
-.831696571
—« 146150584
-. 746750584
~+ 550426455
~«£50426455
~+337G56559
~«5370%6559
-e392289246
~+362289246
~.1389%6800
-.1384656800
~.138556800
« 980508900
«3(39285519
«831996571
« 746750584
« 0650426455
« 650426455
+537L%6559
«537C9H559
«362289246
+362289246
+3922089246
«13855680Q
- 138656800
« 138556800

2~36

~«392289246
~+392289246
-.650426455
537056559
~.392289246
« 146750584
-e392289246
«T45750%84
-o650426455
«537T0936559
-+980503900
—¢392289246
« 746750584
«138%56800
—+5547BOTT2
+5370G96559
«138956800
~+5650428455
+537094559
~+ 650426455
«537Q09¢£559
~+831996571
«138956800
.909285519
—. 650426455
«537096559

~.909285519
-. 831996571
~e 746 T50584
- T45750584
— 8650426455
~o650426455
-.537096559
~.537096559
-, 392289246
- 1972R9246
- 13956800
-,138956800
-.13895£300
. 980550900
+831996571
631996571
. 765 TH0584
653426455
«650426455
.537096559
-53T0965%9
3922489245
.392289246
«39228924%
«138954800
.138956800

(Sheet 4 of 5)

-. 138956800
-.138956800
-+ 537096559
- 650426455
~.12B954H00
—+B43520768
-+ 138956800
«H3199657E
~. 537096559
« 050420455
~v909285%519
-+ 138955800
«831996571
~+ 4161728655
~. 537096559
~u6565104177
2362239246
~.537096559
6504626455
-.337096559
« 650426455
~. 746750584
«392289246
—. 950258444
~« 537056559
« 650426455

—+909285519
-+ 8321996571
—2 746750584
~« 140750584
—+ 556426455
-+ 537056559
“+ 5370965599
~-+537096559
-+ 392249246
-« 352289246
-« 138956800
~+ 128956800
-+ 128956800
+ 9092485519
831996571
« T4HT50584
« 7456750584
0650426455
+ 6504206455
+53709655%9
«5270965%9
e 352289246
« 352289246
+» 138956800
« 138956800
« 138956800



T
M}
Q.0"70aJ3c0C0

«312%42403 *

005075791
003382350

0.00C02090C
006637520
+005675791
005075791

0.00CCIGUC0
«005476891
0032382350
005275791
«(1224£801
«J10332403
010332403
009476891
«00&637520
002382350
008159281
006637520
002382350
-003332350
«N0B159281
.0033821350
.012246801
010332403
«006637520
T

5012246801
«G1G3324C3

- 009476851
2006637520
«006637520
0081592481
0033823528
-00338235¢
-01C3324C(3
«01C33240C3
« 009476891
«006637529
»010332403
-012246801
«0103324903
005075791
.00338235C
006637520
«006637520
0.00GC32000
.005075791
-005075791
»00338235¢C
-008159281
« 010232403
»012246801
« 005075791

TABLE 2-1
«012Z24€801 C.000CCGO0O00
0.0CCC00000 .005%075791
«0C5C75791 G.Q00CQC000
«0CH637520 4003382350
.0C8159281 .0C2594232
.0C2594232 .008159241
«C02594232 .302594232
.02594232 .002554232
«C05476891 ~.003382350
«C10332403 009476591
«01C332403 Q.0COCOGC00
«00663752C 0050753791
«005C¢75791  L006637520
C.00CCCO000 012246801
«010332403 .010332503
.Q05CT5791 .0094T76891
«0C3382350 .006637520
C.0CQCCCOC0 L0064637520
«O0CEEIT520 .0CB1E923]
«0C5¢75791  .003382350
.005075791 .003382350
G.CCGLOC000 010332403
«CC94746891 .010332403
«0033£82350 .009476491
005075791 006637520
+012246801 LGLO332403
«016332403 Q12246801
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«010332403
009476691

«006637520
.00338235Q
008159281
«306637520
«003382350
-.003382350
.008159281
«003382350
«012246801
+0103324032
«0C60637520
+012246801
€.00CQ0su00
«0050757191
+006637520
.008159281
«002594232
- 002594232
« 002594232
« 009476891
«010332403
«013332403
006637520
«005075791
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«016332493
~AC502TY)

« 003382350
- 3066637520
« 306637520
G.C0C002500
+G05075791
+005075791
+G03382350
.0C8159281
«01G332403
«012246801
«0050715791
C.000300002
+005075791
0.00G6CA2000
«C03382350.
«002594232
«008159281
«002594232
«00G2594232
+ 003382350 ,
« 009476891
0.3C000Caco
«005C7S791
+0065637520



TABLE 2-2

COMPLETELY SYMMETRIC QUADRATURE SETS SATISFYING CERTAIN
EVEN MOMENT CONDITIONS FOR R, THETA GEOMETRY

: (Sheet 1 of 2)

S2 ANGULAR QUADRATURE

0 .
-€.81650  -0.57735  40.57735  ~0.81650  -0.57735  +40,57735
-0.000000001  =-0.57735  -C.57735 Q.000C0000!  +0.57735  +40,57735
; :
sy
€.00000 0.25000 0.25000 0.00000 0.25000 8.25000
T .
S4 ANGULAR QUADRAT URE
U .

=0.236741778-0,868890280~0.350C2120040.350021200+0,868890280-0.495004728
=0.350021200+40.350C21200~C.936741776-G. 8688530280~ 0.350021200+0.350021200
+0.868230260~0.495004726~-0.25CC212004C.350€212090
=0.QCCH20201-0,330021200~C.86889C28C~0. 85BE9G2RI~0,350021200~0.000C03001
-2.350021250-0.350021200 C.000C00001+0,350C21200+ 0.868890280+0.868890280
+0.35902120¢C 0.00C000C01+40,.350021200+0,350€21200

T

ol ,
0.09C00C00G €.083333333 C,GE3333333 (C.083333333 0.083333333 0.000000000
0.083333333 0.083333333 0.0C0COC030 0.083333333 0,083333333 0.083333333
0.082333333 0,C000020C0 Q0.0£33233333 (0,0G83233333

T
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TABLE 2-2

(Sheet 2 of 2)

S6 ANGULAR CUADRATURE

TU . . )

~0.,9623797462~0.926180879~0.681507707-0,266£35500+0.266635500+C. 681507707
+0,926180879-~0.731810935-0.681507707-0.266635500+ 0.266635500+0.681507707
=0.377079540-0.26663550040.266£635500-0.9637197442-0,926180879-0.681507707
-0.26663550040.266637500+C.681507707+0.926180879-0.731810935~0.681507707
-0.266631550040.2666355004C.ER1E0TTCT-0.377CT9540-0.266635500+40.2666355C0
-0.03C0203C1-0.266635500-0.6815077C7-0.526180879-0.926180879-0.6E1507707
=0.26£6355300-0,000000001~0.2¢€6€635500-0.681507707-G.681507707-0.266635500
~0.00C000001-0.266635500~0.266635500 0.000C0000140.266635500+0.5681507707
+0.926130879+40,926180379+0.6815077T07+0.266€635500 0.000000001+40.266635500
+C,H8150T7CT+40.6815077CT+0.266635500 0.000COC001+0.2656635500+40.266635500
T . . .

6U .

0.03CC00000
0,044031561
0.00C0I0000

0044031561

0.039301772
T

Q.044031561
0.QQocca0o00
0.044031561
0.044031561
0.0393017%72

0.02930Q1772
0.039301772
0.C44031561
0.C3s301772
0.C393C1772

0.044C31561
0.039201772
€.000000000
0.044031561
0.000C0000Q0

0.044031561
0.0393C1772
0.044031561
0.0000CC00D
0.044031561

0.0329301772
0.0393C1772
0.€39301772
0.039301772
0,044031561

S8 ANGULAR GQUADRAT URE

Ty -
~0.975900071~-0.6511839727-C. 186765790-0.5773502569-0.2183217900+0.,218217900
+0.5713502469+0.786T9575040.9511897127-0.816496581-0.786795790-0.5727350269 °
~0.21B2179CC+0.218217500+40.5772350269+0.7T867195790-0.617213403-0,.577350269
~0.218217900+40.218217900+40.57735C269-0.308606714-0.218217960+C.218£17900
-0.975990071~0.951185727-C. 786795790-0.577350269-0.218217500+0,214217900
+0.577350269+0.78679575C+£.551185727-0.B816496581-0.78B6795790-C,. 577350269
~0.218217900+0,.,2182176C0+0,.57735C269+0.TR6795790~-0.617213403~C. 577350269
~0.218217506+0.218217900+0.,57735C269-06.308606714-0.218217900+C,. 218217900
—0.,00C00G001-0,.2182179C0-C.577325C269—CaT766795T790- 04951189727 -0.951189727
-0.T86795790-0.577350269-0.218217900-0.000000001-0,218217900-5,577350269
~0.78£795790-0,78679579C~C.577350269-0,218217990-C.000000001-C.2182179G0
-0.5713502¢69~0.577350269-0.2182179C0C-0.000C00001-0.218217900-0.218217909

0.00C0000C1+0.218217900+40.577350269+0,786795790+0.951189727+0.551189727
+0.786795790+0.577350269+C.21821790C 0.000000001+0,218217500+40,577350269
+0,786795T90+40,78679579G+0.57735026940.218217900 0.00000000140.218217900
+0.577350269+0.571350269+40,218217900 0.000C00001+0.218217500+0.218217900

T

6U°

0.03CCOG000
0.022¢635185
0,022685185
0.0226A45185
0.00009C2C0
0.022685185
0.022685185
0.0226351565
T

0.030246915
0.022665185
0.022685185
0.022685185
0.030246515
0.0226851 ¢85
0.022¢B5185
0.022685185

C.C22685185
0.0320246915
£.C23148144
0.0226B5185
€.022685185
C.C3C246515
€.C23148144
€.022685185

0.022685185
0.000000000
0.022685185
C.000C00000
0.022£85185
0.000000000
C.022685185
0. 306C00000
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0.030246915
0.022685185
0.00000C000
0.030246915
C. 030246915
0.022685185
0.000000000
0.030246915

C.020246915
0.C2314E144
0.022685185
0.030245915
0.03G246915
0.C23148144
0.022685145
C.020246915


http:0..786795790+0.786795790*0.577350269.4O

Because the differential scatter cross sections are expanded by Legendre polynomials,
quadrafure sets that correctly integrate Legendre polynomials are required, if anisotropic
scattering calculations are performed in DOT-1IW, Otherwise, for example, if the flux
was constant in-angle, the evaluation of the P, moment might give a non-zero result, and
neutron balance would be affected. In addition, the isotropic component of the flux could
include other contributions from higher moments. In general, for anisotropic scattering, the
order of qf.:cdrafure (n) should be twice as large as the order of scattering () and at least
Sy (2) It is recommended that for typical design and analysis calculations, where external
nuclear system radiation is a secondary importance, the symmetric quadrature data sets
presented in this report be used,

As s‘hOWn in Figure 2-3 and presented in Table 2~1, an 56 DOT-1IW solution
contains 30 discrete directions. The numerical solution requires an initialization direction
which must be solved in each " level in the hemisphere. Each of these initialization
directions, indicated'as 1, 4, 9, 16, 19 and 24 in Figure 2-3, are assigned a quadrature
weight of zero and do not enter into the scalar flux solution, Therefore, only 24 angular
fluxes with non-zero weights are obtained in the S ¢ hemisphere, The integration of the
angular flux in DOT-IIW to obtain the scalar flux is simply the summation of the products
of angular flux times the appropriate quadrature weight, By comparison, an S g order
angular quadrature representation in r, © geometry is shown in Figure 2-4, The reorientation
of the quadrature data allows the code to follow the logical flow of particles in the solution

plane, .
The angular flux data obtained from the DOT-1IW code, for use in the MAP code,

are the mesh cell surface data at the outer radius, top surface, inner radius, and bottom
surface of the calculation geometry. These data are the angular flux data point A for all
the outer radius mesh cells, point C, for all the top surface mesh cells, point B, for all the

inner radius mesh cells, and point D, for all the bottom surface mesh cells.

Asymmetric Quadrature Sefs

It is sometimes desirable fo achieve a high degree of angular flux resolution along

a particular axis or axes without paying the penalfy of excessive core storage requirements,
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. Figure 2-4, DOT-IIW Discrete Directions for R-8 Geometry
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or uniform high angular flux resolution with the resulting high expense of computational
time. To obtain this angular resolui;ion, certain asymmetric quadrature sets have been devel-
oped using the DOQ and ADOQ computer codes described in the Appendixes. These sets
are specifically tailored to achieve high angular resolution in the direction of the z axis

and contain v;orying degrees of level resolution. These sets are presented in Table 2-3 for
two-dimensional geometries and satisfy equations (1) through(4) inclusive, dgﬁned in the
previous section onsymmetric quadrature sets, Note, however, that a reflective or periodic
top or bottom boundury condition cannot be used if the quadrature data are asymmetric about
7=0,0. If areflective or pericdic boundary condition is specified, the asymmetric quad-

rature data must have matching angles (ETA mates) in each hemisphere.

Quadrature Data Parameters

Table 2-4 presents the parameters A04, A05, A0S, AO7, and AOB as required by
the DOT-1IW code for all the quadrature sefs presented in this report.

2,25  Mesh Spacing Require meni's(é)

The use of an adequate mesh spacing in @ DOT-HW calculation is mandatory to
obtain an accurate solution of the flux and resulfant fission distribution while conserving
available core data storage. To eliminate (or reduce) negative angular and/or sealar fluxes
that result from an inadequate mesh spacing, a few simple rules to define the proper mesh
line spacing are presented here. Where core memory storage limitations prevent the
implementation of these guidelines, the techniques to define the minimum necessary mesh
spacing for the DOT-HW are illustrated. Negative angular and/or scalar flux solutions may
still occur even though these guidelines are followed, but the occurrence of the negative
fluxes and their resultant effect on fhe true solution will be minimized. The emplrlcal
relationships (Crlferlq 1 and 2) are sfrmgeni‘ requiring a considerable amount of intuitive

judgement in their use.
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TABLE 2-3

ASYMMETRIC QUADRATURE SETS SATISFYING CERTAIN EVEN MOMENT
COMDITIONS WHICH ACHIEVE HIGH ANGULAR RESOLUTION IN THE

DIRECTION OF THE Z AXIS (IN THE OPPOSITE HEMISPHERE,

A COMPLETELY SYMMETRIC S6 QUADRATURE SET IS USED.)
{ .

80 ANGLES 49 DEGREES CN A LEVEL
15 ANGLES IN THE fET? DIRECTION, 65 ANGLES IN THE —ETA DIRECTION
TU ' ’
—.024917777 ~-.016347532 , ,016347532 -.057171433 ~.037507835 03757835
-.085555393 -,058753624 L058753624 —,121E87680 -.079965513 L,0799&5513
~«154137249 -,101103452' 101103452 ~.186171501 -.12213%494 .122139494
~.218042951 —.143049047 ,L,143C49047 —.249686111 -,163808828 ,163808828
—+281366512 ~.184396223°.,1£4396223 =-.312150340 ~.204769C45 .204789049
~“¢342904308 —.224965467 | .224%65467 ~,501663000 —.433395C00 -,148874000
«1488743C0 L433395060 f.733159000 ~«679410000 =-.433395000 -.148874000
+1486874000 .4333950C0  L675410000 -.501204000 -.B865063C00 =.679410000,
-«432395000 -.1488740C0 ,148874000 .433365000 .679410000 .865063000.
~.9883856000 -.973907008 +.865C63000 ~,679410000 -.433395000 ~.148874000
-148874000 .433395000 .,67941CC00 .865C63000 973907000 -,3£1249000
-.238619000 .238619000 7.750201000 ~.661209000 -.238619000 .2285619000
«661209000 ~.9711130C0 $£.,922470000 -.661209000 -.238619000 .23B619000
«661209000 .9324700C0 I
—+995689504 ~.996689504 ~.959689504 —.998364376 -.998364376 —.994364376
—«995981843 -,995981843 ~.955581843 —.992543900 ~.992543900 -.952543900
-«988054126 -.988054126 ~.GEBLS4126 ~,982517263 ~.982517263 ~.G582517263
=+9759391 74 ~.975939174 -.975535174 ~.568326828 —.9683256828 -.9¢68326428
—+959688291 ~.95968H29]1 -.95968629]1 ~.9500327Li8 ~.95C03271'8 -.9500C42718
~+936370340 -,939370340 ~.93937C340 ~.865063000 -.B565063C00 ~.B865063000
—+«868363000 -.865G63C00 -.679410000 -.679410000 —-.675410C00 -.6794110000
~eH573410700 —+679410000 ~.679410000 —.433395000 =.433395000 -.433395000
=«4233395000 —.433395000 -.43339500C ~.433395000 -.433395000 -.43339%000
-+ 148874000 -.148874C00 ~.148874000 ~.148874000 -.148874000 ~.146874000
~e148874000 —-.148874000 ~.148874000 ~.148874000 -.148574000 " .922410000
+93247C000 .932470000 L.6€1208000 .661209000 .661209000 .661209000
+661209000 .23867900C ,238619000 .238619000 4238619000 4238619000
»238619000 .2386190C0 :
T
11 B
0.02C00C300 .00C199198 .QQ0199198 0.CCOCLO000 .0Q0463490 .000463490
0.00€0J0000 .0C07276683 .CCOT27683 0.000C00000 4000991138 000991138
0.0206000000 .001253551 ,0C1253551 0.000C00000 .001514638 .001514636
2.03C03C000 .001774118 .0C1774118 C.000C00000 .COZ2031719 .002031719
C.0CC070000 .002287168 ,.0C2287168 CL.O000C00000 .002540192 .00254Q192
0.0CCO0C000 .002884906 ,L0C2Z2884506 C.000CC0000 4024441500 ,012920900
«012920900 .024441900 €.0COCCO00D0 .027C11100 -.008549830 .019212600
015210600 .G0854983C .C27ClL1100 0.00NCOCO00 .024441500 .0QCB549830
«027468300 | .006B5641C L0C6856610 .027468300 .008549830 .0824441900
0.03C000000 .01€&67800 ,L£12920900 ,LO019210600 .00685661C .C1H229100
-218225100 .00&856610 .019210600 .C12920900 4016657800 0.GCCCOD000
«0242831100 .0428311060 C.CCOCGOCO0 .05523B700 .034951700 ,L0349517C0
«055238700 0.000C00C00 .042831100 .03455170C .039195600 ,.039195600
«034951700 .042831100
T
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&5 ANGLES IN THE +ETA DIRECTION,

T
-+361249000
«238615000
«23£515000
~e0537171433
-.12158375480
~«1861715C1
-.245026111
~«31215C340
~.521663200
~£75410220
=.8012944C0
433335000
-6 75416230
«R&53563300
-+9324T7C0C0
~«66122900C0
~«238619J{0Q
«39 8354376
«39 2543900
«IBL51T7283
+36E2265828
2950032718
+R6 5003000
6T7541C000
«433395020
«433335300

«L4E874CC0 7

<14 E874500
i

U

0.03C0300090
.034951700
.036195500
2.J3L072150
€. 00C030 00
0.0 0220208
0. 20$00CI00
£.28€00005C
C.0CCTICIEC
«0279111C0
0.00€0I0000
027468300
«01821C600
«01292Cs00
T

80 ANGLES

-+2386149G0C
«64612090C0
661225000

-«027507R25

-.079565513

-+ 122139454

—e153EB0HRE2E

~+2064789C49

- 433395000

-.423295000

-.865C63000
«675419500

—-+4333G550C
+972207QCC

~a932472020

-.65120900G0

-+ 238£19000
«S9B3643T76
.99254356G
«GBE5LT263
- GEA326828
«950332718
~8650613000
+57541CCC0O
«433395C0¢C
«433395500
«145874000
+ 1488740060

«042E311CC
«0552381C0
+034%5170C
« 000463490
«CO0CSR1138
«001F14636
«202C31719
002540172
+ 024441330
«00B54983C
024641900
«Q08B549E2C
008856610
«C16667800

TABLE 2-3

«2JE612008
-+$7111300C0
«222470000
+C375073835
«G79965513
«122135494
1523808828
« 204785049
- 148874C30
«l4P574000
- .67G41C0COC
-8£5C62000
«1488740C0

l

«G2247000C
-.23858190C0
+238619000
«9583€437¢6
«8525439CC
«GB82517263
«SEB324828
«S50G32718
«8A5CLAC0D
«£79410000
«43339500CC
«433395000
«1£887400C

«C42831100
.gcocGgosol
«G42831100
«GC0462490
-GGCS91138
001514636
«CC2C3171a
«CC2540192
«3129209C0C
«019215€600C
-G08549830
+02444190C
«01£2251G0

]

49 CEGREES CON A LEVEL

15 ANGLES

~« 750201000
~+932470000
~. 0264917777
-+ 0389555393
—«1541C7249
—«218542951
—«281CH6512
-e342904308

« 148874000

«148ET4000
~.43339500G
-.SEB8E560200

» 148874000

-. 661269000
~« 238619000
+999689504
« 595981843
« 988054126
+ 575939174
«9596&88291
«93837C340
+ 845063000
+679410000
«433395000
« 148874000
«148874000

C.0C00CG0000
« 042831100
C.CO0LLI020
Q. 020CCGA00
0.000C0CG00
0.00CC00309
C.030CCCO00
0. CA0CGO000
«C12%209200
«01921060C
»02T7468300
0.000C00000
«018225100
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—«661209000
-+.661209000
—-.G1l6347532
-+053753624
~.101103452
-.143049047
~.184396223
—-e 224955467

«+433395G00

«433395C00
-+ 148874000
~+9739070GC

«433395000

-.661209000
-.235619000
«959689504
995981843
.988054126
975939174
.959688291
«939370340
.865063000
+67941 0000
433395000
+148874000
+148874000

«055238700
+03495170C
« 203199198
«00CT27T0643
«001253551
«001 774113
«002237168
002884906
«024441900
001545830
+006B56610
+ 015667800
«006856610

(Sheet 2 of 22)

DIRECTION

-~ 238619G00
~+238619000
»016247532
«058753624
« 101103452
+ 143045047
+ 1843906223
+ 2249654607
- 133759000
« 679410000
+ 148874000
-. 865043000
«5H79410000

-.0€1203000
~.236615020
+99%683504
«995981843
« 938054126
+575937174
+959638291
«939370340
+6T9415000
«679410300
» 433355000
+« 14887649100
«14E374000

«0249517C0
*« 039195600
«000199198
+OCOT276R3
001253551
«0C1714118
002287168
«0023449086
0.00C20C0 300
«0270111C0
«006856010
«012920900
«G19210500



87 ANGLES IN THE +ETA DIRECTION,

U
-«024917777
—.057162725
~ 058753624
076965513
«154083777
-.218042951
-+ 245648083
-.184396223
«204785049
+342852082
-.1337593C0
«67541C000
«148674000
~«865052000
«6T754100C0
-« 750201000
--932470500
--998689504
-a9G98364376
—«99538]1 843
- +9925435900
~«388054] 26
—-=9375939174
~aF62326828
—.955588291
~«95C232718
-«936370340
—«6754100C9D
~«679410000
~+4333959C0
-« 148874050
-« 148874000
«5612090C0
«23B8619000
T
&
J.0CCO000000
«C20C01G300
«000711512
006969113
«000027857
0.0CCCICCEO
«000045149
«302236342
«202493744
-DDC0A4109
0.00C0200C0
«0270111C2
«00€856610
+0129206900
«019210600

2.000050000°

«D42831100
13

* 102 ANGLES

-.024913682
-+G37507835

0587538624

«121869116
-.186171501
-.218009742
~+.163808828

«1843396223

«312102758
-+«501663C00
-+679410000
-.901204000

«433395200
-.5679410020

«B6SCH3CO0
—.6612090¢CC
~.6612090090
-.999689504
-.998364376
-.995981843
—+992543900
-.982517263
-.8759139174
-.568326828
-+956£88291
-.950032718
~-.865863C0G
-.6794100C0
—«4333950G0
~.433395000
~«1488740C0
-.148874000

«661205060

238619000

000004427
=00C4531%C
«000711512
«.00L£022C25
0.CGoc0000¢
+020039425
«00198657C
«C02236342
« 000056445
0.00aagecaeoc
.02701110C
0.030¢€0350¢C
«02746532C
-C1921C6CH
«G1292690C
-0552387C0
«3349517C0

TABLE 2-3

~«016343532

«037507835

.£89541753
-+154107249
-+ 186143147
~+143C45047

«1'&£3808828

+281€23704
~+342904308
~+433395000
~2+433355000
-«8&5063000

«67941C000C
“~«433295000

«973907000
-.238615000
=-.238619000
~e965685504
-+.5583£4376
-«995981843
-.988054126
-.982517263
-+ 515635174
-+ GERI268B28
-.955688291
-«939370340
-+865(63300
~+67941C000
-+433395000
~+4923355000
~«148874000
-«148874000

«6€1209000

+238619000

«0C0134771
«0C3453190
«0C0C1617]
C.GCocoeeao
+GCCC33659
«0C17346%3
«+001586570C
+CCLCC5C826
0.CCeCoe000
«024441900
«CC8545830
«C244415230
«0CBS54583C
+0CER56610
«Cl6€67800
«C3465170C
+0391956GC

Astronuclear
Laboratory

(Sheet 3 of 22)

1445 DEGREES ON A LEVEL
15 ANGLES IN THE =-ETA DIRECTION

.016347532

.057162725
-.121887680
-.154C83777
-.122139494

.143049047

.269648083
-.312150340
~.342£52082
~+148874000
~.148874000
-.679410000

.865C63000
-+ 148874000
-.361249000

.238619000

.238619000
-.599689504
-.998364376
-.952543900
-.988G54126
-.982517263
~.975939174
-.968326828
-.950032718
~.939370340
~+865C63000
~.67941G000
-.433395020
-+ 433395000
-+ 148874000

.532470000

+661209000

.238619000

.C00194771
.000C10300
¢.080C00000
060027857
.001480578
001734693
«CO00C45149
0.060C00000
«000C64109
012920900
.Cl9210600
+GCE549830
024441500
.018225100
0.090C00000
034551700
. 039195600

2-45

«024913982
-. 083555393
-.121869116
=-.101103452

«122139494

«218009742
-.281066512
~+312102798
~e224565467

«148874000

«148874000Q
-.433395000
~+388856000

148874000
-.2356150600

+661209000

«661209000
—+9399689504
~+995981843
-.9925433900
-.983054126
-.982517263
~.S75239174
-«359688291
~+950032718
~.9393703440
-+ 865063000
-+679410000
—+433395000
-+148874000
-.148874000

+9324709000

+ 661209000

« 238619000

000004427
0.00000£000
.002022025%
L001225694
.001480578
000035425
0.000000000
. 000056449
002820797
.01292GC900
019210600
027468300
0.J353060000
018225100
042831100
.055238700
« 034951700

—«057171433
~-+089541753
-« 079965513
«101103452
«185143147
-.245686111
-.281G23 7104
-+ 204TE3049
2224965467
«433395000
«433395000
-+ 148874000
-+913907000
« 433395000
« 238619000
~+971113000
«932470000
—+996364376
~+9945981843
-+992543900
-.988054126
-+ 582517263
-« 568326828
-+959688291
=+950032718
-+ 539370340
-«865063000
-+679410000
-+4333595000
-« 148874000
~+ 148874000
«932470000
«238619000
« 238613000

., 000C00000
.000016171
«000969113
« 001225694
. C00C33659

0.G00003000
«G00GH50826
002483744
«0C2820797
. 024441900
«C0BL495830
«00&450610
«D1666THCO
« 006856610
.042831100

0. GCACOICO0
«042831100



15 ANGLES EN THE +ETA DIRECTICN,

Y
-.3612492C0
+23861900C
«238619000
+016347532
.0517162725
-.121837680
-.154083777
-.122139454
143349047
+2496456083
-.31215¢340
-.342352082
-+14 8874000
~+ 148874000
-.6754100CC
4865063000
-. 146074000
-+332470000
- 4661299960
~+238619000
4995689504
- 998356376
«992543960
+985054126
2943517263
+975935174
-96£320428
+95€332718
. 939370340
66 5056399C
+67941C0C0
+4333950G0
+432395060
+14 8874000
T

&U -
0.06€000000
034951750
«035195660
«00G6194771
-0ag0103co
0.00CQO000C
.000027857
«09 1430978
«021734693
«N0G0AS5149
0.0C0I03000
«00C064109
+212920900
=018216G6G0
«008549330Q
« 324441900
~01822¢810¢
T

102 ANGLES

-.238619000
.6612C9000
«661209000
«024913682

-~.0895%53913

~«12186G116

-.101163452
.122139464
«218308742

~« 281566512

~o3121227%8

“~e224965467
148874000
+« 148874000

—+433395000

~-+9088560C0
+1488740CQ

~a9324730C0
~+£61296000

-« 238619020
«99%£83504
.995981843
+9925439C0
+988054126
« 382517263
«575639174
«9596882G1
285003217118
-9393703423
« 865063000
«675410050
«4333953C0
«148874CCQC
«14887400C

«-0428311C0
= 0552387C0
«0349517C2¢C
000004427
0.0000033C0
«003022325
«0012256%4
«0014P0G67R
» 003639425
0.9200000G0
e 0300560449
« 002320767
.012%709%5¢
+01521060C
027468300
£.000C00000
«£18225150

TABLE 2-3

. 238613000
-.9711130090
532470000
-.G5717T1433
-, £85541753
~.075565513
«101103452
BYTIVEITYS
249686111
L2E1023704
L2C4TRA9049
224965457
«4233950C0
.433365300
148874000
973507000
. 4323355000
+532247600¢
«238619000
~.23851%000
.G583E64376
«955%81343
.952543900
«588C54124
982517263
.SE8326628
«359688291
.950032718
.G39370340
<BE5C63000
675410000
-433355000
148874000
+14BET74000

¥

¢

+042831100C
0.0C0C09G2Q
« 542831100
C.CCCLO00Ca
«QCCG016171
500665113
-CC12258694
-GC0C33559
C.TCOCO0CDN
2EC0050826
wCLZ2483744
«0C28207937
«L24441°00
-GCES45830
-N06eB5e61C
« 018667800
«J06855661C

2-46

(Sheet 4 of 22)

1+4% DEGREES ON A LEVEL
87 ANGLES IK THE —ETA UDILRECFICN

-. 750201000 -.661209060 ~«238619009

-«532470000
=+ 024917777
-«057162725
~. 058753624
« 079565513
«154C83777
-+218042951
~+249£48083
-«1843%96223
« 204789049
»342852082
=» 133159000
+ 673410000
«148874000
-- 865063000
«679410000
~.661209000
~. 238619000
«399£89504
+998364376
. 9395581843
+992543900
«588C54126
+ 915539174
«568326828
2959688291
9500327118
« 939373340
+6T9410000
« 679410000
«433385000
- 148874000
« 148874000

0.,0C0C00000
«042831100
c.Ccoocccono
+000C1C300
«00C711512
«0C00S69113
L000C27857
9.000C0o0300

000045149

«002236342
- 002483744
«000C64109
0.300C0000¢C
-027C11100
«0068564610Q
«012520900
«01921C600

-.661209000
-.024913582
-«.037507835
.05a752624
«121869116
~+186171501
~e 218006742
-.1633088248
«1843%6223
312102798
-2 501663000
=+ 679410000
-+ 901204000
« 433395000
-+&6£794100C0
+865063C00
~2661209000
-+238619G00
+ 999569504
« 993364376
+.9095981343
«992543500
+9852517203
+«975939174
« 958326828
«959688231
9500327148
865063000
+673410000
«433395G00
+433395000
« 148874000
« 1483874000

«05523870C
«034951700
«000004427
«0003453190
000711512
000022025
0.C02020000
000039425
«C01986570
002236342
00056449
0.000005000
027011100
C.0020CC0Go
027468300
«01%2106G0
«0129206900

-+238619300
-+ 016347532
« 037507835
« 09541753
—+1541C7249
-. 186143147
~.1430G49047
+»1628048828
«28LG22704
—+ 342904 308
-+433395000
-+433395C00
-+ 865063000
«679410C00
~+433395000
«973907TG00
-«6€1209000
-+238619000
« 959689504
« 398364376
«965GH]I B4
«SP8094126
0982517263
« 915939174
«9683264528
«395688291
« 539370340
« 8650563000
« 679410000
« 433395000
433395000
« 148874000
« 148874000

«034951700
« 029195600
«0G0194TT1
+G0G4531%0
«000G16171
C.GUJGC000G0
«0C2033659
«001734693
Q51986570
+ 500050826
L.00C000000
+024441900
.008549830
« Q244415040
+« 008549830
« 006856610
+016667800



15 ANGLES [N THE +ETA ODIRECTION,

U
-, 024917777
-.057117018
~«0587520624
.079965513
153560573
-.218042951
-2 249448465
-.184396223
«204789049
«34¢57T7939
-, 7313759000
.67941C000
+ 148874000
-.865063000
«6T7541C0G0
-+ 750201000
-.932470000
-. 995689504
~+998364376
~e995681843
992543950
-.988954126
~.97593%1 74
-.968326828
-.9564R8291
-.950032718
-.93537G340
-.679410750
~2 678410300
~e4333957300
-.148874000
~.1488740GC
661279000
238619000
T
6uU
0.00C0000000
030025749
000687256
.02C9360175
0D L0662
0.00C00C3GCD
000112873
.dozlecics
002399071
030160273
0. 006920000
027011106
D00 E856610
012920900
019210600
0.00€996000
042831100
T

102 ANGLES

-.024894050
-.037507835
058753624
.121771670
-.186171501
-.217835423
-.163808828
.184396223
.311853242

- «501663C00
-.679410000
-«901204900.

« 433395000

~+675410000

«865063C00

—«661209C90

-«661209000
-+995039504
—+9903£4376
-.995981843
=.9925435C¢C
~.9R82517263
—+975939174
-~= 568326828

-.956688291

-«95C0322718
-.B8650630600

—-«6T941C0OG0

~+433395030
~2433395(00

-« 1488740C0

=+ 1488740CC
«661209000C
-238619000

.000011067
«000437741.
.000687256
«000055063
0.0006020Ca
.000099562
.00191984§
«002160163
.006141122
0.000C000CE
.0z7¢111¢0
C.000C0C0a0
.027468300
.01921060¢C
.012920500
.055238703
.03495170¢C

fABLE 2-3

-.016347532
«037507835
089475158

~a1541C7249

~+18%954307

-.143049047
«163808328%8
«2 ECT98999

~+342904308

-.433355000

-.423395C60

-.865C63C00
«679410000

~,433395000
«5713907000

=+23F615000"

- +238€15CC0
=.959689504
—«9G8364376
~+955981843
-.988054126
-.G82517263
~+975%39174
~.9€68326828
-.956688291
-+935370340
~.865C63C00

-.675941C000.
~ 423385000

~ 2433395000
-.148874000
-«14887400GC
+6£1209000
«23861900C

.0¢0188131
.6CC437741
.0C0C40427
0.0CCC0AGO0
«00QG841458
.001675555
L0C151804%6
L0CC127C65
0.0€0CLC000
2024441560
«0CE545830
.024441900
.CCBS49830
.0C&£85661C
016667800
.034551700
.02919£600

®)

Astronuclear
Laboratory

(Sheet 5 of 22)

2.5+49 OEGREES ONIA LEVEL
87 ANGLES IN THE —ETA DIRECTION

.016247532
.057117018
-.121£87680
-+153960573
-+ 122139494
2143049047
« 249448465

~«312150340"

-.342577939
-.148874000
-4148874000
-.679410000

+B&5063000
~+148874000
-.361249000

+2386190C0

«238619C90
~e 555689504
-+ 998364376
~.952543900
~.988054126
-.982517263
-.9755391 74
-.5£8326828
-.850032714
-.939370340
-.865063000
-.6796410000
~+433395009
-.433395000
~-. 148874000

.932470000

«661209000

.238619000

«000188L31
« 000025749
0.000C00030
+ 000069642
«001430490
«001€75558
«000112873
Q.020CA0000
«000160273
«012920900
«019210600
«00854983Q
+024441900
«018225100

0.000C0C000

» 034551700

+0391%95600-

2-47

.024894060
-.089555393
~.12177167C.
-.101103452

.122139494

.217835423
-.281066512
~.311853242
- 224965467

»1488T4000

.148874000
-.433395000
-+ 988856000

.148874000

-+238619000 -

+661209000

.661205000
~.999689504
-.995981843
-.99254390C
-.988054126
-.982517263
~.975939174
-.953688291
~.950032718
~.93937C340
-+865063000
-.67941G600
~.433355000
-.148874000
~+148874000

.932470900

661209000

«238619000

«000011C67
0.002CGC000
«000055063

.001183909

«001430490
«000098562
G.00000C000

000141122 °

.002724633
.012920900
+019210600
.027468300

0.00000G000
.018225160
+04283110C
.055238700
.034951700

~-.057171433
~-,089470156
~ 079965513

.101103452

.185994307
—e249686111
-+ 2E0T98999
-+ 204789049

224965467

«433395000:;

. 433395000
~«148874000
-.973907000
«433395000
+.238619000
-+971113000

+932470000
~.958364376
-.995981843
-.992543900
-.588054126

=.%82517263 .

~.9£8326428
~.9596848791
~.G50032718
-.939370340
-.B&5063C00
~.6754100CO
-.423395000
-. 148874000
-.148874000

.932470030

+238619060

. 238619000

*

0.060000000
000040427
.00C936075
.001183908
«0Q0CE4 146

0. 000000000
000127065
.0€2399071
002724633
«024441500
.008549430
<00¢£B56610
016667800
.006856610
.G428311090

€..0C2000000
.042831100



2-48

. EPRODUC‘BLE TABLE 2-3
not R (Sheet 6 of 22)
102 ANGLES 2.5+49 DEGREES ON A LEVEL
67 ANGLES IN THE +ETA DIRECTICN, 15 ANGLES IN THE —ETA DIRECTION
v
~«3612450C0 -+238619000 .22386150C0 -.750201000 ~.661209000 -,238619000
«238619050 661209000 -.571113000 -.922476000 ~.6612G9000 -.238619C00
.23E6190C0 661209008 L,$3247CC00 —.024S17777 ~,02489406C -.C16347532
«01€347532 .024894065 —.C57171433 -.057117013 ~.037507835 .037507835
2057117018 —.085555793 ~ 085470156 —.058753624 J058753624 .0B947D156
~«121R87680 —L.121TT1E7D -, CTGCH5513 079565513 L1Z1T77L6TO0 -.15410724Y9
~.15395C573 -.101103472 .101103452 .153560673 ~,186171501 -, 185994307
~.122139694 122139454 L.1855943G7 —.218642951 ~.217835423 ~, 143049047
-143045047 .217838423 -.245686111 ~.249448465 ~.163808828 .l638G2828
$2454486425 . 281066512 ~.260793999 ~.184396223 184396223 . 2E0795999
~4312150340 ~.311853242 —,2C4 789049 ,204789049 .311653242 -.342904304
© =.342577939 -.224965467 ,224665467 4342577939 -.501663000 ~.433395000
-.148874390 4148874000 433395000 =.733759000 -.67941G000 ~.433395000
-.148874000 ,148874CCG  .4333950CG0 .679410000 -.901204070 =-.865063000
-.675410006 -44333S5003 -.148874000 .148874000 .433395C00 .675410200
«BESTH3IC0 —oGBBB560CC -.973507000 -, 865063000 -.679410000 ~,433355000
~ 148874000 148874007 .423395000 .679410000 .855063000 973907000
-.9325700C0 -.9324705CC ~.632470000 —-+661209000 -.661209000 ~.65120900)
-.6612000C0 -, 661209000 -.238619000 -.238619060 ~.238619000 ~.2386190G0
~.23B£1900C -.2386193C0C ~.238619C00 .995689504 -999£8%504 .9S9589504
10964309504 .99G689504 .SCE3E43T6 .998364376 .99B364376 956304376
.996354376 ,995681843 .9G5G81643 .Q95981843 ,995081843 ,995981843
.9925439C0 49925439C0 4952543900 .992543900 .992543900 .948054126
L938054126 .58205412€ 90054126 .9B8B054126 .982517263 .982517263
L982517263 ,9B82517263 ,982517263 .975939174 ,975935174 ,975939174
£275939174 975939174 .S€8326828 968326828 L968326828 .968326828
068326828 L955688261 .§56688291 .$59688291 .959688291 .955684291
.95C032718 .95003271& L9SCC3211E .950032918 950032718 935370340
«936372340 .93937034% ,S29370340 .939370340 865063000 .865063000
LB6ECHZOCO L 865063C02 LBA5(63000 679410000 .679410C00 .679410000
«676410000 L67541000C .67941CCOC (679410000 .433395000 433395000
«43339530G  .433265C00C  L423395000  .433395000  L433395000 .433395000
.433335260 .14887400G .14887400C .148874000 .148874000 .148874000
.1488740C0 .14B88740C3 148674000 .148874000 148874000 .148874000
;
8U
6.00C000900 .0428311CC  .042831100 C.0C0OCO0000 .055238700 .034951700
«0349517T00 ,0552389C0 CL.O0CCCO0000 .042831100 .034951700 039195600
.039195600 .034$51765 .04283110C G.G00C00000 LCO0011067 .GCCL88121
«00C18A131 .20CCl1Ge? 0.0COCOC000 ,000C25749 L000437741 .000437741
.000025749 0,300090G0CS  .0C0G4G427 .Q0068T256 .000687256 .000040427
0.00€226070 .0CO0C55062 .0CC936075 .60G936075 .000055063 0.000000000
.N00269642 L0011839C9 LCCLLE39069 .000065642 0.0000CC0C0 000085146
001432450 .001430452 .CCOCE4146 0.000C0CQ70 000098562 .OC1675546
(001675556 .000C995€62 €.CCCCLCO0C 000112873 .001918846 .0GLILEE46
.00C112873 0.00C0G5CCT .OCCL270€5 ,CC2166103 002160103 .000127045
0.00€CI00CO .00014112Z .0C2399071 .002359971 .000141122 €.GOJOGIOGO
L02C16C273  .0D2724033 .5C2724432  .000160273 0.000000000 .024441900
L012920370  L01292C62T  .C2444190C D.0GOCO0000 .027CL1100 +CCB549330
L019214500  .G192196C0 .CCE543830 ,027C11100 0,000000000 026441900
L00E545830 .0274683CC .GCEB5661C J0GEE56610 .02T468300 .003549¥30
«0244419C0 0.0007000C0 016667800 .012920990 019210600 .CO6854610
«N182251C0 L0182251€0 LO0€856610 L,019210600 401292C900 016667800
LT



Astronuciear
Laboratory

«238619000

2-49

TABLE 2-3
(Sheet 7 of 22)
1) .
124 ANGLES 1s17.5,49 DEGREES ON A LEVEL
15 ANGLES IN THE +ETA DIRECTION, 109 ANGLES IN THE -ETA DIRECT ION
U
~.024917777 -.024513582 -.023764506 -.012458888 .012456888 .0237£4506
.024913982 -.057171422 -.C57162725 ~,054525365 ~.028585716 .026585716
.054525365 057162725 -.CEG555363 ~.CB9541753 -.085410496 —.C44TTT6Y6
.044777696 .0854104G6 089541753 -.121887630 -.121869116 —-.116246347
~.060943840 .060943840 .116246347 4121869116 -.154107249 —. 154083777
- 146974595 -, 077053624 .077C53624 146574695 .154083777 —. 186171561
-.186)43147 -.177554917 -.C93C85751 LO093C85751 177554917 4146143147
~.218042951 -.21B009742 -,207551259 -.109021476 .109021476 .207951259
.218075742 ~.249686111 -.246648083 ~,238129877 ~.124643056 124843056
.?38129877. .245648C82 -.281C£6512 —,281C23704 -.268057897 -.140533256
.140533256 ,268057857 .281C237C4 ~,312150340 -.312102798 —-.257703070
-.15£07517C  .156C75L17C . .2577C3070 .312102798 -.342904308 -.342852082
-.327033651 -.171452154 .171452154 .327C33651 .342852082 —.5016630C0
~.433395)00 —.148874CC0 .148874000 .433395000 ~.733759000 -.679410000
-.432395000 -.148874000 .1468740C0 .433395000 .679410000 -.9012C4000
~+.8465063000 -.679410000 -.423295000 -.148874000 .148874000 433395000
675410000 855063000 -.588856000 ~.973507000 -.B865063000 ~.679410000
-.4323950C6 ~,148874000 .148874000 .433355000 .679410000 865063000
<9729077C0 -,36124900C -.238619000 .238619000 -.750201000 -.661209000
-.23861°00C .2386190C0 ,6€61209000 -.S71113000 -.932470000 —.661205000
- ~+238619000 .23B619000 .6612€9000 .$3247C000
-.969685504 -.995689504 -.9596B9504 -.955689504 -.999689504 -.959689504
~.955695504 ~.998364376 ~,598364376 ~.998364376 —.998364376 ~.598364376
-199€364376 ~.4998364376 ~.555961643 -.995981843 -,995981843 -, 935981843
-.995931843 -.995981842 -.995581843 -.992543900 —-.992543900 -.952543900
-.893543960 ~.992543900 ~.9525439C0 ~,952543900 ~.98R054126 -.988C54126
-.938054126 -.988054126 ~.$88C54126 —.588C54126 -.988054126 —-.982517263
-.932517203 -.982517263 -.982517263 ~4982517263 -.982517263 -.982517263
—.973936174 -.575939174 ~.975935174 -.975939174 —.97593917% -.575939174
~.975939174 -.968326828 ~.S€8326828 ~.968226828 ~.968326828 ~, 968326828
-.968326828 -.568326828 ~.95568829]1 ~.959£8829]1 -.959688291 -.959688291
~.35563£291 ~.955688251 -.S5688291 ~.950032718 -.950032718 -.950032718
-.950032716 -.950032718 -.$50032718 —.950032718 ~.939370340 -,539370340
-.93$370340 ~.939370340 ~.929370340 —. 939370340 ~.939370340 -.865063000
-.865063000 —.B865063C00 -.865C63000 —.B65C63000 -.679410000 ~.6794 10000
~e676410000 —,676410000 -,679410000 ~.679410000 -.679410000 -.433395000
-.4333950G0 ~+433395000 -.433395000 ~.433395000 -.4333950C0 -.433395000
-.433395000 -.4333950GC ~.14BE874G00 ~. 148874000 =,14BB74CC0 —, 148874000
~. 148874000 -.1488740Q0 -.148874000 -.148874000 -.148874000 -, 148874000
-.14887400C .932470060 .922470000 .5$32470000 .661209000 661209000
.661279000 .661209000 .661209000 .238619000 .238619000 .238619000
233619000 .228619600 .238619000



6U

G.C0C0000C0
000004427
«00C144157
.03C485122
+I066LTHI
000389954
000033659

0.00C00C0C0
020036425
+03C632090
209152718
001693462
«0CCa97528
«0244419CC

008545830
0 2454419C0
«DJES4GR3D
+ 008356610
«01&65780C
«3349517C0
«035195400
T .

«0300904427
0.000002000
« CIVCLIO3CY
«00C226350
«00366075%
Q00835700
«00047122¢C
«00C0309425
0. COCCAGONE
«B0CC45149
«CA0711543
-001693462
+001923271
«012920300

«0192106C0
«00854983¢C
«02444150C
«0182251C0
0. 020600260
»«0345517CG
«-03519560¢€

TABLE 2-3

~CCOLELSTI
«0C0C10300
g.cCeconlon
«00CC161T1
~CCC308354
«GOCE35T00
.0C1ces758
+0C0ES1548
«CCOC4514%
C.GCTCCOOGT
-CCCC50826
L0CGI8C222
«CC1823271
«C126209990

+219210650
+027468360
C.CCCEaoOo0
.018225104
+0428311CC
.055238100
+034551700

+00013279¢9
«00C144157
«000016171
0.0GoCO0090
«000022025
«000389994
.CGloo9758
«0731182745
«000£32090
000050826
0.000(CCoc00
« 000056449
000897526
024441900

008549830
«006856610
016667800
« 006856610
«G42831100
0.00Q¢C0000
«042831100

2-30

«Q00132799
+0003C8994
000226390
000022025
0.,00000G0Q0
000027857
003471220
+U01182745
«L01354479
000711563
«000058449
0.002000000
«000064109
G.00000G000

«027011100
«C0668566140
012920909
019210600
C.0UC0Ca000
«042831100
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L000061973
« 200308994
«000485122
~0GD308354
000021457
0.CCCO00000
« 000023659
".0005%1948
2001354479
+L01524778
060750282
. 000644109
g.acooooooe
027011100

G. 000000000
- 027468300
.019210600
«012920500
+0552387C0
« 034951700



109 ANGLES IN THE +E£TA DIRECTION,

7u
-+361249000
«23861900C
+238619000
-.012458888
~4054525365
~.089541753
-.121887680
.121869116
«146974695
.093085751
-11060214 76
-.238129877
-.281023704
-.312150340
.312102798
«327033651
«433395000
+432395000
-.148874000
-.973907900
+433395000
-.9324700C0
-<661299000
-.238619060
«995£89504
.998364376
.995981843
.992543900
+992543500
.988054126
.982517263
.975939174
«968326828
.955688291
.950032718
.$50032718
«935370340
+865063000
.679416000
+437395000
+14£874000
« L4BBT4000

3

124 ANGLES

-+2386190C0
«6612090C0
«661205000
-0i2458888

- C28585716

--085410496

-. 121869116

~«154107249
« 154083777
»1771554517
109021476

-+ 124843056

-+ 26BG57897

-«312102798

~«3429043G8
»342852082

-« 733752000
«67941C000C
«148874000

-«865C63600
«6T7941C000

- 932470000

-266120%000

~«238619090C
« 999689504
«998364374
«995981843
«932543900
«388054126
» 588054126
-982517263
«975939174
«368326828
«955688291
«9500321718
+93937G340
«F39370340
+8679410000
«679410000
«%333950C0
« 148874000
« 148874000

TABLE 2-3

1e17.5449

15 ANGLES

+238619000 -,750201000
-«$71113000 —-.932470000
«93247000C ~,024517777
«023764506" .024913982
«.028585716 054525365
-.0/4T77696 .0447177696°
=.116246347 ~,060943840
- 154083777 -, 146574695
~a186171501 —~.186143147
« 186143147 —-,218042951
2207651259 .218C09742
+124843056 ,238129877
-« 140533256 ,L140533256
- 297703070 -, 156075170
~-«342852082 -.327C334651
—-#501€£3000 —,433395000
-+679410000 ~.433395000
-.901204000 -.865063000
«933395000 L67T9410000
-+675410000 -,433395000
«865C63C00 L,S739CT7000
~.932476300 -.661209000
—#228£&19000 —-,238619000
~+238619000 L959¢€89504
+9€9689504 .999689504
« 958364376 ,998364376
2965581843 ,995581843
«952543900 L,992543900
988054126 .998054126
« 982517263 L962517263
+9082517263 .975939174
575936174 ,.975939174
.GE8326828 .968326828
«955£88291 .95%688291
«950032718 ,950032718
«G39370340 .939370340
L865€63C00 .865063000
679410006 .679410000
«433365000 ,433395000
«433395000 .433395000
«148874000 .148874000
«148874000 .148874000

2-51

Astronuciear
Laboratory

(Sheet 9 of 22)

DEGREES ON A LEVEL

IN THE -ETA

~.661209000
- 4661209000
~.024913982
-~ 057171433
057162725
.085410496

« 060943840

-~ 077053624
~« 177554917
~«218009742
~a243686111
« 249648083
«268057897
«15607517Q
-.171452194
-« 148874000
-+ 148874000
-+ 679410000
« 865063000
-.148874020

-~ 6561209000
-»238619000
« 999685504
«998364376
«998364376
+9959KE 1843
« 992543900
«988054126
«982517263
«575939174
«968326828
«968326828
«559688291
«952032718
«93937C34¢C
«8650463C00
«679410000
«%433395000
«433395000
« 148874000

OERECTIUN

-, 238619000
-.238619G00
-.0237645056
-0571:62725
- 0ES555393.
089541753
2116246347
L017053624
~.063085751
-+ 2617991259
~e245648083
-.281066512
. 281023704
.2577G307T0
171452154
. 143874000
148874000
-+ 433395000
-. 988856000
. 148874000

-.6£1209000
-.238619000
«959689504
«3983¢4375
.995981843
«355981 843
« 992543900
+«388054125
.582517263
+ 975939174
«96E326828
«3596838291
«959688291
«950032718
» 939310340
« 865063000
+679410G00 -
«433395000
- 148874000
« 148874000



3
6l
C¢.C0C00CO0
-0349317C
«03519560C
«000132759
000144197
«70C21el71
€. 03C02C200
020322625
«0JG3R99%4
«001334758
001142745
«00CE32090
«03003C%2¢
3. 0C0CI0C000

DT 0056449
030897520
« 024441990
«00B85458%C
«00¢85651C
«01666780G0
N30 €85£610
T

«0428311C0
.0552328720
+0349517CC
.0CL1327c9
-N0e309gcy
»0002263%0
.(G20022025
2. 633000500
0545027857
~02547122C
«221182745
~0G135447S
LOCDTL1563
« 300056449

C.3coeooces
«L00064106
0.020C00500
027611100
+O0EB5551C
012920900
«019210€00

TABLE 2-3

«C428321100C
c.ocacCoonon
«0428311900
.CCOCH1973
«CCO3AGE9G4
LCG0C4q835122
.CCO3CE354
LQC5C27857
+CCCCOOCGo
«GC0C3365S
«0CCSE164R
.0C1354479
-«0CES24778

+0CCT790282

[=)

+0C0CE41G9
g.occcecons
«027C11106
¢.6Cccoo0ce
«02T46£6300
«C1%21C600
«.01262¢9C0

C.0C0CCR009
042631100
C.0C0C00000
000004427
«C00144197

.000485122 -

«0CG660759
.0003289994
+000033659
¢.000QC00000
«0C0039425
« 000632090
+001524778
«0Cles34582

-000897526
024441900
«0C8549830
«324441500
-008549830
«005856610
«0166567800

.2-52

«055238700
.034951 700
«000004427
¢.000000000
.000010300
«000226390
«200660759
+ 000835700
«000471220
.000039425
£.NN30Q0000
020045149
+000711563

« 001693462

«001923271
«012920900
.019210600
.00B54933¢C
«0244415G0
-018225100

(Sheet 10 of 22)

«G24951 700

2039195600 .

« 000061973
- 000010300
G. CCGOQOO00
« 000016171
000368354
+00G835700
«GC1009758
« 000551948
. 000045349
0.0G0000000
- 500052826
000790282

. 601923271
.012920900
619210600
027468300

6.000000000
.018225100
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Laboratory

@

TABLE 2-3. -
~ (Sheet 11 of 22).

2=53

124 ANGLES 2452175949 DEGREES ON A LEVEL
15 ANGLES IN THE +ETA DIRECTIONy 109 ANGLES IN THE ~ETA DIRECTION
U
—e0249L7TTTT —.02489406C ~.023764506 -,012458888 L012458888 .023754506
-024894060 —.057171433 ~-,C27117018 -.054525365 ~.028585716 .028585716
«054525365 L057117018 -.CE9E55393 -, 089470156 -.0854L0496 ~. 044711696
«04477769% 085410496 089470156 —-.121E876380 —.1217TL6T0 —.1162463417
—«060943840 L060943840 116246347 L121171670 —.154107249 ~.15396Q0573
~«14€974695 —.077C538624 L077053624 .146S5T4695 .153960573 —-.186171501
~«185994307 —.177554617 -.CS3085751 .093085751 177554917 .18Y934307
-e 218042951 -.217835423 ~.2C7551259 —.109Cz1476 109021476 .207951259
«217835423 —-,249686111 ~.24G448465 -.238129877 —-.124843056 ..124B43056
« 238129877 +249449465 -.281C66512. ~.2€E0798999 —.263057897 -.14053325¢6
«140833256 .268057897 .2E0798999 ~,312150340 ~.311853242 —.2977030]0
-« 15£)75170- 156075170 .297703070 ,311853242 —.342904308 ~.342577939
-« 327033651 —-.171452154 L171452154 ,327Q33651 .342577939 -.501663000
~«433395000 —.148874000 .14EB74000 .433395000 -.733759000 -.675410000
-.433395000 -.148874000 .148874060 ,433395000 .679410000 -.901204000
~.865063000 -.679410CC6 ~-.423395000 —.148874000 .14B874000 .433395000
«679410300 .865063000 ~.988856000 -.%73907000 —.8565063000 ~.679410000
-+432395000 —.148874CC0 L148874000 .433295000 .679410000 .B65063000
«9T7390T0060 ~+361249000 ~.238619000 .238419000 —.T50261000 —.661209000
-.238619000 .238619000 .6€1205000 -.971113000 -.932470C00 -.661209000
~e2386190G0 238619000 .6€1209000 .932470000 L
-+995689504 —,9996B9504 -.959€89504 ~,999689504 -./999689504 -,9955689504
_~e965686504 ~.998364376 ~.998364376 -,998364376 ~.998364376 ~.998364376
_=«998364376 ~,998364376 -.955981843 —,995981843 —-.995981843 -.955981843
~+995981843 ~.9959B1842 ~.995581843 ~,9592543900 ~.992543900 ~.992543300
~.9Q2543900 —.992543500 -.9%52543900 -.992543900 ~.98305412& -, 588004126
~.988054126 -.9088054126 -.G8E0541286 —.9HBC54126 —.988054126 -.982517263
~.982517263 =~.982517263 —-.982517263 —.982517263 —.982517263 -.982517263
-+975339174 —~,.975939174 ~.975939174 —,975939174 -.975939174 ~.575939174
~eQ75939174 ~.9683265828 -~.5£8326828 —.9£8326828 ~.968326828 -.968326828
~+568326828 —.96832682E -.95568829]1 -.959688291 —-.95968829) ~.959688291
-+9596R829]1 —-.95%68A251 -.955688291 —.950032718 -.950032718 —-.S5C032718
~e950032718 —.950032718 -.950C32718 -.950032718 -.93%370340 -.539370340
-+936370340 —-,939370340 —.9329370346 -.939370340 -.93937C340 -,.865063000
-.865063000 ~.865C63CN0 -.865C63000 ~.865C63000 —.67941C000 ~.679410000
~e67541C060 ~. 675410000 -.679410C00 -.679410000 ~.67941G000 —-.433395000
-+433395000 -.433395000 -.433395000 -~.433395000 -.433395000 -,433395000
~.433395000 -.433395000 -.14887400C —.148874000 —-.148874000 -.144874000
~+ 148874000 -.148874000 ~,14£874000 ~,148874000 -.148874000 ~.148874000
-.1488740C0 ,932470000 ..932470000 .932470000 .661209000 .661209000
L6612060C0 L661209C00 .6£&12090G0 ,.238619000 .23B6190600 .23B8619000
+238619000 L238619C00 .228619000 .238619000



" \0T REPRODUC

5U
t.0ccoceonn
.070211361
L000126747
.00C485122
00650759
.00C348249
.03C08414¢6
€.00C}50000
LI0C098562
+030554346
01524778
+20 1693462
~COCRI13 &3
-02444190C

«00 E549830
«024441900
<00 8549830
«G0EB5661G
«01£6567800
«034951700
«0361956C0
T

TABLE 2-3

{BLE
.000011067 LCO0CS55333
0.000CN0000 000025749
« 000025749 C.GIOCQO00G
«000202134 .0CQC4G427
«00C6607559 LCGC275316
.0CC835700 .0CGA357G0
«000420732 ,001C009758
« 506098562 L(004%E81C
0.CG0C00A3C .000112873
2001126873 C.0CCCOUCO0OC
«000635324 LOCCL27Q65
«001693462 LCCOIC560%
«201923271 ,C£C162327)
«012920900 LC1252090C
«01921060C L0192106GC
«N08545830 027465300
«024441900 C.0CCCCO000
-018225106 .GCl8Z25100
0.0C0C02000 .042B311C0
.0349517060 L0OES238%0¢0
«C3919558CC L034S517CC

«COO0132799
« 000128747
+0CC340427
3. 000030000
000055063
« 0003482909
«CCL1GL9758
«001182745
«020564366
«Q0C127065
G. CO0CQD0G0
«CC0141122
«00CEQ1363
+ 924441900

« 008549830
« 006856610
+DI6€E6T800
«C06E56610
« 042831100
0.C00C00000
«042831100

2-54

000132799
«0C0308994
« 000202134
« 000055063
0.03G000000
2000069642
«000420732
«001182745
+001354473
«00635324
«O0CO141E22
0.002034500
«002160273
J«0C0CO0000

«027C1110C
«QUOLBSEL10
«012620900
+01921060G
G.0729000000
«042831109
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.0C0055333
» 000308994
.000485122
.0CC275316
« 300069642
0.0GCOCI000
«00CGH4146
000492810
«001354479
«0G1524778
«0CLTC5609
«0CGGL6D2T3
G.0CC000000
«027C11100

C.000CNo000
« 027468300
+C1%210600
«012920900
«055238700
«034951700



Astronuclear
Laboratory

TABLE 2-3
(Sheet 13 of 22)

Tu

-+361249000
«238619000
238618000
«012458888
«054525365
086470156
«121887680C
«121771670
«14 58974695
0932085751
105021476
«238129877
280798999
+312150340
«311853242
«327033651
«433395000
«433395000
«14 6874000
«973937000

1

«433395000

«932470000
«56129900C0
«238619000
+2990396504
«998364376
o995981843
+992543900
«9%2543900
958054126
98517263
«975939174
2968326328
«959688291
«9510032718
+950032718

«9395370340,

«865063000
+675410000
+%433395000
+1488740C0
«148874000

124 ANGLES

-.238619000
«661206000
+66120900¢
.G1245888¢8
.(28585716
L085410456
.121771€70
«154107249
.153960573
177554517
.109021476
124843056
.268657857
.311853242
+3429C43C8
.342577939
« 733759000
679410000
. 148874000
-.865063000
679412020
.9324700C0
«661209000
238619800
+995689504
.998364376
«995981843
+992543900

!

t

«98805412¢&°

«5B8C54126
5825117263
« 975939174

-«968326R28 .

«959638291
+ 950032718
«939370340
«939370340
«567941€000
=6794100C0
«433395000
«148874000

+148874000

i

. 2.5,17.5,49 DEGREES ON A LEVEL
109 ANGLES [N THF +ETA DIRECTION, 15 ANGLES IN THE —ETA DIRECTION-

«238€19000 -.,7502C1000
~-+571112300 <=.932470000

«93247C0CO
«C237£4506
028585716
044777696
«116246347
« 123560573
«LEELTLI501
- 185594307
+ 267651259
«12484305¢6
«14C533255
«2577C€2070
«342577939
«501663000
+67941000C
«901204000
»%33365000
«67941C000
~BEECE30CO
293247CC00
2238619000
238615000
+ 959689504
958364376
+9555481843
«992543300
+SBRC54126

+962517263°

»982517263
+975639174
«9£8226828
«959€88291
«950C32718
«9393170340
«865G63000
«£67941C000
«43339500¢C
«»433395000
«148874000
«148874000

«024917777
0248545060
054525365
044777696
« 060543840
146974695
185954307
«218C42951
«217835423
«238129877
140533256
+156075170
3270335651

~«433395000

« 433395000
«865063000
«679415000
«433395000
« 9735067000
«661209Q000
«238619000
«999£89504

+959685504

+998364376
«395901 843
«992543900
«988C54126
«382517263
«975939174
«9759391L 74
«968326828
« 959688231
«950032718
« 939370340
«B65063000
«679410000
+433395000
«433355000
« 148874000
«148874000

2-55

-+ 661205000
—+561209G00
—+024894060
~«057171433

.057117018,

«085410496
« 060943840
—«Q77053624
-«177554517
-.217835423
~e 249686111
«2HT4HBHES
«268057897
«156075170
—«171452154
-+ 148874000
~«143874000
-«679410000
«8E5CL3C00
-«148R74CCO

~46£1209000
-.238619000
« 999689504
«958364376
+998364376
995981843
+992543900
- 988054126
.982517263
«975935174
< 968326828
«968326828

«959688291 -

«950032718
«939370340
«B865G63000
«679410000
«43339500Q
«433395000
«148874000

L}

-. 235619000
-.2286194000
-.023764506
~+057117018
~.0895595393
L 0BY4TOL56
2116246347
077053624
. 093085751
» 207951259
. 249448465
281066512
. 280798999
,2977C3070
171452154
.148874000
« 148874000
.433395000
.5H3856000
. 148874000

- 661269000
.238619000
959689504
. 996364376
. 955981843
. 995941843

.992543900 .

«FE6BOL4 26
«982517263
« 575939174
«9€8326828
«955688291
+95968Bd291
»950032718
«939370340
+« 865C63000
« 5679413000
« 433393300
« 148874000
« 1488740300

fl



&U
$.60C03C300

234951700 "

-034195600
»000132799
«00C124747
000040427
0. 20C03CO00
«00C355002
«020348209
+001239758
+OC 1192745
w3 C05643066
LCTCI27065
0. J0COQ5C00

.033141122
«GOCBIL363
024441900
<D0 E545330
«00€BS601C
~01E6ETBCC
<00 EB5EH10
T

.042831100
.055233700
.034851760

~000132765
000309554
.000202134
000055063
.0GCTI0000

.000G69542
000423722
L001182745
.001354479
L000635324
L000141122

o

0.000CLC00G0
«00016922173
0.030C800035C
027011150
L00£85661C
012923500
«0152104CC

TABLE 2-3

«04283LICC
€.0Cacs0aco
042831100
. 0CG055333
+0607208994
«0C0485122
-.000275310
«0C0L65642
L0C0Ceso02
«0C0C841456

[

»3C049281C .

«0C1354479
Q01524778
+0CC05609

«00C16G273
0.0C0C00000
.027C11100
0.4CCCG00C0
«027468300
015210600
«012920900

C.CCOCGO0R0
«042831109
C.CCOCA00Co
«0C0011067
«000128747
+00C485122
+0CE0660T759
«0G034R8209
000084146
J.020C00500
.000098562
«000564366
« 001524778
« 001693462

«£00801363
2024441900
«0CES49830
+024441900
« 008549830
«00¢85661C
«014657800

2-56

«055238700
.034951700
-0000110567
0.00300Q000
« 000025749
«000202134
-0C0660Q759
003835700
+000620732
«000098562
0.000000000
000112873
«Q0C535324
+00L£92452

.001923271
«0129289G0
«0192106090
+D0U85498320
+ 024441900
+(182251400

{Sheet 14 of 22)

«0324951700
«C39195600
« 000055333
000025749
Ce CCOGQO000
+ 000040427
«00027%316
« 030835700
«00100G3758
«00C4592410
030112873
0.0C000G000
«2001270¢S
+0GGT705609

«LG1923271
«£12929900
«C15210600
« 227463300
0.002000000
«018225100



Astronuclear
Laboratory

TABLE 2-3
{(Sheet 15 of 22)

15 ANGLES IN THE 4ETA DIRECTION,

TU
-.0023999498
«002399633
«009155577
«C13598375
~-+.328585716
-.085410456
-.121869116
—+ 154107249
+154083777
«1 77554917
«135021476
-+124843056
- 268057897
. ~«312192798
~e342934308
+«342852082
-.733759000
«675410000
- 148874000
-+ 865063800
.679410000C
-.75C201000
-.932470000
-.99999712¢0
-.999997120
-~+995953920
~2999630100
-.998364376
—.995£081843
-.992543900
-~ +9RED54126
~«.988054126
--982517263
~.9759391 74
-«96E326H28
t-.959688251
-.950032718
~.939370340
-+936370340
~-.6754100C0
- 675416000
-.43239530C
~e 14 88T400C
-« 14887400G
«661205000
+238619G00

-
-

138 ANGLES

1e17.5449
122 ANGLES

-.002396633 -,00228891F —-.001199999
=.0095994889 ~,0C95G8427 ~.009155577

«009598427

«025538C01

.028585716
=+ 044777696
—«116246347%
—+154083777
~+186171501

«186143147

« 207551259

« 124843056
-.140533256
~+297703070
—«342852082
-+501663000
-.6794100C0
-.9012040G0

«433395C00
~«679410000

« 865063500
~«6612090C0
~«661209C00
-«995997120
~.999953920
—~e999953%20Q
~+999630100
—«998364376
—+995981843
-.9925439CC
-.988054126
-«9825172613
-+982517263
-.975939174
~«968326828
~+9556882S51L
-.95003271¢8
~+939370340
—«B65063C00
-«6794100C0
-«4333950G0
-«433395CC0
-.1488745C0
~«148874GC0

«661209300

+238619CGCD

-.027196749
.027192607
+054525365
044777696

-. 060543840

-, 146574655

~. 186143147

-.216C42951
«21BC09742
+23£125877
.140533256

~.156C75170

-+327C33651

~+%432395Q000

-.4332355000

~.865C563000
.67941C000

-+.433355000
+973507000

-.238619006

-.238619000

-.9595967120

-.959$53920

-.959630100

-.959£30100

-.9983£4376

-.955981843

~.952543900

-.988C54126

-.982517263

-.$75535174

-.975539174

~.968326828

-.959688291

-.950632718

-.93937C340

~.865063C00

~.679410000

-.433395000

-+433395000

-« 148E740600

-. 148874000
661209000
.238619000

-.027192607
-.C57171433

«057162725

085410496

«0609438490
-, 077053624
-.177554917
-.218C09742
-+ 245686111

+ 2495643083

2680357897

«156C75170
- 171452154
-2 1488740090
-. 148874000
-.673410000

. 865063000
-, 148874000
-.361249000

+238619000

.238619000
-.999597120
~.999553920
-+999630100
~.998364376
~. 968364376
~.995961 843
-.992543900
-.988054126
-.982517203
—2G75939174
~.568326828
-.968326828
-.959688291
-.950032718
~. 939370340
-+ 865063000
-. 5679410000
-.433395000
~ 433395000
-.148874000

«932470000

661209000

238619000

2-57

DEGREES ON A LEVEL

IN THE -ETA

001199999
~.004799545
-.025938001
-.057162725
-« 089555393

« 089541753

« 116246347

LO77053624
~+0930B85751
-.207951259
~+249648083
-.281066512

+281023704

« 297703070

171452154

« 148874000

«148874000
-.433395000
-.988856000

«148874000
-+238619000

661209000

«661209000
~+999997120
~+995953520
~2999630100
~+ 936364376
-.995981843
-.995981843
—«9925433900Q
-+988054126
-.982517263
—+975939174
~.968326828
-+953688291
~.959688291
-.952032718
~.939370340
-.865063000
-« 679410000
-+433395000
-. 148874000
~.148874000

4932470000

«661209000 .
«23B619000_

DIRECTIUN

- 002268919

«004799945
-.013598375
~+054525365
-.0B89541753
-.121887680

«12186469116
« 146674695

+083Q85751
-«1609021476
~«232B1298B77
“a 281023704
~-+312150340

«312102798

«327033651

«433395500

.433395C00
-« 148874000
-.973907000

+433395000

+ 238619000
~«971113000

«932470000
~+595997120
-4959953920
-.959630100
~«9GB364376
-+395981843
~+962543900
~+992543900
-~ JBBCS4 126
~aG82517263
~.975939174
-+ G58326828
-.955688291
-.950032718
~-.G50032718
-.939370340
- B65063G00
-+679410000
-.433395000

~.148874000 -

-. 148874000
«932410000
«238619000
« 238619000




&d
£,03670Ca00
»02C030C 064
LNCTIT168
«GIC1IL5518
020306994
SDGC22£390
W0I0727325
C.,CGLO3CaLE
LGASH2TRET
JNC06T2220

21132745
«021334479
«030711583
SDOCISLLLSG
0.GICoOCCOd
02064109
f.00¢52C00C
021211100
0Ne856510
«21292C300
015210600
0.620002500

042831100 .

ST

«00C0IN064
J.0500000CC
«000000512
«000C53%049
«C00208994
.00C485122
« 2003083254
«000527857
0.C00NI3000
-33CC33659

«QC0E51548
«001354479
=001524778
~00C79C282
«200054109
C.00GCLIN0D
=027C111CC
0.C00GCC0C000
«02746R83C0
«£13210600
+J129225€0
«05523A87400
«£349517CC

TABLE 2-3

«CCCCOLRSS
+0C0C0ac512
g.0CgicLonc
«GGOCL385)
«CCCl44197
2CCCa85122
«0CLoELTST
+CCC3ET94

«0C3C33455

0.0C0CCca006

4CLCC35425
«0CCa32090
«LC1524776
«NC1653462
«OJ30897524
024441500
«0C8549630
«0244419C0
«CCES545A3C
«0CEE56610
016667800
«034651704Q
«03919560G

006001920
.C000Q7168

006063351 -

0. 0C0CC0000
«00CCI0300
«000226390
006660759
«00CB35700
000471220
.000G39425

0.005CC2000
000045149
«G00711563
-0016934562
«0C1523271
«012920900
2015210600
«GC8549830
«+ 024441900
.018225100
¢.00gC00000
«034551700
«039195600

2-58

-000601920
00001530
«000053909
«000C¢1C300
0. C00000000
-00CCL6171
+000308354
-000835700
«001009758
- 000551548

«000045145
. 0C0aGo0a0
+Q00050826
.Q00790282
«021923271
«012920200
- Q13921C60C
«C27458300
0.0002000000
018225100
«042831100
« 055238700
+034951700

(=]

(Sheet 16 of 22)

« C000028906
«0CC015360
«000115519
«3090144197
«0G0215171
0.GC000092090
« 000022025
»00G389994
« 021009758
+301182745

«00C63209C
«CC0050826
c.coocoogen
« 000050449
000891528
«0244419C0
«COB545830
« 006856610
.016667800
«006855510
042821100
G.0000CHLOYT
«042831100



Astronuclear
Laboratory

TABLE 2-3
(Sheet 17 of 22)

138 ANGLES

1917.5449

123 ANGLES IN THE <+ETA DIRECTION, 15 ANGLES

7U.
-+361249000
+2 38619000
«23861900C
-.001199999
-.009155571
-.027192607
-.057171433
057162725
«OB5410496
«G5094384C
-.0717053624
-.177554917
.21 08009742
- 245686111
«2465648083
« 26 057897
«156075170
~a 171452154
-.14£874000
-.148874000
~.675410000
«B65063000
- 148874000
- Q32470000
-.661209000
-.238612000
+996997120
«995553920
995530100
.998364376
+998364376
995981843
+ 932543960
988054126
«98:517263
«975939174
958326828
«9608326828
959688291
- 950032718
939370340
+B865063000
675410000
« 432395000
«43131395900
+ 148874000

LS

i1

«238619000
661209000
«661209000
«001199999
« 004799945
+0255380C1
+ 051162725
.089555363
«089541753
2116246347
077053624
«093085751
«207951259
«249648083
«281066512
«2B1G23704
«2G7703Q070
«171452154%
« 148874000
« 148874600
«433395000
- 388856000
« 148874600
+ 932470000
«66120900C
238619000
« 999657120
995953920
«999630100
« 996364376
«995981843
995981843
«5925439CQ
. 988054126
«982517263
975939174
«968326828
«95968829]1
«956688291
.950032718
.939370340
«865C63C00
«67541000C0
«433395000
+1488T74000
«1488740C0

«238€19000
~+S71113000
+93247C000
+0C2288919
.0C4799545
«013598375
«054525365
«GEJE41T53
«121887¢680
«121869116
+146574695
+093C85751
-«1CGSC21476
.238125877
+281C23704
«312150340
«312102798
« 327033651
«433395000
+4233395000
+148874000
+9739Q7000
+433395000
«S$32470000
+«23861900C
«238€£150G0
«955$97120
+959553920
«959630100
«998364376
+955981843
-952543900
-952£43906
.9688C54126

¥

]

« 582517263

«$75939174
«5£8326828
«955688291
«950G32714
«950032718
»939370340
«865C63000
«57941C000
« 4333465000
+148874000
« 148874000

-+750201000
~«932470000
-, 502399998
+002399633
«009155577
«0135968375
-+C28585716
-.085410496
-«12186911¢&
-.1541C7249
154083777
«177554917
«109021476
~+ 124843056
-.268C57897
-.312102798
~+342504308
«342852082
-+733759000
«679410000
«148874000
-«.865063G00
«679410000
=-+6612090300,
-+ 238€19000
«999697120
+999597120
«959653920
+«999630100
«998364376
«955581 843
«992543900
«588054126
+5B88C54126
«982517263
«975939174
+ 968326828
+959£88291
«958032718
«939370340
+939370340
«6T79410000
«6T79410000
«433395900
«148874000
«148874000

2.59

CEGREES ON A LEVEL
IN THE ~ETA -DIRECTION

~+661209000 -.238619000
“.661209000 ~.238619000
-.002399633 -,002288919
-~+009599889 -.009598427

«009598427
+025938G01
«028585716
«044777696
«116246347
« 154083777
«1B6171501
«186143147
«207951259
+«124843056
«143533256
« 297703070
«342852C82
«501663000
+679410000
«901204000
+433395000
«679410000
«865063G00
+661209000
«238619C00
«399997120
+999953920
« 999953920

2999630100

«998364376
+995981843
+992543900
«98805412¢
-982517263
« 382517263
. 975939174
-9568326828
+953688291
.950032718
« 939376340
«8630632000
«679410C00
«433395000
«433395000
«148874000
«148874000

~. 027196749
«027192607
«054525365
« 344777696

-.0&0943840

~.1406974695

~-. 186143147

—+218042951
«218009742
« 238129877
« 140533256

—+ 156075170

—«327033651

-+433395000

=«433395000

-« 865065000
«679410000

—+433395000

«973907000 -

~+661209000
-« 2328619000
955997120
« 995953920
« 355630100
«999630100
+998364376
« 955981843
592543900
+988054126

«382517263 -

« 975939174
«GT5939174
«5&83264828
«959688291
+ 950032718
-939370340
«865G63000
«67941C000
«433395000
»433395000
« 143874000
« 148874000

4



I
nuU
1.02032C00C
134951 7C0
.03581950CC
.CJ0C01920
L000007168
.020203351
¢.0CC000000
-020C216320
«1062263980
000660759

.03€835700
020471220
.20C039425
0. CGCOICA0D
.C3C045149
500711553
.07916934€2
001923271
.01292C900
.C15210600
+00E54983C
0244419090
,018225100
;

«0428311C0
«3552387¢0
«0349517CC
+0CICC1920
«003C15360
.0020C53%09
003010366
0,00086G00200
000016171
008308354

+0008357C0
001009758
+0015515448
003045149
C.0600033¢0C
000050928
.GGCc790282
.001923271
.61252C9CC
.019210€900
327468300
0.00CCC0000
.01E22510Q

TABLE 2-3

+C428311C0
g.gcgcccoec
.04283110C
0CCL0089s
«00CC1536G
+GCC115519
~QCCL44197
LCGCL61T1
€.0C0C0L000
«GCCC22025

«CCC389924
.CC1CC9758

«£C1182745

.000£32090
0CQ050826
.CCCCC0000
«QCCL56449
«O0ClESTS20
.024441600
«008545830
0068560610
016667800
«00€ES6610

[}

6¢.000CC0000
042831100
€.003CC0000
+0C0C00054
«000007168
«000115519
-000308994
«000226390
«0CC022025
0.CGOCO0000

000027857
«000471220
+0C11B2745
+ 001354479
«00G711563
«NGC056449
0.600C00000
+ 200664109
0.C00C00000
«027€11100
«006856610
-012520900
«019210600

2-60

«055238700
«034951700
+00000CD64
0.000000000
Q00000512
«003053%509
«000308994
«000485122
« 030308354
« 000027857

0.000000000
.00V933659
.000551948
.001354479
001524778
.000790282
.000064109

0.000000000
L027011100

0.00000C000
4027468300
019210600
«012920900

(Sheet 18 of 22)

034951700
«039195600
« 000000898
«G0C000%12
€.003C0000C
«CCOO03851
«000Laa197
«000483122
+000660759
« 000389994

« 000033659
G. 000000000
. 000033425
0006632090
. 001524778
«001693462
«0C0897526
« 024441900
«G8549830
+024441900
« 008549840
« 006856610
+ 016667800



Astronuclear
Laboratory

TABLE 2-3
(Sheet 19 of 22)
146 ANGLES 1,6930,70 DEGREES ON A LEVEL
15 ANGLES IN THE +ETA DIRECTION, 131 ANGLES IN THE -ETA DIRECTION
U ‘s ‘
~+024917777 ~.024913582 -.024781274 -.021579428 ~,008522382 .008522382
.021579428 .024181274 ,024913982 =-.057171433 =.057162725 -.C56858242
-.046511913 ~.015553782 .019553782 .045511913 .056858242 ,057162725
-, 086555393 ~,085541753 —.CE9064796 -.071557245 -,030629748 .030629748
.077557245 .085064799 .0A9541753 —,121687680 -.121869116 ~.121219967
-.10£557827 -.041688042 .C4168R042 .105557827 .121219%67 .121869116
-e154137249 ~.154C83777 ~.153263033 -.133460792 -.052707783 052707783
<132450792 .152263033 .154C83777 -.186171501 —.1861431417 —-. 1B5151636
-+161229250 -.062674404 ,063€74404 4161229250 .185151634 .1E6143147
-.21£6042951 -.218009742 -,216848489 -.188830735 -,074575081 .G74575081
L158830735 ,2168484RS ,218C09742 -.249686111 -.24964B083 —-.24B318305
-<216234515 ~.085397680 .0853G7680 .216234515 -,248318305 .24964B8083
-.281066512 ~.281023704 -.279526800 ~.243410739 -,096130409 .096130409
+24341C739  .2795266C0 .281C23704 -.312150340 -.312102798 -.310440348
-.270330124 -.1067617C4 .1067€1704 .270330124 ,310440348 ,312102798
~+343904308 ~.342852082 —.341025842 ~.296563842 -,117280181 117280181
+296963842 .341025842 ,342852082 ~.501663000 -.433395000 —.148874D00
+158874000 ,4333G5CCH -.73375500C —.679410000 —-,433395000 —. 148874000
<1488740C0 ,432355000 679410000 -.901204000 =-.865063C00 -.679410000
-.4317395200 ~.148874000 .148874000 .433395000 .679410000 .865063000
-.988656100 ~.973907000 —-.8£5C53000 -.67941C000 =.433395000 ~.148874000
2148874000 .433395000 .679410000 .865(63000 .973907000 —.361249000
~<238619000 ,238519000 ~.750201000 -.661209600. -.238619000 .238619000
1661209300 -.971113C10 —.532470000 —.661209000 -.238619000 .238619000
«661209000 .9324700CC 4
-.995689504 ~.999689504 =.$656B9504 ~.999689504 -.999689504 -.955689504
-.966686504 ~.999689504 -.659689504 -.998364376 -.998364376 -,958364376
~e998364376 ~-.9983643756 -.G58364376 —.998364376 —.998364376 ~.998364376
~.995981843 ~.995981843 ~.G95581843, ~.995581843 ~.995981843 -.995981843
~.995931843 ~.995981843 -,9G5981843 ~.992543900 ~.9925439C0 -.952543900
—+99254390C -.9925439C0 -.992543900 -.992543900 ~.992543900 -.952543900
-.968054126 ~.988054126 ~,98EC54126 —.9BBC54126 —.986054126 —.988054126
-.982054126 -,988054126 -.988C54126 -.982517263 -,982517263 =.982517263
-.987517263 -,982517262 —,9E2517263 -.982517263 —.982517263 ~.982517263
~.975939174 =.975935174 ~,975939174 -+975939174 =.9759395174 —.975939174
~.975939174 -.975935174 -,975539174 -.568326828 -,968326828 —.968326428
-.96E326828 ~.968326828 -.GEE326928 ~,968326828 —-,96B326828 -.568326328
~.95568E29] ~.9596B829] ~.$5568829] -.959688291 -.959688291 —.959688291
-.955088291 -.959688291 ~.959€88291 -.950032718 -.950032718 —.950032718
-.950032718 ~.950032718 ~.950032718 -.950032718 -.950032718 -.950032718
-.93%370340 -, 939370340 -.$39370340 -.939370340 -.939370340 -.929370340
~.939370340 -.93937334C -.929370340 -.865(63000 -.865063000 -.865663000
~+865053000 -,865C63000 ~467541C000 —.679410000 —,679410000 ~.675410000
~.675410000 =.675410000 —.679410000 ~.433395000 —-.433395000 -.433395000
-.4333950C0 -.433395C00 -.433355000 -.433395000 -.433395000 ~.433395C00
- 145874000 ~.148874000 -,148874000 ~.148874000 -.148874000 -. 148874000
~.1488749C0 —.1488740C0 ~.148874000 -.148874000 -.148874000 .932470000
.932470000 .9324770CC .661209000 .661209000° .661209000 .641209000
«661279000 .238619000 .238619000 .238619000 .238619000 .238619000
.238619000 2323619000 -
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J.00C000050
+»0G0086532
.0002759%6
0.03050C000
200323415
«00044C3Ch

0.00C03C000
«000557134
£00G672172
0.C3C02C0C0
-0HG0T88497
«0000029A6
0.03603C200
«001016519
0811268974
0.GICO0CO0C
«371282180
012920900
«015210600
+027468300

0.00C00C000 -

«016225100
«042831100
055238700
+034951760
1

«000004427
«0000177C6
000205996
«000016171
« 000064583
«00C4405Q06

«000027857
«00C111427
000673172
«00C039425
.000157&4£¢9
.£00s02966
000050826
000203304
+O001128974
.0000641C9
+00025€6436
024442900
+00854583C
«00685661C
«01666780C
+G0&E5661C
«0428311C0
G¢.00000Co00
«+042€3110CC

TABLE 2-3

«.CCOCLT1Gs
«GCCCO&427
+LCG205596
«OGCC64683
00016171

«0GC44050C6.

«0C0L111427
«0C0C27357
+GC0673172
«0C0157699
.C00039425
.0C0G02986
«00C8293304
«CCCC50B26
-0C1128574
~GG0256434
-GG6QCs4105
0.,000C¢000N0
«027€11100
«CCEBSGHLC
«3126209G0
«01921040C
G.00€C0C000
«G42831100

-000G688532
C. 000000000
« 000205996
«000323415
0.0CAaC0c000
«00C440%06

«000557134
¢.000C00000
«300673172
+000788497
G.C00CB0003
«0C0502986
«001016519
0.000C00000
«001128974
.0C1282180
0.cCOCccoRa
«0327C11100
0.0006G2000
027468300
+C19210600
«$12520900
«055238700
+ 034951700
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«000088532
«000C10300
«0000411y9
« 000323415
.000022025
«0000848101

000557134
+000033655
«030134634
~ODCTBE4ST
«000C4Z146
«00018ULS7
«00101&519
«002056449
00225795
001282180
+02444133C
. 008545830
« 024441956
.00854923C
-006856610
0156667800
« 034951706
«039195600

- (Sheet 20 of 22}

-00008d532
« 000241199
«003C1C200
«000323415
«-000C88101
«QC0022025

+060557134
« 000134634
» 000033659
~000783497
+000183597
«000049149
«00101&51°
2000225799
«C00056449
.001282180
.012920200
«019210630
«GG8549830
« 024441900
«C18225%1C0
C.GO0C0OCLQ
«034951700
+ 039195600
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TABLE 2-3 . :
’ (Sheet 21 of 22)

146 ANGLES 146¢30470. DEGREES CN A LEVEL

- 2-63

131 -ANGLES IN THE +ETA DIRECTIONs 15 ANGLES IN THE -ETA DIRECTION
- 7U .
~«301249000 -.238615000 .238£19000 -.750201000 -.661209000 -.238619000
«238619060. .661209000 -.9711130G0 ~.932470000 ~.661209000 -.23B619000
»238619000  L661209000 .S32470000 -.024S1T7T77 —.024913582 -.024781274
-.02157%428 -.008522382 .0CB522382 ,021579428 .Q24781274 0249139382
-é057171433 —,C57142725 -.0556508242 -.049511913 -.019553782 .019553782
«046511913 .056859242 .05716272% -.C89555393 ~.089541753 -.089064799
—.077557245 ~.030629748 .C30¢629748 .077557245 .089064799 .0489541753
-.121847680 —-,1218€9118 —,1212146G67 -.105557827 —-.041688042 041658042
105557827 ,L,1212196467 _L,121867116 -.1541C7249 —.1540683777 -.153263033
~2133460792 ~ 052707783 652707783 4133460792 .153263033 .154083777
-+186171501 —.186143147 ~,185151634 —.161229250 -.063674404 .063674404
«161229250 .185151634 ,L186143147 —.218CG42951 -.218006742 -.216848489
-.188830735 ~.074575081 .074E57%5081 .188830735 .21684B48S° .218009742
~«245686111 —.249648083 ~,2468318305 ~.216234515 —~.085397680 .085397680
«218234515 L.248318305 ,249£648083 —-.2810606512 -.281023704 ~.279526800
-+243410739 =-.0961324C9 .0S6130409 4243410739 L27932£4800 4281023704
~.312150340 ~,312102798 -,310440348 -.270330124 -.106761704 '.1067461704
2270330124 L31C440348 ,312102798 -.342504308 -.342852(82 ~.341025842
-.296963842 -.117280181 ,117280181 .296563842 .341025842 +3428520882
~«50316630CC —-.433395G00 —-.14BETA0CG 148874000 .433355000 -.7337159000
—«6T5410000 —,43339500C —,148874CC0 .148874000 .433395000 .079410000
=+901234000 -.865063C000 -.6754100C0 —-.433355000 -.148874000 148874000
«4333585000 .679414000 .B65C63C00 —.988856000 -,.973967000 -,.865063000-
—+67G41C0000 -.433395000 -.148874000 148874000 .433395000 .679410000
«8650632000 .973907CCC
~«932470000 -.9324770CC -,92247G000 —.661209000 -.661209000 -.661209000
—«6612060C00 -.661209000 ~.228619000 -.238619000 -.238619000 -.238619000
-+238619000 ~.23851907C —-.228619000Q0 .999¢89504 .99°9689504 +999689504
«96%56389%04 996689504 ,9%9689504 999689504 .999689504 999689504
«398364376  .99836437&6 .S9B3L4376 998364376 .998364376 .998364376
«998364376 .99B3E437& LG9SE3643T6 4995981843 ,995981843 .995981843
.995981843 ,.995981843 .,955581843 .995981843 .995981843 .995981843
9292543900 .9925439C0 ,592543900 .992543900 .992543900 .9592543900
«292543900 .992543900 .992£43900 .988054126 .98R054126 988054126
«388054126 ,SB88C54126 ,588{54126 .988C54126 .988054126 .9HEO054126
+9892517263 .982517263 ,982517263 .9B2517263 .982517263 .982517263
«382517263 .982517263 .982517263 975939174 L975939174 .G75949174
«3759391 74 .975939174 .G15539174 .975939174 .975939174 975935174
«958326828 .9568326828 .9£8326828 .968326828 .968326828 .9683268Z8
+96E326828 .968326828 GER326828 959688291 .95968829]1 .959688291
«959688291 .956688291 .959688291 .959688291 .959688291 .955638291
«950032718 950032718 ,9530C32718 .950C32718 .9501032718 950032718
«950032718 .950032718 .95GC32718 .939370340 ,939270340 .939370340
«935370340 L93937034C ,G39370340 .939370340 L939370340 .929370340
-865063000 .865663000 LBESCA3000 .BASCA3000 .865063000 .679410000
675410000 L 6794100C0 679410000 .679410000 .679410000 .679410000
«+433395000 +4333656CC ,L4333G5000 433395000 L.4333S5000 .433395000
433395000 .433395C00 L433395000 148874000 148874000 .148d74000
+148874000 148874000 L148874000 148874000 .148874000 .148B74000
«148B740C0 .1488740C0
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(18]
0.966G20006
«03432517C0
«03G1356C0
L0rcaassz
0.00C03500%00
«000205956

000223415
0.22CG0060
«0004405C6
«J0GC557134
0.85C323G0CC
«200673172
L0CT184%7
0.550C37G060
«800922936
001016519
3.0CCO0NCo0D
001128574
«2012492180
J.03C0ICI0T
+2270111uC
0.23CCJG2AC
-J27468300
«J1921C500
«012926300
T

.04283116C
«05523%870G
«034S517CC
«G00088532
- 003015300
+C0004119%

«CC0323415
000022025
«000083101
+0CCS557134
«000033659
-00C1345634
«000783467
+003045149
«0C318I567
001014519
« 000050443
«0G2225755
.00128218¢
«02444150¢€C
.00854982Q

«0244415¢CC -

«00E54983C
«030685651C
«0166678CC

(TABLE 2-3 -

«G42831100
C.C¢cCoGOCa

«C428311°00

+Gcocess3e
«0CG0C41199
«GCOC1C300

+CC0323415
«CC0Cc8Rl01
.CC0C22025
«0CTS57134
+0C0134634
LQCCH33659
000788497
« 00180597
«0CEC45148
.0C1C16519
«0C0225795
«GCO056449
.0C1282180
.012920900
-C15Z1CECG
«OC854983¢C
« 024441500
.018225100

¢.0C0C00000
«042831100
C.C0COCONO00
«0COCHRS32
«£002C5996
¢.000CQ0020

«Q00323415
+030440506
0.C3CC000J0
«00UCHHT134
+C00673172
0.000CC0000
«£00788497
«0G3502986
G.060CCg000
.001Q16519
.001128974
0.00QC0G0G0
001282180
«012%20900
«019210600
« 027468300
0.000C0C000
«018225100

2-64

« 055238700
+03495170G
«0C3C04427
+000017706
~00N205998
«00301€171

« 000064683
«000440506
«00C027857
«0G0111427
«002673172
.000039425
« 000157699
«00U9G2986
006050826
«0022053304
+ 001128974
«000C64109
«00C256436
« 024441500
+008549830
«00b856610
+016667800
« 006856610
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534951700
«L39295600
«0COC17106
«300004427
000205996
«QCCU646EI

+000016171
«0G0440506
«0COIL1427
+C0C0278B57
J0C06TAL72
«0001576%9
« 0000339425
+ 00907988
«Q0G203304 .
«C000S0DB26
« 001128974
«L00256436
+ 000064109
0. G005A0000
«G27Q011100
«OCEHS06L0
+012920900
+019210600
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TABLE 2-4

QUADRATURE DATA SET PARAMETERS

Symmetric Quadrature Sets

Number of Number of
. Initialization Initialization
Number of  Number of Quadrature Angles Number of Quadrature Angles directions in directions in
Space Angles in the upward (+1) direction  in thedownward {n) direction the upward (+1)  the downward (-}
(A04) (A05) (A0S) direction (AQ7) direction (A0SB)
6 (S,) 3 3 1 1
16 (5 ) 8 o 8 2 2
30 (S 6) 15 , 15 3 3
48 (Sg) 24 24 4 4
96 (5] 2) y 48 48 ) 6
160 (5, ) 80 80 8 8
Asymmetric Quadrature Sets
80 (- nasymmetry) 15 &5 - 3 15
80 (*+7 asymmetry) 65 . 15 15 . 3
102 {-q asymmetry) 15 87 3 o 15
102 (+7 asymmetry) 87 15 15 -3
124 (- 7 asymmetry) 15 109 3 15
124 (+n asymmetry) 109 15 15 3
138 (-7 asymmetry) 15 123 . 3 17
138 (+7 asymmetry) 123 15 17 .37
146 (-~ asymmetry} 15 131 3 15
146 (+7 asymmetry) 131 15 15 3
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The radial mesh interval spacing is approximated by the following relationship:

50 t
1.0 +2 /Eg

Criterion 1: AR < g'gt
. 4 Z
. g
t ., . . -
where: 2, is the largest total or transport corrected group cross section in a region

S for any group

S
2 ? is the corresponding within group scattering cross section for the above
99 selected group,

This criteron has been relaxed somewhat from the original equafion(7) because
of the negative flux fixup routine normaily used in DOT-HW calculations (MODE = 1),

The axial mesh interval size is approximated by the following relationship:

t
Criterion 2: AZ<2. O/Zg
where: Zf- is the largest total or transport corrected group cross section in the region for
any group.

In problems where core data storage limitations prevent adherence to the above
two guidelines, an intuitive choice of mesh must be made to avoid questionable answers

resulting from negative flux solutions. The following procedure should be followed: -

Criterion 3: Criteria 1 and 2 should be applied near region boundaries or where
large flux gradients occur.

Mesh size should not vary more than a factor of two between adjacent
mesh intervals (i. e., Criteric 1 and 2 can be relaxed within a region
away from boundaries). )

Criterion 4:

The intervals near the periphery of a reflected core inr,z and r, ®

Criterion 5:
problems should follow Criteria 1 and 2.
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The remainder of the radial mesh in fh-e core, reflector, etc., can be determined by -
Criterion 4. N

':Jusfificcfion for usage of Criteria 3, 4, and 5 can be based on a \ppior knowledge
that most of the particles at any pointin-a region are produced by sources or scattering down
from higher groups rather than direct transport from neighboring points. At the periphery of a
reflected reactor, this condition does not exist because of the returning thermc;l neutrons from.
ihekrefleci'or; hence, Criterion 1should be applied. at the periphery of the core if negative
fluxes are to be avoided: -

Although negative fluxes may occur using Criteria 3, 4, and 5, the location of ‘
these negative fluxes and the relative flux level surrounding the negative flyx should now
have a negligible effect on the overall problem solution. o

An approximation of mesh interval size in large non-centrol void regions (such as
the void befween a reactor and an external shield) may be represented by a method suggested

@)

region as if a total cross section of E = 1/F existed in the region (where r'is a mean radius).

by Putnam™™ ™, . .non-central voids should be handled by choosing mesh mfervqls in the void
Where a iqrge expanse. of non-central void-exists,: it saves on mesh points to define several
conflguous void regions with different r mesh interval sizes to, permit fewer mesh intervals
in the outer regions wherer is lcrger.

- Many DOT-IIW calculations have been performed using the recommendcﬂons ou’r-
lined in this section, andthe creditability of these criteria in determining mesh interval

spacing has been shown in practice.
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2,3 DETAILED INPUT DATA INFORMATION

This section presents a more detailed definition of selected parameters and arrays
defined in Section 2.2,2. Examples.are provided to illustrate the various ways of entering the,

data, or the specific manner in which the data must be input.,

2.3.1 Eigenvalue Calculations

In a homogeneous {eigenvalue or k) calculation, the eigenvalue is the effective
static multiplication factor, or the ratio of sources to losses in the time independent Boltzmann
transport equation. In an eigenvalue calculation, the following conditions are required:

1) The sum of the fractional fission spectrum (1% array) must be non-zero and

should sum fo 1.0,
2} Neutron production cross sections must be included for the fissile materials, and
3) The flux guess for the mesh intervals spanning the fissile materials must be
non-zero,

Because the fission source is determined by the flux computed in the previous outer
iteration, more than one outer iteration must be performed to converge the fission source.
In practice, approximately 5 to 10 iferation may be required to achieve outer iteration
convergence {for EPS = 10—3) for problems whose cross section mairix do not confain upscatter
cross sections, Approximately 2 fo 4 more outer iterations are normally required to converge
the same problem if the cross section matrix contains upscatter cross sections. The maximum
number of inner iferations per group required to achieve pointwise flux convergence can vary
from 10 to 100 depending on the system under analysis, It is important fo achieve flux con-
vergence on inner iterations by using a pointwise flux convergence criteria so that, after
scaling has been done on outer iterations, the number of cuter iterations required for
convergence will be at a minimum. In probllems with upscatter, because the upscatter process
assumes that the inner iteration flux calculation has converged, and because the DOT-1IW
code has features that restrict the number of inner iterations, it is essential that pointwise
flux convergence be achieved and that the restrictions on the number of inner iterations be

used with caution,
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A good flux guess is an essential requirement for an eigenvalue solution in a
minimum of computer time. The best flux guess is from a similar DOT-IIW calculation where
the number of mesh and energy groups are the same, Even if minor perfurbations in mqf.ericl
composition or mesh spacing occur, these data constitute a very good flux guess. If a
" previous DOT-1IW calculation converged flux tape is not available, the user should consiaer
running two ANISN-W one-dimensional calculations to obtain a suitable flux guess, As an
example, if an r-z DOT-IIW calculation is to be performed, the user would run'a ¢ylindrical
(or radial) geometry ANISN-W calculation and a slab (or axial) geometry ANISN-W calcula-
tion. From these two ANISN-W cc]culufions, the user can construct a suitable flux guess for
DOT-1IW using the flux input parameter option, MO7 = 4. This technique cansave 2 to 6
outer iterations over a uniform flux guess. [f no conceivable or practical way exists for
obtaining a flux guess for a éiven DOT-1IW calculation, the user must input a uniform: flux
guess of 1.0 in the mesh intervals spanning the fissile materials and a 0.0 flux guess elsewhere,
In k-calculations, the DOT-1IW code normalizes any flux guess-that is inpuf so that only the
flux shape or gradient is lmporh:nf Additional information on convergence and normallzahon

are given in Section 2.3.8 on "Other Useful Information".

2.3.2 Fixed Distributed Source Caleculations

The DOT-IIW code can solve the time independent Boltzmann transport equation for
inhomogeneous problems with volume distributed sources; fissions may be‘included for a
subcritical system calculation. The two frequent types of calculations are either fixed neutron
distributed source calculations with no fissions, or fixed photon distributed source calculations,
For these two calculations, the following conditions apply:

1) The fractional fis‘sion spectrum (1* array) can be filled with 0.0 if no

fissile materials are included,

2) If the fission spectrum (1* array) contain all 0.0s, neutron production cross

sections, if present, .are ignored, and

3) If no up scatter cross sections appear in the cross section matrix, only one outer

iteration is requi-red. This is accomplished by (a) making D05=0 when IAFT=1,- 2,
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or 3, or (b) making D05=1 when IAFT=0, If upscatter cross sections appear in
the cross section mairix, then outer iteration is required to-converge the up-
scatter source and from 3 fo 10 outer iterations may be required.

If fissions are included in the volume distributed source calculation, k for the system
must be less than unity for convergence (a source problem is meaningless if k>1.0), Also,
convergence becomes increasingly difficult as k approaches 1.0, ‘

It is important to achieve flux convergence on inner iterations by using a pointwise
flux convergence criterion because the scattering sources for lower energy groups depend on
flux solutions in the higher energy groups. The DOT-1IW code solves for the energy-dependent
flux from high energy group to low energy group, and any error in the flux solution in @
higher energy group fends to propagate errors in the soltuion in {ower energy groups., For
this reason, the maximum number of inner iterations per group réquired_fo achieve pointwise
flux convergence can vary from 10 to 100 depending on the system under-analysis.

A flux guess of all 0,05 is sufficient for source calcul‘afions with no fissile material.
Additional information on convergence and normalization are given in Section 2.3.8 on

"Other Useful Information".
2.3.3  Fixed Boundary Source Calculations

The DOT-HW code can solve the fime independent Boltzmann transport equation for
inhomogeneous problems with a boundary source at f.he top and/or the right boundary;
fissions may be inciuded for a subcritical system calculation. The following conditions apply:
1) The fractional fission spectrum (1* array) can be filled with 0.0 if no fissile
materials are included,
2) If the fission spectrum (1* array) contains all 0.0 neutron production cross
sections, if present, are ignored, and _
3) If no upscatter cross sections appear in the cross section matrix, then only one
outer iteration is required. This is accomplished by a) making DO5=0 when 1AFT=
1, 2, or 3, or b) making D05=1 when IAFT=0, If upscatter cross sections appear

in the cross section matrix, then outer iteration is required to converge the

upscatter source, and from 3 fo 10 outer iterations may be required,
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A boundary source on the right cxnd/or top boundary is input from cards to DOT= HW
by specifying the angle, space, and group dependent boundary condition f!ux which results

from the desired source. The card input (IBXS=0) is specified in the 18* arrc:y as follows:

1) If both BO2=4 and B03=4, the complete’ -inpuf for the right boundary is entered
first, followed by the compiete input for the top boundary,

2) The angular fluxes are entered in order by angle, interval, and group,

3). For the top boundary the interval sweep is from left to right, ‘3

4) For i'he right boundary the interval sweep is from bottom to top;

5) For the top boundary a total of AOé*lM*IGM entries are required. For each
interval and group fhe A06 ongular entries are ordered.as they are specified by
the quadrai'ut:e directions set (7*); however, data are entered only for those
angles for wh‘i'ch,n<0. Initial directions (weight=0.0) are included, ‘

6) For the right boundary a total of [(A04-—A07-A(B)/2+A07+A08] * IM*IGM.
enfries are required. Fer each interval and group, the ungufcr entries are
ordered as they aré specified by the quadrature set; however, data are en’rered
only for those angles for which p<0, Initial directions are included, -and

7) If the total number of source entries exceeds the number specified by ISIZE
on Card 1 of Data Set- 1, DOT-HW will be unagble to write the boundary source-
tape and exec:‘.ui'ion will be terminated.

A boundary source from tape (IBBXS=T1) is obtained at present from either o previous
DOT-HIW calculation or a.MAP calculation, At present, only a fop‘boundqry soufce may be
inpuf.From tape.. . _

-. The top boundary source, whether from cards or tape, must always be contained-in the
first A0S angles. The first A0S entries in the 6* and 7* (quadiature data) arrays.for that
boundary source problem must represent the quadrature data in the (-n) direction followed by
the quadrature data in the {+7°) direction, Often, this means that the geometry for the second
DOT-IIW calculation in o coupled geometry calculation must be inverted in the =z di'rgcfion
with respect to the first DOT-HW calculation so that the upward.directed (+7n) qngiJlal: fluxes
from the first DOT-1IW éqlcblution can be input as-a'downward directed {~n ) fixed boundary
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source for the second DOT-IIW calculation. However, if the user had inverted the geometry
in the first DOT-1IW calculation in this example, then the downward directed (- n) angular
fluxes from the first DOT~IIW calculation would be input as a downward directed (~ 7).angular
fixed boundary source for the second DOT-1IW calculation, Thus the geometry for the second
DOT-IIW calculation would not have to be inverted,

It is important fo achieve a flux cohvergence on inner iterations by using a point~
wise flux convergence criteria because the scattering sources for lower energy groups depend
on flux solutions in the higher energy groups. The DOT-IIW code solves for the energy
dependent flux from high energy group to low energy group, and any error in the flux
solution in g higher energy group tends fo propagate errors in the solution in lower energy
groups. For this reason, the maximum number of inner iterations per group reqi;ired to achieve
pointwise flux convérgence can vary from 10 to 100 depending on the system under analysis. -

1If no fissions are included, a flux guess of all 0.0s is sufficient. Additional -
information on convergence and normalization are given in Section 2.3.8 on "Other Useful

Information",
2.3.4 Search Calculations

The DOT;HW code will perform searches for the following quantities:

1) Time absorption (Rossi a), -

2) Material concentration, or

3) Zone thickness

In each-case the-searches proceed in the following manner:

1) Using EV, the initial eigenvalue, outer iterations are performed until the absolute
difference between two successive LAMBDAs is less than 3.0 EPSA, When this
test is satisfied, a new eigenvalue is determined by EV + EVM, where the plus is
taken if the system is supercritical.

2) Using EV + EVM, iterations are performed until successive LAMBDAs differ by
less than EPSA, When this is met, a linear extrapolation is performed to deter-
mine an EV such that LAMBDA = 1,0,

3) Using the new EV, iterations are performed until successive LAMBDAs differ by

fess than EPSA, When this requirement is met, a quadratic extrapolation is
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performed to determine an EV for LAMBDA = 1.0, This step is repeated until * ’
1.0 - LAMBDA| <LAL. When this requirement is met, a linear exfrapolci:ion
is performed in each iteration until two successive LAMBDAs are within EPS of 1.0,
In a Rossi o search, the eigenvalue defermined is o in the quantity a/v, the amount
of 1/v absorption needed to satisfy LAMBDA = 1.0. Ina concentration search, the eigenvalue
is determined by its.use in the mixing table, This application is very general,

_Clever use of the mixing table will allow searches on several elements while
maintaining volume fractions, isotope ratics, etc. The final concentration from the search |
may ine determined by inserting the eigenvalue into the specified mixing table positions and
compuhng fhe new cross sections, and hence, the new concentration, '

. In a zone thickness search, the input radial and axial interval sizes are multiplied
by the correspondmg radial and axial modifiers times the eigenvalue. The correspondence
is given by the radial and axial search zone numbers which are specified by interval. For

example, in a problem with 10 radial infervals and 10 axial intervals, the search specifications,

213 v 11 1 v 2 2 2 2 2
22* 0.0 Lo

23% 1 1 1 1 1 2 2 2 2 2

24* 0.0 0.5

will cause the first fi-ve radial and axial intervals to remain fixed, while the last five radial
intervals are varied twice as fast as the last five axial intervals. The final values of the
radial and axial intervals are printed out. .

If $02=0, all the above searches will search for a system having a k of unity. I
a parametric search is specified, one may determine an a, concentration, or zone thickness
for a specified k, or the concentration or zone thickness for a specified a, [f 502=0,
the LAMBDA printed in the monitor line is equivalent to an unconverged k. "I parametric
search is specified, k is equal fo LAMBDA times the parameiric k or LAMBDA times the k

corresponding to the parametric a,
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2.3.5 Limitations

In the application of discrete ordinate fransport fechniques, in nuclear or radiation
shield design problems, two types of limitations can be encountered: the first limitation
occurs when the application of the two-dimensional discrete ordinate fransport method to a

calculation is inadequate or inapplicable, and the second limitation occurs due 'to insufficient

core data storage space.

The first limitation must be realized by the user. F. R. Mynatt, in a paper entitled,
"The Discrete Ordinates Method Problems Involving Deep Penetrations”, 4 outlines some

of the basic assumptions and approximdtions involved in the method and portions are

abstracted here:

- " ....The linear Boltzmann equation for fransport theory is not derived from
first principles of physics. On the contrary, it is stated as a flow balance
for a differential phase space cell, treating in @ phenomenological manner the
events causing an'increase or decrease in the number of particles contained
in the cell. The discrete ordinates difference equation may be stated in an
equivalent manner for a finite or differential phase space cell, and this is
the manner in which the equation is presented in most references, In fact,
for some time it was questioned as to whether the discrete ordinates equa-=
tions would in general approach the analytic form of the Boltzmann equation
as the finite difference phase space cell approached differential size. .. -

', .. .In order fo discuss the application of the discrete ordinates method
to deep penetration problems, the basic approximations will be
reviewed. The definition of a finite phase space mesh and the subsequent
approximations invelved in integrating the differential equation over a mesh
cell constitute the major approximation. The space, angle, and energy mesh
should be sufficiently fine to give the desired resolution in the angular
dependent spectra, and to provide sufficient accuracy for the mean value
approximation as used in the convection terms of the transport equation.
Although it is relatively easy to choose a mesh for a desired resolution it
is not. currently possible to defermine the accuracy of the difference equations
for a specific mesh for nonanalytic problems. Since the mesh is adjustable,
current practice is fo first select a reasonable mesh based on experience
and then make a few adjustments to determine the effect of a finer mesh on
the desired answer. For deep penetration problems, it is particularly true
that one cannot use a crude mesh in energy, space, or angle. For example,
extreme penetfration in one-dimensional geometry have occasionally
required 400 space intervals, 100 energy groups, and 32 angle intervals,

| :
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The typical one-dimensional shielding problem uses 100 - 200 space points, -

30 to 100 energy groups, and 16 to 64 angles.

*. .. .The-accuracy of the multigroup constants is, of course, closely

related to the energy mesh. In the derivation presenfed the multigroup

procedure is exact and would, in fact, be so if the weighting functions

were exactly known. In practice, the best that is done is to assume

weighting functions to get fine group cross sections.and then perform a

transport calculation with fine groups to compute the weighting functions

to reduce to perhaps 20 or 30 broader groups.

'. .. .The remaining major approximation in the method is the truncated

. polynomial expansion of the differential scattering cross sections. There
are really two types of anisotropic scattering: first, the heavy nuclide elastic’
scattering of neutrons which af high energies is extremely anisotropic, but
-the angle energy correlation is unimportant; second is the elastic scattering
of neutrons by hydrogen or the Compton scattering of gammas which has an
‘important angle energy correlation which becomes an angle group correlation.
- The method used for anisotropic scattering in the discrete ordinates equations
appears fo work very well for both types of scattering. Experience to date
has shown that fow order approximations such as Py and P3 are adequate for
‘most practical problems, and rather severe problems have been udequofe[y
resolved with Pg or Pge
'+ +..There is an import’qnt difference between the anisotropic scattering
technique used in the discrete ordinates method and the techniques based
on Legendre polynomials which are frequently used with Monte Carlo or
moments methods. In the discrete ordinates method the energy and angle
effects of scattering are described independently, That is to say that the
scattering law is not included in the discrete ordinates method but is
implied in the cross section matrices, As a result of this, the energy
transfer cross sections may be conveniently based on much more accurate
‘information than the angular information. For example, the multigroup
transfer coefficients may be derived from data including a Py5
expansion of the differential scattering cross section in the center of mass
system, while the final results will be used for a P, expansion in the
laboratory system. Thus, a P3 ANISN calculation may be superior to a
Monte Carlo calculation, using a.P3 representation of the same basic
data. The evidence to date indicates that a good description of the
energy transfer effect requires a higher order approximation than is

" necessary to adequately describe the angle effect , . . .
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'. .. .Insummary, the discrete ordinates method appears very attractive for
_use in shielding problems. The development of a general technique for
anisotropic scattering, the use of step function differencing as an alterna-
tive to diamond differencing in the event of a negative flux, and new con-
vergence criteria have, when applied in codes developed for the large new
computers, given good solutions to difficult problems. Current work in
convergence acceleration and other techniques such as analytic first
collision sources in two-dimensional geomeiry has shown promise of
further improving the technique.”
The second limitation of insufficient core data storage space results from affempfing'
to run foo large a problem for the amount of data storage specified in the input data, At

- MSFC, 65K of core storage is available on the UNIVAC 1108 for use with DOT-HIW.

" Because the DOT program is written in variable 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 at MSFC, can be easily accomplished by changing only one FORTRAN
card in the main program of the DOT-IIW code. At present, approximately 51, 00010

locations (ISIZE) are available for data storage.

2.3.6 Boundary Conditions

The DOT~IIW code has provisions for specifying the boundary conditions at each of
the four external surfaces of a problem. These four boundaries are labeled "left®, "right",
"top", and "bottom™® as indicaied below for thé various geometries.

+Y ’ +7

b Lo
l

x, y Geometry r, z Geometry  _ r, © Geomeiry
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The user has a choicé of the following six boundary conditions:

1) Vacuum ~ the angular flux, £ (r, z, E, @), leaving the specified boundary is

nof returned. The code allows the particles to escape from the system.

2) Reflective - the angular flux, f, , z, E, ), leaving the specified boundary
is returned at the same boundary with perfect, mitror reflection as a function
of spatial position, energy, and angle; i. e., the exi’riné flux is returned in

the exact opposite direction in which it left the system.

3) Periodic - the angular flux, @ (r, z, £,0), leaving the specified boundary
is returned at the opposite boundary as a function of spatial position; energy,
and angle, i.e., the exiting flux at the right boundary (or top boundary) is
returned in the exact direction in which it left the system at the left boundary

(or bottom boundary).

4) White - the angular flux, & (r, z, EQ), leaving the specified boundary
is infegrated over the angular var‘iuble,_ﬁ . This flux is then returned isofropical-

fy af the same boundary as a function of spatial position, energy, and angle,

5) Albedo - the angular flux, 4 (r, z, E qv), leaving the specified boundary is
integrated over the angular vcriubfe,ﬁl. The flux is then returned isotropiéc”y‘
at the same boundary as a function of spatial position, energy, and angle,
proportioned by the space-and energy-dependent input albedo (or fraction

of returning particles).

6) Source - the angular flux 8 (v, =, E,T{), leaving the specified boundary is
not returned. The angular flux that is returned at the same boundary is the jnput
angular flux, (boundary source) as a function of spatial position, energy, and

angle,
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The code allows the following ‘choices of boundary conditicns:

Left Right - Top . ‘ ) Bottom
Vacuum . - Vacuum Vacuum ’ X ' Vacuum
Reflective Reflective ’ Reflective ' Reflective
Periodic. Periodic ) Periodic Pericdic
' White o White White
Albedo ’ Albedo T -Albedo
Source : Source .

By careful forethought, the use of symmeiry conditions in setting up the problem
y g ymmetry p the p

geometry may reduce problem complexity by a factor of two or more. [t is also evidenf that:

1) ‘A vacurl:m-boundary condition at the Ie"ﬂ' boundary is impc-:ssibie fcr- r, z and
- r, O geometries, h l
éﬂ) A periodic boundary condition for one boundary is an impossibie specification,
i Opposite Boundaries or atf four boundaries must be specified as_periodic,
3) A periodic boundary condition af the left and rié}\f‘boundary is impossible
‘ for r, z and r, © geometries, ) '
4) A reflective right-boundary condition is .impossible for r,z and r, @ geometries,

5) . An input albedo boundary specification greater than 1.0 generates particles.
2,3.7 'ther Useful Information
Balance Table Description

The 'DOT-1IW program reads as inpuf data, or calculates the following quantities:

Name ‘ i Description
(1) EXS, i) ; the fixed distributed or fixed boundary source as a function of mesh
rir .
., interval i, j and group, g
(2) K7g . ;- the fractional fission spectrum as a function of energy group, g-
~(3) V-Oi . , the volume element at each radial and axial mesh interval, 1,
r .

2 2 - 2 2
(XH_]-xi) (yiﬂ_yi)”r (r R i) (ziﬂ_zi)' (ri+] -t i)

(gi-ﬂ_gij (0.5), for (x,y), (r,z), or (r, 8) geometries, respectively.
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(4) N2i, e i . scalar flux as a function of mesh interval i, | and energy group, g.
(5) W ., angular quéxdrafure weights as a function of space angle, m,
Gy o » angular quadrature direction cosines as a function of space angle, m,
(7} B . , angular quadrature direction cosines as a function of space t.::ngle, m.
(8) FI.')E"i ¢ the fission density as a function of mesh interval i, | |
9y v Ef -Nu times fission (the neutron production)} cross section as a function

- ok :of energy group, g, and inferval, k. .

(10) A0(1) |

, 1.0, 21Tr], 2mr . for (x,y), (r,z), or (r,8) geometries, respectively.

(11) AO(IP) , 1.0, Z“HMH’ 2n, M1/ for (x,y), (r,z), or {r,8) geometries;

_ respectively.
(12) Z5, oy gy ddz ., oz, or (B, .-8.) for (x,y), (r,z), or {r,8) geometries
| Y Y AR TR O 0T A ’
; respectively, '
i ! (x'i"}'l-xi)’ ﬂ(r i+-i"ri )r or (r H_'I-ri) for (XIY)I (I’,Z), or (l',e)
geometries, respectively. _
(14) BO,B2, ~, are surface angular fluxes as a function of space point, angle, and
B4, B
energy group.
(15) i , radial mesh interval
(16)i- - , axial mesh inferval
(17) ¢ ' ", energy group .
(18) k , material
(19) m .. ,space angle
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Each column printed in the balance tables can now be defined.

Fixed Source

EQ =§ :E FXS.. x VO..
g 9 bl

: .

i

Fission-Source

E1 = ZZZVO x YZe X K7 x N2
s gr k g VTR
ln Scatter
EZ ZZ , X VO, | § !
) Z 2 g"b‘g tJ'IJ'Q Ir] or g_ ?é 9

Self Scatter

EZZ Zg' x N2,. /% VQi’i forg=g

g+=g 1.9

Horizontal Leakage
We define:

-‘
VRL = Z‘Z (A (1P) x 75, x WO x b x (B0, o+ 2, | ))forp> 0

i m
VLL =ZZ (AD (1) x Z5, x WO x B0,  + B2 for u< 0
g ‘ i pmx( {/M,g i:m,g” or w
f m

then:
E4 = VRL -VLL
g g g
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Absorptions - q
e T e e,
Qut Scuﬂer .
ZZZ Y Vo, |-t -3
.r]rg 1, -g Jd

Right Léckuge
E7 = VRL
g g

Vertical Leokage
We definer

VIL, =Z§:(AI><WO x 1 x(B4img+36img))f0r’7 >0

VBL_ ZZ(A] XWO_ x 1 x (B, +B6  ))for 7 <0
m ,m,g i,m,g

then:
F5 = VTL - VBL ’
g -9 g
Top Leakage
F6 = VTL
- g g

Net Leakage

F7
g

(VRL = VLL )+ (VTL - VBL)
g - 9 g g
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Balance _
EQ +F1 +E2 -F7 -E5 -E6
= g g g g g 9
A7
g EO +E1 +E2
g g9 9

NOTE: 1) If EOg + E]g + E2g = (, then the denominator above is
replaced by 1.0, ‘ '
2) If104=35, EOg is not included in the above equation,

The DOT-IW code prints the above 12 quantities by group as well as the sum over

all groups summed over the whole geomeiry.

Certain relationships and conditions that should exist among the various entries in the

balance tables are:

1) The sum of the net leakage plus the absorption should equal the fixed source
plus the fission source {except for boundary source calculations).

2) The in-scatter into group 1 should be zero {numerically, it will be six decades
or more below the other entries in the in-scatter column),

3) The out-scatter from group IGM should be zero in problems without upscatter
(numerically, it will be six decades or more below the other eniries in the out-
scatter column

4) In k-calculations, if the entries in the fission source column do not equal the
1* array times 501, then the enf;ies in the 1* array do not add up to 1,0,

5) The total in-scatter should equal the total out~scatter.

For k-calculations (i04 =1, 2, 3, or 4):
For the system,

! F6 0P EO + E1+ E2
to4 =E5+E6+E4 + F5
I

LEFT E5 © RIGHT
(B4-E7) <t = 1> E7

v

]

BOTTOM
(F5 - F6)
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For distributed source calculations (104 = 0):

N TOP
]

LEFT - E5 : " RIGHT
(E4—E7) <— | S E7
'y ;

. BOTTOM

(F5-F6)

For boundary source calculations (104=5}:

!
. (EO+F6)
":301‘ TOP
t
v
E5
LEFT o | N RIGHE7
(E4-E7) | i
! BOTTOM
| (F5-F6)
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For the system,

FO+E 1+ E2=E5+E6+E4+FS

For the system,

E2=E5+E6+F7



Description of Cross-Section Input
The cross sections from cards are entered by table position, group, and material,
The cross section table for group g of material M is arranged as follows;

Table Position
Number . Type of Cross Section

g
i Zu
2 - "E‘fg

3 (IHT) PO
4 Z gtMm-g
3 gtM=T—g ‘r Upscatter Cfoss Sections
(IHS) 2 gg
Z gm =g
\ Downscaiter Cross Sections
- (1Y) 22 g-Ner g

where:
Zag = absorption cross section for group g
."Z 9 = neutron production (Nu, fission) cross section for group g

ZTQ = total collision cross section for group ¢

2 9+Merm g = upscatter cross section from group g + Mto g

E g0 = within group scattering cross section for group g

E g~Nesg = downscatter cross section from group g-N fo g
IHT = position of ZTQ
IHS = position ofzgg
ITL = length of table

M = maximum number of groups for upscaiter
N = maximum number of groups for downscatter
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The cross section data are entered for each of the above ITL table positions for group 1
followed by the cross section data by table position for group 2, and for each group to
group |GM for material 1, This format is then repeated for all materials. A complete cross
section table must be entered for each group, table position, and material; €.g., zeros
must be entered for impossible transfers such as downscatter pos'iﬁons in group 1. The cross
section tables for the P], P2, etc., scattering are ordered in the same form as the P0 trans-

fer matrix, For these tablesy 9 = 0,0, pZFQ = 0,0, and ETQ = 0,0,
a

Thus, the parameters [HT, IHS, and ITL completely describe the format of the cross sections,

If there are no activity cross sections, IHT = 3, [f there is no upscaiter, 1HS = IHT + 1,

If there is no downscatter ITL = IHS (i.e., a one-group problem). If there is upscatter,
DOT-IIW will compute a total upscatter cross section for each group of each material and place
that cross section in position IHT + 1. This total upscatter cross section is printed output.

The activity cross sections are used only for activities (195, 20%) and need not appear in

the calculation. The PB cross sections must contain a (22 + 1) ferm. -Previous Sn codes

supplied this term intemally, This factor may be included externally via the mixing table.
APPROPOS and GAMLEG-W supply the (22+1) term required by DOT-IIW,

Description of Mixing Table

The DOT-1IW mixing table has the following form:

Mixture Sum Component Density |
(108) (119) (12%)
6 o 0.0
6 1 0.4
6 3 0.5
7 0 0.0
7 2 . 0.4
7 4 0.5
7 0 3.0
5 5 0.0
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The input rules are as follows: _
1) If the mixture number is some number, N, and the component number is 0,

then the cross sections in mixture N will be multiplied by the number entered in

the density column,

2) If the mixture number is N and the component number is M, then the

cross sections in component M will be multiplied by the density and added to the

cross sections in rmixfure N,

EmixTURE N (NEW) = 2o URE N ©OLD) 22 comp M * DENSITY)

3) K If the mixture number is N, the component number is alse N, and the

density is zero, the cross sections in mixture N will be multiplied by the eigenvalue,
EV. This should be used only in concentration searches.

4)  Note that either a mixture or a component may be made up of microscopic:
or macroscopic cross sections for a single isotope or mixture of isotopes. For

1

example, the mixture table given above would do the following:
(1) Clear the space for mixture 6. 26 = Zé x 0.0
(2)  Add componenis 1 and 3 with densities 0.4 and O, 5, respectively
to form mixture 6,
2y =2y x04+5,505
(3)  Clear mixture 7, 22 =247 x 0,0
"{4)  Add components 2 and 4 to form 7.
Z7= 22,(0.4 + 54 x0,5
(6)  Multiply mixture 7 by 3.0.
'Z7 = 27 x 3.0

(6)  Multiply mixture 5 by the eigenvalue,

z ZxEV

5575
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Material Numbers

All cross section sets, whether elements or mixtures, are referred to by a continvous
set of material numbers. In particular, the materials supplied in card form (14*, 14U, or
14V) become materials 1 through MCR, the materials read from the library tape become -
MCR + T through MCR + MTP, and any number greater than MCR 3 MTP, but less than br
equal to MT refers to a mixture. A mode error will result if a material is referred to fhc;f
is greater than MT.

When the order of scatter for any zone (a negative entry in the 9§ array) is greater
than zero, DOT-IIW expects the Pl cross sections to be material M + 1, the P2 cross sections
tobe M+ 2, etc., where M is the Py material number specified in the 9% array.,

If that material is anisotropic, it must have the order of P, scattering specified by
AQ3. In other words, P0 and P] or P0 and P3, respeciively; but PO and PI or PO’ P]’ and

) P3 materials may not be entered for problems declared P3.
Activities

Activities may be computed by interval as specified by M05 on card 8. This *
option provides a rapid and economical way fo obtain data such as reaction rates, dose
rates, capture or other desired response rafes. The interval activity is per unit volume,

The following table illustrates the use of activity specifications,

198 208
1. 1 3
2, 5 1
1, Compute activity for material 1, cross section position 3 in the intervals in
which material 1 appears.
2. Compute activity for material 5, cross section position 1 in all intervals.
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Albedo and Reflective Boundary Conditions

The albedo option aliows the user to specify a space- and energy-dependent albedo
at the top, right, and botiom boundaries of & problem. Inwardly directed (wifh- respect to
the problem) angular fluxes are returned isolropically, proportioned by the particular
boundary inferval albedo for that energy group. The user should check that the albedo and
reflective boundary condition has been sufficiently satisfied as-the problem convergence
proceeds, This check is necessary because the retumning angular fluxes af the top and right

boundaries are computed from the previous inner iteration angular fluxes for that group,

" Inner lteration Convergence Options

The DOT-HIW code described in this report incorporates a choice of four fechniques

by which the scalar flux-solution may be converged on inner iterations.- The choices are:

1) A2 =9, Gaussian lteration (or Normal lieration),
2) A0% = 1, Successive Overrelaxation,

3) AQ0? =2, Space Point Scaling, and

4) AQ% = 3, Chebyshev Acceleration.

Gaussian lteration —— Gaussian lreration is the simplest methed for solving

iterative problems, This technique also requires the greatesi number of iterations to meet
a given convergence criteria. The amount of core data storage required for this fechnique

is less than that required by any of the other fechniques.

Successive Overrelaxation —-Successive overrelaxation is an accelerating

technique which is applied after every fourth Gaussian Heration. Acceleration factors by
mesh cell are applied to the scalar flux, angular flux, surface angular flux, and higher
moments, These acceleration factors are dynamically compufeci from the N-1st, N-2nd, and
N-3rd scalar fluxes. The technique requires IM*JM additional data locations. For a wide
class of problems, this technique almost always converge;s in less inner iterations than the
Gaussian lteration technique, One exception is in deep penefration problems where the flux

decreases many orders of magnitude,
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(10)

Space Point Scaling — Space Point Scaling is an acceleration technique

which is applied after o predetermined number of Gaussion Iterations have been |
completed. The technique by which the scale cycle is determined is based on the

maximum dominance rafio for that energy group. The dominance ratio is approximated

by:
- Tyf,

and is afways. less than 1. 0.

The following };isfogram is used by the DOT-HW code to determine when to apply

Space Point Scaling:

Dominance Ratio Scale Cycle
0.0-0.6 2
0.6 -0.8 3

- 0.8-0.9 5
0.9-0.95 7
0.95 - 0. 975 9
0.975 - 0. 99 11
0.992 - 1.0 15

The code computes a space dependent acceleration factor by mesh interval
after the appropriate number of Gaussian lterations have been performed, and applies
these ucceleraﬁor; factors to the scalar flux, angular flux, surface flux, and higher
moments. The technique requires the greatest additional data locations of all the

acceleration techniques (5% IM* JM).

The technique almost always converges in less inner iterations than the
" Gaussian lteration Technique and is much faster for low dominance ratio problems

{e. 9., photon transport). The technique is particularly useful in deep penetration

problems,
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The user is cautioned that an undesitable inferaction between negative flux fix-up
(i.e., diamond difference breakdown) and Space Point Scaling exists, This effect can cause

oscillatory results in the computed maximum flux deviation resulting in no convergence for the

group in question. This interaction may be alleviated by sefting MODE=3 and using the weighted

difference equation solution.

Chebyshev Acceleration —— Chebyshev Acceleration is an acceleration technique

“which is applied every iterafion after the third Gaussian lteration. A single acceleration
factor is cppli'ed to the scalar flux, angular flux, surface flux, and higher moments based on
the Chebyshey polynomial method of iteration. The technique requires IM*JM additional
data locations, The technique shouid only be useci in problems containing low dominance

ratios and vacuum boundaries only; the technique fails for high dominance ratios.

Summary — The user must choose the acceleration technique to fit his problem.
In general, the Chebyshev Acceleration Technique should not be used. In problems where
data storage is not a limiting factor, Space Point Scaling should be used. For deep penetra-
tion problems or fixed distributed source problems, Space Point Scaling should be used, Where
data storage is limited, Successive Overrelaxation should be used, Gaussion lteration can be
used in extreme data storage limited problems. Finally, the zones of convergence options can

be used quite effectively to assist the problem in converging only in the zones of importance.
Convergence

The numerical solution of the multigroup discrete ordinate difference equations is
carried as a two-leve!l iferafive scheme. The two types of iterations performed are the inner
and the outer iteration. The inner iterations are the group iterations used to solve for the
angular flux in ali mesh cells for a particular group. An outer iteration is the iteration used
to solve the complete set of group equations. From the comparison of sets of successive outer

iterations, the eigenvalue and convergence can be evaluated,
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Inner li'eraﬁhon

The actual calculation in the DOT-IIW code proceeds from ar; input guess of gl:oup
fluxe:s. The fissionsource, fixed sou;'ce, and the in-sé:uﬂering into the groué (both isotropic
and anisofropi‘c) are assumed fixed within a group solution. The procedure used in DOT-IIW
to solve the group fluxes is based on a set pattern in the solution of angular and scalar flux,
The group calculation (an inner iteration} begins at the top-outermost boundary mesh ce I
(IM, JM). The top row (j = JM) angular fluxes are obtained by applying the top and right
boundary conditions and solving the inward and downward discrete directions '(pm <0.0 and
n <0.0) in an inward pass through the ‘jth row mesh cell. The left boundary condition is
qpplled ‘using the inward angular flux data for the innermost mesh cell (i = 1). Then afl
outward and downward discrete directions are calculated in an outward pass through the
jth mesh cell. The calculation then proceeds to the next row (j = JM -1), and angular
fluxes are calculated in a similar manner using the angular flux data for the. row abové _

(j = JM). This proceduré is followed to the i =1 row at which time the bottom boundary
condition is applied to calculate the upward angular flux at | = 1. The upward angular
flux at row | = 1 is then used fo‘ caleulate the up;.yard discrete direction fluxes in a manner
similar to the dm'.vnwcrd angular flux solution. The calculation proceeds from row j = 1 fo ‘
row | = JM always using the flux data from the | - T row. The latest angular fiux data at the
left, right, top, and bottom boundaries are always used in fhe application of boundary ’

_ conditions. This procedure completes an inner iteration.

The group inner iteration convergence is tested by céc;’fn[;qring the error in one or
more of the following quantities on successive inner iterations, 1).- \'rolume averaged fluxes,
_2) pointwise, ‘mesh cell fluxes, and/or 3) boundary fluxes in a group. Inner iterations are

necessary fo solve for within group scattering because neutrons may scatter from any angle to
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any other angle within the group, and the flux in all angles for all mesh cells is unknown
. at the beginning of the inner iteration loop. The inner iterations are continued until the
scalar flux converges according to one of two criteria:

. If pointwise scalar flux convergence is not desired, then an integral

" iteration test is used with EPS as the criteria. Convergence for éropp, g

is achieved if:

n n-1
" p V.. = ¢ .
Z 5 T irirg x VO
n PR
. . . P, .
i { 9 :
TR O

. Where VO is the volume element by mesh cell and is summed over the entire system

volume or the volume of the zones of convergence specified by A10 and the 285 array.

‘ 2. If pointwise scalar flux convergence is desired (G0670), then a pointwise scalar
flux eriterion is used over the entire system, or over the zones of convergence
specified by A10 and the 28% array with G06 as the criteria.

Convergence is achieved if:

n. n-1

MAX ‘P"r irg ) ‘p‘ir irg < G06
. n

. .
Ll.g

for each i, | mesh cell of interest.

- Where the maximum flux deviation is sought over every mesh cell, i,{, in the system,

or in the mesh cells of the zones of convergence specified by A10 and the 28% array. Inner

iterations are also terminated if the maximum number of inner iterations per group is reached.
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When carrying an out outer iteration, the calculation proceeds downward in ene;‘gy;
i.e., convergence is attained by inner iteration in the highest energy grou.p before starting
on the next lower energy group-. When caiculating the “downscattering” portion of the source
into any group, the new fluxes which have been calculated for the higher eriergy group:s are
used; however, the old fluxes must be used for the "upscatter" portion of the source. Hence,
the fission source and the upscatter source are compu}ed after all groups are solved. The
iterations which are carried out to give upscatter and fission source convergence are called
outer iterations. The calculation over all groups of the flux s‘olu’tion, therefore, c':omp_risés

one outer iteration,

. The fission neutron production rate by mesh cell s computed after a complete outef

iteration as: ‘
- mg — .
FOLi 7 z Z ngf X @ie X VO }
o g ‘m )

where:

vzi_. is the neufron production cross section,
¢ is the scalar flux, and

VYO is the mesh cell volume

At the same time, the upscatter source is computed as:

uel =ZZZZ{EQZZ X o .
g m i i

rlr8 b

A\ m . ) .
where: Zgi is the total upscatter cross section
g»g - ©
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The fission source rate is then computed as:
m, g
223 M IR
n . e VZF 8 ‘Pir irg X g x irlrg
g m q |

where: K7 is the fission specirum.

Next, A, or the multiplication ratio is obtained by taking the ratio of the new
fission source ratfe to the old (previous iteration) fission source rate.

For fixed distributed or boundary source calculation with fissions, the fixed source
is added to the fission source rate in the computation of \.

Outer iteration is continued untit:

'1"- Ml o< Eps
and
n
|1-UPl <Al4
upl"

are safisfied.

If convergence is not achieved, the fission spectrum and fission neutron production
rate are scaled by 1/M "so that A approaches unity as the iteration proceeds. The input values
of the fission spectrum (1*) are saved by the DOT-IIW code, and the fission specirum that is
scaled is a temporary quantity. To compute the eigenvalue, the code solves the following

equation

ket = X K7g*/ L K7g
19 g

1

where K7g* are the input values of the fission spectrum. The eigenvalue is also the product
of successive s,
The next calculation Is dependent on the type of problem being solved. If the

problem is an eigenvalue or parametric eigenvalue calculation, the program proceeds to the
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next outer iteration using a calculated (scaled} estimate of power (or eigenvalue) as the fission
density and scalar flux guess. This procedure is followed for both eigenvalue or parametric
eigenvalue calculations, but in parametric eigenvalue calculations the concentrations, dimen-
sions, or fluxes are modified after program-selected oui‘er‘literaﬁons.

In fixed distributed source calculations without fissions (e.g., photon transport) the
angular and scalar fluxes are obtained with a single outer iteration since particles are not
fransported from a lower group to a higher group by fission or upscatier. Hence, a single outer

iteration yields a solution of the photon energy angular and scalar fluxes.
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2.4 PROBLEM SETUP INFORMATION

This section describes the data deck setup for the bbT—llW code. Information on

tape assignments, running fime, recommended debug procedure, and error'messages is provided.
2.4,1 Tape Assignmenis = °

. The DOT-1IW code has. been piacéd on the MSFC,. UNIVAC-1108 computer under
‘the EXEC8 Monitor System. Un'dt.er this Sysi:ern, the DOT-IIW code may require a maximum
of eight tapes or disks. In some instances, disk devices (FASTRAND) can be substituted for
scratch tapes, c!epending on the complexity of the calculation. - The tape assignments are as

follows:

Tape 1 .

Tape 2 § - Scraich Tapes or Disks, always required. '

Tape 3 ]

Tape 4 'i'ape or Disk, required if IAFT >0

Tape 5  Input Disk

Tape 6  Ouiput Disk

Tape 8  Fixed Distributed Source Input Tape, M06 =5
Tape 9  Fixed Boundary Source Input Tape, IBXS = 1
Tape 11 Scalar and Surface Angular Flux Output Tape
Tape 12 Flux Guess Input Tape, MO7 =5

Tape 14  Cross Section Library Tape, MTP >0

Tape 8 and 9 can never be requesied simultaneously.

To reduce Peripheral Processor Unit (PPU) time and elapsed time, the following

-quantity should be evaluated :

NWORDS ={(IM*JM) + (A04*IM) + (A04*IM) + ([(Aoa* ‘(A03 +3))/2] *IM*JM)

If NWORDS is less than 4000, tape devices should be specified for tapes 1,°2, and 3.
If NWORDS is greater than 4000, disk devices should be used for tapes 1, 2, and 3. Simply
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stated, tapes are much faster than disks for short records. If scratch tapes are not specifically

requested, disk devices (FASTRAND) are automatically assigned.
2.4.2 ° Running Time

The required running time for a given DOT-IIW calculation on the UNIVAC-1108
computer is fairly easy to calculate if the total number of -inner iterations required for the

calculation can be determined. The following equation is evaluated:

% *® *
, CP time (seconds) = IM JMSA04 Tl

where:
IM is the n;meer of radial mesh interyals in the calculation
JM is the number of axial mesh intervals in the calculation
A04 is the number of space angles. in the calculation
Tl is the fotal number of inner iterations required for the entire calculation

S is the number of angular flux calculations per second as a function of P, scattering

as follows:
Sp = 5430 calculations/second
0
SP = 3940 calculations/second
1
Sp = 3220 calculations/second
3

Although a finite setup time is required, (approximately 20 to 70 CPU seconds) and
is not included in the above equation, the use of the above equation yields reasonably

accurate time estimates.
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2.4,3 Recommended Problem Debug Procedure

By temporarily setting D05 and 1AFT = 0, a complete input prinfout can be obtained
in less than 60 CPU seconds in all but the largest calculations, where perhaps 90 CPU seconds
may be required. This procedure is highly recommended where a complete set of input data
has been assembled from scratch. If only minor changes are made to an existing working
DOT-IW data deck, then the above procedure is optional. All input daia will be printed

out and the code will perform the standard input data error checks.

2.4.4  Error Messages

The following DOT=IIW code generated error message may be encountered: .

Me-ssage Code ‘ Description or Explanation
SN 64 . A05 + A0S # AD4; Quadrature parameters incorrect.
104 66 No IZ or JZ arrays were inpuf for a zone thickness search

calculation.

503 69 No parameiric eigenvalue was input for parametric eigen-

value search calculation.
IBSS 00 Insufficient core storage fo read in the fixed boundary source.
—— . "Program capacity exceeded”. Problem is too large to

fit on the computer or else the value of ISIZE was input

incorrectly.

—_—— "There is an error in the inpuf data or the logical kape
number assigned fo NAFT exceeds 15. " There is an input

datu error, usually.
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5804 404
S804 604

S804 1404

$807 2004

S807 7807

5807 1010

R5 1911
Z5 2111
NB 347

5851 1068
MNPR 106
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"Error, N entries required in (3*, for example) array,

data edit confinues. " The improper number of entries

were inpuf or else a T card is missing.

"Warning, Inferpolation used in (9%, for example) integer

array, data edit continues. "

"Fill option ignored in (9§, for example) array. " An
array does not require any storage or_else on input data

section is missing.

"Waming, Address is beyond limits of (9%, for

example) array, *
M7 (1) =0.0. One of the 1 values in the 6* array is zero.
M5 {I) = 0.0. One of the p values in the é* afray is zero.

Error in direction cosines. Asymmetry in the +u and —p

[, LW, x 7 | +l£_woi x b

Error in Mixiure Vector, The enfry in the 10$ array-is

direction.

o+

Zwoi - 1.0

])].Oxlo

greafer than the value specified for MT.

Error in © coordinates in r, 8 geomeiry

Error in radial dimensions, non-increasing values.
Error in axial dimensions, non-increasing values.
Error in neutron balance table.

I

Total fission in problem equal zero and 104 = 1,2,3, or 4

Internal parameter NGO imiproperly set.
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Message . Explanation

Error Mode: Type = 01, Code = 02, This error usually occurs when foo large an angular

ERR, Address = . flux tape is being generated. The solution to the

problem is to reserve the angular fluxes on a disc
and immediately process the disk for further calcula-
tions or set A1l to the desired mesh interval if all

flux intervals are not needed.

The Interpolation of Meaningless Floating point dafa where fixed point data belongs
Input was Attempted. 1/0 called or a title card where data belongs.

at Sequence.

Number of Subroutine .

Error Mode: Type = 01, Code = 04, Flux guess fape may have insufficient number of
ERR, Address = . . mesh or groups.

MAX TIME Insufficient CP time specified. If more than one

oufer iteration was performed, a flux guess may be

salvaged.

Other system generated error messages may be encountered, and the user shou Id

consult a UNIVAC-1108 Fortvan Reference Mdnual(] D for an explanation,

2.4.5 Sample Problem Input

Two DOT-IIW sample problems have been included in Table 2-5 to illustrate the following:
1) The flexibility of the input dafa formais, and ‘
2) The structure of a complete problem.
The first sample problem isan S , P3, 3 energy group, eigenvalue caleulation
inr, z geometry. A flux guess has been supplied from cards. The second sampie probiem is
a fixed volume disiributed source calculation utilizing identical cross sections as were used
in the first sample problem. Only one outer iteration is required for the second sample

problem.
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TABLE 2-5

SAMPLE PROBLEM CARD INPUT

30260 5 67 1 2 8 3 4 0 0
GCY SAYPLE PRODLEM NUMBER 1,

13 : 0 3 1é
s 3 1 0.0
1 b 3 3
i2 12 12 0
4] 0.0 3 3
1.0 6 0 30
.0 C.0002 G.0 0.0
o . 8 8 2
0 0 3 e
Lar N 0013792 «LC24645 « 99223
« 019753 026816 1.2€48 l.1546
+E3713 «3C205 1.68¢ 1.548%9
3 Jd.0 «&65301 5R C.C 1.8407
«G501i24 449522 ~9 3R C.C «53s76
-+015234 5R 0.0 ~.L4T7187 ~1.782 -7
5R 3.0 (398833 ~.CE2%68 5R 0.0
4,5227 -4 0.0 3.2C87 -1 3.2C15E-1
o.C 4« T8553 «177932 2+.6719 4
0.c «98114 «S5G3917 .Locsensl
« 18971 5R0.C «(BS185 ~1.073 ~4
.0 3R 0.0 «3179 SR 0.¢C
5k Q.0 ~1.4316-5 c.C 3R 0.6
+027748 1.7342 -6 5R (.C 3.5839 -6
0.7 «6HCY5 -£2306 2R0.0
1.4654 l.3709 +(8£251 0.0
1.,79137 1.785 «L593634 243804 =6
SR Q.0 2.5966 + «C05%036 5R 0.C
IR .0 67262  Ca.C la7216
"‘OC453‘32 ~1+3477-6 3R C.C 03191
~443%9%20-2 SR 0.0 ~-«14892 -1.0918~-8
3%
2.72 2.71 2.69 2.66
2.49 2e4l 2.32 2423
1.98 1.75 1.61 .47
1.0C -822 +&71 568
+E45 «108 «0623 -C361
«037006 + 00405 .C0230 «G0l22
2.73 2.72 2469 2.66
2449 2441 2433 2.23
i.382 l.75 1.61 le47
1l.0C +B25 «€73 +568
«182 «106 «G612 <0356
03689 00401 G0224 <0122
2.73 2.71 2469 2.64
2449 2.41 24322 2.23
1.88 1.75 1.61 l.47
1.60 .822 <671 «568
0185 1103 00623 s -0361
.00706 00405 007230 .C0122
T .

3% .
1.84 1.84. 1.82 L.79
le88 1.63 1457 1.51
1.28 1.19 1.09 + 594
<018 +567 «482 425
«216& +147 « L9969 G023
0152 00927 « L0545 . CO307
1.34 1.83 1.52 1.80
1.59 1.¢43 1.58 1.51
1.28 1.19 s 5940

1.9%

[
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2 GROUP+S4+4P3 4y R~Z4+K-CALCULATION

1
0.0
1

0

&
20
0.0

2
0.0

«G44107
«049779
« Q50405
«034195
5R Q.0
3R 0.0
—.082467
2R0O.0
Q0
0.0
S5RO.C
« 048595
1362
0.0

T.6982 -4

§.6944 -3
3R {.0
095594
~.02761
5R {.0
T

2.61
2.12
1.32
ahhl
L0211

« 000548
2461
2.12
1.32
Jhb4
.0206
000512
2.061
Z.12
1,32
+468 |
L0211

. 000548

1.77
le44
«892
«373
s 0396
+ 00136
1.77
l.44
«B92
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(Sheet 1 of 5)

Q Q CAT.A
DAT A

30ATA
0.00010ATA
10ATA
QDATA
SDATA
BODAT A
U.00ATA
0DAT A
OOATA

ZR 0.0 DAT 2
0.0 DAY A
13637 —-6DATA
SR 0.0 DAT A
1.2118 DATA
172490 DAT A
=-2.1059~-8DATA

6.6839 -3DATA
+GT7168 DATA
3R0.0 AT A
~4.8303-4UATA
—1+330 —6CATA
SR C.0 CATA
1.5274 ~4UATA
0.6 DAT A
0.0 DATA
JBYTS3 DaT A
749625 ~-90AT A
SR Q.0 CAT A
«158 DAT A
CAT A

DAT A

2.55 CATA
2.00 DaT A
L. 16 DATA
JH24 CAT A
«0121 ECATA

. LAT A
2.56 DAT A
2.01 LGATA
1.14 CATA
«319 CATA
+0120 DaTA
DATA

2.5% LATA
2,00 CAala
1.16 DAT A
+324 AT A
«0121 L[ATA
DATA

DATA

CATA

1.73 CAT A
1«36 OAT A
184 DATA
«3072 UATA
0241 CUATA
DATA

l.73 DATA
1.36 DAT A
JT8A DATA

10
2y
.36
“l
Sy
60
{G
50
90
10¢
114
120
136
143
150
16¢
176G
130
19¢
204
2lC
22¢
2.0
240
220
250

330

390
40C
410
420
430
447
450
460
470
480
490
S
Slu
bz2¢
53¢

S4¢

55§
5560
570
Y14

H9y
60U
610
by



TABLE 2-3 .
(Sheet 2 of 5)

577 +568 <482 ~425 «372 301 LATA 630

a2lb 0146 «CH65 L0621 « 0393 .024% bBATA 640
Q152 L00%921 «CO544 .D0304 «00133 DATA &b0
184 1.84 1.82 1.79 1.77 1.73 QAT A 660
1.68 le.63 1.57 1.51 . 144 1.36 DATA 670
3.28 1.19° 1.09 « 994 . 892 . 786 UATA &80
2678 +567 A4R2 <425 +3173 +302 pAT A 690
o216 <147 0963 06213 0396 20247 DATA 700
0162 ) 00927 +«CC546 «G0307 00136 pATA TLO
T DATA 720
3 UATA 730
+520 «517 0513 «a07 +«+%98 » 488 DAT A Tal
AT5 <460 . A4 4 «925 « 405 .383 pAT A 750
«359% « 334 + 208 «2B8Y . + 254 « 230 sat s 160
216 «230 262 +302 «368 .5290 DATA T70
<653 651 +€09 «526 435 347 GaTA T8O
«257 « 197 126 « G836 0349 QAT A 790
+ 520 2918 «513 «507 « 498 \ +488 DATA BQO
+475 <461 chlh 426 « %05 «383 DATA 810
»350 «334 «3AC8 +281 - «294 . «230 LAT A RZO
«216 228 . 260 « 200 + 3869 521 DAT A B30
«&53 5662 « &Y « 526 «435 . «347 DATA 840
« 267 «197 « 136 «C834 « 0347 pAT A 8%0
«520 .517 © 513 «507 «+498 4B38 DATA 860
«475 460 444 « 425 « %05 +383 LATA 870
359 2334 +308 «281 +254 «230 CAT A 88O
216 230 o262 «302 +368 «520 DATA BYD
«553 661 « 609 « 526 %35 .«347 DATA 900
« 267 197 «136 6836 «0349 0ATA 910
1 pata 920
Tu BATA $30

~.49E004728 -.350021200 350021200 —.936741778 -.868890280 ~.3506212000ATA 940
. ..350221200 .B6B89N280 — 555004728 —.350021200 .2500721200 ~.S2474LTTELATA 950
Z.Bo8B890230 -.350021200 ,3%50(21200 . +B&8230280 CATA 960
~,BHERICZB0 «.B68R90250 - REBRI02U0 -.3500212¢0 -.350021200 ~-.350021200LAYA 970
~.350021200 —.350C02120C .068850280 .B68890280 .B68890280 3500212000474 980

.350021200 350021220 L.350¢21200 4350021200 CAT A 990
T . ot DATALOOD
By DATRLOLO

0.0CC0000C0 .083333333 .CE2333333 (.CCOC00000 .083333333 J0B33ZIZZI0ATALOZU
.082333333 ,0833332333 G.0C0CO0G00 083333333 LO0B3333333 0.00000000QDATALC30

_083333333  .083333333 .0E3333333 ~083233333 DAT ALO4D

T : DATALOSO
1% 1.0 2R CaC 4% 191 Q.0 - 2118.273  CATALO&D
11119.633 32.143 5% 3R 1.0 DATALIQ?O
2% DATALOBO
C.0 0433 0.61 1.0 - ¢ DATALO9C

as y \ DATAL10O
208 1 3R 212R 3 Lo ?Rog\y&\% .DATAI110
20R 1 3R 2128 3 ot R_E CATALLZD
2QR 1 3R 212R 3 N DATAL130
9% DATAL140
-1 -5 -9 ULATALL1S0

10% 1 2 3 . 4 50ATALLGDC
6 7 8 9 10 L1LATALLIC

1211s 128 Clz* 12R 1.0 DAT AL 1RO

19% CATAL190
1 1 5 5 -9 QUATAL200

20% . DATA1Z210
1 3 i 3 1 < ..3UATAl22D

T DATAEZ230
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£OT SAMPLE PROBLEM NUMBER 2, 3
l s

3 0 3 16
35 3 0 040
1 o 3 3
12 1z 12 0
o 0.0 a 3
1.0 6 3 100
0.0 0.0002 0.0 0.0
[+] B ] 2
o 0 3 0
14¥ . 0013792 L CQ24645 «49223
.019753 026816 1.2648 1.1546
.17713 .30205 1,456 1.5C89
3R 0.0 «65001 SR (.C 1.8407
052124 4.9522 -9 3R {.C 53976
_=.015334 5R 0.0 -.047187 -7.782 -7
51 0.0 .098833 -.CE2568 5R 0.0
4.5227 -4 0.0 2.2087 ~1 3.2C15E-1
0.0 .78553 77753 2.679 -4
0.0C +9B8114 <90397 .0009081
.slg971 S5RO. 0 «C83185 - =1.L73 ~&
0.0 3R 0.0 -317¢ R 0.0
5R 0.0 ~1.4316-+5 0.0 3R 0.C
« 027748 17342 -6 5R C.C 3.9839 ~6
0.0 .6095 «52306 ZR0.0
1..4654 1.3709 .LB&251 0.0
1.7937 1.785 . +G93634 2.3664 ~6
58 0.0 2.5966 (55036 5R Q.0
3R 0.0 67262 + SR (.C | 1.7216
~. (46302 ~1.3477-6 2R G.0 «3191
~4.,3936-2 5R 0.0° -.14892 ~1.(918-8
3x -
2,73 2:71 2.69 2466
249 2.4l 2.32 223
1.9¢ 1.75 1.61 1.47
1.00 022 «ETL + 568
.185 108 . «G623 .0361
00706 “0C405 «G0230 .00122
2.73 2.72 2.69 2466
T 2.49 2441 2.33 2.23
1.98 1.75 1.€1 1.47
1.20 «825 #6713 « 568
.182 L1006 Goiz L0356
00689 «00401 - 00224 Qo122
2.73 2.71 2.69 2.66
2+49 2441 2032 2423
1.88 1.75 1.61 1,47
©1.00 822 €71 « 568
«18% .108 .C623 G361
02706 - 00405 006230 00122
T ;
3=* .
1.84 1.84 1.82 1.79
1.68 T.63 1.57 1.51
1.28 1.19 1.09 « 994
. «678 567 <482 425 -
1216 -147 .C969 0'062’3
0152 .00927 -0 C0546 00307
1.94 1.83 1.82 1.80
1.59 1.63 1.58 1.51
1.2¢8 1.19 1.09 . 694

2 g 3
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GROUP+3544P34+R-Z4F IXED SOURCE

(] (=]
v -
ONOMEDMOMD M~

Q
.

WG4107
049779 .
« 350405
034195
5K 0.0
3R 0.0
© -.082467
2R0.0
0.0
9.0
5R0.0
«048595
.1362
0.0
746982 -4
B. 6944 -3
3R 0.0
-.02761
5R 0.0
1

2.61
2.12
1.32
PTY
.0211
. 000543
2.61
2.12
1.32
44
20206
. 000512

" 2.61
2.12
1.32
.468.
.0211

«00C548-

1.77
1.44

+ B892
373
"+0396
«00136
1.77
1.4%

« B892

C g
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DAT Al ewl

CALCULAT JUNDAT 41250

3DATALZGD

0,00C1CATAL2TL

LCATAL280
OOATAF290
6DAT A1300

LOCOUATALSLQ
0.0CATAL3ZD
GDATAL330

QLAT AL 34D

2R 0,0° UATA1350
0.0 DAT AL36C
1.3537 —6DATAL3TYL
5R 0.0 CATAL32C
1.2118 - [CATAL340
.17245  DATALS0C

“2.1G59-8CATAL4LY
66839 ~3DATAL420

077168
3RO 0.

CATAL430
CAT A1440

~4.B303-4LATAL45C
~1.338 -60ATALLLD

58 0.0
1.8274
0.0
0.0
«BS9753
1.5£35

SR 0.0
«158

2455
2.00
I.16
« 324
0121

2454
2.01
lelt
«319
«0120

2.5%
2.G0
.16
«324
07121

1.73
1.36
«786
302
«0247

1e73
1.36
.786

“DATAL4TC
-4CAT AL4 YO
CATAL14S0
DATALS00
GATA151G
~9DAT A1520
GATAL530
CATA1540
DATA1550
GATAL560
DATALSTOC
DATAL580
CATAIS90
DAT AL&OC
DATAL610
CATAL&20
CATA143D
CATAL640
DATALESD
DATAL66O
CATALGTG
DATA1630
DAT 41690
DATA1700
TDATALTLS
DATAL720
GATALT3D
DATALT40
DATALTSG
DATALTEG
UATALT7O
LAT2LTa L.
DATALYYO
DATALBS.
CATALZLS
DATAL&ZC
DATALESC
DATALR&L
LATALEDD.
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- WB617 568 w482 25 372 «301 GATAldoQ
216 145 «C965 G621 L0393 «024% DATALB U
D152 00321 « 00544 «G0304 »00133 DATALBYL
1.84 1.84 1.82 1.719 1.77 1.73 DATALEYU
l.68 . 1.63 1.57 1.51 leh4 1l.36 DATALS0D
1.286 1.19 1.09 594 . 892 .TH6 DATALYLY
HT8 <567 482 0425 +373 . +302 DATALYZU
216 147 « 985 0623 . .0396 0247 LATALS3D
1152 .00927 «C0545 «C0307 .00136 DATALD4E

T DATALYSC

. 3% LATALSOU
.520 517 «513 « 507 AT "e488 DATAL9TC
415 24E0 Q%4 T 425 LU .383 OATAL9ED
«359° 334 +308 » 281 - 254 «230 LATALY9C
216 »230 262 « 302 . 308 «520 DATA2000
«£53 o£8} 05 «526 435 «3417 LATAZOLG
267 <197 136 «CB36 0349 DATAZO2G
520 - «518 «513 « 807 + 498 +488 DATAZ203G
475 2461 chhh o426 405 «383 DAT A2040
+360 334 «308 «281 254 «230 CATAZQOL0
216 «228 « 260 « 300 . .349 521 DATAZOBL
«653 662 +ED9 - 526 «435 347 CATAZ2GIG
2267 197 2136 0834 +0347 . DAT AZOSQ
0520 |517 -513 1507 - -‘098 - 0‘988 DAT A?.G‘!O
«415 460 - bbb 425 . «405 <383 DATAZIGO
«359 334 .308 « 281 + 254 «230 CATAZLLG
216 «230 . »262 «302 .368 520 DATAZLIZ0
653 661 «&09 «526 + %435 «341 DATAZ130
P67 «197 «136 «CB36 .034% DATAZLIAD

T DATA2150

17% . CATAZ160
loa -7 000 000 N DATAZl?O

T . DATAZ1AC

17% "DAT AZ190
21312 021224 «21047 20786 20437 +2000% GATAZ20G
19487 .1638% .18207 «17451 16617 15716 DATAZZID
» 14745 «13718 012636 . «11521 «10420 .093483CATAZ220
085866 086223 Ca 0. C. 0. UATAZ2230
C- 0. - 0. 0- 0- 0- DATAZZ"’O
C. 0. : Ce 0. C. . ‘DATAZ250

T . ) DAT A2260

17# DATAZZTC
1.0 1.0 1.0 . DATAZ2280

T DAT 42290

U DAT 82300

“4QEQMLT28 ~,350C021200 L350C2120C -,936741778 -.B68B90U280 -.350021200DATAZ2310
«35¢021230 L.B6BBSOHD -.4G5CC4T28 -.350021200 .350021200 -.936T417TBLATAL232D
~«AHEHIC2R0 —,3505212CC 350021250 LB6BESD280 : CATAZ330
~.86289C 280 ~,8688502680 ~.BERESCPRD -.350C212CG0 ~.350021200 -.35002120C0ATA2340
~.350221200 -,350021200 JBEBESCR2EB0 .868E90280 .863H90280 .3500Z21200LAT1A42350

«35¢021200 ,356021206C L.356€21200 4350021200 DATA2360
T e CATAZ3TO
&u . DATAZ2383

0.02C030000 .033333333  ,C0e32333323 6.000C00000_ .083333333 LC83333333DATA2390
«023333332  ,0823333233 C.CCCCCLOC00 0832323333 L,083333333 0.0C0000000DATA2400

.083333333 ,083333333 . 0633233333 .C83333333 GAT 22410

1 . ’ ) DAT A2420
1* 0.0 2R C.C 4% 191 0.0 2118.273 LATAZG30Q
1111G.633 324143 5% 3R 1.0 - DAT A2440
2% - AT A24%0
Cand 0.33 Ca.t&7 1.0 + CATA2400

As CATA24T0
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20R
20R
20R

9%

10%

13%,

20%

TABLE 2-5

2-105

12R 1.0

Astronuclear
Laboratory

(Sheet 5 of 5)

DAT AZ480
DAT A2490
DATAZ50D
TCATAZ510
LATAZ2520 7
SDATAZ530
L1GATAZS540
DATAZS5C
AT AZ560
FLATAZ25TC
LAT A2580
3DATAZ25%¢C
DAT A2600



2.5 DESCRIPTION OF OUTPUT

Computer ouiput from a DOT-1IW code calculation consists of printed output and

two bir;sc:ry tapes. The following sections describé in defail each form of output.
2.5.1 - Printout
Input Data Edit

The printed output from the sample problem input-data presented in Section 2. 4.5
is shown in Table 2~6.
The first part of the printed oufput is an edit of the input data. The following

quantities are printed out.

(1) The title card at the top of the page.

2) The parameters A0l through A15, IXBS, IMOLD, JMOLD, JMLEV, IDIR,
ISIZE, NA, and NB.

(3) The value of LAST, the amount of variable dimension dafa storage focations used
in the problem.

(4) As the data are read, the arrbly name and the number of entries are printed.
Beginning with Data Set 3, a T is printed at the end of each section of data.

(6) Zone numbers by interval, a two-dimensional map, with the minimum radius and
height interval at the bottom left corner (8%).

(6) Material numbers by interval, a two-dimensional map, with the miﬁimum radius

and height interval at the bottom left corner.

(7) The S, or angular quadrature constonts. These are printed in nine columns
across the page and contain the following information:.
(@) The angle number.
() The angle weight (7* array)

WEIGHT (M) = T]E f de,

where the integration is over the solid angle represented by angle M.

3
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L01-C

01"

AC3
16E
1

104
£vi
831
503
Mo 7
T

MCR
2

<02
16N
tHS
s01
MOs
£25
605
LAL
PGD

LAFT

AQo
AD8
A0
Al2
Al4

IX8s
JMOLD
IDIR

NC

TABLE 2-6

DOT SAMPLE PROBLEM NUMBER 1, 3 GROUP, S4, P3, R~Z, K~CALCULATION

FROBLEM ID NO. 13
ORDER OF SCATTERING 3
C/1/2 = X=-Y/R=2/R-T 1
NO. OF RAGCIAL INT. 33
OLL/2/37475=Q/K/ALFHA/C/2/BQ 1
EIGENVALUE MODIFIER Q.
LFFT BOUNDARY COANGITICA
TUP BOUNDARY CONGITICH
FLUX INPUT TRIGGER

NO. CF MATERIALS

KO« MATLS. FROM CAQDS

NO. RADIAL SEARCF ICNES
0/1/2=NCNE/K/AALPHA

NO. DOF CNERGY GRCUPS
POSITICN OF SIGPA GG
NORMALLZATICN FACTOR 1.000CQE40C
DISTR. SOUACE INPUT TRIGGER 0
OUTER ITER. MAX. 20
NEUTRON BALANCE EPS. 0.

SEARCH EPSILON GC.

PAR. 0SC. CAMP-SEARCH 0.

ANG., FLUX CUTPUT TRIGGER

NG. OF ~ETA ANGLES

NOe OF -ETA INIT. CIRECTIONS
O/N=ALL/N ZINES CF CCAVERGENCE

NO. DF NEUTHON GROUPS

UPSCATTER EPSILON 1.00CCQE-CQ
O/1/2/3=NC/TOP/RIGHT/BGTH-TAPE

NO. 0OLO AXIAL INT.

G/E=UP/D0WN DIRECTICHA

FINAL INTVL,8NDRY SCLRCE

P et
LW £ £ R R e U

OO WONDO

DCT SAMPLE PROBLEM NUMBER 1, 3 GRUUP,SQ,P3;R-Z,K"CALCULAT[UN

AD2 0/1 = REG./ADJ.
AD4 NUMBER OF ANGLES
IZM NO. OF MATERIAL ZONES

JM ' NO. OF AXIAL INT.

Ev EIGENVALUE GUESS Oe
EPS PRECISIGN DESILRED

802 RIGHT BCUNDARY CONDITION

BO4 80TTCM BOUNDAKY CUONDITION
MODE FLUX CALCULATION MODE

MOl MIXING TABLE LENGTH

MTP NO. MATLS. FHCM LIB TAPE

Jz NU. AXIAL SEARCH ZUNES

503 PARAM. EIGEN.-SEARCH O

IHT POSITION OF SIGMA T

ITL TABLE LENGTH

MO0S -« G/N=NUO/N ACT. BY ZUNE
S04 INITIAL INNER ITER. MAXe
G07°~ INNER ITER, MAX.

606 POINTWISE FLUX EPS.

LAH 1-LAMBOA MAX.~SEARCH 0.
EPSA NEW PAR. EFS.-SEARCH 0.
AQS Ng. OF #ETA ANGLES

407 NUe GF +ETA INIT. DIRECTIONS
ADG 0/5/72/3=NORAALZSHOR/SPS/CA

ALl O/N=ALL/NTH INTgRVAL ANG FLUXES

Al2 0/1=PRINT X-SEC/DU0 NOY

Al5 ENTER ZERD '

IMOLD NO. CLU RADIAL INT.

JMLEV AXTAL ROW FOUR BNMDURY SUURCE
Na STARTING INTVYL,BNDRY SUURCE
1S51ZE AVAILABLE CUKE DATA STORAGE

£2C8 LOCATIONS WILL BE USED FOR THIS PROBLEM

1.00000E~04

SoON-wO

<~ T

. 200000E-04%

@

A10)eloge;
123|2NU0IJSY



801-¢

14% ARRAY 216 ENTRIES REAC

T
2k

T

ARRAY

105 ENTRIES REAC

. 3% ARRAY 105 ENTRIES READ

1
2

T

NON-STANDARD INPUT FORMAT LSED

T

7

NON-STANDARD INAUT FORMAT USED

éy
T
I
4%
LT
2%
8s
1
1Cs

115

ARRAY.

ARRAY

ARRAY

_ARRAY

ARRAY
ARRAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

105 ENTRIES REAC

32 ENTRIES REAC

16 ENTRIES REAC

105

12

12

ENTRIES

ENTRIES
ENTRIES
ENTRIES
ENTRIES
ENTRIES
ENTRIES

ENTRIES

REAC
REAC
READ
REAC
REAC
REALC
REALC

READ

TABLE 2-6 {Confimlled)



601-2

12% ARRAY
158 ARRAY
208 ARRAY

T

12 ENTRIES RtAC
6 ENTRIES REAC
& ENTRIES REAC

TABLE 2-6 (Continued)

@

Alojelogey
1B3[INUONSY



TABLE 2-6 {Continued)

REGICN DESCRIPTICN BY INTERVAL

XRR

L

mmm
momoe
mMmm
mmam
3.33
m m
mmm
m M
”mi o
m o m
3:.¢.3
mmm

NN N

NN~

NN

2-110



TABLE 2~6 {Continued)

MATERIAL DESCRIPTION BY INTERVAL

XRR

>N

o,

oo

e
oo
oor
oo
coo
oo
o>
cor
oo
wnn

nunn

2-1M

Astronuciear
Laboratory



¢Li-¢

kN o ol )
GNP UM OO0 W N .

WE IGHT
0.
0.83333333E-01
0.83333333E-01
0.
0.83333333€-01
0.83333333€~01
G.83333333E-01
0.83333333¢£-01
a.
0.,83333332€-01
0.83333333€-~-01
0. '
0.83333333E-01
0.83333333E~01L
0.83333333€~01
0.83333333E-01

ETA
-0.86885028E+00
~0.8€889Q028E+00
~0.86889028E+00
~C.350C212CE+00
~0.35C0C2120€400
~G.35C02120E+00
-C.35GC2120E+00
~G.35GC212CE+00

0.86B8502BE+CQ
C.B¢688902BE+00
C.8€6889028E+00
0.35CC2120E+Q0
0.350€2120€+00
G.350C212CE+00
C.25002120E+00
0.350C2120E+00

TABLE 2-6 (Continued)

MU
=0.49500473E+00
=C.35002 120E+00

C.35002120E+Q0
~0.2356T74 1 TBE+0O
~0.86889028E+00
~0.35002120E+00

C.35002 1 20E+00

0.86889023E+00
~C.49500473E+00
-C.35002 120E+00

C.35002120t+00
~0.936T4 178E+00
-C.856889028E+00
-C.35002320E+00

C.350021205+00

0.86889028E+00

~

MU * WT
0.
~0429168433E-01
0.29168433E-01
0.
~0.726407523E6-01
-0.29168433E-01
0+291€8433€~01
0.72407523E~01
0.
-0.29168433E~C1
0+29168433E~01
0.
~0.724071523E-01
~0.29168433E~01
0.29168433€-01
0. 72407523E-01

ETA * HY
Ce

~0.T2407523E~0) °

=0.72407523£~01
O.
-0.291684323E--01)
~0.29168433t-Q1
~0.29168433E-G]
=0.29168433k~0]
O«
0.72407523£«01
Ce724075236-01
O.
0eZ29168433E~01
0.291684336-01
0.291668433E~01
0.29168433E-01

M3

0.

0.350021720€E400
04350021 20E400
0.

0.8488S02BE400
0.20878018E+401]
0. 2C87EQLEE+CL
U.86889024E+400
0.

0.35002120€+400
04350021 20€E+QC
Q.

D.8¢88%028E+00
0.2087E8018E401
0.20878014:+401
0.86889028E+00



elLi-¢

‘

DISCRETE VALUES OF PLM{THETA)#COS(M*PSI]

ANGL ~

-
[« I RN RN R SRTUR R

B
Yt e g
MoAR b D B

. ANGL

- s
FETUY NN

—
in

=
[+,

-
[= 3V W RN Y R TUR U]

PLMC 1
-4,95C05€~01
-3.50021E-01

3,50021€6-C1
-9,36742E~01
~8.68890E~01
~3.50021E-01

3.50021€-01
8.68890E-01
~4,950056-01
-3.50021€-01

3.50021E-¢l1°

-9.36742E-01
-6.68890E-01
~3.50C21E-01
3.50021E-01
8.68890E-01

PLMC 9
-5.18603€-01
~2.661308~-01
=2.66130€-01
-3.39C18E-02

6.78036E-02

5.,92835€-01
5.92835E-01
6.TB036E~-02
5.186G3E-01
2.66130€-C1
2.66130E-01
3.39C18€-02
~6.7T8036E-02
~5.92835E-01
~5.92835E-01
-6.7803¢E€-02

PLMC 2
~B.688G0E-01
-8.68850E-01
~8.68850E~01
~3.5C021E-01
~3,50021E-ClL
-3.50021E-C1
-3.500216-01
-3.5C021E-01
- 8,68850E-01
8.5B8%0E-01
8.68850E-C1
3,50021€-C1
3.50021E~01
3.50021€-01
3.50021€-01
3.5C021E-01

- 3
PLNMC 3.
~1432455€=-01
~3,16228£-01
~3.16228E~01
8.16228E-01
6,32455E-C1
~3,16228E-01
-3,16228E-01
6.32455E-01
-1.32455E-01
-3.16228E-01
-3.1622B8E-01
8e16228BE-01
6.32455€=-01
-3.16228E-01
-3.16228E-01
6432455€-01

TABLE-2-6 (Continued)

PLMC 4
7. 44963E-01
5. 26769E-01
-5426769E=01
5.67904E-01
5. 26769E-01
2.12202E-01
~2.12202E-01
~5.26769E-01
~T44963E-01
~5.26769E-01
5.26T69E-01
-5.67904E-01
~5.26769E=01
-2, 12202€-01
2,12202€-01
5. 26769E-01

PLMC 5
6+53823E-01
5.4 TT23E-01
5.4T723E-01
1.06101E-01
0.
-5.41722E~01

~5.477226-01

O
6.53823E-01
5.477T23E~01
5.4 1T123E~01
1.061C1E~OL
Qe

=-5.47723E-01

~5.4TTZ23E~0L1
[+ )%

PLMC .6
4.39280E~01
4.1T7T825E—Q1

~4.17825E-01

-6.49830E~01

-3.36631E=01
4, 17825E-01

~4417825E=01
3.36631E-01
4.39260E-01

4o LTB26E~01

—4, 17825€-01

~6449830E=01

-3.436631E-01
4. 1T829E-01

-4, 17825E~01
3.36631E-01

PLMC ?
-1.19798E~0Q1

2.06143E-01L

2.C6143E-01
~7.26072E-01
=994771E-01

"PLMC . B8

=T« 236954E-01

—4.28687T:-01
4.28687E-01

-2.22241E-01
Ce

8.,30421E-02--.4.28681E-01

8.30421E~-02
=5.94171E-01
1.15798E~01
~2.06143E-01
=2406143E-01
T«26072E~01
5e54TTIE=-0L
~Ha30421E-02
~8.30421E~02
5.547T71E=01

-4,28687E-01
G.
=7+23694E~01
~4.28687k-01
4,28687E-01
~2.22241£-01
Q.
G 2BOBTE=0
~4.28687E-01
C.

®

fiojeloge)
123]19nuclisy
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CROSS~SECTION EOIT

1 CROSS-SECTIONS

MAT. 1
1.37920E-03
2.46450E-03
4,92230€~01
4.41CT0E~0OL
0.

Q.

MAT. 9
1.82740E-04
Ce
6+CG9500E~01
5.23C60E-01
0.

0.

MAT. 2
a.

0.

O
6.50010E-01
0.

0.

MAT. 10
0.

Ca

0-
8,97530e-01
OI

o.

2 CROSS—-SECTICNS

MAT. 1
1.9753QE~-02
2.68160E-02
1.26480E+0C
1-19460E+00
4. 97790E-02
.0«

MAT. 9
T+69820E~04
0.
1.46540E+400
1.37090E+00
8.62510E~02
Q.

MAT . 2
0.

Q.

0.
1.8407CE+CO

3.41950E-C2
0 - )

MAT, 10
a.

0-

0.
2.9966CE+CO

5.5036QE-02
Q.

3 CROSS~SECTIONS

MAT., 1

1.77T130E-01
3.02050E-01
1.6860CE+00
1.50830E+C0

MAT » 2
0-
Q.
0.
Q.

MAT. 3
0.

C.

0.
5+39760E-01

0.

C.

MAT. 11

ul
Q.
o-
&.12620E-01
O.
0.

MAT. 3
0-

0-

Q.
1.21180E+Q0Q

=1.5334CE-02

0.

MAT . 11-
Q.

0.

0.

1. 71216QE+00

-2.76100E-02
C.

MAT. 3

TABLE -2-6 (Continued}

l. T2460E-01L
0.
0-

MAT. 12
Q.

ol

S -
3.19100£-0]
[+19

O.

MATY. 4
Q.

C.

o. '
9. 68330E-02

-84 29680E~02

0.

MAT. 12
0.

0.

Q.

l. 58000€E-01

~4+39360E~02

O.

MAT. 4
0.

Q.
0.

. MAT. 5
4.522T0E~04
0.

3.20870E-0C1
3+20150E-01
0.
O-

MAT. 3
6.683%90E-03
0.
T.85530E-01
T1.77930€E-CL

MAT. &’
0.
Oe
[+
L.839T10E-01L
O.
C.

MAT. L]
0.

D.

Oe
B.91850€~02

MAT. K
Q. '
0.

0.
3.1790U0E=-OL
0.

Qe

MAT» 7

4.85950€~02

2.67500E~04 -1.07300E-04 =~1,33800E-06

Q.

MAT « 3
T.71680€E-02
0.
9.81140E-~01
9.03970E-01

0.

MAT &
O

OI
O.

Q.

MAT . ?
0.
Q.

G

MAT. 8
Ce

G.

Ce
1.26200E~01
Ce

C-

VAT . 8

[+
Cs
Ge
2+ TT4B0E-D2
1.73420E~0¢
O«

HA?. 8
Ce
Ce

0.



Sli-Z

POS.

L= Y )

(< BT I A AN AP

5.04050E-02
1.36370E-06

MAT. 9
8.69440E-C3
0.

1.7937CE+00
1. 7850CE+CC
9.36340E-0Q2
2.36640E-~06

5.01240E-02
4.952206-09

MAT ., I
C.

o.

0.

Q.
G«55940E-02
T«96350E~C9

~4 4 T1870E-02
~7+.78200E-07

MAT. 11
C.

Q.

0.

O.
=4.63020E-02
=1.347T0E-06

TABLE 2-6 (Continued)

—=8. 2467T0E~02
-2. 10590E~08

MAT . 12

Q.

0.

a.

Q.
~1.48920E-01
~1.09180E~08

0.

Q.

9.0HI00E-04 —4,.83030E~04 =1.431L40E-0%

0.

"3.98390€E-06
Q.

(€

Aiolejogeq
JB313NU0JISY



211=¢

- _
30 ) (RN IS WA e

[
—

e et e
(S N R XY

LS
[ 3V 3. T I

SRS VK
AN O G2 B e

NN
e - IR e

W
B

Www o
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MIXTURE SUM COMPONENT

MG O

10

12

FIS. SPECTRUM

1
2
1

1.00C00E+CD
. 0
4]

OO0 008 0

VELCCITY
1.0COCCE+CO
1.C0QCCE+CO
1.0C0CCE+CO

DENSITY
1. CQ00C0E+0O
1.C000GE+Q0
1.CQJ00E+00
1.C0000E+0Q0
1.CO000E+CO
1.C0000E+00
L. CO00QCE400
1.C000CE+0Q0
1.CQ0CCE+QO
1.COCCCE+O0

1.C000CE+QO"

1.00000E 400

TABLE 2-6 (Continued)

RADIUS |

0 .
9. 13650E-01
1. 82730E+00
2. T4095E+00
3. 65460E+00
4.568256+00
5.48190E+00
6.39555E+00

Te 3G920E+00 7

B. 22285E+00
9. L3650E+00

+1le GOSO1E+OQ1

1.09638€4+0]
1. 18TT4E+01
1. 27911E+01
1. 3704TE+0 ]
1. 46184 E401
1.55320E401
1. 64457E4C1
1. 73593401
1. 82730E401
1. 87263E+01
1. 91797E+Q1
1: 96330401
2.06755€+01
2. 17180E+01
2..27605E+01
2. 3803GE+01
2. 48455E40]
2. 58880E+01
2+ 6FA0SE+Q L
2. TST30E401
2.5C155E401
3. COHB0E+01
3. 1100SE+01
3. 21430E+01

R MIDPOINT

4.56825E-01
1.37047E+00
2.2B41ZE+00
3.19777TE+00
4,11142E+00
5.0250TL+00
5.93872E+00
6.8523T:+00
T.T64602E+00
B.61947E+00
9.59332E+00
1.05070E+01
L.14ZC6E+01
1.23343€+401
1.32479¢401
l.41l616E+01
1.50752E+01
1.59389E+01
1.6G6C25E+01
1.78162E+401
1.84997€401
1.89530E+01
1.94063E+01
2.01542E4+0]
2.1156TE+01
2.22392E+01
2+«3281T7E+01
2+43243€E+01
2.5366TE+01
2.64092E40%
Z2.T4517E+0L
2.84542E+01
2.9536TE+0]
3.05792E+01
3.16217L+01

HEIGHT

[+
3.30000€~01
6+ TODOOE=-01
1. 00000E+00

H MIDPOINT

1+&5000E-01
5.C00Q0E~-0Q1
8.35000E-01

BY ZUNE
-1
-5
-9



LT |

FLUX 1
GROUP
GRCOUP
GaCY?

FLUX 2
GRCYP
GRTUP
GRGUP

FLUX 1
‘GRCUP
GRCYP
GRCUP

FLUX' 2
GaOuP
GROUP
GRCUP

FLUX 1
GRCUP
GRCUP
GRCUP

FLUK 2

GRCUP,

GRCUP
GRCUP
FLUX L
GRGYP
GRCU®
GRCUP
FLUX 2
GRCUP
GRCUP
GRCOUP
FLUX I
GRCUP
GRCUP
GRCUP

ic

LC

LC

Lc

LC

LCc

LC

LC

Lc

o 11

1 INNER
2 INNER
3 INNER
1 11
1 INNER
2 INNER
3 INNER
2 Il

1 INNER-

2 INNER
3 INNER
311

1 INNER
2 INNER
3 INNER
4 Il

1 INNER

2 INNER

3 INNER
5 LI

1 INNER

2 INNER

3 INNER
6 11

1 INNER

2 INNER

3 INNER

R 3 §

1 INNER

2 INNER

3 INNER
8 Il

1 INNER

2 INNER
3 INNER

0. USF 0.

30 FLUX ERROR
ITERATIONS = 30 FLUX ERROR
ITERATIONS = 30 FLUX ERROR
90 NB 9.999999E-01 USF Q.

ITERATIONS = 30 FLUX ERROR
ITERATIONS = 30 FLUX ERROR
ITERATIONS = 30 FLUX ERROR
90 NB 9.559999E-01 USF 0.

ITERATIONS = 9 FLUX ERRQR
ITERATIONS = 25 FLUX BRHROR
ITERATIONS = 30 FLUX ERROR
64 NB 9.999999E-01 USF Q.

ITERATIONS = & FLUX ERROR
ITERATIONS = 1 FLUX ERRDR
ITERATIONS = 30 FLUX ERROR
37 NB 9.959999E-01 USF 0.

ITERATIONS = 3 FLUX ERROR
ITERATIONS = 1 FLUX ERROR
ITERATIGONS = 30 FLUX ERROR
34 NB  9.559999E-CLl USF 0.

ITERATIONS = 1 FLUX ERROR
ITERATIONS = 1 FLUX BERROR
[ITERATIONS = 30 FLUX ERROR
32 NB 9.999999E-0l USF Q.

ITERATIONS = 1 FLUX ERROR

¢ NB
ITERATIONS =

FTERATIONS = 1 FLUX ERROR
ITERATIONS = 30 FLUX ERROR
32 N8 9.599999E-01 USF 0.

ITERATIONS = 1 FLUX ERROR
ITERATIONS = 1 FLUX ERROR
ITERATIONS = 29 FLUX ERRQR
21 NB  9.5%9999E-C1 L3F 0.

ITERATIOAS = 1 FLUX ERRDR
ITERATIONS = 1 FLUX ERROR
ITERATIONS = 1 FLUX ERROR

MAX
MHAX

MAX
HAX

MAX-

MAX
MAX
MAX

MAX
MAX
MAX

MAX
MAX
MAX

MAX
MAX
MAX

MAX
MAX
AN

MAX
MAX
MAX

MAX
MAX
MAX

TABLE 2-6{Continued)

EQ O.

= 1.87271E-02 AT o
= 1,266526-03 AT (

2.35581E-03 AT
EQ 0.

EQ 0.

£Q 0.

L]

- EQ C.

= 1,735576-04 AT ¢
. 1.44115E-04 AT {
= 5.377CBE~04 AT

EQ OC.

£EQ 0.

U |

EQ 0.

EQ 0.

= 1.53131E-04 AT
1.33793E-04 AT U
1.9T1L7E-04 AT ¢

6.00869E-04 AT
1.04075E-03 . AT (
= 1.24620E-03 AT {

1l.93229E-04 AT |
1.85842E-04 AT
= '7,986T1E~-Q4 AT |

1.97567E~-04 AT ¢
1.53615E~04 AT |
T.00033E~-04 | AT (

1.87281E-04 AT {
1.42554E-04 AV (
4,13151E-04 AT (

1.56&5TE-04 AT {
1.3957T5E-04 AT (
. 2493064 1E-04 AY

1.55001E-04 AT |
1.3655%E=>04 AT -{
= 1.99669E~04% AT

OI

2)

2}

33

1. 446T6TE+00
2)

3}

3
1.43T0L0E+0G
.,

3)

3}
1.431926E+00
3)

3)

3)
1.429053E400
2}

1y -

31
1. 427375E+00
21

3)

3)
1.426387E40C
2)

3)

33
1.425801E40
2) .
3]

3)
1.425463E400
2}

3)

3)

LA

LA

LA

LA

LA

LA

LA

LA

LA

Qs

L.446T672CE+0L

9.93255T2LE-0L

Fe96482134E-01

9.97993515E-01

9.98626187€-01

9.99307624E-01

9.99589301€~-01

P.95762355E-0L

@

Alojelogqe))
1B3{3nu0lisy



8il-¢

GROLP

Em T Xy

FLUX

FIXED sO

0-
0.
0.
0.

VT-LEAKAGE
-2.05672E~07
~6.31759E-07
-4.467T70€E-06
-5.309123€E-06

2 tC 911

FISSICN-50

1.0000CE+0O,

0. .
0.
1.GO0COCE+00Q

TAP-LEAKAGE
-2.096T2E~-07
~6,31756E-C7
=4, 46TTCE-06
-5.320912€-0¢
3 NB

TABLE 2-6 (Continued)

IN-SCATYTER -SELF-SCATTER

=3.55271€E-15
G.T4545E-01
T«29567E-01
1.70411E400

NET-LEAKAGE
3.26967E-04
6.72821E~04
1.21026E~02
1.31024E-02

9.959999E-CL USF Q.

8 .66825E4Q0
1..67028E+01
1 .78543E401
4a32254E+01

BALANCE
1.00000E+00
1 .00000E+Q0
1 .CO000E+QO
1 .00000E+00C

8ALANCE TABLE SUMMARY

HI~LEAKAGE
3427T1LTTE=D4
6+ TI453E~04
1.21070E~02
1.31077E-02

EQ¢ 0.

ABSORPTIONS OLT-SCATTER
2:50895E-02 9.T4583E~01
2443696E-01 7.30177E~01
TalT531E~01 ~64605T0£~05
F.B6316E-01 1.70469E+0Q

RT-LEAKAL
3.27T177E~0
6o 13453L-0C
le21C70E-0
l.3:077E-0

EV 1.425655E400 LA 9.99994215€-0}



611-¢

RACIUS

Q«

9+1265000€~01
1.8273000E+00
2.7409500E+00Q

3.6546000E+00
4.5682500E+00
5.4815000E+00
6+3555500E+00
7.3C92000E+00
8.2228500E+00
§.1355000E+00
1.0C5C1508401
1.C543800E401
141877450E4C1
1.2791100€+01
1.3704750E+01
1.4618400£+01
1.5532C50E+01
1.6445700E+01
1+7359350E+4C1
1.8273000E+01
1-8726333E401
1.917966TE+01
1.9633000E+01
2.0£7550CE+01
21718000401
2.2760500€+401

.2.3B0300CE+01

2.4845500E+01
2.5686C00€E+CL
2.¢S8305CCE+C]
2.797300CE+01
2.9C15500€E+01
3.00580C0E+01
3.11005C0E+0Q1
3.21430QC¢E+01

TABLE 2-4 {Continued)

R MIDPOINT

4.5682500E-01
1.3T04TS0E+OD
2.2841250E+Q0

3. 1977T750E+00
‘e 1114250E+0Q
5.0250750E+00
5.9387250E+00
6. 8523750E+Q0Q
T. 7660250E+00
8., 6796 750E+00
9. 5933250£+00
1. 0506975E+01
1.1420625E+4+01
1. 2334275€+01
1. 3247925E+C1
1. 4161575E+01
1. 5075225€E+01
1.5988875€E+01
1.6902525E+01
1. 7816175E+01
l. 849966TE+OL
1. 8953000E+01
1. 9406333E+01
2. 0154250E+01
2. 1196750E+01
2. 2239250E+01
2« 32ZB1750E+GL
24 4324250E+01
2.5366T50E+Q]
2. 0409250E+01
2. T451T50E+01L
2. 8494250E+01
2. 9536750E+01L
3, 0579250E+01
34 1621750E+CL

HE IGHY H MIOPOINT

Ce IQGSOOOOOE-OI
3.3000000E-01 5.000000C€=01
6« TQ00000E-01 8.35C0000E~-01
1.0000000E4+00

@

101210087
12319NU0NSY
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YIT= 1
2.7911E-02
2.7T721E-02
2.7530€-02
2.7156E-Q2
2..666 ZE=02
2.605CE-C2
2.5323E-02

2.4485E-02

2.3541E-02
2.1360E-02
2.013€6E-02
1.8832E-02
1.T461E-02
1.602%E-02
144548E-02
Le3022E~02
1.1454E-02
3.8473E-03
B.0562ZE-03
60575“6-03
5.54658E-03
4.3T74E-Q3
3.1748E-03
1.8033E-03
1.0558E~-03
6.0661E-04
3.5C856-04
2.0451E-04
l.1766€-C4
6.84T4E-05
3.9266E-0%
2.2259E-05
1.1842E-05
5.2951E-05%

FLUX FOR GROUP 1

¥ZT= 2
2.T933E~C2
2+78C4E~C2
2.7552E-C2
2.T178E~CZ
2+6684E-C2
2.6071E-C2
245344E~C2
2+445C5E=-C2

2.3561E-C2

2.2516E~-C2
2.1378E-C2
2.0153E-C2
1.885CE~C2
L.7476E~C2
1.6043E-C2
1.4556E-C2
1.3035E=02
1.147CE~C2
9.E8554E-C3
B.(0G56E~C3
6459GCE-C3
S.5611E-03
%+5379E-G3
3+1259E~C3
1.7757€-C3
1.C342E~C3
5.5&6C5E~C4
34455CE-C4
19962604
le1646E-C4
6.6T6TE-CS
3.8BTCE~-CS
2.156ZE~C5
1.1798E~C5
4.957CE-CS

YiTs 3
2+7911E~-02
2.T181E-Q2
2.T530€6-02
ReT156E~-Q2
2.6662E-02
2.6050E-02
2.5223E-02
2+%4485€E~02
2.3541E-02
2e2498E-02
2.1369E~-02
2.013¢E-02
1.8833E-02
1.7461E=-02
1.6C29E-02
1.4548E-02
1.3C22E-02
1.1454E-02
G.B8473E-03
8.0625E-03
6.5753E~03
5.56597E~-03
4.57T4E~03
3.1747€-03
1.8032€-03
1.0558E=-03
8. 0660E-04
3.5CH5E~G4
2-0451E-C4
1. 1786E~04

" B.B473E-05

3.9266E-05
2e2259E~05
1.1842E-05
5.2991E-Cé¢

TABLE 2-6 (Continved)
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YIT= 1
1.8542E-02
1.885%e~02

- 1. 8686E"‘02

1.8434E~02
1.810CE=-02
1.7686E~02
1.7195€=-02
1.6628E-02
1.599CE~02
1.5283E-02
1.45128+02
1.3681€=-02
1.27956-02
l.1861E=-02
1.0683E-02
9.86871E-03
8.8221€-03
7.7508E-03
bbb TE~D3
5+5643E-03

4. T156E~G3

4.1545E-03
3.,6420E-03
2.944CE-03
2.1004E~03
1.4266E~03
9.4081E~-04%

- 6.0412E-04

3.8291E-04
2.38856~C4
1.4719E-04
8.9528E-05
S5.2708E-05
2.9549E-C5
1.3120€-05

FLUX FOR GROUP 2

YIy= 2
1.8548E=C2
1.8862E~02
1.8652E-C2
1.8440E=02
1.81G6E=-C2
1.76626=-C2
1.72CLE=C2
1.6674E=C2
1.59556=C2
1.52886-C2
1.45176-02
1.3686E~C2
1.28C6E~C2
1+1845E~C2
1.CBETE-02
9.8721E~C3
B.B256E-C3
T.7545E=0C3
5.6647E~C3
5.5691E=-C3
4.72256~03
441526E-C3
3.63CCE~C3
2.9364E-C3
2.0SS8E-(3
1.4216E~C3
9.368TE—-C4
5.0176E~C4
3.8084E-C4
2.375SE~C4
1.4645E~C4
8.885CE~CS
5.25C3E=C5
2.9338€6-C5
1.28C8E-Q5

YI7= 3
1.8942€~02
1.8855E-02
1.8686E-02
1.8433E-02
1.8100E~02
1.7686E~Q2
1.T195E=Q2
1.6628E-02
1.559CE~02
1.5283€-02
1.45126~02
1.34881E-02
1.2196E~-02
1.1861E~02
1.0883E-02
S.8&BIE-02
8.8222E-03
1.75C8E-03
G 6ELTE-03
5.5¢642E~03
4. T156E~Q3
4.1549E-03
3.6419E-03
2.9440E-03
2.1C04E~03
1.4266€-02
9+ 4CBOE—~04
6.0411E-C4
3.8291E-04
2.3885E-04
1.47L8E-04
8.9528E-05
5.27C8E=-05
2+9549E~05
1«31206-03

TABLE 2-6 (Continued)
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YIT= 1 -
5.34]1 8E-03
5.3174E-03
5.2697E-03
5,1983E~03
5.1042E-03
4.9872E-03
4.8487E=-03
4.6885E-03
4.5085E~03
4,308 7E=-03
4.0913E-03
3.8569E~03
3.60T4E-03
3.3467€203
3.0715€-03
2.7923E~03
2,518 16-03
2.27216~03
2.1207€~C3
2,25006-03
2.5553€E-C3
2.9374E-03
3.57626-03
5.05056-03
6.33756-03

. 6.4104E-03

5.90026-03
5.0926E-03
4.2150E-03
3,36656-03
2.596 2E~03
1.92156-03
1.3288£-03
B.1677E-04
3.4228E-04

FLUX FGR GROUP 2

¥Y27= 2
5.3422E-03
5.3181&-C3
5.27C0E-03
5.1991E-C3
5.1045E~C3
4.5881€£~C3
4.8488E~03
4.6894E~03
4.5085€E-C3
4.3096E-C3
4.0514E-0C3
3.8576E~-C3
3.60755~(3
3.3453E~(3
3.C0716E-C3
2.79278-C3
2.5179E~C3
2.2704E~C2
2.12C9€E-C3
2.23238-03
2.5318E-C3
2.9232E-C3
3.5877E-C3
5.G6C1E-C3
6.3418E-03
6+.418B2E-C2
5.9010E-C3
5.0932E~C3
4.2159€E-C3
3.365CE~C3
2.5968E-C3

"1.9157E~C3

1.3299E-C3
B.1551E-C4
3.4014E-C4

¥it= 3
5+3418E-03
5¢3174E-03
5.2¢697E~03
5.1684E-03
5.1C43E~Q3
4.F873E~03
4.B487€-03
4.6886E-03
4.5085E~03
4.3C88E~-03
4.0S13E-03
3,8569€-03
3.6C74E-C3
3. 344B8E~-03
3.0716E~03
2.7T523E~03
2.5I81E-03
2.,2722€E-03
2.12C8E~03
2.2501€~03
2.5554€E-03
2+9375E-03
3.5762E-03
5,05C6E-03
6.3377E-03
6.4105E-03
5.9003E~-03
5.0926E-023
4.2150E-03
3.3664E-03
2.5960E~-03
1.9214E~03
1.3286F-03
8.1669E-04
3.4225E-04

TABLE 2-6 (Continued)
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11
12
13
14
15
Y]
17
18
19
20
21
22
23
24
25
26
27
28
29
A0
31
a2z
33
34
335

¥ZITa 1
2+1902E-03
2.1802€-03
2.1606E-03 °
2¢1314E-03
2.0920E~03
‘22 0449E-03
1.988CE-03
1.9224E-03
l.8486E-03
l+ 766 TE~03
1.6776E-03
L.5815E-03
1. 4791E-03
1.3T7L4E-0Q3
1l.2591€-03
1+1439E-03
1.0293E-0G3
9-2237E“0“
8.4355E-04
8.4870E-04
0.

0.
C.
0.
a.
0.
0.
0. .
0.
0.

-De

Qs
Q.
O
a‘

TABLE 2-6 (Continued)

FISSICN EDIT

¥2T= 2
2.1906E~-03
2.18C6E~C3
2.161C&~C3
2.13196~C3
2.0921E-03
2.0453€-C3
l1.5883E-C13
1.9229E-C3
1.8488E~C3
le7672E-C3
1.6778BE~-Q3
1+5819E~C2
1.4793E-C3
1.3717E~-C3
1+2553€~C3
1.1441E-C3
1.0253E~03
9.2158E~-C4
B.436TE-C4
8+4435TE-C4

YiT=a 3
2.1902€-013
2.18C2E-03
2.1€06E-03
2.0%28E-03
2.0443€E-03
1.9881E-03
1.9224E-02
1.8486E~-02
1. 7646TE~03
1.6774E~03
1. 5E15E~-03
1.4792E~03
1.3714E~Q2
1.25%1E-03
1.1439¢g-03
1.0293€E~03
9.,2238E-0Q4
8.,4357e~-04
8.4B71E-04
O.

@

A10leloqel
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ACTIVITY

O W=

MATERIAL

D AT e

POSITION

[T e e N

TABLE 2-6 (Continued)



At

ACTIVITY

XRR

e e e
I LS A et €3 D B wd O AN I LD R e

-
o\

NN e e
Eand - IRV I QN |

XRR

- -
O DD ol O B RS

—
[P N )

[
wn

0 PLUS &
1

vir 1 vzr 2

1.258856~03 1.359CRE~C3

1. 35263E~03
1.34049E~03
1.322356-03
1.29841€-03
1.26867E-03
1.23342E~03
1.19270€-03
1.146896=03
1.09 &1 2E~03
1.04C79E-03
9. 8L174E~04
9. 17694E-04
8.50820E-04
7.81136E-04
7.09596E~04
6.38253E-04
5.71359E-C4
5.20873E-04
5.1957TE-04

(tH
XRR 2z
2
YT 1
4.67034E-02

4.64884E-02
4.60698E-02
4.5446TE=02
4.46226E-02
4.36007E~02
4.23876E-Q2
4.09886E-C2
3.04128E~02
3.766826-02
3.57640E-02
3.37174E-02
3.15358E-02
2.92359E-C2
2.68334L-02

"1.,35291€-03
1.34071E=-C3
1.32264F-(3
1.29861E-03
1.26897E~C3
1.23359E-03
1.19300E~03
1.147C4E=C3
1.09640E~C3
1.04053E=03
9.B142Z6E~C4
9,17834E~04
8.51025E~04
7.8125E-04
7.G5T48E-04
6.383G4E-C4
5.71145E~C4
5.2(928E-04
5.16587E-04
0. '

THRU  XRR

YZ' v 2
4.67222E~-02
4.65085E~C2
. 4.608G2E-02

4,54864E~C2 .

4.46614E-C2
4.362C1E-02
4.240556-C2
4.1CCT2E-C2
3.942C6E-C2
3.76856E-C2
3.57816E~02
3.3T7T332E-02
3.154G9€~02
2.92463E-C2
2.6846CE-C2

Yy 3

1 35885E~03
1.35263E~03
1.24049€-03
1.32236E-03
1.29842E-03
1. 26868E-03
1. 23343E-03
1.19271€-03
1.14691E-03

" 1.09613E-03

1.C4081E-03
9.81189E-04
9. 177106-04
8.50835E-04
7.81151E-04
T.C960BE-04
6.38264E-04
5, 7136 TE-04
5.20880E~04
5.19583E-04
g.

35 SAME AS

YIT 3
4.06TQ26E-02
44 648T6E-D2
44 60691E-02
4. 8446CE-02
4o 46220E-02
44 26G03E~D2

. 4. 23873E-02

44.C9885E-02
3.94128E-02
3.76683E-02
3.57663E-02

-37178E-02
3.15363E-02
2.92363E-02
2,€&8338€E-02

TABLE 2-6 (Continued)

ABOVE

Ai0iel008]
- JBAJANUOLISY

.



74 e

16
17

18

19
23
21

XRR

21
22
23
24

XRR

21
22
23

24,

2.43505E-02
2.18137€-02
1.92720E-02
1.685226~02
1.4T998E~G2
6.

XRR 22
3
YT 1
0.
*XRR 2
2.314682E~04

2.56965E-04
3.02378E-04
C.

XRR 25
4
YT 1
0.
XARR 2

8.32121E-03
T.93172E-03
7.83834E-03
G.

XRR 25

2.43611E-02
2.18240E-02
1.92816E~C2
1.68615E-C2
1.47924E-02

0.
THRY XRR
YZY 2
O.
THRU XRR
2,29923E~C4

2.55851E~C4
3.031T0E-04
0.
THRU XRR

YZT 2
Q.
THRU XRR
B8.31116£-03

TABLE 2-6 (Continued)

2+ 43505E~-02
2.18140E-02
1.92721€6-02
1.£8523E-02
1.47998E-02
c.

35 SAME AS ABOVE

YIT - 3
0.

20 SAME AS ABOVE

2.31684E-064
2.56567E-04
3.02383E~04-
0.

35 SAME AS ABOVE

YT 3
O.

20 SAME A5 ABOVE

8.32120E~-03

T.91453E=C3 77931 71E~03

T.82T156E-C3
0.
THRU XRR

7.83836E~03
Q.

35 SAME AS ABOVE



£Z1-¢

XRR

ACTIVITY & PLUS N
1

vz 1 vIT 2

6.61261E-05 6.61385E~05

6.50235E-05 6.58383E-05

Ll el i
PN AR . .- I . SR R T L )

= P
OB -d

W WWh NN NN
AW rmrQom=owmpwhoe O

w W
LS -5

XRR

6.52322E~05
6.43495E-05
6431842E-05
6.17266E-05
6.00207E~05
5.80389E-05
5.58C94E-05
5.33381E~C5
5.06457E~05
4.77445€-05
4.46556E-G5
4+14Q0L9E~C5
3.80120&-C5
3.45327E~05
3.10644E-05
2.78145€E-05
2.53685E-G5
2.53194E~05
2.T0488E-05
2.97549E-05
3.47228E-05
4, 6T5TTE~05
S.70475E-05
5.70256E-C5
5.21341E£-05
4,48C461E-QS
3.69794E~Q5
2.94749E-05
2.2697T8E-05
1.67825€6-05
1.15874E-(Q5
Tel2626E-06
2.98698BE-06

6.52443E-05
$.4365CE-05
6231550E~CS
65.175246E~CS
6.003C3E-C5
5.80549E-05
5.58179E-C5
5.33533E6-05
5.06537E-05
4.7757BE-C5
4.406634E-05
4414128E-05
3.80187E-05
3.454C8E-0S
3.10677E-C5
2.78051E~C5
2.53738E-05
2.51755E~GS
2.68539E~C5
2.9628BE-G5
3.48165E£-05
4.68257E~05
5.T07G4E~CS
5.T0857€E~CS
5.21361E-05
4.48C28€=-C5
3.69845E-05
2.946CSE-CS5
2.27C25E~C5
1.67651E~05
1.15068E-05
T.115C9E-06
2.96806E~CE

2
YIT 1 Y71 2
0. Q.
XRR 2 THRU XRR

\Z4] 3
6.61262€-05
6.58235E~05
6.82324E~05
644349705
6421B44E-05
L. 17369E-0%
6.00211€-05
5. 80394E-05
5.58100E~05
5.33388E-05
5.06464E-05
4.77452E~05
4.46563E-05
4.14026E-05
3.80127E-05
3.45333E-05
3.1065CE-05
2.78149E-05
2.53689E-05
2.53197E-05
2.7C490E-05
2.97552E-05
3.473326-03
4467586E~05
5.7C486€~05
5,70264E-05
5.21345E-05
4 ,48060E-05
3.65788E-05
2.5474CE-05
2.26967E-05
1.67814E~05
1.15964E-05
T.12557€-06
2.58669E-06

YLT 3
Q.

TABLE 2-6 (Continued)

23 SAME AS ABOVE

@
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8cl-¢

24

26

27

28
29
3¢
31
32
33
34
35

1.53C83E-02
1.55446E-02
1.42324E-02
1.23316E-02
1.023376~02
8.24628E~03
6.46018E-03
4.91414E-03
3.60176E-03
2.474206-03

1.51556€E~C3

6436402E-04

1.52831E-~02
1:55347E~02
1.42259E~02
1.232C9E-C2
1.02283E~02
B.24183E-C3
6e45457E-03
4.913176~-03
3.55730E-03
2.471953E-C3
1.51296E~03
6.31856E-04

1.53084E-02
1+ 55448E-02
1.42325E-02
1.23317E-02
1.02337E-02
B.24615E-03

‘64 4599BE-03

4461391E-03
3.£0152E-03
2.47400E-03
1.51542E-03

6.36341E-04 -

TABLE 2-6 (Continued)



621=¢

ENC OF PROBLEM — TAPE CESIGMATICN
FORTRAN NAME LOGICAL NGQ.

NCR1
NSCRAT
N850
NFLUX]
NART

MDD W

TABLE 2-6 (Continued)

&

Al0je100e)
1B3)anuolisy



Qel-¢

A0l
493
IGE
iM
104
EVM
801
803
HMOT
MT
MCR
iz
502
IGM
IHS
S01L
M6
D05
G605
LAL
POD
1AFY
AQ S
AQS
AlD
ALZ
Al4
IX85
JMILD
IDIR

TABLE 2-6 {Continued!

DOT SAMPLE PROBLEM NUMBER 2, 3 GROUP,S64,P3,R=2,FIXED SOURCE CALCULATION

PROBLEM If NO.

CRDER OF SCATTERING

0/1/2 = X-Y/R-Z/R-T

NO. OF RADTAL INT.
OFL7272/475=Q7K/ALPHA/C/Z/BR
EIGENVALUE MODIFIER 0.
LEFT BOUNDARY CONDITION
TOP BOUNDARY CONDITICN
FLUX INPUT TRIGGER

NO. OQF MATERIALS

NO. MATLS. FROM CARDS

NO. RADIAL SEARCH ZONES -
071/ 2=NONE/K/ALPHA

NO. OF ENERGY GROUPS
POSITION OF SIGHMA GG
NORMALEZATION FACTCR 1.000Q0E+0
DISTR. SOURCE INPUT 'TRIGGER
OUTER ITER. MAX.

NEUTRON BALANCE EPS. 0.
SEARCH EPSILON 0.

PAR, OSC. DAMP~SEARCH C.

ANG. FLUX OQUTPUT TRIGGER

NO., OF -ETA ANGLES

NO. OF -ETA INIT. DIRECTIQONS
O/N=ALL/N IONES CF CCNVERGENCE
NQ. OF NEUTRON GROUPS

UPSCATTER EPSILON 1.00000E-0
G/1/2/3=NC/TOP/RIGHT/BOTH~TAPE
NO« QLD AXLIAL INT.

0/1=UP/DOWN DIRECTION

FINAL INTVL+BNDRY SGCURCE

-

w
QAW

b
WO PWAONN P L

OoDorwoN@DO

A2,
A4
IZM
M
EV
EPS
BO2
B804
MODE
MOL
MTP
Jz
S03
IHT
ITL
MQ5
504
GO
Goo
LAH
EPSA
AQS
AQT
AQ9
All
Al3
Al5
[MOLD
JMLEV
NA
ISIZE

071 = REG./ADJ. 0
NUMBER OF ANGLES L6
NU. OF MATERIAL IONES 3
NGO« GF AXIAL INT. 3
EIGENVALUE GUESS Oa
PRECISIUN DESIRED 1.00000E~04
RIGHT BOUMUARY CONDIYION 0
BOTTCM BOUNDARY CONDITION 3
FLUX CALCULATION MODE 1
MIXING TABLE LENGTH 12
NO, MATLS. FRCM LIB TAPE Q
NO. AXIAL SEARCH ZONES Q-
PARAM. EIGEN.-SEARCH Ca

POSITION OF SIGMA T 3
YABLE LENGTH é
Qs/N=NO/N ACT. BY LONE G
INITIAL INNER ITER. MAX. 100
INNER ITER. MAX. ioo

POINTWISE FLUX EPS.
1-LAMEBBA MAX.—SEARCH O.
NEW PAR. EPS.-SEAHCH Q.
NQe OF +ETA ANGLES

NO. OF +ETA INIT. DIRECTIONS
071/273=NORMAL/SOR/SPS/CA
0/N=ALL/NTH INTERVAL ANG FLUXES
0/71=PRINT X-5&CsDO NOT

ENTER ZERO

NO. GLD RADIAL INT,

AX1AL ROW FOR BWNBRY SOURCE
STARTING INTVL,BNORY SOURCE
AVAILABLE CORE DATA STORAGE

62C8 LOCATIONS WILL BE USED FCR THIS PROBLEM

2« 00000E~Q4

=N -F-R-N-R-N-N-F N2

3000



lel-¢

TABLE 2-6 (Continved) . :

14% ARRAY 216 ENTRIES READ
3% ARRAY' 103 ENTRIFS REAC
3% ARRAY 105 ENTRIES REAC
3% ARRAY 108 ENTRIES READ

17% ARRAY 3 ENTRIES REAC

17# ARRAY 35 ENTRIES READ

17% ARRAY 3 ENTRIES READ
T
NON-STANDARD INPUT FORNAT USED
U ARRAY *32 ENTRIES READ
T
NON-STANOARD INPUT FORMAT USED
£U ARRAY L& ENTRIES REAC
T
1% ARRAY 3 ENTRIES REAC
4% ARRAY 36 ENTRIES REAC

54 ARRAY 3 ENTRIES REAC

@

‘Alojeloge)
1B8]aNUCSY



Ze1-2

2*
'B%

9%
10s
11%
12»
19%

20%

ARRAY
ARRAY
ARRAY
ARRA;
ARBAY

ARRAY

ARRAY

ARRAY

4 ENTRIES
105 ENTRIES
3 ENTRIES
12 ENTRIES
12 ENTRIES
12 ENTRIES
- & ENTRIES

‘6 ENTRIES

REAC
READ
REAC
REAC
READ
READ
Rﬁﬁc

REAC

TABLE 2-6 (Continved) -



TABLEQ-é(Coanued)

REGICN DESCRIPTION BY INTERVAL

mam
mmm
mmm
mmm
mmm
Mo
mom
meom
mmm
mmm
oo om
e m
NN
NN
NN

La o]

2~133

Astronuclear
taboratory



TABLE 2-6 (Continued)

MATERIAL OESCRIPTYION BY INTERVAL

XRA

>N

Ll ol

e

Lol ol -

-l

=l -

*ronD

L

oo

Ll -]

- N

Lol ol -

[

ninin

NN

L2 N 48 ]

et

et =t =i



gel-2

—
O V= U Wwhr =

[
P

-t g
oWmP NN

WE IGHT

O.

0.83333333E-01
0.83333333E-01
0.

0.83333333E~-01
0.83333333E-01
0,83333333E~0])

. 0.83333333E-01

0.
0.83333333E-01
0.83333332E-01
Q. '
0.833333336-01
0.683333333€E-01
0.83333333E-01
0.832333333E~01

*TA
~CeB.JB9028BE+00
-0.86389028E+400
-0.86889028E+00
-0.,350C2120€E+00
-0.350C2120E+400
~0«35002L20E+00
=0.35002120E+00
-0.350C2L20E+00

0.848689028E+00
0.8688%028E+400
0.86889028E+00
C.35002120E+00
0.350C21206+00
0.35002120E+00
0.35002120E+00
0350021206400

TABLE 2-8 (Continved)

. MU
~0.4950047 3E+00
-C.35002 1 20E+00

0.35002 1206+0Q0
=C.936T417T8E+00
~0.86889028E+00
-0.35002 L20E+00

€.35002 120E+00

0:86889 028E+00
-0.49500473E+00
-£.35002 120400

0.35002 120£+00
-0.936T4 178E+00
~0.86889028E+00
~6.35002 120E+00

0.35002 120E+00

0.86889028E+00

MU » WT
Q.-
~0.29168433E-01
0.29168433E-01

0.
=0, T2407523E~01
—0,29168433£-01
0.29168433E-01
0.72407523€E~01

~0.29168433E-0}
0.29168433E~01
0

-0.72407523E-01

-0.29168433E~01
0.29168433€-01
0.72407523E-01)

ETA * WT

0.

~0.T2407523E~Q1
~0.T240T523E~01
o.

~0.29168433E~01
-0.29168433E-01
~0429168433E-01
~0.29168433E~-QL
Q.

D.T2407523E-01
0eT2407223E-0L
0-

0.29168433e~01
0.29168433&~01
0.291684338-01
0.291608433L~01

M3

Q.

0.35002120E+400
0.35002120E 400
o. .
0.,86889028E+400
0.2087EQLBE+Q]
0.2087TE8018E+0L
0.86B89028E+00
OI

0.35002120£ 400
0235002120400
C.

0.B64HUSCZBE+CO
0,20878018E+01

0.2087EQLBEHDL-

0.846889028E+00

)

f10jeioge
" J1eg|anuolsy



gel-¢

DISCRETE VALUES OF PLN(THETA)®CQS(M#PSI}

ANGL

e
P O D @D AR WP

= et e e
>run>wWhN

ANGL

e .
O =2 0N DA e

—
—

Ll e ol el
[+ R - RETIY Y]

PLMC 1
-4 ,95005E-01
=-3.50021E-0}
3.50021E-01
-9.36T42E-01
-B.68890E-0]
-3,50021E~01
3.50021€-01
8.68890E~01
-4,95005E-01
-3.50021E-D1
3.50021E-01
-G, 36T42E=0}
-8.68890E-01
-3.50C21E~01
3.50021E-C1
8.68890E-01

PLMC 9
-5.18603E~01
~2.661306~-01
-2,66130E=~C1
~3.39C18E-02

6.78036E-02

5.92835E~01
5,92835E-01
6.T8036E8-02
--5.18603E-01

2.661306-01

2.66130E-01

3.39018€-02

-~6.780356E-02

-5.92835E~01
-5.92835E-01
-6, 7603 6E-02

PLMC 2
-8.68850E-C1
~8.68090E~01
~8.68850E~01
~3,50021E-01
«3.50C21E-C1

-3.50G21€E-CL

-3.5C021E-01
-3.50C21E-ClL
E.68880E~0L
B.688G6CE-CL
8.688¢0E-0CL
3.50021€e-01
3.50021€-01L
3450C21E-CL
3.50021€-C1
3.50021E~-Cl

PLNC 2
=1.32455E-QL
-3.16228E-0]
~3.16228E-01

8.16228E-01

6.32455E~0]
-3.16228E~0]
-3.16228E-01

6.32455E~01
—1.32455€-01
-3.16228E-01
—3.16228E-01

B.16228E-01

6.32455E-01
~3.16228E~01
—~3.16228E-01

6.32455€E-01

TABLE 2-6 (Continued)

PLMC 4
1444963601
5. 26T69E-0L
~5. 26769E~01
Se 6T904E~01
5. 26769E£~01
2.12202E-01
-2.12202E-01
~5. 26769E-01
~7+ 44963E-01
~5.26769E-01
5.26769E<0]},
~5.67904E-01
~5. 26T69E-0O1
-2.12202E-01
2. 12202€-01
5. 26769E~01

PLMC - 5
6.538236-01
5.477T23E=01
5.47723E-01
1.06101E-01
0.
=5.,47722E~01
-5.477228-01
0.
6+53823£-01
5.4 TT23E-01
5.,47723E~0}
1.06101E~01
o‘
~524T7T23E-01
—5.47723E~01
D

PLMC 6
44+392B0E-Q1
4.17825E-01
—4417TB25E-01
=5.49830E~01
~3.36631E~0L
4.17825E-01
~4.17825E~01
3.36631E-01
4.39280E~01]
4.17825E-01
~4.17825E-01
—~5449830E-01
=3.36631E-01
4.17825E~-01
—4.17825E-QL
3.36631E-0]

PLMC 7
~1.19798E-01
2.06143E=01

2+06143E-0L.

-7+ 26072E~01
=5.94TTLE~-UL
B8.30421&E-02
B.30421E~-02
~5.94171E-~01
1.19798:-01
=2.06143E~Q1
—2..08143E-0L
T+ 260TL2E-0C1
5:S47TT1E-0L
—B.30421E-02
-8 .34 21E-02
5.94771E-~0L

FLMC 8
=T«23694E-01
~4.28687E-01

4+2868TE-QL
=2+22241E~01

Ce

4,28687E-01
~4.28687E~-01

G-
~Te23654E-01
—4.28687E-0]

4«28687E-01
=222241E-01

c.

4-28687E-01
=4.28487E-01

O«



£E1~¢

CROSS-SECTION EDIT

4.97790€-02

3,41950E~C2

GROUP I CROSS-SECTIONS
POS, MAT. 1 MAT. 2
I 1.379206-03 Q.
2 2.46450E=03 Q.
3 4,92230E~0]1 O.
4 4.410706~0L 6.50010E-01
5 0. 0.
& 0. Q.
POS - MAT. 9 MAT, 10
1 1.82740E-04 0.
2 0. C.
3 6.09500E~QL O.
4 5,23C60E-01 B.37%530E~Ql
5 C. 0.
& 0. Qe
GROUP 2 CROSS-SECYIONS
POS. MAT,. I MAT. i
1 1.97530E-02 O.
2 2.68160€-02 0.
3 1.256480E+0C 0.
4 1.19460€+00 1.84070E+4CO
5
6

0.
’

MAT. 9

1 7.69820E-04
2 0.

3 1l.46540E+00
4 1.37T090E+00
5 B8.62510E~02
6 o.

g

MAT. 1

1.77130E-01
3.02C50£-01
1.68600E+00
1.50890E+Q0
5.C4C50€-02

STl X

0.

MAT. 10
0.

Oe

O.
2.5966CE+00

5.503€60E~-02
0.

3 CROSS5~SECTIONS

0. .
5.01240€-02

MAT. 2
Qs

0.

Q.
5.39760E-01
O

O

MAT. 11
Q.

0.

0.
6.72620E-01
OI

Q.

MAT. 3

1.21180E+00
~1.53340E-02
Q.

MAT. 11

a.

C.

0.

1. 12160E+400
=2+ 16100E~02

0.

MAT. 3
0.

Q.

0.

0.
-4.T1870€E-02

TABLE.2~6 {Continued)

" MAT. 4

1. 72460E-01
0.
Qe -~

MAT . L2
0.
0.

O
3. 19100E~01
Q.
0-

MAT. 4

Ol

0.

0.

9. 89330E~-02
~Ba. 29680E~02

1. 58000E-01
-4, 39360E-02
c.

~8. 246T0E~02
|

MAT. s MAT. [}
4452210E~04 Q.
0. 0.

3.20870E-01 O. .
3.20150E-CY 1.89T710E-QL

0. . O
T Oa

MAT. 5 HAT. &
6.68390E-03 O. '
0. 0.

T.85530E~01 0Q.
T-TT930€~01 8.91850E-02

MAT. 7T

C. !

3+17900E-01L .

Q.
Ca

MAT . 7
O.

0.

Ce
4.85950E-02

2+67SCOE~04 —1.07300E~04 -1.33800E-00

Q. C.
MAT . 5 MAT. [.]
T«T16B0E-02 O©.
Ce 0.

9.811406-01 0.
9.03970E-01 0.
9.08100E-04 —4.B83030E~04

Oe

MAT. 7
O.

G

O.

Q.
«1e43160E-05

MAT. 8
Q.

Qe

[+
1.26200E-01
Q.

Ga

FAT. 8

Q.
2.1T4BOE-0QZ
1.72420E-0&
.

MAT. B
0.

Q.

Ce

Oa
3.98390E-0¢

@)

AJojeioge]
JBaonuoiisy



21 bt A

POS.

O AR I ) M) e

1.36370E-06

MAT. °© 9
8.69440E-03
O. s
1.7937CE+CC
1.78500E+0Q0
9.346340E-02
2+435640E-06

4.95220E-09 ~7.,70200E-07 —~2. 10590E~G8 O.

MAT « 10
G.
0.
a.
Oe

MAT. 11
Q.
0-
0-
0.

9.5394CE=02 -4.63020E~02
1.96350E-C9 ~1.34770E-06 -1. 09180E-08

“TABLE 2-6 (Continued)

=1.48920E-01

0.

0.

Ce



6€1-2

OISTRIBUTED SOURCE

XAR

O Dt O U eI N e

YT 1
1.500826-03
l.49462E-03
1.48214E~03
1.46378E-03
1.43920€E-03
1.40878E-03
1.37230E-03
1.33C19E-0Q3
1.28216E-03
1.22892E-03
1.17C19E-0Q3
l.104T4E-03
1.03836E-03
966 CIIE-04%
B8.89843E-04
8.11323E-04
7.32331E-C4
6.58 219E-04
6.0467T9E~0Q4
6,07 193E~04
0.

XRR 22

FOR GROULP

\Z4 2
1.5CC82E-C2
1.49462E-03
1.48216E-03
1.46378E~03
1.435206~03
1.4CA78€E-03
1.3723CE-03
1.33019E-03
1.28216E-C3
1.22892E-03
1.17C19E-03
1.1C674E-03
1.03836E-03
9,66039E-04
8.898436-04
8.11323E-04
7.32281€-0C4
6.58319E-04
6.046TI9E-C4
6.07193E-C4
0.
THRU  XRR

DISTRIBUTED SOURCE FCR GROUP

KRR

1

YiT i
0.
XRR 2

Yy 2
0.
THRYU XRR

DISTRIBUTEL SOURCE FCR GROUP

XRR

YIT 1 Y1 2
1 0. Q.
XRR 2 THRU XRR

1

YT 3
1.50082€-03
1+49452E~03
1448216E~Q3
1.463T7T8E-03
1.43920E-03
1.40878BE-03
1.37230E-03
1.330k9E~03
1+28216E-03
1.22892E~03
1.17019E-03
L.106T4E-03
1.103836E-03
Ge £6039E-04
B8.89843E~04
8.11323E-04
T.32381E~04
6.58319E-04

" 5«D46TIE-04

6.07193E~04
O.

TABLE 2-6 {Continued)

35 SAME A3 ABQVE

2

¥ 3
0.

35 SAME. AS ABOVE

3

YiTt 3
0.

35 SAME AS ABOVE

&

Ajoieieqe
1eafanuallsy



OFl-2

MIXTURE SUM CCMPONENT

1 1
2 2
3 EY
4 4
5 5
6 6
7 7
g 8
g 9

1¢ 10

11 11

12 12

13

L4

15

16

17

18

16

20

21

22
2

24

25

2¢

27

28

26 .

3¢

31

32

32

34

35

38

FIS. SPECTRUM
1 0
2 0

3 Q

jaNoNaRoleNaNoleRo oo Ne

VELOCITY
1.CCOCOE+Q0
1.CCCCCE+CO
1.0C0CCE+CO

DENSITY
1.00000E+00
1.00000E+00
1.COO00E+00
1. COOQQE+Q0
1.C000CE+GO
1.CO0C0E+0Q0Q
1.CCO00E+C0
1.GQCO0E+0C
1.G0000E+00
1.C0000E+00
1.CCO00E+00
1.CO000CE+Q0

RADIVUS
o
9. 13650E-01
1. 82730E+00

2+ TA0S5E+00 ~

3. 465460E+00
4.56825E+0Q0

- 5. 48190E+00

6. 39555E+00
T.30920E+00
B.22285E+400
9. 13650E+00
1. 00501E+01
1. 39638E+01
1.18774E+01
1. 27911E+01
1. 3704TE+Q]
1.46184E+0])
1+ 55320E+0]
L. 64457€E+01
1. 735936401
1.82T730E+01
1. 87263E+40]
1. $1797F+01
1. 96330E+01
2. 06755E+01
2. 17180E+01
Z. 27605F+01
2. 38030E+01}
2. 48455E+01
2. 58880&+01
2.69305€401
2. TST30E+QL
2.3C155E+01
3. 00580E+01
3. 11005E+01
3. 21430E+0Q1

TABLE 26 (Continued)

R MIOPOINT
4.568256~01
1.37047E400
2.28412E400
3.19777€+00
4.11142E+00
5.02507E+00
5.93872E400
6.8523TE+00
7.76602E+00
8.67967E+00
9.59332E+00
1.05070E+01
1.14206E+01L
1.23343E+01
1.32479E+01
1.41616£+01
1.5C752E+01
1.59889E+01
1.69025E+01
1.78162E+01
1.84997E+01
1.89530E+01
1.94063E+01
2.01542E+0L
2.11967£+01
2.22392€+01
2.32817E+01
2.43243E+01
2.5366TE+01
2.64092E+01
2.T451TE+01
2.84542E+01
2.9536TE+01
3.05792E+01
3.16217E+01

HEIGHT
0
3.320000E~0)
6. TOO00E~0OL
1.00000E+00

H MIDPOINT
1. 65000€E-01
5.000Q0€~01
8.35000E-01

MAY.

BY ZUNE
-1
-5
-9



ivi-¢

TABLE 2-6 (Continued)

FLUX 2w O II 0 NB O USF 0. €EQ O.
GRGUP 1 INNER ETERATIONS = 76 FLUX ERROR MAX = 1.87277E-04
GROUP 2 INNER ITERATIONS = 64 FLUX ERROR MAX = 1.94146E-04
GRQUP 3 INNER ITERATIONS = 100 FLUX ERROR MAX = 5.0428BE-04

AT
AT |
AT

EV . Q.

3%, 21
35, 3)
35, 31}

LA' o.

@

Alojelogey
1B3|3NUDIISY



IN-SCATTER

TABLE 2-6 (Continved)

BAL ANCE TABLE SUMMARY

Zrl-z

GROUP FIXED SO FISSION 50 SELF-SCATTER HI-LEAKAGE ABSORPTIONS OUT-SCATTER RT-LEAKAL
1 1.00000E+00 O. Q. 8 J668TBE+00 3.32122E-04 2Z.50593E-02 9.T4609E~01 3.32122E-0
2 0. 0. GeTA4STIE~OL 1467039E+01 6.82742E-04 2.43269E~01 T30620E-01 6.82742E-0
3 0. 0. T+30010E~01 LF.TTTITE+0L 1.16637E-02 TalB442E~01 —=6.6519TE-053 1.16&3TE-0
4 1.00000E+C0 0. 1.TO458E+00 4 .31524E+401 1.26T86E-02 9.86T7T0E-01 1.70516E400Q0 1.26T786E~0
GROUP VT-LEAKAGE TOP-LEAKAGE NET-LEAKAGE BALANCE
1 ~5.79142E~-07 -5.79142E-07 3.31543E-04 1.00000E+Q0
2 ~1.36107E-06 -1.26107€-06 6.813BLE-04 1.00000E+00
3 ~2.928T72E~05 ~-2.92872E-05 Ll.16345E-02 1.00000E+00 i
4 ~34122T4E-C5 ~3.12274E-05 1.264749E-02Z 1 .COQQQE+0Q |
FLUX 1 LC I Il 240 NB 9.959999E~0) LSF Q. £EQ O. EV 0. LA 1.00000000E+00!
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RAOIUS

a.

9.1365000E-01
1.8273000E+00
2.7409500E+00

3.65460C0E+00
445682500E+00
5.4819000E+00
6.3555500E+400
7.3C92000£+00
8.2228500£400
9.1265000E+00
1.0050150E401
1.CS63B800E+01
1.1877450E+01
1.2791100E+01
1.370475CE+CL
1.4618400E+01
1.5532050E+01
1.6445T00E+01
1.7359350E+0L
1.8273000E+01
1.8726333E401
1.9179667E401
1.9633000E401
2.0675500E+01
2.17180C0E+0L
2.2760500E+0]
2.3803000E+01
2.4845500€+01
2.5888000E+01
2.6930500€+01
2.7573000E+01
2.9C15500E+Q1
3.0C55000E+01
3.1100500E+01
3.2143000E+01

TABLE 2-6 {Continued)

R MIDPOINT

4.56825C0%5~Q)
1+ 3704750E+00
24 2841250E+00

3. 19777506400
4. 111425Q0E40Q

5. 0250750E+G0

5. 9387250E+00
64 8523750E400
7. 7660250E+00
8. 6T96T50E+00
9. 56332 50E400
1. 05069 75E+01
1. 14206256401
1. 23346275E+01L
1.3247925E401
le 416157SE+O1L
1. 5075225E+01
1. 55888 75E+01
1. 6902525E+401
1. 78161 7SE+0L

1. 849966 TE+01L

1. 8953000€E+01
1. 9406333E+01
2. 0154250E+01}
2. 1196T50E+01
2. 223925CE+01
2.3281750E+01
2. 4324250E+01
2. 9366T50E+0L
2. 640925CE+01
2. 1451750E+01
2. 84942 50E+01
2.9534750E+01
A.0579250E+01)
3.1621750€E+401

HEIGHT - H MEDPOINT
. 1.6500000£-01
3,3000000E-01 5 .0000000E~01
6. 7TQ00000E-0L 8.3500000E~01
1.0000000E+00 ,

ey

Alolesoge)
12319nU0.ISY
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¥YIT= 1
2.7410E-02
2+T290E~02
2.T058E-02
2.4709E~Q2
2.6249E-~02
2:56T1E=Q2
2.499€6E-02
2+4209E-02
2.3318E-02
2.232GE-0Q2
2.1245E-02
2.,0073E-02
1.88l9€E-02
1.7491E=02
1.6097€~-02
le4646E~-0Q2
1-3143E-02
1.1586E-02

‘9.9B04E~Q3

8.1814E-03
6.6T4SE~(03
5.6503E-03
4.6475E-03
3.2240€~-03
1.8319£-03
1.0729E-0%
6.1663E-04
3.56T6E-04
2.07198E-04
1.1568E-04
6.9643E-05
3.9939E-05
2.263CE-Q5
1.20456-05
S5.38T4E-06

FLUX 'FQR GRQUP 1

Yir= 2
247T430E-C2
2.7311Eg-02
2.7T017E-02
2.6730E-02
2+627CE-C2
2.5667E~02
2.5016€-C2
2+422BE~-D2
2.3337t-02
2.2347E-02
2.1263E-C2
2.0085E-C2
1.8825E~C2
1.75C6E~02
1.61126~C2
1.4658€~-C2
1.3156E~C2
1.1&6C3E-C2
9.9996E-C3
8.2160E-03
6.6992€-03
5.6457E=C3
4.60713E~C3
3.1744E-C3
1.8029E-03
1.05106~-03
5.0553E-C4
3.5172E-C4
2.03C3E~C4
1.1845E~C4
6.T919E~-0Q5
3+9526E~C5
2.2031E-G5
1.1954E~C5
5.0424E-C6C

Yit= 3

2.7410E~02
2.7290E-02
2.T056E-02
2.67C9E~02
2.6249€-02
245677E~02
2.4596E-02
2,4209E-02
2.3318E-02
2.21296-02
2.1245E-02
2.0C73€-02
1.8819E-02
1.7491E-02
1.6C097€-02
1.4646E-02
L.31436-02
L.1586F-02
9.G8C4E~03
B.1814E-03
6.6149E-03
5.6503E~03
4.64756-02
3.2240E-03
1.8319E-03
1.0729€~03
6.1663E-04
3.5676E-Q4
2.0798E-04
L. 1S66E-04
629643E~05
3,9539E-05
2.2630E~05
1.2044E-05
5.3873E-06

TABLE 2-6 (Continued)
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YIT= 1
1.868CE-02
1.8597E-02
1.8436E~Q2
1.8197E-02
1.7879E~Q2
1.7485E~02
1.701 5e~02
1.6473E-02
1.5861E-02
1.518 1£-02

"1.4437E=02

L.3632E~02
1.27738-02
1.1863E~02
L.090¢E~0Q2
9.9095£-03
8.8761€-03
7.8126E-03
6.728€E-03
5.6241E-03
4.7691E-03
4.203 3€-03
3.6864E-03
2.9822E-03
2.1295E-02
1.4471E-G3
S.54T0E-04
6.1315E~04
3.8865€E-04
22424 1E~04
1.4935E-C4
9.0829E~05
$.3461E~05
2.9965E-05
1.3303E-Q%

FLUX FCR GROUP 2 ~

¥ev= 2
1.8585E~C2
1.860Q3E-02
1.8442€-02
1.8202E~C2
l.7885E~C2
1.T490E-02
1.7021€-0Q2
1.6479E~-C2
1.5866E-02
1.518¢6E-C2
l.4442E-C2
1.3638E-02
1.2778€-C2
1.1867€~-02
1.0911E~-C2
9.9131E~C2
8.8798E~03
T«8165E~-03
6.7208E-03
5.6290E-C3
4. TTE1E-03
4+2013E~C2
3.6743E-C2
2.97T346E~01]
2.1290E-C3
l.4421E~C3
9.5071E~C4
6.1076E-C4
J.8655E-C4
2.4113E-C4
1.4861E-04
9.0183E~CS
5.325ZE~CS
2.9750E-C5
1.2986E~CS

Yz7= 3
1.8&80E~-C2
1-8597E"02
1.8436E-02
l.8197E~02
l.T8T9E-02
L.7485E~02
1.70156-02
l.64173E~02
14586LE-02
1.5181E-Q2
1.4437€-02
1.3633E-02
1.2773E-02
1.1863E-D2
1.05C6E=-02
S.9CY6E-03
B.8162E-023
T BL25E~G3
6.7286E-03
5.6240E-03
4,T691E-03
4.2G35E-Q3
2.6E843E-03
2.9E822E-03
2.1295€E~-03
1.4471E-03
9.5449E-04
6.1314E-04
3.8E644E-0Q4
2.4240E-04
1.4535E-04
9,082TE-05
S.3459€-05
2.9564E~05
1.3203€E~05

TABLE 2-6 (Continued)
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YiT= 1
5.2885E-02
5.2652E-03
5.2197€-03
5.1515€-03
5.0614E-03
4+ 9493E-03
4.8143E~-03
4,6622E-03
444886E-03
4429556-03
4.0847€-03
3.856EE-03
3.6134E-03
3.3563E-03
3.0879E~03
2.8124E-03
2.5408E~02
2.2962E-03
2.1454E~-C2
2.276GE~03

* 2.5833E-03

2.968 26-03
3.6122E-03
5.095CE-03
6.3790E-03
6.%43026-03
5.8922E-03
5.05875-03
4:163CE-03
3.3056E-C03
2.5353£-03
1.8675€-03
1.2865E-03
7.8866E~04

- 3.300CE-04

FLUX FOR GROUP 3

YIt= 2
5.2892E~03
5.2661E~C2
5.2202E-03
S541524E-03
5.0619E-C3
4,95C4E~-C3
4,8166E-03%
4,6633E~-C3
4.4888E-G3
4.29¢56-03
3.8577€~-C3
3.6137E-C3
3.357CE~-C3
3.08B1E-C3

2.8129€-C3 .

2.54L7E-C3
24.29456-C3
2.1457E~-C3
2.2582E-C3
2.5966E-C3
2.9540E-G3
3.6238E-03
5.1048E-C3
6.3834E-C3
64438CE~-C3
5.8928E-03
5.0591F-C3
4.1636E-C3
3.30366~-C3
2.5358E-(3
1.865¢€E-C3
1.2815£-C3
T.8739€-04
3.2792E~C4

Yii= 3
5.2894E-02
5.2661E-03
S.22C&E-03
5.1523E-03
5,0£23€-03
4.9501E~02
4.8171E-03
4. 683CE~03
4. 4B93E-03
442962E-03
4. 0BS4E-03
3.8574E~-03
3.6140E-03
3.3569€-03
3.0884E-C3
2.8129€E-03
2.5412E-03
24 2965E~03
2.1457€E-Q3
2.2762E-03
2. 5E35E~C3
2.9€83E-03
3.6123E-03
5.0553E-03
6.3792E-02
644301E-Q3
5.8618E-03
5.0%81E-~Q3
4.1£23E-03
3,3C50E-03
2.5347E-03
1.9671E-03
1.2E62E=0Q3
T« 8840E-04
3.2592E-04

TABLE 2-~6 {Continued)
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YZT= 1
2.1659E-03
2.156 3E-03
2.13776-03
2.1098E~03
2.0729E-03
2.02716~03
1.9726E-03
1.9096E-03
1.8386E-03
1.759£E-03
L.6T33E-03
1.580CE~0Q3
1.4D03E-03
1.37506-03
1.2648E~-03
1.15136-03
1.0379E~03
9.3162E-04
8.53056-04
B8.584 4E—04
0.

0-

0. !

O‘
0.

FISSION EDITY

YIT= 2
2.1663E-C3
2+1568E~C3
2.1381E-C3
2.1103E~C3
2.0733E-C3
2.C27¢E~C3
1.972GE~(C3
1.9101E~C3
1.8388€E~-C2
1.76C1E~C3
1.6735€-03
1.58C4E~C3
1.48C&E~C3
1.3754E~03
1.2650E-C3
1.1516E-C3
1.03680E~-C23
9.3127E~C4
8.53}9E-C4
8.53320E~04
o.

0.
Q.
0.
0.
0.
0.
0.
Q.

© 0.

Q.
0.
0.
0.
0.

YIT= 3
24 1661E-03
2.1566E-03
2.13719E~03
2.1100E~02
2.0732E~023
2.0273E-03
1.9729€E-03
1.9(99E~02
1.8328E=-03
14759BE~-D3-
1.6735E~032
1.5802E-032
1.4805E-02
1.2752€-03
1.2€50E-Q3
1.1515£-03
1.03B0E~03
S.3173E-04
8.53214E-04
8.5851E-04
0.

0.
G.
.
0.
O.
0‘
0.
C.
g.
0.

;0-

0.
0.
Ce

TABLE 2-6 {Continued)
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TABLE 2-6 (Continued)



TABLE 2-6 (Continued)

évi-¢
P = e e e e s gep ped e ey
OO U Il N OO ad U B N e

WL N OO @ AN D N e

P ol e

ACTIVITY 0 PLUS N
N 1
XRR YiT 1 Yiv 2 YT 3
1.34354€~03 1.34379E-03 1.34370E-03

1+33762E-03
1.32605E-C3
1,30875E-03
1.28590E~03
1.25746E-03
1.22369E-03
1.18459E-C3
1.14051E-C3
1.09152e-C3
1.03799E-03
9,80128E~-04
9.18215E~04
B.52G38E~C4
7.84590E~C4
T.14102E-04
&.43507E-04
§.77024E~04
5.26688E~-04

1.33792E-03
1.32630E~03
1.3C9C7€E~-C2
1.28612E~-03
1.25779E~C3
1.22388E-03
1.184%2E-C3
1.14C£9E-C3
1.09183£-C3
1.03816€E-C2
G.80407E-Ca
9.18418E~C4
8.53190€-C4
T.84732E-C4
T.14281E-04
6.43580E-C4
£.16824E~C4
5.26772E-C4

1.337T7E-023
1.32620E-03
1.30891E-03
1.28605€E-03 "
1.,25761E-03
1.22383E-032
1.18473E-03
1.14065E-03
1.09165€E~03
1.C3811E~03
9.80244E-04
9.18423€E-04
8.53058E~Q4
T.04682E~06
Telal86E-Q4
&.43582E~04
S.T7C89E-04
B.26T44E~04

5.25523E~04 5.22525€E-04 5.25%65E-04
21 0.« 0. 0.
XRR 22 THRU XRR 35 SAME AS ABOVE
2
YT 1 YT 2 Yy 3

4.60345E-02
4.58317E-02
%.54365E~02
4,484T7T5E~-02
4.40675€-02
4.30S84E-02
4.19453E-C2
4.06121E-C2
3.,91061€-02
3.74335E-02
3.56037€-02
3.36259E-02
3.15114E-02
2.92728E-C2
2.09239E-02

4.460527€-02
4.58511€E~02
4.54552€8-C2
Ge4E66TE-C2
4,4C857TE~-02
4,31173€E-C2
4.16639E~02
4.CE3(4E-C2
3.51227TE-(G2
3.145C7E~Q2
3.561%3E-02
3.36417E-02
3.15257E-02
2.928£66E~02
2.4%5370€E~C2

4.60360E-02
4,.58332E-02
4.54380E-02
4,48490E-02
4. 4CH89E-02

«2C998E-02
4.19467E-02
4.C6135E-02
3.51074E-02
3. 1434TE~-02
3.56C49E-02
3.36270E-02
3,15124E-02
2.52738E~02
2.65248£-02

&

AJojeloge]
JB3|INUOLISY



051i-¢

16

18
1
20
21

XRR

21

22
22
24

XRR

21
22
23

24h4B4TE=02
2.197195E-02
1.9455TE-C2
1.70401E-02
1.49778E-02

0.
XRR 22
3
YIT 1

C.
XRR 2

2.34245€E-04
2.591CLE-04
3.05484E-04

Ce
XRR 25
&4
YT 1
0. '
XRR 2

8.42262E-03
8.02717e~03
7.93101E-03
0-

XRR 25

2+66959E~02
2.199C5E-02
l.54664E-02
1.7C5C3E-02
1.49712E~02

0.
THRU XRR
. YIT 2
Q.
THRU  XRR

2.32474E~-C4
2.5858BE-04

3.06284E~04
0-
THRU XRR
YT 2
0.
THRU  XRR

8.41272E-03
8.010C5E-C3
T.92017E-0G3
0.
THRU  XRR

2+.44855E=-02
2.198C2E~02
1.94563E-02
1.7C406E~-Q2
1.49781E-02

0-

35 SAME AS ABOVE

Y27 3
0.
20 SAME AS ABOVE
2 24257E-04
2+.55111E~04
3.05498E-04

0.

35 SAME AS ABOVE

YiT 3

Q.

20 SAME AS ABOVE
B.42276E-03
B.C2729E-03
7453117E-03

35 SAME AS ABOVE

TABLE 2-6 {Continued)



1o By

XRR
1

24
25
26
27
28
29
30
i1

32

33
34
3%

XRR

24
25
26
27
28
29
30
3l
32
32
34
35

4,45198E~0%
3.65320E-035
2.89489E-C5
2.217106E~CS
1.63143E~-Q5
1.12308€E-05
6,88223E-C6
2+ 88038E-Q6

YT 1
Q.-

XRR 2
1.54142€~02
1.56792E-02
143 C84E-C2
1.23437E~-Q2
1.018%8E-02
Ba16346E-03
6.35748E~Q2
4.80887E-03
3.507245~03
2.39¢75E~-03
1.45588E-03
€, 14T00E-04

ACTIVITY 4 PLUS N
1

Yir 1 YT 2
0. O.:

XAR 2 THRU XRR

4« T1B32E-05 4.72527E-05
5,74359E~C5 5.748B85E-C5
54 72167E-085 S5.727T70E~CS

5.20770E-05
4445207E~05
3.6%350E~-C5
2.89331€E-05
2.21737E-C5
1.6256%E~CH
1.12391E-05
5.B7C89E-0&
2.86158E-08

]

NLT 2
O.:

THRU XRR
1.54488E-C2
1.56692E-02
1.43017€-02
1.22324E~02
1.01840E-C2
8.,15852E-C3
65,35183€E-03
4.90756E=-C3
3.50257€-GC3
2.4C086E-C3
1.4#323E-C3
6.}C290E-C%

YT 3

a.

23 SAME AaS p
4.71854E-05
5,74372E-05
G.12155E-05
5.20732E-05
4.45148E-05
2.65263€-0%
2.B89434E-05
2.21657E-08
1.63104E~05
1.12279E-05
6.88044€E-006
2.87946€E-06

Y1 3
0. ;
23 SAME AS A
1.34T746E-02
1.56794E-02
1.43081E-02
1.23429E-02
1.01887E-02
8.16228E-03
6.35632E-03
44B0785E-03
3.50643E-03
2.399146E-03
1.46551E-03
6. 14551 E-04

TABLE 2-6 (Continued)
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END OF PROBLEM = TAPE LESIGNATION
FOGRTRAN NAME LOGICAL NC.

NoR1
NSCRAT
No.SC
NFLUX1
NAFT

£ 00N W

TABLE 2-6 (Continued)
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(c) ETA (6%), the direction cosine of angle M with respect to the Y, Z, or

THETA axis.
d) MU(6*), the direction cosine of angle M with respect to the X or R axis.’
(e) MU*WT, the product of d and b.
(F) ETA*WT the product of c. -.and b.
) M3, a term Used in the geometric qngulcr red:sfnbuhon
(h) M4, the ETA mates for top and bottom boundary reflection.

(i) M6, ,the MU mates for leff and right boundary reflection.

If A03 > 0, the consfants used by the moment operators in the anisotropic }
inscafter integral are printed. ‘ ' '

The cross sections are printed by group, material, and position (14*). A two-
dimensional table of material and position is printed by grOL;p. The material

numbers correspond to those used in the mixing fable, materials by zone,

"material picture plot, and activity calculations. '

IF 104 = 0, the fixed distributed source is printed és a two-dimensional c;rrc:y of

radial infervals by number of axial intervals for each group (17*). The source

-, values prinfed out have been normalized such that the total integrated fixed

(11)

(12)

source equals the normalization factor. Hno nc{rmuﬁzqﬂongiis desired (SOT =

0. 0) then the fixed distributed source is not printed out.

If 104=5, the boundary source is prin%'ed (18%), - If a source is present at

both the right and top boundaries, the right bou‘ndary source and then the

top boundary source is printed for each group. The correspondence between

the angle numkbers and the Sn constants is given in the Section 2.3.3 on boundary
source input.

The imporfant one-dimensional qrr.ays are priﬁfed. These include the following:
(@) The mixing table mixture numbers. (10%) ‘

{) The mixing fuble component numbers, (113%)

(c) The mixing table densities. (12*) ) ]

(d) The redii of the radial interval boundaries.  (4*)

(e) The redii of the interval midpoints.
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{f)  The height of the axial interval boundaries. (2*)
(g)  The height of the interval midpoints.

(h) The materials by zone, (9$)

(i)  The fission spectrum, (1*)

(i}  The velocities. (5%) )
(k) If 104 = 4, the radial search zone numbers. (21$)
(1) 1f 104 = 4, the radial zone modifiers, (22*)

(m)} 1f 104 = 4, the axial search zone numbers, (233)
(n) If 104 = 4, the axial zone modifiers, (24*)

(o) IfB02 =5, the right boundary albedos. (25%)

(p) IfBO3=5, the top boundary albedes. (26%)

() 1fB04 =5, the bottom boundary albedos, (27*)

(r)  If A09 = 2, the dominance ratio dependent scale cycle by
energy group,

{s) A0 #0, the zones of convergence. (28%)

Output from Calculations

The remainder of the printed output contains quantities calculated by DOT-HW, The
printout is arranged in the following order:
(1) The monitor and group line prints. The monitor line is printed
at the end of each outer iteration and contfains fhe following
information
(a) The logical number of the'scalar flux fapé, NFLUXI,
(b) The ovter iteration number, LC,
(¢}  The number of inner iterations in the last outer iteration, il.
(d)  The neutron balance, NB, or the ratio of source rate to the
loss rate,
(e) The ratio of upscatter source between fwo successive outer
iterations,
(f)  If asearch, the slope, dEV/dLA,
(g) 'I:he eigenvalue, EV,
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(h)  The ratio of sources, LAMBDA,

The group line contains the g-roup number, mllmber of inner ffer;:fions for that group
in the indicated outer iteration, and the maximum pointwise. flux error and the location where
the maximum pointwise flux error occutred in the mcferlal map. The group line is printed for
‘each group and each-outer iteration if G06 # 0

(2) The anguiar fluxes, If IAFT =2 0r 3, fhe cngular fluxes are
printed by group, space point, and angle. The angular flux hus
units of qverage neutron (or photon) speed per unit volume per unlt
angular weight, or 4 rtimes the average neytron {or photon) speed
per unit volume per unit solid angle (sferqdlan) The fluxes are
printed in two-dimensional arrays of radial interval by angle.

. Each array is preceded by a title giving the group and axial |
interval. A FLAG =-1,0 in the title means that the angle
numbers correspond to the same angle numbers in the S
constants, A.FLAG =+1,0 in the title means that the cmgle
number, N, corresponds to angle N+MM/2 in the Sn constants
where MM is the total number of angles. When the angular .
fluxes are printed, the group line for each group appears at the
end of each set of angqiar fluxes for that group.

(3)  Balance table, DOT-1IW prints a system balance table for all problems.
The following items are printed as seperate columns: “

{a) . FIXED S0, the distributed or boundary source.

(b) - FISSION 50, the fission source.

(c)‘ IN-SCATTER, the rate of sc;:ﬂering into the group.

(d) SELF-SCATTER, the within group scqﬁermg. -,

(e) HZ-LEAKAGE, the r:ghf boundary Ieakuge minus the Iefr
boundary leakage.

(f} ~ ABSORPTIONS, the absorption rate, .

(g) OUT-SCATTER, the rate of scattering from the group.
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(h) RT-LEAKAGE, the right boundary leakage.
(i) VT-LEAKAGE, the top boundary leakage minus the
_ bottom boundary leakage.
(j} TOP-LEAKAGE, the top boundary leakage.
(k) NET-LEAKAGE, the horizontal plus vertical leakage,
(I)  BALANCE, source rate divided by loss rate,

(4) The final monitor line.

(5) The final valués {(in the case of search calculations for fhe- radial
and axial interval boundaries and interval midpoints).

(6) The scalar fluxes are printed by spac-:e‘poinf and by energy éroup.

(7) Fission edit. The fission neu‘fron source rafte per unit volume
is printed by space point,

(8) Flux moments., If A03#0 and IAFT =1, 2, or 3, the moments of
the flux are printed by group, moment number, and space point.
A flux moment is the product of angular flux, moment c;perqfor,
and angle weight summed over angle. Usually the first moment
is the radial current and the second is the axial current.

(?) Activities. The specified activities are printed next in the
output. An activity is a sum over groups of the product of the
scalar flux and the cross section in the material and position
indicated in the 19% and 203 arrays. The activities are printed
by activity number and space p‘oinf and are preceded by a l
table giving the correspondence between activity number and
the specified material number and cross section table position,

(10)  Tape designation. Because tapes are manipulated in the DOT-HW
code fo minimize computer time, a convenient list of final
tape assignments is prinfed as follows:

(a}  NCRT contains the processed cross sections and may be

used in subsequent probiems merely by (1) specifying
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no cross sections from cards or tape, and (2) by mounting .
this tape on the appropriate drive.

(b)  NSCRAT is a scratch tape used for intermediate calculations.

(¢) NBSO is g tape containing the normalized boundary source,
if specified.

(d) NFLU)&] is a tape which contains the converged scalar fluxes
and surface angular fluxes as well as the higher flux moments.

(e) NAFT contains the angular fluxes and other selected parameters.
NOTE: The scalar flux is always written on Tape 1tat fhe end of

a calculation.

2.5.2. Qutput Flux Tape _

Almost all of the usval information desired from a calculation is contained in the
prinfed ouiput; however, some problems mély require ‘additional computer code analysis with
the NAGS and MAP codes. These codes use the output flux fape as input data; this flux
tape is written in the binary mode and contains one fogical record for each group, To

facilitate use of the scalar flux tape, the format is described in the following list:

(1). The first IM*JM words in the record contain the scalar flux in the order
(L1, (200 v e o (M, 17 (1,2), (2,2), .+« .o (M, 205, (IM, IM),

(2) The next IM*JM* (A03-+A03+3))/2 words contain the flux moments, The ferms

" are arranged by interval in the same order as the scalar fluxes for each
moment operator. [f A03 =0, then a single word containing all zero bits
is written.

(3)  The next MM*JM words contain the outgoing angular fluxes at the left and
right boundaries, The angular fluxes are arranged by angle and axial interval a
in the order (1,1), .. .., (MM, 1); (1,2), ...., (MM, 2); ... . (MM, JM),
The correspondence between angle number and direction is given by the S},
constants table in the output, Those fluxes, for an axial interval J and an
angle M, for which MU(M) is negative, are for the left boundary, and
those for which MU(M) is positive are for the right boundary.
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(4) The next MM* [M words contain the outgoing angular fluxes at the top
‘ and bottom boundaries.. The order of the fluxes is similar to that in the
preceding item (3). lp a similar manner the fluxes, for a radial interval

| and an angle M, for which ETA{M) is positive are for the top boundary,

2.5.3  Angular Flux Tape

The angular flux tape contains the information required for two-dimensional
perturbai’%on codes, for input as a boundary source to subsequent DOT-IIW calculiations,
and for special analysis problems involving the angular flux. The sequence of information
on the binary angular flux tape is as follows:

(1) The first record which is 72 words long contains a major portion of the
DOT-IIW parameter block. The first 18 words are the title from the
DOT-IIW case which may. be pfinted under an 18A4 format. The remaining
54 words contain the parameters AQ1 through A15 in the order as arranged
in COMMON,

(2) The next record contains the materials by zone, M2, an integer array,
which is total number of zoﬁes (1ZM) words in length.

(3) The third record contains the zone numbers by interval, MO (K, J), an
integer array which is number of intervals (IM*JM) words in length.

(4) The fourth record contains the fission spectrum, K7, whicF is number of
groups (IGM) words in length.

(5) The fifth recrod contains the discrete ordinate quadrature weights, WO{M),
which is number of angles {MM) words in length, ' -

(6) The sixth record contains the Mu mates, M&6(M), an integer array which
is number of angles (MM) words in length. ‘

(7) The next IGM (number of groups) records contain the vzf neutron
production and Zf cross sections by material, Each record is number
of materials (MT*2) words in length.

(8) The next IGM*JM*2 records contain the angular fluxes. Each record

js for a particular group and axial interval, J, and contains angular
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fluxes by radial interval and angle for either the upward directed angles

or downward diredied angles, Each .record is IM*T15 words where T15 is

the number of angles in the upward or downward direction. The angles

are arranged in the same order as the quadrature constants, The first angle

for a downward directed set corresponds fo the first.angle in the .quadrature; -

the first angle in an upward directed set corresponds to angle A05+1 in the

guadrature, The records are arranged in the following order:

(a)..
(b)

(c)

. (d)

()
(f)
(g)

Angulo} flux for J=JM, downward angles, group 1.
Angulor flux for J=JM-1, downward angles, group 1. . K
Angular flux for J=1, downward angles, group 1.
1Angqlc:'r flux for JT-'L upward angles, group 1.

Angular flux for J=J M, ‘vpward angles, group 1.
Angular‘flux for J=JM, downwc;rd ar;gles, group 2,

Angutar flux for J=IJM, upward angles, group !GM ‘

The next record contains the volume elements, VO (1, J) which is the

number of intervals (IM*JM) words in length.

The next record contains the radial coordinatés, R1 (1), which are the

number of radial mesh lines (IM+1) words in length,

The last record contains the axial coordinates, Z1 (J), which are the number

of axial meshlines (JM+1) words in length,
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2.6 PROGRAM LOGIC

The program logic for the DOT-IIW code is presented in this section. The presenta-
tion of the calculational procedure is given in a simplified form to show the user when a

certain operation or calculation is performed.

2.6,1  Subroutine Descrip-rion

The simplified flow chart of the major calculations perfornied by the DOT-1IW code
is shown in Figure 2=5u For clarity, only the principal calculational routines are shown; the
other routines are straightforward calculations or operations. Table 2-7 lists the subroutines

in the DOT-IW code and their functions,
To obtain more problem data space .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 siorage,

The level structure used in the overlay of the DOT-HW code is shown in Figure 2-6,
Levels are used to describe the sequence of loading overlays and to specify which sections
of the source program ovez:lay others, The main.level of the overlay structure always resides
in core storage. Oﬁly one primary level and its respec'ﬁve secondary levels can reside in
core storage at one time,

An increase of approximately.16, 00010 core storage locations for DOT-1IW problem
data resulting in.c: fofgl problem data storage of 51 ,00010 is achieved using the OVERLAY
feature of the MSFC UNIVAC-1108 computer.
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TABLE 27

LIST OF DOT-1IW CODE SUBROUTINES AND THEIR FUNCTION

Subroutine Name

DOT
INP
INIT
FISCAL
$8830
CNNP
58847

" OUTER
$8850
ACTVTY
INNER
GRIND
5860
5862
5863
FIDO
PCON
MAPR
ERRO2
CLEAR
WOT -
WOTS

" SLIBE

FLUXP

Function

Overall Control of Program Information Flow
Variable Dimension and Input Data Read Contro!
Inifial Calculations and Setup

Fission Sum Calculation and Normalization
Monitor Line Printout _
Convergence Tests and Upscatter Scaling
Group Totals Calculation -

Quter lteration Control

Final Print

Activity Calculation

Inner lteration Conftrol

Inner Iteration Calculation

Reads Cross Sections

Reads Fluxes and/or Distributed Source
Reads Top or Right Boundary Source
Generalized Input Dafa Read Routine

Calculates Fje Coefficients
{

b

Prints Picture Plof

Writes Error Messages

Clears Discrete Areas of Core Storage
General Print Routine '
General Print Routine

Tape Cross Section’ Read Routine

Angular Flux Print
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2.7  METHOD OF SOLUTION

The user is referred to Reference 1 in which detailed equations are given describing
the discrete ordinates iransport solution of the Boltzmann transport equation used by the

DOT-UHW code. Reference 2, 3, and 9 also contain pertinent i_nformaﬁon.
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3.0 MAP CODE

The MAP Code, as documented in WANL-TME=-2706, August 1970, and
entitled "Code Description and User's Manual for the MAP Radiation Transport Computer
Code, " is included in this Volume as APPENDIX C,
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APPENDIX A
THE DOQ CODE
"The discrefe ordinates transport technique allows the vser to compute many useful
quantities. The transport of neutrons or photons through matter as a function of angle is one
of these quantities, In the DOT-1IW transport code, the user specifies é—s—'ir?puf data, the
discrete directions for wl'_lich a solution is desired, As indicai:ed in Section 2'.2.4, these discrete
directions cannot be chosen arbitrarily. Because the energy-angle relationship of the scatter
cross sections used by the DOT-IIW code are represented by Legendre polynomials, quadrature
sets that correctly infegrate Legendre polynomials are‘required for particlé conservation. In
addition, symmetry c-ond itions on discrete 'direcﬁpns are important. The DOT-IIW code
performs specific check§ on these quadrature data to insure consistency. At least seven
significant digits of precision for the input qucdrcfuré coefficients are required. For an 512-
calculation, 288 coefficients'and weights are requiréd, for example.

‘ To assist the DOT-1IW code user, the DOQ code was developed. The DOQ code
computes the discrete ordinates quadrature coefficients (direction cosines _Gnd weings) g‘iveh .
the point coordinates and symmetry conditions. A geﬁerali_zed technique usi.ng the method
of moments’ is used. The code conveniently prints out and punches on cards the necessary ‘
quadrature coefficients for ‘use in the one-dimensional, ANISN-W and two-dimensional,
DOT-IIW codes. -

" The DOO code was orginally developed as the SNAFU code by R. G. Rodgers,
F. R. Mynatf, and W, W, Engle, Jr,* and subsequen’rly modlfled by the authors. These . .
medifications consist of 1) including variable dimensioning, 2) punched output’ compatible

with the DOT-HW, and ANISN=W codes, and 3} a different matrix solufion.dlgor'ifhm.

3

*Personnel of the Computer Technology Center, Union Cc:rblde Nuclear Corporc:fton,
Oak Ridge, Tennessee. e



A.1 COMPUTER CODE SYNOPSIS

1. Name: DOO“) (Qiscrete Ordinates Quadratures)
2, Computer: The codes is designed for the UNIVAC~1108 computer.
3. Nature of Physical Problem Solved: The DOQ code calculates discrete ordinates

quadrature coefficients (direction cosines and weights) given the point coordinates and

s;ymmefry conditions.
4, Method of Solution: A generalized technique using the method of moments is uséd.(z's)
5. Restrictions on the Complexity of the Problem: For almost all classes of calculations, no
complexity restrictions are encountered, The only difficulty is in the choice of cccepf;:ble
input point coordinates that yield non-negative quadrature weights.
6. Typical Running Time: Approximately ten quadrature set calculations ranging from S4
to Sy were obtained in less than 60 CPU seconds.
7. Unusual Features of the Program:- The code employs flexible dimensioning of data to
allow high orders of quadrature to be calculated by efficient use of core memory storage.
8. Related or Auxiliary Programs: Data generated by the DOQ code may be used in the
one~-dimensional, AN!SN-W(4) and the two-~dimensional, DOT-—I]W(I) discrete ordinates
transport codes. Qutput from the DOQ code may c.:xlso be used as input data to the ADOO(])
asymmeiric quadrature code. | -
9. Status: The code is in production use at the Marshall Space Flight Center (MSFC). Users
at MSFC load the code from a disk or tape with conirol cards followed Ey the user's input
data.
. 10. References: .
1. R. G. Soltesz, R, K.Disney,J, 'Jedruch, and S. L. Zeigler,
'WANL-PR(LL)-034, Volume 5, "Two-Dimensional, Discrete
Ordinates Transport Techniques," August 1970. .
2. Bengt G. Carlson, LA-3060, "A Method of Moments for
Solving the Neutron Transport Equation,” February 1965.
3. K. D. Lathrop and B. G. Carlson, " LA-3186, "Discrete

Ordinates Angular Quadrature of the Neutron Transport

Equation, " February 1945. \
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4, R. G. Soltesz and R, K, Disney; WANL-PR(LL)-034,
Volume 4, "One-Dimensional, Discrete Ordinates -
Transport Technique," August 1970. o
11, Machine Requirements: The DOQ code is in production ’cxf MSFC on the UN_!VAC-.T]Oé )
with 65 K core storage locations. The source program requires less than 10 K decimal locations;
the remainii'lg locations are used for problem data storage. One scratch tape or disk is re-
quireci in addition to the input, output, and punch disk files. - . |
12, Programming Lcngu;:ge Used: The code is written standard, USASI FORTRAN=IV,
13. Operating System or Monitor Under Which Program is Executed: The DéQ code is
operational under the EXEC8 Monitor System.
14. Other Programming or Operating Information or Restrictions: None
15. Name and Establishment of Authors: . ‘
R. G. Soltesz and R. K. Disney
‘Westinghouse Astronuclear Laboratory
P. O. Box 10864
Pittsburgh, Pa. 15236



A.2 INPUT DATA DESCRIPTION

All numerical data for the DOQ computer code are input in two standard,
FORTRAN-IV formait in either a "right adjusted"* (112) integer. format, or an (E12.7) real
(floating point) format. The user is referred to SectionA. 6 for an additional explanation of

the terminology used in the description of the input data instructions given in Table A-1,

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

A=4



TABLE ‘A~1

INPUT DATA INSTRUCTIONS FOR THE DOQ COMPUTER CODE

Card Format Column Variable ' ‘ Description
I | (6X, 16) . 7_— 12 LIMI The number of locations available for-core
' dafa storaage, LIMT =30000,*
2 . (6112) | 1-12 NQDP - _ Order of angular quadrature {even integer
' ' ) only, 2/4/6. . . 52/54/562 ‘o)
3-24 ‘ISYM Symmetry Condition, s ee Section A-6.

ISYM=1  Nec symmeiry
ISYM=2  Half symmetry
ISYM =3 Complete symmetry

25 - 36 - LMRD Moment Equation Option, see Section A-6
' ‘ " LMRD =0 Calcylate moment equations fo
be used (Suggested Option)
LMRD =1 Read in moment equations to
be used

37 - 48 ) IET - ETA Option, see Section A-6
IET =0 Calculafe n .'s based on input
p's (Suggesféd Ophon)
IET =1 Read in values of 0, i 's to be used.

49 - 60 NMU Complete Symmetry Opl'lon, see Section A-6
- © *NMU =0 _Read in ail B '$ to be used,
NMU =1 - Read’in only L, and use equations |
(6) and (7) in Section A-6 fo calculate the other
values of Moo

61-72 . - IDEM o Punch Option and Geometry Option
T IDEM =1 One~Dimensional Calcu latien

* The maximum value of LIMI is determined by the maximum size of blank common set ot code compile time.
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Card

Format

(6E 12.7)

(6E 12,7)

(2112)

TABLE A-1 (CONTINUED)

Column .

1-12, 13, =24
efc.

1-12, 13, =24
etc.

1-12, 13, -24

Variable

MU(l)

ETA(J)

LR(D, MR (1) |

Description

IDEM =2  Two=Dimensional Calculation
if IDEM is positive, cards are punched

if IDEM is negative, no cards are punched

Enter the values of ..
If NMU = 0, enter NQD/2 values
If NMU = 1, enter By only _

Enter NQD/2 values of | if IET =1
If IET = 0, omit this card.!

Power of 4 ond 1, respectively, to be used
in the ith moment equation. See Section A-4
Omit this card if LMRD =0,

If enfeted, one value of IR and one value of

MR ote entered per card. Based on the number

of equations to be solved (see Table A=3) a card
is needed for each equation to be solved.

Note: Sfacked cases are permitted starting with Card 2, Core data storage is set to zero for every calculation so
that each case is a completely independent calculation.
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A. 3 PROBLEM SETUP INFORMATION

This section describes the data deck setup for the DQQ‘c'oclé_. Information on tape

. . . .
assignments, running time, and error messages is provided.

A. 3.1 Tape Assugnmenfs

The DOQ code has been placed on the MSFC UNIVAC-1108 compufer under rhe
EXEC8 Monitor System. Under this System, on[y one scratch rape or disk 15 required, The
tape uss:gnments are as follows: ' ’

Tape 5 Input Disk

Tape 6 Output Disk

Tape 7 Puhch Disk

Tape 12 Scratch Disk: for Matrix. Solution

A.3.2 Running Time

" The required running time for a given DOQ calculation on the UN_IVAC -1108 is a
function of the number of space angles in the solution. For e given S, quadrature calcufation
of order n, the number oF spdce angles is -

n(n + 4)

SA 5

The Central Processor Unit (CPU) time in almost all calculations is less than 20 seconds. The

opprox:mate CPU time required is
_CPU time (seconds) 0.2 x SA

A, 3.‘3 Error Messages

The following error messdges may be encounterd:

Message g ‘ .7 ~ Explanation
1. "Hlegal Guard Mode" The value of LIM1 is too large for the specified
- . - field length
2. "Date storage requirements.exceed Integer data on Card 2 are probably in the

LIMI, check input" ) wrong column, or the value of LIMI is probably
in the wrong. column, .



Message Efocmaﬁon

3. "Insufficient number of available ~ No solution is possible with the input set of
equations” data supplied. .

4, "ISUDS did 101 improvement No solution is possible with the input set of
iterations and did not meet the data supplied; negative point weights will
error criterion 1.0 x 10 ~ probably result.

5. "Coefficient matrix is singular” No solution possible with the input set of data

supplied.

Error Messages 1 and 2 terminate the entire calculation on the UNIVAC-1108 computer,
while Error Messages 3, 4, and 5 only terminate the particular calculation and any stacked

case calculation is immediately begun,

A.3.4 Sample Problem Input
A listing of the input data for two sample problems for the DOQ code is shown
in Table A-2.  One quadrature calculation can require as few as three physical cards of

input data, using the appropriate input data options.

A.3.5 Limitations-

In performing DOQ computer code calculations, two types of limitations can be
encounfered; the first limitation occurs when the input set of Hss and corresponding symmetry
conditions yield simultaneous equations which are not all independent, or yield negative

“point weights, and the second limitation occurs due to insufficient core data storage space.

The first limitation is most often indicated by negative point weights, which are
useless for DOT~IIW and ANISN=W calculations. Because of the generality of the method
of solution, extreme care must be exercised in the selection of the pjs and symmetry condi-
tions; a set of quadrature cosines and positive weights could be generated having little
technical justification. A careful review of the referenced reporfs'will assist the user 1) in
the proper selection of input parameters, 2) the geometrical conditions under which the
quadrature data are best suited, and 3) specific, integral tests which the quadrature data must
satisfy, No opﬁmur-n type of quadrature data exists for all geometries and boundaty

conditions. 7

A-8
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TABLE A-2

SAMPLE PROBLEM CARD INPUT LISTING

30000 ,

, 10 2 0 2 0
.97390652852.86506336669.67940956830.43339539413. 14887433898
6 2 0 2 0

»93246951420.66120938646,23861918608

@
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The second limitation of insufficient core dato storage space results from oftempting
to run too large o problem for the amount of data storage specified by the LIM1 card. With o
65K core available on the UNIVAC-1108, no difficulty is anticipated in this area. An Soq
calculation, for example, required only 258910 locations of the available 35,00010 core
data storage locations. This efficient storage of dato results from the use of flexible dimen~
sions in the DOQ code,

{n summary, a thorough beforehand knowledge of the equations sofved by the DOQ
computer code and their inherent limitations eliminates meaningless quadrature coeffi‘ci ent

calculations.
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A.4 DESCRIPTION OF OUTPUT

The printout from the sample problem input datu presented in Section A. 3. 4 is shown

“in Table A-3. Printed output from the DOQ computer code consists of the following quantities:

1. The amount of variable dimension core storage required for this calculation,

2. A list of the input direction cosines {(p;),

3. A tabulation of the equations used in the calculation,

4, The point diagram used in the calculation,

5. The maximum elementwise error by iteration in the solution of equation (15)
in Section A, 6, '

6. The ord'er of quadrature sel'ec:fed,

7. . A tabulation of the initial direction cosines which are obtained from .

equation (18) in Section A. 6,

8. A tabulation of the solution of equation {15) in Section A, 6 and labeled
"POINT WEIGHT, POINT WEIGHT/2, POINT WEIGHT/4, ,"
9. A tabulation of the right~hand side of equation (9) in Section A. 6

labeled "GAMMA EXPRESSION, ,"
10. And, a tabulation of the ps;, 75, and ws in the appropriate sequence

for transport codes.

A.4,2 Punched Output ‘

Punched card output from the DOQ ecomputer code consists of the appropriate
direction cosines and weights for either a one= or two~dimensional geometry transport calcula-
tion. |f punched output is desired, IDEM is.set equal to a +1 or a +2 for-one~ and two-
dimensional geometries, respectively. If punched output is not desired, IDEM is set equal to
a =1 or a =2 for the respective geometries,

For one~dimensional geometry calculations (IDEM = +1), the following data are

punched on cards:

A-11




A 6U card confaining a 6 punched in Column 2 and a U punched in

" Column 3,

Angular quadrature weights for cy!in'dricol. geomefr'y in a FORTRAN
(6F12, 9) format,

A7U ccm;!, _

And angular qda-drcture di;'ecfion cosines for cylindrical geometry in g
FORTRAN (6F12. 9) format,.

For two-dimensional geometry calculations (IDEM = +2), the following data are

punched on cards:
1.,
20

T

N oo oo

-

A 7U card,

Angular quadrature direction cosines, (;s), in a FORTRAN (6F12.9)
format, * : . )
Angular c!ucdrafure direction cosines, ( n.is), in a FORTRAN (6F12.9)
format, ) )

AT card,

A 6U card,

Angular quadrature weights in a FORTRAN (6F12,.9) format, and

AT card. a - ‘

A-12
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TABLE A-3

SAMPLE PROBLEM COMPUTER PRINTOUT

DATA STORAGE REQUIREMENT = 5R8%

MUC 1)

= F 7397 ASPHG2E=~0L
MUL 2) 5 8.0506336669E=01 |
MUl 31 = 6.79409%6830E=01 1
#UL 4) = 4,3339539413E=01
MUL 5) = 1.4837433498Ek=01

EQUATIONS USED

of

L4
rs «

POINT DIAGRAM

9
7

e W~
&~

3
E<ROR = 9.8919
ERROR = 2.88%53

., {EXROR = 5,3737

i
i S 10 CONSTANTS

¢ INITIAL DIRECT
9.88A5612E~01

i 9.012038T9E=0)

' Te33759251E=01

" 5,01662607Ew01

| 2026949496E=01

3

POINT

[

-~

N & W e

4

SEFNBIIPENOT

6 °
2 1
aE=01
TE=14
3E=-27

10NS

POINMT We JUGHT

bettr 71 3443E=07
5.1082600 =02
Teb6H42b4T0E=02
2, T4264450E=02
7429002971E=02

S$FNRNNNooDooco I

POINT wEIGHT/2

1413396722F w02
259 1ANN 3L =02
3.R4R12738ke0E
1371321 150 ané
31,4450 ]145bE=0C

POINT wfTaaMT/a

1ehHHOTHIAIE-N?
12020900k =17
le9210h300EXNP
G RSARIMTLEwN
1eH42250703E=n7

(Page 1 of &)
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TABLE A-3 (CONTINUED)

Qe TTOTTalSE=(2
3.41993192E=02
1.09873217E=0)
1. 08044496E=01

4+ RHAIATA2E Wi
le TOYYRY 46w
5:49366L-n3i~_..n.:_'
SedDP220TBE=NE

(Sheet 2 of 6)

2e46419371F=np
”IB“’““;’"QOE'_-[.‘.*
2eTetn3 42 -np
2070111239 wn>
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TABLE A-3 (CONTINUED)

M SUM » GAMMA EXPR
0  1,00000000E400  1.0000000DE+00
0 3.33333333t-61  3.33333333E-01
0 2.000000080E=01 2.00000000E=01 Qo
0 1.42857143E=01  1.42837163E-n1 “g??'
0 2611111111€-01  1.11111111E~n} Wt
2 H,6606666TL=02  h,0660b067E?
2 2+857142ubE=02 2.,8571428/E~012
2 1.58730199E=02  1.5RTIVLI59E=n?
& 9,523809%2E-03  9,522340952E«01
MU . ETA WEIGHT
~2.26949496E=0]1 =9.73906%29E~N1 0.
=1e48RT4339E=01 =9.739G6529E~01 1,0667HIB]E=02
1248AT#3I9Em]  =9,73900652YE=]] 1.066T70361E~02
=5401662600TE«V] " =B.65063367E«01 n,
=4 933395394E=0] =B.6S063IIGTE=~(D] PeabalI3TIE=(2
=1e4BR74339E=01 =B.65063367E=01  1,79204007F-y2
1248BAT43IIOFE=(1] =R.6606336TE-Q] 1429209002F=02
6233395394Em0] =8.05063367E=0]  7.,04419371F=02
=Te33739251F=Q]1 =6.774n956HE=(] Ne
“he79409548E=0] =6.794099bdE=01  2.701112395=y2
=49333953964E=N1] ~64TI40YS6UED] ReG4GHAZINNF=y2

=] +hBBT43IIE~1}]

1e4BRT4339€~q ]
4233399394E~91
C HeT94095RBE=0]
=0,01203879F~01
~A,6506330TE~0]
=64 T94095A8E~D]
*4433395394k~u]
=1.48874339%k =01
168A74339 =01
4433395394 =u]
60 T79403G6HF =01
Aeb5063AnTE=01
=0 REASE}23E~01
wG, T3GNBL2Y9E =0 ]
=R.bhnh33nTEaul
=he 7940956 =01
~493339%394F-ul

f =y enBnTa3dYE -1

le4HRTa3IVF=0]
4033395490F =01
Ge TFHOIRARE =11 ]
AeGHNKIABNIFE-u]
9eTIYNOUEIE=V]

=65 7741 I56HE=0) )
6. 7943990HE=n1
=6 194 ) P50NEmp)
=64 794 09962E~01
=4 ,3330%394F 01}
=4 +33395494E=0)
*4433395194E~y]
“4,33399994E-0]
=4 +33395 194E=n,
=4 ,33395394E-p )
-4.3339539‘06'”1 1
=4 ,33395394k i)}
=4,33399394E~01
=] .,4887T4%339E 0]
=1 4BB74339E~0]
=1l 4Br793139E~D1]
=1.48874339E=0}
~le4HUTH3I39L=-0]
=1 4B E339E-0y
=1 +4BHT4IIVE~1]
“le4RO743IVE=1})
=l4H8U874339E~0]
=1 .48b7T413YE-0]
“l4_BTIIVE=(]

1.921043nGF=y2
1.9210030GF~,2
R,B49429Kne=y3
?.{011123°F“02
0-

P ] IITIF=02
R,949H294nF=y3
PoTafMIN42F=y2
hanH66uB8TLF=yI
L K56818T4F =L
PeTHOHAQupF~y2
R.549M29He=y3
Pa04419371E=02
e ;
1 amB6723018 =2
1292070027702
Peudlusn3dngs =y
A HIb6 'BT4F 03

14727 1 Ta3g =12,

1.#225: Ta35=ue
BanBoh cSraF 71T
Pev21hAm3nng= 2
122920002 =02
1eAOOTA3 1~ P

(Sheet 3 of &)
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b
37
38
3y
40

42
43
44
4%
46
47
4B

50
5t
52
23
54
55
56

-1

58,
59
60
61
62
63
64

66
67
638
69
10

TABLE A-3 (CONTINUED)

=2, 200494 HArmn]
=letHBHT433I~N]
1 @BRTGII9E w 1]
whaiitat/rnllTE=al
by 33395 300E~=01]
=] 4ndRT4339F =]
led#HRTu339Fmy ]
4e33395394F =y
=7e33749P0]lE=01
wh o TG IISAHRE~(]
=4433395394E=-01
! 448K T4339E=1}]
1. 4HATGIAGE =0T
4433395%394E=0])
b TIGOIRABE=D]
=3eN12034TYE=01
-8.bbﬂﬁ 3’367E.-U‘
~Hhe 7940950 8BE=01]
“44333993964E=-01}
=1e48RT4339E=0]
1e48RTGIIIE~Y
4433395394E-0]
6 T94095%0BF=]
B.6506336TE-01
=G HEBSAI23F -]
=G4 73906529E=01
=Ry, 0506336TE=-0]
e TN nRE ]
“4433399394E-01
wl 4BRT4GAJIIE=ND]
1e4BRT4339E=41
443339%394E=01
6. T940384BE~yY]
B465063367Em0]
973900529 =01

Y, T73vina2+E=0]
9, 7T39N6REYE=D]
9. T390 05%29E=01
HeEGUBIINIE~1)
Heb65083367E-011
Ae6506330TE~01]
Re690H3307E=01
Ha0806336TFE=01
B TYGNGHOHE =]
6eT94095613E =031
6+ T94 0956 HE=0]
e lY4195HHE=p]
6o 719405994HE=]]
A T3411496AL=-0]
6+ 7T940YS0EE=0)
4¢33395394E-(1
4¢373953%0FK~01
443339539401
4¢33395394Em=0 ]
4,33395394F -0
4e33395344E=0]
4¢33395394E=~0]
4e33395394E=01
6«33395394Em01}
ledBHT4IIIE~D]
1+48874339E=01
le4bET4339€-01
1e4BRT4339F ]
le4BBT74339E-0])

‘1e4BRT4EIIVE~Q]

1.48874339E~0]
1s48B74339E-0]

1.48874339€-01)"

1e488T74339Ew01
le4BBT4339E=(]

1.ABRT3INIE=~U?
1.,ABATAZAIFE=0Y
I

PhOniv3dnFmoe
142970090 1 2F=u2
1792040 uRF"u?
Deuasy 1 IINF-UP
n,

2.70111240F=02

R,B402940F=03

1492)0-3n0F"y7
1.92)05300F=02
Ren4Undqnt=03

2aTHL11Z39€E"u2

N

P 4461 13TF"y2
R.94932940FE"03
PeTHARTI0GPF=U2
HL,HSAR B TAF =y
FHSAAIBTLETUS
P.T4HHI0GPE=U2
R.549RAFA0E=U3
24461931 1F=02
n.

1ehBARTAIDIF=02
VePY9RPNNDUPF=UR
1.92109300E=12
R aHOARGNBTLF*Y]
18225 0T4RF~U2
1aR225 1 T43F~y2
HoROBARIRTEE=N0Y
1¢92109309F~y?
1,29209002F=02
1+ HEATHIBIE=YD
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TABLE A-3 (CONTINUED)

i -
DATA STORAGE REAUINEMEST = 239
3

MU 1)
Mui 2}
MUt 3}

932450814 Z20E-01
6+012093BA4LE-D]
2.3861918008E=01

l
EQUATIONS USED

+

.MNENS T

!
FOINT DIAGRAM

1

i 2

' 3
* ERRQOR
EXROR
* ERROR

b
FTTYUSE=O]
1.25185E=~16
O

HuunnNne

'S & CONSTANTS
' IMITIAL DIRECTIONS -

L FeT1113219E~01
P 7v502016406E=01
34 61248675E=01

POINT POINT WEIGHT

1.71324492E=01
1+398064960E~0)
1.56782548£=01
2.20954679E=01

& W nN -

nNocoo 3

POINT #E1GHT/?

A 56H224H2E~NC
6090344 T0F e
TeRAVI27640E~0E
1.1067T7339EwD]

* POINT WEIGHT/4

4427311231E=07
. 324981 T23%E =07
3+919943TQE=R
5.823R66FTE=NP

Ajole}nq91
1B3januoNsSy

®
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TABLE A-3 (CONTINUED)

Sy vANMMA EXPH

¢ 1.,000000008400  1.00000000E400

0 3.33333333k=0l 3.33333333k-01

G 2400000000k=01  2.00000000En1

2 hAB6Kb66TE=02  hebhbhbobTE?

Mit ETA

=3aH1R4RETHE=N]  =9.324095 401
=2+38619186E=-01 =9,324595]14E~0]

2¢38519]HBE=1)]
=TeBNR01404E=-01
~hoh129IBGEN
=2¢3BH19186F-01
2+38A1918RE~01
HeR)PPI3830E=-y]
=3, T1113219F=01
=0 3246A93}4E=4}
=6e612093R6F=01}
=2:38619146FE=1]
2.306191496E=01
6.61209384E=01
9.32469%)14F=0])
“3.01248675t=y]
=2.386]191REE~y]
2:3861914968~01
wl:50201404E=01

=6Hs6H1209346E-01

=P, 3RA1IIH6E=-D]
2:38619)18pE=0]
feB120933RE=01
=9, 7111321%E~001
=9¢3246095]16E=y]
*HeH1Z2093H6E=0])
=2+ 386191186k=01
2:38A131H6F=-01
6eHL209386E=]
9,32469%14E=01

=9,3246%513E=p]
~h+612093B8E=0]
“6.B)R21TIBAE-y ]
=H+/120938nE=0]
=H+61209308E=01
~6He0]Z20u93dnbwy )
w2 38019 8bE=0]
~2eIBHIYINNE=D}
~2+38619)18BRE~Q]L
=2+ 38A191RBAE=G
“2.34619180k~0}
=2:3BRIYIBAE~Q]
=2.38Rm 191 HBuE=01
Je3244H95 1 4E=q ]
Pe3I20H9%14E=])
8. 324H95 4k =)
601 209380E=(]
6e01209350E=01}
GaBl2093AAF=0]
0261209384~}
BaBLZNYIRNE=O]
2eIROIVIHAE=D}
2+3ABG1IRAE=(]
2e3M019180E=)]
2+386191unE=p]
2+3861918aEm0 1
2+386191duE=n]

wE TGHT

N

Ge?BI)NL2INF=02
4,7831123)F=02
e

LeH2 3869 PF =y
3497317235802
A AIR] P2 IRF=(P
ReS230R0YTE= U2
0.

4,283 231F=02
R.49%) 72I5E"02 |
A543 7aF=02
3.91498n37aE~0p2
q,295) 123582
4&.PH3AL 23y F=y2
0

4 2R11231F~02
4.28311231F~u2
0.

5. 52 IHARYTE=QD
EPRE YR LA
3,494 F23RF~Q2
B892 3nbITF=02
fie

4.23311231F~u?
B2 4YSL T 2IRE=0G2
FaF19963TAF=Y2
91093 ne~u2
3.,095) 7238502

A aPBINIZIIF=02



Astronuciear
Labaratory

A.5 PROGRAM LOGIC

The progrem logic for the DOQ code is presented in this section. The presentation
of the calculational procedure is given in a simplified form to show the user when a certain

operation or calculation is performed.

A.5.1 Subroutine Description
The simplified, flow chart of the major calculations performed by the DOQ code is
shown in Figure A-1, Table A-4lists the subroutines in the DOQ code and their function.



A

DOQ

EQNS

DiMM

LAM}

GAA"(MX

ISUDS

POUT

NOSYM

SEMSYM

1

COMSYM

ISIMEGY

WTCHK

Figure A-1. Flow Chart for the DOQ Code
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TABLE A-4

LIST OF DOQ. CODE SUBROUTINES AND THEIR FUNCTION

Subroutine Name

DOQ

" MAIN

EQNS

LAM

NOSYM

SEMSYM

COMSYM

POUT

. WTCHK

GAMMX
DIMM

ISUDS

ISIMEQ

Function

Compute variable dimension storage allozation
and initialize core storage

Reads inpuf data, controls the selection of the
required equations, computes the point moments,
prints the point diagram, sefs up the matrix
equation, prints out final direction cosines and
weights

Calculates the number of unknowns and the
number of required equations for the variable
dimension storage alfocation

Selects the individual moment equations

Converts point moments to equation constants
for calculations with no symmetry

Converts point momenfis to equation constants
for calculations with half symmetry

Converfs point moments to equation constants
for calculations with compiete symmefry

Arranges cosines and constanfs in correct order
for punching on cards

Prints out the left~ and right~hand side of
Equation (9) by term, punches out the results

Computes the gamma function

Performs a preliminary variable dimension
calculation

iterative matrix solution using a direction
solution

Gayss=elimination direct solution of matrix

equation

A=-21



A. 6 METHOD OF SOLUTION

The DOQ computer code calculates direction cosines and weights using a
generalized method. of momenfs.(]) In this method, direcﬂon cosine sets can be chosen
arbitrarily. Once the direction cosine sets are chosen, the quadrature weights are found
by sctisfying a general set of moments.(z)

The coordinate system and unit sphere in cylindrical georhetry(s){-'or the DOQ
code is shown in Figure A-2. In this geometry, the coordinates, (r,z,8) define the point in
space; z, r, and 6 are the coordinate axes of the unit sphere;and 7, i, and £ are the -
direction cosines defining d point on the unit sphere and the direction, . Figure A-3
shows an S, arrangement (for n = 6) for a completely symmefric quadrature set. Because

of symmetry, a description of one octant suffices to describe the arrangement of points on

the unit sphere. Because these points lie on the unit sphere:

2 2 2 _
(1) By tny vy =1

2.2 .2
(2) pz+n1+£2—1

or, since the coordinates are from the same set, (i. e., 7 i = f(pi)):

2 2
(3) Mg * 2y = 1
2, .2_
(4) 2|.12 HT =]

Because of the complete symmetry, the indices, i, j, k, of the coordinates of a

point on the sphere sum to n/2 + 2. That is, in general,

A-22
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OCTANT OF THE
UNIT SPHERE

A DISCRETE __
DIRECTION, &

Figure A-2, Coordinate System for the DOQ Code
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Figure A-3. Completely Symmetric Sn Arrangement (for n = 6)

A-24
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(5) p$+p?fp2n/2+2-'i-iél.0
Cwhere i =1,2 00 e e n/2 =12 e 2+
Equation (5) is solved by:(4) . ’ )
© =+ -Nafori=1,2...,0/2

i
where:

) 8= 2(1 =34, )/ -2
Hence, the requirement of complete symmetry fixes all M except i, and the '
freedom of Gaussian quadrature’is not present in this case. The DOQ computer code allows
the user to specify p,, if desired, and uses eq. (6} to determine the needed direction cosine set:
In c'yiindrical geometry, the requirement that the quadrature coefficients and
w‘eights'ini‘egru!'e certain orders of poiyn;amiclis of the direction cosines is ‘desiréble.

Fr%-n this requirement, the following momen’r equation can be expressed:

'.lr/2

(@) ZPL k KT j f ’rm dudy

k=1
where K is the Sn quadrature order, n. The quantities, pk cmd n) are the k"‘ direction cosines |

on the uynit sphere, raised to the lfh ahd l’n"El power, respectively. The evaluation of eq. {8)

yteids. ‘ ‘ K - L i 1 m + ])
©®  Y-im = Zpkp: qri" = /2 r (_I;_)s r( ,
| = KNG
. . &
wherer(x) is the gamma function f fxﬂl - d - .
for *whichr('l/2) 71' and r.' xX+1 r’ (X).

and Pk k—ll point weight

. - . P i'h - ’
Her ni = direction cosines determining the k— point

I, m=0,2,4...

A-25 -



Equation (9) is evaluated in the DOQ computer code. A short table of ¥, m
is shown below including entries for odd values of m (Odd values of | and m are disallowed

in this formalism, but are shown below for completeness),

1 m=0 ] 2 3 4 5 6 7
0 1 2 B VA s 1 V7 18
(10) 2 1/3 /8 /15 124 1/35 1/48  1/63 1/80
4 i 1/16° 1/35  1/64  1/105 1/160 1/23)
6 177 5/128 1/63  1/128 1/231 1/384 -
8 1/ 7/256 199 7/768 . . . .

In the DOQ computer code, | and m must be even and are restricted by the condition:
(1 l+m<n forn=2',4,6....(e.g.,SS,n=8)

By restricting | and m to even integers, the quadrature data obtained by the
solution of Equation (9) satisfy even moment conditions. In addition, the restriction in
Equation (11) insures that independent equations will be selectzd for the solution of
Equation (9). Given a set of direction cosines (with piz + n? + £ i = 1), the system of
equations may be placed in the following triangular array applicable to a quadrature scheme

of order n."

tf/O,n-Z

(12)
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The diagonal line drawn in eq. (12) above for 56 {or n = 6) separates the pairs for'
independent moments {above the line) from the pairs for dependent moments. To find the
point weights for a given quadrature order, equations are szlected from this array. The
programmed order of selection in the DOQ computer code is to hold m constant and take
equations of increasing | starting with | =m, The code then increments m by two and the
process is repeated with | # m, After the upper left portion of the array is exhausted in.this
procedure, | is then held constant, and equations with increasing m are selected.

The code increments | until, if necessary,” the entire array is utilized. For

. excmple, for an 58 quadrature with no symmetry, the order of equations selected would be; .

a3 Yoo, Yoo, Wao,  VYes, Yoo, Yao Yoo, Voo, Vos, You

With complete symmeiry, l,VO degenerates to WOO' hence in subroutine
COMSYM, Y g is bypassed for fully symmetric caleulations.

The user may input the order of selection of the equations used in equc;fion (%)
if desired.

in the D(jQ computer code, the values of K and symmetry conditions are read
in. The values of 7 ; may be read in if desired, but, in general, they should not be input.
The code will set 7 i equal to : for all i,

It is now desirable to define how many equations are required by the DCO
computer code for a given order of angular quadrature with a given symmefry condition.
Table A-5 shows, for a given qudrajure order and given summetry condition, how many
simultaneous equations are required for equafion (9). The moximum index that appears in
3 given point diagram indicgtes the number of equations that are required. To illustrate,
consider n= 2, Then P'I = 1 is the single equation to be solved, When n = 4, there are
three weights and three equations with no symmetry:

¥ 0,00 P 4P +P =]

.o 22 03 2
(13) ¥ 2,0° P, py + P, +Pouy =1/3
) 1 2°2, 371,
¥ 0,2 Pin]+P2n1+P3n]—l/3
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TABLE A-5

POINT DIAGRAM FOR VARIOUS QUADRATURE COMBINATIONS

Complete Symmetry

v

22
121

22
232
1221

22
343
2442
12321

1

22
343
3553
24542

123321

. Healf Symmef’[x

i

1
21

27
3811
39121
510987

654321

A-28

No Symmetry

-53

421

10
96
853
7421

15

14 10

13 96
12 853
1 7427

21
20 15
19 14 10
1813 96
1712 853
1611 7421
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Given the direction My and 7, the above set of simultaneous, independent
!
equations can be solved for three point weights. The above development also includes
the half-symmetric and the completely symmetric case as well, Equation {13) can be

rewritfen in matrix notation ’as follows:

- -

(14) H S Pi T
T pb X P2 - 1/3
1 1 1
2 2 2
R M | P3 | -1/3‘—]
- T or simply
(15) AX=B

There are many ways to solvé equation {15). The method used in the DO
computer code is an iterative scheme using a direct Gaussian elimination solution and is

contained in the subroutines ISUDS(é) and ISIMEQ.

The solution algorithm requires that:

(16)

x;f_:l . where i+1 is the present iteration and x is
i i
m < ESP the mth element in X

N n

In-the DOQ computer code, ESP has been set at 1.0 x 1b-9 which is believed
sufficiently precise for application fo quadrature weight calculations.

Finally, the gamma function, P( a), defined by:

ﬂ“)=f¢ 2T ety
A ‘

(17)
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and used in equation(9) had to be evaluated, In the original version of the code, the gamma

function subroutine was obtained from the system tape; however, this subroutine does not

exist on ali computer system tapes. [t was decided to use the IBM Scientific Subroutine

Package report to solve equation (17). The recursion relation and polynomial approximation

. .- . -9
method was chosen and a maximum relative error of 1.0 x 10 * was selected for the con-

vergence criteria. Because the evaluation of equation (9) yields the fractions given in

equation (10), checkout of the accuracy of the gamma function calculation was straight-

forward.

The jth initial direction cosines are calculated from the input set of o values

using the relation:

2 _ i’]_ 2
I-‘i My

where: i=1, j=n
0-__:2‘ i:n-f
i=n-1, =2

i=n, j=1

After the point weights are calculated, the distribution and tabulation of

weights and cosines in the appropriate form constitutes the remainder of the calculations.

+
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APPENDIX B

THE ADOQ CODE

The importance of accurately predicting the nuclecr radiation en‘vironmenf and
radiation transport external to a-nuclear reactor system has necessﬁcfed the development of
asymmetric quadrature techniques for use in' discrete ordinate transport onc:lyses These
two=dimensional, transport theory fechniques have significantly reduced "ray effecfs"“)
and have provided increased angular resolution of the spatially attenuated nuclear subsystem
leakage spectrum. When conventional symmetric quadrature transport techniques are used
to calculate the radiation f;'unsporf through Iow-scc:'i'fering media or voids, "ray effects” .
are observed with low order quadratures. These "ray effects,"” or anomalous computational
results, aré due to the discrete representation of the angular variable in discrete ordinate
transport theory approximations and predict preferential radiation streaming along the
discrete directions of angulaf quadrature chosen.

Accurate an_gu|c;r resolution of the spatially attenuated leakage spectrum at loca-
tions far removed from the nuclear system .is also important in the prediction of neutron ther-
malization in local media for the calculation of seéondary'éamma ray sources.

Analytical radiation transport techniques have been developed to satisfy both of
these requirements. The method consists of 1) the develo;}rnenf(z) of asymmétric quadrature
data using the DOQ and ADO(? computer codes to achieve a high degree of angular reso-
lution along the axis and in the solution plane of interest; 2) the modification of the DOT
two-dimensional, discrefe ordinate transport code fo use these da’r& ; and 3) the development
and coding of the MAP- code fo reconstruct the angular and energy dependence of the .
neutron or photon flux as a function of position external to the nuclear system using the
reactor surface angular fluxes from the DOT code as input data. | '

In addition, techniques in the MAP code for processing asymmetric quc:drature: data
af the reactor surface and providing asymmetric quadrature .angulcr flux at the surface of a

succeeding DOT problem of @ medium separated from the reactor have been developed.



A particular sef of asymmetric quadrature data generated by the ADOQ code has
been successfully used which provides a polar angular resolution on the order of one degree
between 0 and 17. 5 degrees, contains an $yg Gaussian quadrature from 17.5 to 90 degrees,
and contains a completely symmetric Sg quadrature from 90 to 180 degrees. In addition,
azimuthal angle resolution is asymmetric in the polar rjngie from O to 17.5 degrees. The
MAP code, using the asyn.\mefric quadrature surface angular flux tape from the DOT={IW
code, performs a rapid numerical integration over the visible surface of the reactor system
and provides inverse square attenuation to obtain the angle~energy relationship of the flux
at locations external to the nuclear system.

The ADOQ code is a technique for 1) combining asymmetric quadrature data with
symme’;ric quadrature data in one hemisphere of the unit Sy, sphere, 2) adjusting the level
weights of the last asymmetric level fo match the symmetric level, and 3) verifying the

various relationships these data must safisfy.

B.1 COMPUTER CODE SYNOPSIS

1. Name: ADOQLT) {Asymmetric Discrete Ordinate Quadrature)
2,: Computer: The code is designed for the UNIVAC-1108
3. Nature of Physical Problem Solved: The ADOQ code prepares asymmetric

quadrature sefs with a high density of direction cosines along the Z-axis for use in
' R-Z DOT-HW calculations.

4, Method of Solution: The ADOQ code T) combines asymmetric quadrature data
with symmetric quadrature data in one hemisphere of the unit S, sphere 2) adjusts
the level weights of the last asymmetric level to mafch the symmetric level, and
3) verifies the various relationships these data must satisfy.

5. Restrictions on the Complexity of the Problem: Up to 200 discrete directions may
be input in the symmetric hemisphere data; up to 100 discrete directions may be
input in the asymmetric portion of the qsymrﬁefric hemisphere; and up to 500 total,
discrete directions may be computed. |f these maximum values become limiting,
only one DIMENSION stotement in the FORTRAN program has to be consisfenﬂ‘y
changed.
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11.

12,
13.

14,
15.
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Typical Running Time: Seven, stacked cases required approximately 20 CPU _.
seconds on the UNIVAC=-1108 computer.

.Unusual Features of the Program: The code performs quadrature data checks

usually encountered in discrete ordinates transport codes. Running time is
minimal.

Related and Au}(iiic;ry Programs: The poQ(" code may be used fo generate the
symmetric quadrature data. OQutput from the ADOQ code may be used in the
DOT-iIW, two=~dimensional, disprei‘e ordinates transport code..‘

Status: The code is in producficin use at the Marshall Space FlighfnCe.nfer (MSFC),

- Users at MSFC load the code from a disk or tape with control cards followed by

the user's input data,

References: 1. R. G. Soltesz, R. K. Disney, J, Jedruch, and S.. L, Zeigler,

. WANL-PR(LL)-034, Volume 5, "Two=Dimensional, Discrete
Ordinates Transport Techni(ques, August 1970,

Machine Requirements: h The ADOQ code is in production at MSFC on the -

< UNIVAC-1108 with 65 K core storage locations. The program requires only 15 K

decimal locations. Only the standard, input, outpuf, and punch,-disks are required,
Programming Language Used: The code is written in standard, USAS! FORTRAN-IV,
Operating System or Monifor Under Which Progrc&n is Executed: The ADOQ code
is operational-under the EXEC8 Monitor System, ‘
Other Programming or Operc:ﬂ‘rig ]nFonr{cfion or Restrictions; None
Name and Establishment of AL;fhors: , ‘

R. K. Disney and R, G. Soltesz

Westinghouse Astronuclear Laboratory

P. O. Box 10864

Pittsburgh, Pa. 15236 °



B.2 INPUT DATA DESCRIPTION

Input data for the ADOQ code are prepare‘d in either of two standard, FORTRAN -
_formats, Integer dafa are input in a "right adjusted™* (112) FORTRAN format; floating:
point (or real) data are input in'a (6D12, 5y F'ORquiAN ‘format, - Tf';e'ir.npuf instructions are
described in Table B=1. t

#'Right —adjusted" means that the last significant digit is at the exireme right of the field.



Card  Variable
1 NAZ
NPL |
NDR _
2 NQI1
3 . AM
4 AE
5 AW
6 NQ2
7 BM
8  BE-
5  BW
10 XE
1

XW

Astronuciear
Laboratory

TABLE B-1

ADOQ COMPUTER CODE {NPUT INSTRUCTIONS

Format

.Description

3112

112
6D12, 5*
6D12.5
6D12.5

N2

6D12.5

6D12.5
6D12.5

6D12.5

6D12.5

Number of p angles per  level in the asymmetric portion
of the asymmetric hemisphere (Enter an even integer)

Number of 5 levels in the asymmetric portion of the asym~
metric hemisphere

Enter a zero

Quadrature order in the asymmetric hemisphere (6 8 10,
12,. .. S Sg, S10, S12, efe.)

Symmetric Discrete Ordinate Quadrafure Direction
Cosines, #m, NQT*(NQT + 4)/2 values

Symmetric Discrete Ordinate Quadrature Direction
Cosines, nm, NQT*(NQT + 4)/2 values

Symmetric Discrete Ordinate Quadrature Weights, Wm,
NQ1*(NQ1 + 4)/2 valves.

Quadrature order in the symmetric hemisphere (6, 8, 10;
12,. ... S¢s S8, Sypr S12, ete.)

Symmetric Discrete Ordinate Qua_drc:i-uré Direction
Cosines, pm NQ2*(NQ2 + 4)/2 valued

Symmetric Discrete Ordinate Quadrature Durechon
Cosines.np,, NQ2*(NQ2 + 4)/2 valuves

Symmetric Discrete Ordinate Quadrature Weights, W
NQ2*(NQ2 + 4)/2 values

Asymmefnc Quadrature Direction Cosines, n‘m, within.
the first symmetric quadrature direction cosine level (N PL
values) in the asymmetric hem:sphere

Asymmetric Quadrature Welghfs, Wm, w_ii‘hin the first
symmefnc quadrature direction cosing level (NPL values)
in the asymmetric hemisphere :

* |f quadrature data are punched in a FORTRAN (6F12, 9) format, as provided by the

DOQ code, the datfa are compatible with the ADOQ input requirements,



TABLE B-1
{Continued)

ADOQ COMPUTER CODE INPUT INSTRUCTIONS

" Card.  Variable Format  Description
12 XA 6D12,5 Location, in degress, of the angles within the 7 Eevel‘.
' ’ XA entries must be between 180, 0 and 0. 0 degrees
. {NAZ valives)
13 DXA 6D12,5 Angular width, in degrees, of the angles within the

level. - The DXA entries must sum to 180, 0 (NAZ values)

This concludes the required ihput data for'one calculation; stacked cases may be input

S ,
starting with card 1. All input data are réquired for each case.

B-6



@ Astronuclear
S Laboratory

B.3 PROBLEM SETUP'INFORMATION
B.3.1 Tcpé Ass';ignmentsl
" The ADOQ code uses only three tapes (or disks), These are:
ﬁ Tape 5 - Inpuf Data
Tape 6 - Printed Qutput
Tape 7 = Punched Output:

No scratch tapes or data tapes are required.

B.3.2 .Running_ Time

The ADOQ code requires very little z'::omputer time. As an example, seven sticked
cases of input data were input to the ADOQ code. The fofal number of space angles per
set ranged from 80 fo 146 angles, The resulting 14 sets of quadrature de@;IVETE obtained in
21. 0 Central Processor Unit {CPU) seconds on the MSFC UNIVAC-1108 computer. Compile
time was also included in the 21 seconds. Approximately 900 punched cards of quodrc:’rure )

data were obtained from this caleulation.

B.3.3  Error Messages .

- Because of the simplicity of the code and the input data requirements, no pro-
grammed error messages were included. The user may encounter UN!VACL{ 108 S);s’rem error.‘
messages, however, One of the more frequent messages is "The ‘lnterprerai'ﬁion of Meaning~
less Input Was Attempted. " ‘ —

This message,l.isual‘iy'implie's the inpuf‘ data are out of order, or of the improper

t
5

number required.

B.3.4 Limitations _
\ :
Fixed dimensions have been assigned to the dimensional variables in the ADOQ
code. The limitations are as follows: -

Maximum Number

of Values - Variable
200 - . AM, AE,AW, BM, BE, BW
100 XE, XW, XA DXA
500 DM, DE, DW (These variables are output data

and ‘include both hemispheres)
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if these maximum values become limiting, only one DIMENSION statement in
the FORTRAN program has to be consistently changed to alleviate the limitation,
The routine checks printed with each quadrature data calculation provide some

indication of the accuracy or precision of the ADOQ code calculation,

B.3.5 Sample Problem Input
A typical sample problem input listing is given in Table B-2 to assist

the user in preparing the input data. The actual computer printout from this calculation is

included in Section B.4. 1.

B.4 DESCRIPTION OF OUTRUT

B.4.1 - Printed Outpuf _
Printed output from the sanple problem given in Section B. 3.5 is given in Table B-3.

The first set of quantitites printed out are the NPL input values of XE and XW, and |

the respective polar-angle limits in degrees and radians. The second sef of quantities

printed out are the quadrature checks described in Section B. 6 for each hemisphere., The
final values of p, n , and W are listed next. The values are listed in column form in the
order that they are punched on cards. The code then reverses the geometry 180 degrees

and repeats the calculation. The quadrature checks and the quadrature data in the inverted
geometry are then printed out. If only one case of input data was provided, the calcu‘la—

tion would then terminate af this point.

.B.4.2  Punched Output
Punched output from the ADOQ code consists of the following: ]
1. A 7U card with a 7 punched in Column 2 and a U punched in

Column 3,
2. The direction cosines, .., in an (6F12, 9) FORTRAN format,
3. The direction cosines, 7, in an (6F12. 9) FORTRAN vformo’r,
4, A T card with a T punched in Column 3,

B-8



TABLE B-2

SAMPLE PROBLEM CARD INPUT

6 1i V]
10 .
~2.26949E-01-1.48874E~01 1.48874E-01-5.01663E~01-%-33395E~01-1.48874E~-01
1.486874E-01 4.33395E-01-7,33759E-01-6.794106-01~4.333595E~0}1~1,48874E-01
1.48874E-01 4.33395E-01 6.79410E-01-9.01204E-01-8.65063E6-01-6.79410E-C1
~4.33395E-01-1.48BT74E-01 1,4B874E-01 4.33395C-01 6.79410E-0] B.65063£-01
=9.88856E-C1-9.T390TE-0Ll—-B8465063E-01-6.79410E-01-4.33395E-01-1.48874E<01
1.48874E~01 %.33395E~01 6.T7T9410E-01 8.65C63E-01 9.T390TE-01-2.26949E-01
“1e48874E-01 1448874E-C)1=~5.01663E-D1-%.33395E-01-1.4887T4E-01 1.,48874E-01
4,33395E~01-T7.337159E~01-6.79410E~01~4.33395E~01-1.488T4E~0] 1.4887T4£~C1
4.33395E-01 6.79410E-01~9.01204E-01-84.65C63E-01~6.7T9410E-01-4.33395€~01
~1.48874E-01 1.4887T4E-01 4.33395E-01 6.79410£~01 8.65063E~01-9.883856E-01
~9eT390TE~OL~Bab65C63E~01-6.T9410E-01~4+33395E-01-1.488T4E-0] 1.48874E-01
4,33395E~01 6.T79410E~01 8.65063E-01 9.73907E-01
~9.T3907€-01-9.73907E-01-9.73907E~-01~8.,65063E-01~8.65063E-01-8.65063E-01
~8.65063E-01-B.65063E-01~6.734]10E~01-6.79410E-01~6.79410E~01-6.79410E~01
~6.79410E-01-6+79410E-CLl=6479410E~01-44.33395E-01~4.,33395E~01~4,33395E~-01
~4.33395E-01-4433395E~01~4.33395€6~01-4.33395€6~-01~%.33395C~-01~4.33395E~01
~1a488T4E-Q1-1.48074E-01-1.488746-01-1.48874E~-01-1,48374E-01-~1.48874E-01
=1 488T4E~01-1+488T4E~01-1.48874E-01-1.488T4E-01-1,488T4E~-01 9.73907E~-01
9. 73907601 9.73907E-01 8.65063E~01 8.65063E-01 B.65063E-0]1 B.65063E-01
8.65063E~01 6479410E-01 6.79410E-01 6.794910E-01 6.79410E~-01 6.79410&~01
5.T9410E-01 6.79410E-01 4.333956~01 4.33395E-01 4,33395E~01 4.33395-01
4.33395E~01 4.33395E~01 4.33395E-01 4.33395£-01 4.33395E~01 1l.488T4E-01
1l.48874E-01 1.488T4E-01 1l.48874E~0L 1448B74E-0L L.488T4E~0] 1.48874€-01
l.48874E-01 1.48874E~01 1.48874E-01 L.48874E-01
0. L.6667TBE-02 1.66678E-02 O. 2+44419E-02 1.2%209¢-02
'1.29209€-02 2.44419E-02 Q. 2+TOLLLE-Q2 B.S54983E-03 1.92106E-02

1,92106E-02 8.54983E-03 2,70111€-02 0. 2.4%419E-C2 B.54983E-03

2.7T4683E-02 6.85461E~03 6£.85661F-03 2.746R3E-02 8.54983E~03 2.44419E-02
0. 1.666TBE~02 1.,2920GE-C2 1.92106E~02 6.85661E~03 1.82251E-02
1,822516~02 6.B566LE-03 1.92106E-02 1.29209£-02 L.66678E-02 0.
l.656TBE-D2 1.666T78E-02 0. 2+44419E-02 1.29209b-02 1.29209E-02
2.44419E-02 0. 2+701L11E~02 8.54983E-03 1.92106E-02 1.92106E-CG2
B.54983E-03 2.T0111E-02 0. 2.444)9E-02 8.54983E-03 2.74683E-02
6.,B5661E-03 6.85661E-03 2.745683E-02 8.54963E-03 2.49419€-02 0.
1.66678E-02 1.29209E~-02 1.92106E-02 6.85661E-03 L.82251E-02 1.82251E-02
6.85661E-03 1.92106E-02 1.29209E-02 1.6646T8E~02
& .
=3.61249E-01-2.38619E-01 2.3B619E-01-7.50201E-01-6.61209E~0}1~2.38619-01
2.38619E~0) 646L209E-01-9.T1L13E~D1-94324T0E~0Ll~6.61209E-01~2,386196-01
£a38619E~01 6.01209E~U]l 94324T0E=01-3.61249E-01~2+38619E~01 2,38619E-01
=7.50201E-01-6.61209E~01-2,38619£-01 2.33619E-01 6.61209€-01-9.TLL113E-01
~9,324TOE-01-6.6Ll209E-01~-2.,38619E~01 2.38619€-01 6.61209E-01 9.32470¢-01L
~9.3247GE-01-94324T0E~01-9.324T0E-01-6461209E-01-6.612096~0156.61209E-01
~6,61209E-01-6.61209E-~01-2,36619E~01~2.38619E-0L-2.38619E~-01~2,38619E-0}
~2.38019E~01~Z+43BH19E-01-2.28619E-01 F432470E~Q) 9.32470E-0L 9.324T0E-01

6.61209C-01 §.851209E~01 6LEEZOQE~DI b461209E-01 6.61209E-01 2.38619E-01

@
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2.38619E~C1
a.
3.49517€~-02
3,91956E-02
0.
©.28311E~-02
0.999689504
0.975939174
0.000796792
0.007096471
179.0

2.0

2:38619E-01
4.28311LF-02
5.5238TE~-02
3.49517E-02
5.52387€-02
3.49517E-02
(.998364376
0.968326826
0.0018539¢41
0.008L26877
le2.5

28.0

2.38619E-01}
4,28311€-02
0.
4.28311E~02
3.49517E-02
3.91956E~02
0.995981843
0.959688291
0.002910732
0.004%148671
120.0

60,0

TABLE B-2 (Continued)

2.38619E-01
0.
4.28311E-02
0.
3.49517€-02
3.91950E~-02
0.932543900
0.950032718
0.003964554
0.010L60770
60.0

60,0

2.38619E-01
5.52387E-02
3.49517E~02
4.28311E-02
5.52387€~-02
3.4951TE-02
0.983054126
0.939370340
0.005014203
0.011162102
17.5

28.0

2438019E-CL
3.495176-02
3.41956E~02
4.28311E-G2
0.

4,28311E-02

0.982517263596~ETA
S96-ETA
G 006058546596-WT5
S96~HWTS

0.927712457

0.012151665
1.0
2.0

$~-124
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Data

9,996895040000D=g1
9,9836437609000-¢1
9.9598184.30000D~01
9,9254390000000=~01
9,8805412600000~01
9, 8251726300000.01
9,1593917400000=0]
2,68326H2800000=01
9,5968829100000=01
9.5003271800050=01
9,3937934000000=01

TABLE B-3

SAMPLE PROBLEM PRINTOUT

3,9839600000000=04%
9.,26984050000000=04
1.4553660000000=03
1.98227T0000000=04
2¢5071015000000-03
3,029273000000D0.03
3.5482355000000=03
4.,0634385000000~03
4+5743355000000~03
S.0803850000000~03
545810510000000~03

2,287383341017D4+090
441727103747300+00
6.,045531630238D+00
T.91478588}0490+00
9,782527669138D+00
1,1649486719410,01
1.351598804678D4+¢1)
1.538219862991D+01
1.72482129%86804+01)
1.911408863114D40)
2.097986279882D+01

3,992237055600n-02
Ta2R275347T1150=-¢2
1.055144319811n-01
1381390732140N=01
1.7073731699380-01
2,0332118994209D.01
2.3589849307640=])
2ebB4700122087TT0=01
3,0103H8106318%N~-p1]
3.336037801 413001
3.6616TH6R2450uUND-p]

@
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TABLE B-3 {Continued)

QUADRATURE CHECKS FOR ASYMMETRIC SET

SUM OF WOESesovese 4,9999956000000-01
SUM OF WQaSeNMU2Ses 20610548440765D0=15
SUM OF HpeSYETARS, =2.5]64258863560%0})
SUM OF HO*HUQQZEE? 1,6694956936240=01

QUADRATURE CHECKS FOR SYMMETRIC SET

SUM OF W0#Secowvses 409599980000000-01
SUM OF WoeSomUzSe, 6¢310887241768D-3)
SUM OF WQ#S®*ETA¥S: 2:56973377668040=01
SUM OF WOWMU®02,,, },656665875157p=01


http:1,666665875157o.01
http:WO*S...9e
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QUADRATURE DATA

. =, 024917777

-, 024913982
-, 023764506
=, 012458888
« 012458888
+ 023764506
» 024913982
=, 057171433
-, 057162725
-, 054525365
-, 028585716
« 028585716
« 054525365
«057162725
-, 083555393
=, 089541753
-, 085410496
- 0447776956
«044 777696
, 085410496
085541782
-,12188768p
-,121863116
=, 116246347
- 06094384
0060943850
« 116246347
+121869116
164107249
~., 154083777
=y 146974695
077053624
« 077053624
« 146974695
» 154083777
=. 186171501
=, 186143)47
= 177554017
=.09308575]
« 0923085751
« 177554917
«1BH143147
=~ 2180142951

ETa

=, 9992689504
=+ 999489504

-2 999689504

=~ 999689504
-+ 3996H9504
. 999689504
=+ 9995689504
~19983664376
-, 998364376
«, 998354376
-e 9983646376
4598364376
- 99B364376
«s 998364376
-0 995981843

- 995981843

-, 995581843
=, 995981843
=,395381843
-, 795081843
-, 995381843
- 992543900
-2 9925483900
-, 992543900
= 992543900
=, 992543900
-e992543900
= 992543900
-.588054126
=, 988054126
-2 988054126
=.988(054126
988054126
= 988054126
-, 9808054126
-.982517263
-« 982517263
~.982517263
-,982517263
~+982517263
“e 982517263
- PH2517263
- 975939174

TABLE B-3 (Continued)

WEIGHT/

0.000000000
« 000004427
« 000061973
+000132799
« 000132799
2000061972
+ 000004427

0, 000000000
+000010300
000144197
., 000308993
000308993
000144197
,000010300

0.000000000
.000016171
+ 000226390
.000485122
.000685122
,00022639¢0
000016171

0,0060000000
000022025
000306354
£ 000660759
000660759
,000308354
« 000022025

0,000000000
000027857
4000389994
,000835700
2000835700
, 000389594
000027857

0.000000000
, 000033659
L0L0471220
001009758
L001009758
. 000471220
000033659

0,000000000

@
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= 216009742
=e207951259
=+109021478
2109021476
207951259

«21A009T42 -

-, 249686111
22406480813
=¢238]29877
~s 124143096
124843056
0238129877
22649648083
=e2B1066512
=e281023704
-, 268057897
«,14053325%6
+ 140533256
268057897
u28102370$
-, 312150340
=.312102798
=, 2977030790
=,156075170
«156075170
2297703070
0312102758
=-.342904308
=.342852082
=,32703365}
=,17145215%4
171452154
+32703365]
« 342852082
=, 501663000
=,433395000
= 148874000
«148874000
+%33395000
w,7337%9000
»679410000
=+£33395000
*+148B74000
«148874000
+433395000
679410000
=¢501204000

=, 975939174
=, 975937174
-, 975939174
-+37593%9174
975939174
=+9759391 74
- 908326828
«, 968376828
=, 9083266828
=,968326828
-, 268326828
=,268326828
-.966326828
wa,95268829]
=,9596882q1
«, 959688291
-, 959688291
-, 959688291
-, 959688291
-, 95%68829]
=-,950p32718
- 350032718
=,950032718
-, 95003214
=,950032718
-, 950032718
=y 950032718
=,939370340
=, 339370340
-, 2393703490
'0939370340
=, 939370340
-, 939370340
=, 939370340
-, 865063000
=.865063000
-, 865063000
-, 865063000
~ 865063000
“. 679410000
“s6T9410000
=s679410000
~e679410000
= 679410000
=, 619410000
~e679410000
~e433395000

TABLE 8-3 Gﬁonﬂnued)

L,003039425
- QU0B51948
«0011R2T45
20U11R2745
00Ub51 5943
000039425
0,000000000
sCud0sn) 49
00063209
DU1354479
DU1I54479
000632099
0000045149
0000000000
000050826
«00p711563
001524778
001924778
000711563
000050824
0,.000000000
000056409
000790282
001693462
.001693462
L0007902R2
000058449
0.000000000
GU0064109
000887526
001923279
LU014%2327¢
LOU0897576
L000064209
0.,0u0000000
.024441900
012900900
0129209040
0024441900
0,000000000
027011100
008549330
«019210600
019210600
«008%49830
«027011100
0.,000000000



Gl-d

2}
9e
9]
94
95
96
97
98
99

loo

lo2
103
log
105
197
0
108
109
110
11l
112
113
114
115
116
117
118
119
120
121
122
123
124

=,865063000
679410000
432395000
-, 148874000
+1488T74000
+%33395000
«679410000
+B865063000
=,988856000
~, 973907000
=,865063000
679410000
=.433395000
~el48874000
148874000
«*3339%000
«6T79610000
L865063000
+ 9739017000
»a361249000
=23a619000
.238615000
-, 750201000
=~,6061209000
=,238619000
«238619000
«66120%9000
=,971113000
932470000
=. 661209000
-, 23R619000
«238619000
« 661209000
«932470000

=¢433395000
=e433395000
433395000
», 433395000
=a 433395000
=, 433395000
=.4333950500
=s433395000
“, 148874000
»e 148874000
-, 148874000
=e148874000
=¢148874000
=+l48874000
-, 148874000
=, 148874000
-y 14BBT4000
-y 148874000

=, 148874000 "

« 932470000
v932470000
«232470000
661209000
«661209000
1661209000
+661209000
«651209000
« 238619000
« 238619000
« 238619000
+238619000
«238619000
+2386159000
238619000

TABLE B-3 (Continued)

1024441900
2008549839
0274468200
006858610
« 006856619
0274468300
. 008340830
. 026441900
0,000000000
016667800
012920900
+019210600
+ 0068545610
«01s225100
L018225100
006858610
2019210600
012920900
016687800
0.,008000000
042831100
,042831100
0,000000000
+ 95522348700
034951700
« 034951700
.055238700
0,000000000
042831100
. 034951700
. 039195600
.03919560¢
,034951700
042831100

&y
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TABLE B~3 (Continued)

QUADRATURE CHECKS FOR ASYMMETRIC SET

* SUM OF W0#Soceanss 40999995600000D~0]
« SUM OF Wo#SomuUgs,, 2e61U5484407650~1%
SUM OF WO#S®ETA#S, 2,516425886356p=0]
SUM O HOPMURD24,,  1,669495693624D=0)

" QUADRATURE CHECKS FOR SYMMETRIC SET

; SUM OF H0#S040000, 459999980000000=0]
" SUM OF Wo#SemUiSeo  §.3108872417680~30

SUM OF WO#SOETABS, w2,549733776806p«0]
- SUM OF WosMUew2eey 1,6666658751570-01
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QUADRATURE DATA
ETa
=, 361249000 s 932470000
=, 238619000 = 932470000
2238619000 932470000
=, 750201000 4661209000
=, 661209000 =, 661205000
=,238619000 « 661209000
.23Bb19000 ~.051209000
2661209000 web651209000
971113000 =, 2386)15000
», 932470000 -4 238619000
=,661209000 238619000
=,238619000 =2238619000
238619000 -, 238519000
661205000 -, 238619000
«¥32670000 - 238619000
-, 024917777 + 999609504
-1026913982 !999639504
= 023764506 2999689504
=, 012454888 «999689504
«012458888 «999689504
« 023764506 « 999689504
«024413%82 +9996H9504
057171433 _ 2998364376
-~ 057162725 9981364376
= 054525365 2998364376
~.028585716 +998364376
«0285857 18 « 9981364376
+054525365 + 9983641376
L057162725 ,998364376
=, 0B9555393 ,995981843
-+ 089541753 +995981843
=, 085410496 , 995981843
= 048777698 L 9956818943
0544777696 ,9959818473
« 085410496 995981843
+ 089541753 £995981843
-,12188768¢ + 992543909
=.1218691;6 1992543909
-, 116246347 ,99254 3990
", 060943840 e 992543900
LDBHVAIBAG 992543900
116246347 .99254 3900
121869116 99254 3900

TABLE B~3 {Continued)

WEIGHT !(

0,000000000
042831100
042821100

0.000000000
055238700
2 034951700
«034951700
2055238700

0.000000000
« 0424831100
« 034981700
«039195600
. 039195400
» 0349517090
« 0428311900

" 0,000000000

« 000004427
+ 000061973
+000132799
+000132799
000041973
2000004427
2.000000000
«000010300
000154297
+00030pR993
+000390993
000014Q197
000010300
0,000000000
«00001617)
» 000224390
. 000485)22
000885122
L 000226390
000016171
¢. 000000000
» 000022025
000398354
0005660755
JOUPEENTER
.00D3pA3SS
000022025

®
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oAb

46
o7
48

49’

50
51

52

56
55
56
57
54
5%
60
61
62
63
64
65

66.

61
(1]
69
10
8]
7e
73
T4
15
76
7T
78
79
80
81
a2
83
B4
85
86
87
ag
a9
90

2, 154107249
-, 154083777
me 146974695
", 077053624
+ 077053624
¢ 1466914695
154083777
<slnbi71501

=, J86143147

=, 177554917

- =, 09308575]

«09308575]
$ 177554917
« 186143147
-, 21894295
-, 218009742
o, 207951259
=+109021476
109021476

2207951259~

1218009742
=, 249686111
-, 249648083
=,238129877
=,124843056

, 124843056

1238129877

, 2456468083
-, 281066512
-'231023704
= 268757897
=,1401533256

.14q53325b

+268a57897

+2810237p4
=.3121503490
=-,312102798
=, 297103070
196075170

156075170

«297703070

» 312102798
w,342904308
-, JhzU5H2082
=, 327033651
-, 171452154

« 171452154

+ 988354126
« 988054126
988054126
+ 288054126
2988054126
+988054) 20
«288054126
+»982517263
+982517263
«P82517263
« 982517263
.382517263
+982547263
»982517263
+975939174
«975539174
2975939174
19759329174

9759391 T4

JHTH9391 T4
2975939174
«268326828
« 968326828
+ 968326828
968326828
«968326828
568326828
968326828
+959688291
295968829)
+ 959688291
«9B5948829]
095968829
« 359488291
«959688291
950032718
«950032718
«950032718
+9500327148
«950032718
950032718
+950032718
2939370340
+939370340
2939370340
«9393703490
«9239370340

TABLE B-3 (Centinued)

0,000000000
+ 000027857
000389994
. 000835700
+000835700
«000389994
000027857

0,000000000
000033659
, 000471220 .
,001009758
,001009758
+ 000471220
+ 000033659

0,000000000
+ 000039425
« 0005519448
«0011R2745
001182745
000551948
» 300039425

0.,000000000
2000045149
000632090
L001354479
001354479
2000632090
000045149

0.000000000
«000050826
2000711563
001524778
«00i%524778
« 000711563
«000050826

0,000000000
2000056449
+0007902R2
»001693462
2001693462
,000790282
000056449

0,000000000
000064109
OUUBeTR26
001923270
001923271



61-4

112
113

17

118
119
ize
121
122
123
ia2s

327033651
l3§255a032
=.501663000
=4433395000
=«1468874000
«148874000
, 433395000
=, 733759000
-, 6719410000
=-,4323950p0
‘1143376000
148874000
«433395000
LO879410000
-, 301204000
-, 865063000
-, 679410000
-, 433395000
- 148874000
« 148874000
+#33395000
0679410000
« 865063000
-, 988850000
»,973907000
- 869063000
» 679410000
=+#33395000
~+148874000
«1488T74000
+433395000
« 679410000
«B865063000
0973907000

«33937034)
2939370340
+B65063000
«865063000
+865063000
+865063000
. 865063000
«679410000
«679410000
+679410000
679410000
«6T9410000
679410000
JO79410000
»%433395000
433395000
+ 433395000
«433295000
«433395%000
433395000
«433395000
«433395000
«433395000
2 148874000
« 148874000
148874000
«14BAT4000
« 148874000
c 148874000
« 148874000
2148874000
« 148874000
« 148874000
« 148874000

TABLE B-3 (Continued) -

000897524
+000064109
0.000000000
024441900
«012920900
012920900
. 024441900
0+000000000
027011100

+00854983y . -

" 2019210600
019210600
+ 008549830
J027011100

0,000000000
024641900
1085498390
. 027468300
L 006856610
006856610
L 0274588300
. 008549830
024441900

0,000000000
L016667800
« 012920900
019210600
006826610
018225100
<01B226100
«006856610
. 019210600
W012920900
016657800

@
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5. A 6U card

6. ‘ The corresponding weights, Wp,, in an (6F12, 9-) FORTRAN format,

7. AT card.

The data are provided with the asymmetric hemisphere in the =7 = direction,
Following these data, the calculation is repeated with the resulting punched outpuqr con-

'iuining.rhe asymmetric hemisphere data in the +7 -~ direction.

B.5 PROGRAM LOGIC
The ADOQ code consists of a main program of approximately 180. FORTRAN cards
‘and no subroutines. The calculational procedure is straightforward as follows:

- All of the input data are read into core,

2, The polar cnglé limits of the asymmeiric data are calculated,
3. The discrete direction data in the asymmetric region are calculated,
4, The initialization directions in the asymmeiric region are calculated,
5, The last interval weight of the asymmetric region is cidi-usted to
match the symmetric region data,
. The azimuthal direction data in the asymmetric region are calculated, -
The weights in the asymmetric. region.are calc;JIated,
The opposite hemisphere,‘ symmetric data are placed in the output
data arrays,
9. Quadrature consistency checks are made ir; each hemisphere,
10.  The final quadrature data are punched on cards and pri‘nfed, and
11, The calculation is repeated, reversing the geometry 1809, starting

with item 2 above.
B.6 METHOD OF SOLUTION

An angular flux, as computed by the DOT code, has a Hms 7 m, and Wp, associated

with it such that:

¢) B2+ Tml+ £,2=1,0
The weight, W, represents the fractional area on thé unit sphere such that:
@ % W= 1.0 ‘

B-20



Astronuclear |
Laboratory

In the ADOQ code, the area between 7(jand 7y os shown in Figure B~1 is
asymmetrically divided into NPL areas with respect to the n-axis. Each 7 -level is then
subdivided into NAZ areas with respect to the p-axis, An Sgq Gaussian dercfure,(3'4)
for example, could be specified for the area between 7y and 7|. The remainder of the

hemisphere could be specified with an Syg Gaussian Quadrature, The opposite hemisphere

could contain any desired symmetric quadrature data.
in matching the last fevel asymmetric data, 7|, with the symmetric data, the

weight of the last asymmetric level, Wf‘, is adjusted such that:
L=
—wA S
(3) wit =W+ w§ - izz]Ewﬁ

Where Wf\ are the input parameters, XW, The code then proportions the individual

level weights within the asymmetric portion of the hemisphere by the equation:

A_wA
(4) wh=wh. g

Where AB,, are the input parameters, DXA.
The ADOQ code first computes and punches on cards the complete quadrature data

for input to the DOT-IIW code and then rotates the geomeiry 180 degrees and repeats the

computations.

The final computation performed by- the ADOQ code consists of computing:

(5) SW = %\:Wm
SW should approach 0.5 in each hemisphere.
© SM =7

SM should approach 0,0 in each hemisphere.

B-21



Asymmetric Hemisphere

0

Symmetric Hemisphere

0

/ Note: 1.  One octant of the unit sphere is shown,

2. The areas on the sphere are illustrated as rectangles, but are really
contiguous areas of varied form.

Figure B~1. ADOQ Geomefry
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% SE = 22 7y

SE in the =+7 ~ hemisphere should be equal to SE in the ~n - hemispher;e.
(8) 5J =%wm um 2

$J should approach 1/6 in each hemisphere; This concludes the computations
performed by tae ADOQ code.

B-23
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APPENDIX C

"CODE DESCRIPTION AND USERS MANUAL FOR THE
MAP RADIATION TRANSPORT COMPUTER CODE™"*

* Originally published as document WANL-TME=2706
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COMPUTER CODE SYNOPSIS

Name: M.AP“) (Multigroup Angular Flux Program)
Computer: The code is operational on the following three, computer systems:
1. CDC 6600, at Westinghouse Telecomputer Center with the Scope 3.2 Monitor
System
2. IBM 360/75, at Westinghouse Telecomputer Center with Release 18 of the
IBM 360 Monitor System
3. UNIVAC 1108, at MSFC with the EXEC 8 Monitor System
Nature of Physical Problem Solved: MAP solves for the last flight radiation trans-
port in anr, z, @ geometry, The MAP code solves for the nuclear radiation trans-
port to a detector surface from an energy-and angular-dependent surface source
defined by the surface leakage data of a DOT-||W(2) (or DOT)(S) discrete ordinate
transport solution in r, z geometry. During the numerical integation over the surface
source, the radiation transport can be through a void or, at option, radiation trans-
port through a three-dimensional geometry described by intersecting quadratic sur-
faces can be solved, Uncollided energy-and angular-dependent, neutron or photon
flux results at o detector plane are provided with the optional use-of buildup factor
techniques to estimate multiple scattering of photons available. Cross section data
for use in the radiation frqnsporf can be obtained from 1) internal ‘calculations of
point value data from Klem-lehma relationships and tables for photons, or 2) input
values of macroscopic cross sections for materials in zones., General discrete ordi-
nate quadrature data can be used as surface source input with two techniques avail-
able to calculate the angular-dependent source data from discrete ordinate data.
Method of Solution: A variable-interval numerical integration technique is used
to integrate the visible surface angular leakage flux at each detector point, Energy
dependence is treated as the multigroup data supplied to the code. The code is
applicable to neutron, photon, or coupled neutron-photon analysis; the numerical

integration accuracy is dependent upon the input discrete ordinate data.

cp
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- Restrictions on the Complexity of the Problem: The MAP code uses.conmplete,

flexible dimensioning to facilitate dynamic core storage allocation at execution

* time and during various phases of the calculation. Because of the use of o

flexible dimensioning technique for-each-array, ‘during a specific phase of the

calculaticn, no size restriction is imposed for a-given array. The only restriction

is the size of the sum of all array storage required during ‘a specific phase of the
calculation. The required. storage size for a given problem may be exactly computed
as indicated in the documentation. In using the code on the CDC 6600, the total
amount of coré storage for a given problem may be specified ot execuribn time.

For the IBM 360/75 and UNIVAC 1108 computers, the size of BLANK COMMON

" must-be compiled with a fixed dimension in"the: main subroutine. '

Typical Running Time: Running time requirements for the JCDC—ééOO version of
the MAP code can be approximated by the following relationship:

) ' no. of source-to-detector point calculations
t (se U = no. o ] i
(seconds CPU) 250 to 600 calculations/second C

Unusual Fecfures of the Code: The code employs the'r, z geometry’ dnscrefe :
ordinate transport leakage angular flux data from the DOT IIW (or DOT) code i'o
calculate neutron and'photon transport in a void or in a-purely attenuating

geometry to provide energy and angular dependent data- at a detector surface.

* The coupling of DOT-IIW caleulations through voids is handled by the MAP code.

Related and Auxiliary’Codes: Photon ﬁbsorpfion cross sections may be supplied by
a GAMLEG-W(4) library tape. Discrete ordinate transport angular leakage flux
dq;a are supplied by the DOT-IIW {or DOT) code as the scalar flux output tape.
Status: The code is in production use af WANL on a CDC 6600 computer with
additional development being devoted to increase the codes usefulness, Users at
WANL Joad the code from disk or tape with control cards supplied by the user.
References: 1. R, K, Disney, R. G, Soltesz, S, L. Zeigler,- J. Jedruch, WANL-
TME-2706, "Code Description and User* s'Manual for the MAP
Radiation Transport Computer Code, " August 1970, 9 Z
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2. R. G, Soltesz, R. K, Disney, and G. Collier, WANL-TME-1982,
MUser's Manual for the DOT=HW Discrete Ordinates Transport
Computer Code", December 1969. '
3. F.R. Mynait, F. J. Muckenthaler, and P. N. Stevens, CTC-
INF-952, "Development of Two-Dimensional Discrete Ordinates
Transport Theory for Radiation Shielding”, August 1969,
4, R, G. Solfeszi., R. K, Disney, and S. L. Zeigler, WANL-PR(i_L)-
034, Volume '3, "Cross Section Generation and Data Processing
. Techniques”, August 1970,
Machine Requirements: The MAP code is in production at WANL on 65K and
131K CDC 6600 computers. The source program requires 22K decimal locations;
the remaining locations are used for problem data storage. Up to six tape or
disk devices are required in a;!difion to input output, and punch disks.
Programming Language Used: The MAP code is written in standard USASI FORTRAN-
IV. With minor change the code can be used on the CDC 6600, IBM 360/75, or
UNIVAC 1108 computers.
Operating System or Monitor Under Which Program is Executed: The MAP code
is operational under the CDC 6600 SCOPE 3,2 Monitor System, the IBM 360/75
Release 18 Monitor System and the UNIVAC 1108 EXEC8 Monitor Sysfem.
Other Programming or Operating Information or Resirictions: None.
Name and Establishment of Authors:
R. K, Disney, R, G. Soltesz, J, Jedruch and S. L. Zeigler
Westinghouse Astronuclear Laboratory
P.O. Box 10864
Pittsburgh, Pa, 15236
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1.0 INTRODUCTION

The MAP code is a radiation fransport code employing point kernel techniques

with a mulitgroup angular dependent surface source. The surface source geometry is the

cylindrical surface defined by a DOT-HW' (or _DOT-II)2 discrete ordinate transport code

problem, Angular-and energy-sdependenf surface source data are obtained from the DOT-1W

{(or DOT) code on magnef%c tape and processed by the MAP code to provide flux and response

data at a_surface detector. The capability of the code includes:

© Two f‘echniques of treating. symr;zeiric quadrature, discrete ordinate transport
ungulqr—depender;f, ieukqéevﬂuxes to provide a continuous variation of
flux with angle, ‘ .

o  Techniques to use generalized qucdrafu;"e} discrete ordinate fransport,
angular-dependent leakage fluxes (including asymmetric sets} at both the
source surface an'd detector surface, . )

e Techniques fo pi’oduce magnetic- data tapes of angular-dependent flux
- data for use as boundary source inp;uf info subsequent discrete ordinate
‘ transport problems, and '

e - Techniques to calculate the uncollided radiation and estimates of
collided radiation (using point kernel techniques) reaching detector
surfacés in a geometry described -by intersecting quadratic surfaces.

In addition to the calculation capabilities provided in the MAP code, the use

of complete flexible dimensioﬁing‘and the input data capabiiity of the FIDO subroutine used

in ANISN-W, DOT-1IW, and SCAP provides a code which is flexible and easy to use. ’

The MAP code, with the capabilities described gbove, is an integral part of an cufoma’reéﬂ,

radiation transport, calculation capability which uses discrete ordinate transport techniques

_asan integral part of an overall radiation analysis procedure. The linkage of MAP to other

analysis procedures by magnetic tape or punched data cards is illustrated in Figure 1-1.

MAP provides techniques which circOmvent the use of discrete ordinate transport-codes in

calculating radiation fransport through voids or near-voids. MAP provides accurate results

1-1
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in areas where "ray effects” (Reference 3) due to discrete direction angular flux solutions
produce anamaléus results and provides for extended use of the discrete ordinate transport
technique. MAP provides this capability without using high ordefs of angular quadrature
or conventional symmefric quadrature techniques in discrete ordinate transport codes.

The logic used in performing the geometry-, angular-, and energy-dependent cal-
culations is described in Section 2.0, Input data requirements for the use of the MAP code are
described in Section 3,0; detailed user information describing the input is contained in
Section 4.0, A description of the job setup for the CDC 6600 version-of the MAP code, and
a sample problem input (including a listing of the DOT-1IW inpu‘f data deck used to generate
the MAP input magnetic tape required for the sample problem) is described in Section 5.0.

A descrip’f!ion of ’rhe sample problem printed output cbtained from a MAP problem, and the
' use of the input parameters to control the detail of the output data is described’in Section 6.0.
Section 7.0 describes the numerical procedures used in the. MAP code including the use of the

angular dependent, discrete ordinate transport, surface leakage dafc:.

1-3



Astronuciear
Laboratory

2,0 CODE LOGIC

The general code logic used in the principal MAP calculations is presented in
this section, Extensive use of flexible dimensioning throughout the MAP code provides for
the sequential use of the same computer care memory locations (i.e., sequential use of blank
COMMON storage) to maximize the code capability with a minimum computer memory core
size, ' _

Table 2-1 briefly defines the principal function of each subroutine in the MAP code

and is presented to familiarize the user with the overall capability of the MAP code.

2.1 Culc-u lationa! Procedure

Figure 2-1 illustrates the overall code logic of the MAP code. At entry point A
and logic Step 1, the MAP code data setup is initialized by the input of data sets 1 and 2
described in Section 3.0, The next step performed is the setup of stariing locations and
maximum size of each input or calculated data array for each phase of the calculation. All
data arrays are stored in BLANK COMMON using flexible dimensioning. The third step is
the input of data set 3 using the FIDO generalized input subroutine, Errors in input data (e.g.,
wrong number of pieces data) are noted by the FIDO routine; if input errors are encountered,
the problem is terminated. The fourth step in MAP is the control of various phases of the
calculation logic, The five principal calculation si‘eps; in each operation are contained in
five seperate subroutines. A brief description of each principal subroutine is discusse'd'in
later pc;ragruphs. Control of the calculation logic is shown in Figure 2-1, The caleulation
" subroutines afe called in the order of GEOM1, GEOM2, GEOM3 (optional depending upon
MAP input as described in Section 3.0), DOT, and RESP. Entry into each of these calculdtion
subroutines reallocates the COMMON data storage to maximize the code flexibility.
LCOMMON data storage as well as magnetic tape or disk file devices are used to link the

various calculation subroutines,

¢ -/~
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TABLE 2-1

DESCRIPTION OF MAP CODE SUBROQUTINES

Subroutine Name

MAP 1I

GEOM1
GEOM2
el

RESP
- SCOUT

QUAD
LAG

FIDO
DUMP

GEOM3

AMBIG

2-3

Principal Function

Reads problem specifications data,
allocates core memory storage, reads

source and detector surface data.

Initializes geometry dependent source
surface-detector sutface calculation

Calculates the geometry dependent
source surface~detector surface dota

Calculates the energy and angular
dependent detector response

Calculates detector response data

Prints two-dimensional floating point
data arrays

Caleulates discrete ordinate angular-
quadratfure related data

Calculates Lagrangian interpolating
coefficients and Legendre polynomials

Generalized input data read routine

Routine used to dump portions of blank
common sforage

Reads complex geometry, Performs
complex geometry ray trace for each
surface source point and detector point
by energy group.

Calculates the ambiguity indices of zone
boundaries, i. e, , the boundary surface
relationship with the zone in the geome-
try described by intersecting quadratic

surface.
a-1¥



TABLE 2-1 (Continued)

DESCRIPTION OF MAP.CODE SUBROUTINES

Subroutine Name

RAY
" GAMX

SIGK

BUILD
AL
WOoTs

WIT

woT

Principal Function .

Performs l‘ine-oF—sighf ray trace ‘through
complex geometry described by inter-
secting quadratic surfaces.

Cdlculates the photon absorption and
scaftering cross sections at energy poinis
from library tape. .

Calculates the photon scattering cross
section at a photon energy using Klein-
Nishina equations for inelastic scattering
of a photon with a free electron,

Calculates the multiple~scatter buildup
factor based on the cubic polynomial
approximation. ' '

+ Performs an interpolation of data assuming

a linear variation in the logarithm of the
dependent dnd independent data. ‘

Prints up to 8 one-dimensional, mixed,
fixed-floating point data arrays of varia-
ble length. ' '

Prints two- or fhrée—aimensionc[, fixed
point data arrays.

Prints two- or three~dimensional, floating
poinf data arrays.
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2.2 Description of Principal Subfoutines -

Caleulations performed in each of the principal subroutines and/or subroutines
used by these are described in the following paragraphs.

GEOMI1 - performs the initial calculations on input data s:efs to provide data for
subsequent calculations.

A series of input data consisfeﬁcy_ checks are performed, The calculations per-
formed are the definition of the source surface and detector surface data including the radial
and axial mesh coordinates at both surfdces. Subroutine QUAD calculates the discrete
ordinate cmgulc_:r guadrafure related data for later use in defining the angular-dependent
source, A

GEOM2 - calculates the energy-independent source surface-to-detector surface
data for each source point and detector point. The top or bottom and side surfaces are
calculated separately, The data for each detector point are placed on magnetic tape or
disk file, If the top, bottom, or side surface is not visible fo a detector, no tape or disk
record is written for subsequent use in subroutine DOT, A detailed description of the
calculation logic of GEOM2 is given in Section 7.0.

GEOM3 - an optional calculation step. This subroutine performs a last-flight

transport calculation based on the use of point kernel techniques and the energy-and angular-
dependent leakage flux. The logic is similar to GEOM2 except that the energy-dependent
depth penetration for each source point~to-detector point is calculated. This energy-
dependent data (in units of mean free paths of material penetration) are stored on magnetic
tape or disk file for subsequent use in subroutine DOT. Detailed descriptions of this
subroutine logic are presented in Section 7.0.

DOT - performs the calculations to provide energy~and angular-dependent data
at the detector points on the detector surface, Geometry related data on magnetic tape

or disk file (which were calculated in subroutine GEOMZ and GEOMB3) are combined with

A



the discrete ordinate angular leakage flux data from DOT~IHW {or DOT-II) to provide the
desired results. These energy~and angular-dependent data are placed on magnetic tape or
disk file at user option for use in subsequent DOT-IW problems,

. The scalar flux data the detector surface are placed on magnetic tape for use in

the calculation of detector response data in subroutine RESP,

RESP - the last logical step in the MAP calculation logic. Caiculations performed
are the detector response for each set of input energy-dependent response data. Calculation
of the detector response for each of the portions of the visible source surface is also performed.

At the complétion of the RESP subroutine calculation, code control is returned to the

main subroutine MAP as shown in Figure 2-1 to read a new set of inpuf data.

il
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3.0 INPUT DATA DESCRIPTION

3.1 INPUT FORMAT

The input data for the MAP code are divided into the following four data sets:

1) Overall problem storage allocation,

2)  Overall problem title and parameters,

3) Discrete ordinate transport, detector, and source data, and

4)  Ray tracing geometry data.

The first data set is entered on a single formatted card which is the first physical
card of each problem deck, The second data set consists of the title card and five cards of
integer data on formatted cards in data fields of 12 columns each. This set of data is qiv}ays
required as input to a MAP problem and must be entered in the correct field of each card since
a fixed FORTRAN format is used.

All remdining input data sets (3 and 4) of a MAP problem are written in one of
three possible FORTRAN type formats. The integer data arrays (denoted by a dollar sign)
must always be input in the standard MAP (FIDO)* format capability which consists of six
fields of 12 columns in each field. Each field in the standard format is subdivided into three
subfields as shown in Figure 3-1. 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 enfTred in the
standard MAP or one of two non-standard FORTRAN format capabilities.

The non-standard WANL MAP input formats which are shown in Figure 3-1 are
included for user convenience and can only be used for any real (floating point) data array.
These non-standard formats cannot include any operation type (fill, skip, interpolate, repeat,
efc.), but can include biank fields on q card that cause the input routine to ignore the rest

of the card; i.e., if the punched cross section data for a material includes 117 entries

*FIDO is o generalized input routine capable of performing operations to prepare
data arrays, This routine is standardized through the DOT-11W, ANISN-W, and MAP codes.
The FIDO subroutine was developed by W, W, Engle, Jr., of Union Carbine Corporation
Nuclear Division, (Computer Technology Center), Oak Ridge, Tennessee.

*#right adjusted” means that the least significant digit of an integer number is at

the extreme right of the field. ’ C /5



(9 groups by 13 table positions), the set would be 19 full cards and a final card of three entries
using the U format. MAP, using this non-standard copability, would skip the last three fields
and commence reading at the first data field of the next card. .

In the standard MAP format, the second subfield mc:y' include one of the data type

or operafion type code letters,
The following character} may be enteréd:
$, *, U, V,R, I, T,S, F, A + -, Z, E, Q N, M\, W, X, orH,

$ indicates the beginning of an integer (fixed point) array, The first subfield
identifies the array.

* indicates the beginning of a real (floating péinf) array, The first subfield
identifies the array.

U indicates the beginning of a real {flocting point) array in the non-standard
format 6E12.5 and the data array beginning on the next physical card. The
first subfield identifies the array.

V indicates the beginning of a real (floating point) array in the non-standard
format 4 (1X, E16.9, 1X). The first subfield identifies the array beginning on
the next physical card.

R indicates that the data contained in the third subfield are to be entered R times
in succession. The first subfield defines the number of total successive entries
or Repeats (e.g., a 16R 1,0 enters 16 1,0's),

| indicates linear Interpolation between the data in the associated third subfield
and the following third subfield. The Ffirst subfield defines the number of inter-
polations between the two data eniries (e.g., 41 0.0, 10,0 enters 0,C, 2.0, 4,0,
6.0, 8.0, 10.0).

T indicates Termination of data reading for a particular subset of data. No
further data reading for o subset of data is attempted and the program proceeds
to the next subset and 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 an array).

F indicates that the remainder of the present array is to be Filled with the dato
entry in the third subfield, Any entry in the first subfield is ignored (e.g,, F 1.0
will enter a 1.0 for all entries in an array).

A indicates Address modification. The next non-blank data entry is entered in
the Nth location of the present array where N is an integer entry in the third
subfield associated with the A. Any entry in the first subfield is-ignored. C /7
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+ or - indicates exponentiation. The data entry in the third subfield is multi-
plied by 10+N where N is the entry in the first subfield. This option allows
more significant digifs if necessary.

Z indicates the entry of Zeros. The integer entry in the first plus the third
subfield indicates the number of successive zeros to be entered. (e.g., 10Z
enters 10 zeros, Z 20 enters twenty zeros, and 10Z 20 enters 30 zeros).

E indicates End array. This option skips to the end of an array without the need
for specifying the number df skips.

@ indicates sequence repebt. The integer entry in the first plus the third sub-
field 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 entries are repeated in reverse order, {e.g., 0, 2, 4,
2N enters 0, 2, 4, 4, 2).

M indicates inverted sequence repeat except that the signs of previous eniries
are reverse 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,

3w Card T (remainder of card must be blank)
. {7E 10.3) Card 2 (contains format only)
3X Card 3 (remainder of card must be blank)

Card 4 through N (containthe data according to the
specified format. No blank fields are allowed).

H indicates the beginning of an alphanumeric descriptive title card array. Each
card input in this manner is @ separafe 72 column title card.
The following restrictions must be observed when writing input data for the MAP

1) Floating point zeros 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 Fiéld after the blank field for the standard

3) Ifan | isspecified in any data field, the next data field may not be either

blank or an A entry. d 2 9



4) The third subfield of a data field containg @ $ or a * may contain any integer,
N. The next data entry is assumed to be the (N + 1) th member of the array. Normally

this third subfield is blank and is interpreted as zero,

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 to be immediately to the left of the exponent
field within the none -column subfield. If there is no exponent, the decimal point is assumed

to be at the extreme right of the nine column subfield.

3.2 INPUT DATA INSTRUCTIONS

This section describes the problem input data for the MAP code. Other sections
present a more detailed description of the data presented here. The quantity in slashes
represents the array dimension, or the number of pieces of data required, and the expression
in braces is the condition requiring that array or set of arrays. Arrays or sefs of arrays with
the corresponding terminate (T) card which are not required should not be entered. If no
condition is specified, the array is required. Notfe that a T card must follow the data

entered in data sets 3 and 4: no T card is entered after data sets 1 and 2,

¢-4y
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1.  STANDARD: (6 (12, Al, F9.0)

3

CARD COLUMNS {1 2 4 5 6 7 8 92 10 11 12]13 14 15|‘]6 17 18 19

- 1
DATA FIELD

DATA TYPE ‘
OR OPERATION TYPE

DATA ARRAY IDENTIFICATION NO. OR NUMBER OF OPERATIONS

2. NON-STANDARD:  (6E12.5), U DATA TYPE

CARDCOLUMNSIY 2 3 4 53 6 7 8 9 10 11 12113 14 15 16 17 18 19

\— DATA FIELD

3. NON-STANDARD: (4 (1X, E16 9, 1X), V DATA TYPE

CARD COLUMNS {1 2 3 4' 5 6 7 8 9110111 12 13 14|15 16 17118 )2
DATA FIELD . EXPONENT FIELD
613359-108
Figure 3-1,  MAP (FIDO) Input Formats C/ } (;l :) ,
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Card

DATA SET 1 - OVERALL PROBLEM CORE MEMORY STORAGE ALLOCATION

Format Column Variable Description
12 1-132 ISIZE The number of core memory storage locations to be

allocated for MAP problem data storage. On the
Westinghouse CDC 6400 the value of ISIZE can be

assigned as foilows:

Job Field Length ISTZE
150,000g 30,00010
250,000g 62,0001
350,000g 94, 000, ,

On a computer with o fixed COMMON sjze require—
ment, ISIZE is set by the size of the MAP COMMON

size, '

A,
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DATA SET 2 - OVERALL PROBLEM TITLE AND PROBLEM DATA (OPTIONS, CONTROL,
and SIZE SPECIFICATION)

" Card Format Column Variable Description
2 12A6 1-72 TITLE Problem description title
3 6112 e ———— Source Surface Specifications
1-12 NRI Number of radial mesh intervals in the discrete
ordinate transport problem (DOT-HW or DOT
problem).

13- 24 NRK Number of radial mesh intervals in the source surface
: integration, NRK specifies equal size intervals
(equal AR). If NRK equal to 0, then the DOT-HW

radial mesh intervals are used in the integration,

25 - 36° NZI Number of axial mesh intervals in the discrete
ordinate transport problem (DOT-HIW or DOT
problem).

37 - 48 NZK Number of axial mesh intervals in the source surface

integration, NZK specifies equal size intervals
{(equal AZ), ' If NZK equal t6 O, then the DOT~HW
axial mesh intervals are used in the integration,

49 - 60 NMU Number of azimuthal mesh intervals in the source
surface infegration on the top or boffom surface.
NMU infervals are used in the 0° - 180° range.

A

61 -72 NMUS Number of aznmuthol mesh intervals in the source

' surface integration on the snde surface. NMUS
intervals are used in the 0° to @° range where 9
is determined from the visible side surface.

@

fioieioge]
Jeajanuollsy



8-¢

et D

4

DATA SET 2 (CONTINUED)

Format Column Variable Description
6112 e — Multigroup Angular Fiux Parameters
1-12 '. NGN - Number of energy groups in problem, NGN must be

fess than or equal to the number of energy groups in

the DOT W or DOT problem,

13-24 NPL P) scattering approxnmaflon used in the DOT-IIW or
DOT problem which generated fhe input ddta tape of
angular fluxes,

25=-36 NQJ .. Number of discrete ordinafe quadrature directions
. at the source surface. (The DOT-1IW or DOT angular
, flux data input fo MAP on magnetic tape),

37-48 NQiU Number of.upward directed (positive n) discrefe
ordinate quadrature directions at the source surface,
(The DOT-NW or DOT angular flux data mpuf to
MAP on magnetic tape).,

49 ~ 60 NQJ Number of discrete ordinate quadrature dlr;achc;ns
: at the detector surface. (The MAP. output angular
flux data in DOT-11W).

61-72 . NQJI Number of upward directed discrete ordinate
‘ i quadrature directions (positive n) at the detector .
.surface. (The MAP output angular flux data on
magnetic tape for use in DOT-1IW),

6112 me———— e o Code 'logic and output options.
1-12 NIT . Angular flux interpolation technique control.

0 - No interpolation
T~ Smgle variable interpolation fechmque
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Card

79

Format

DATA SET 2 (CONTINUED) .

Column Variable Description
13- 24 NPNH Tape and punched output data option

0 - No punched card or magnetic tape output

1 - Scalar flux data at all detector points on the
detector surface are punched on cards in a
(6E12,5) format, Data are obtained for alt
points by groups for the totai (sum of fop or
bottom and side), top or bottom, and side
source surfaces,

2 - Angular flux data at all detector points on
the detector surface by group are placed on
magnetic tape for direct use as a boundary’
source input tape to DOT-IIW,

3 - Output data for NPNH=1 and 2 are obtained
“from problem,

25-36 NPRT Printed output data option
Printed Datg Sets
Set No, input Data
1 N&P Input Data and
- Caleulated Datg for
Problem Initialization.

2 MAP Geometry Data

3 ‘DOT-~1IW or DOT source
surface angular flux data

4 MAP detector surface

. angular Flux data

5 MAP detector surface

scalar flux data and
response data

I Detailed geometry data
(large quantity for
checkout only)

@
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Card

Jo0

Format

6112

Column

13-24

25- 36

37 - 48

DATA SET 2 (CONTINUED)

Variable

Description

NZ

NE

NM

NB

Options
~1 - Print Data Sets 1, 2,
0 - Print Data Sets 1, 2,
1 - Print Data Sets 1, 3,
2 ~ Print Data Sets 1, 4,
3 - Print Data Sets 1, 5 .

&

d

L
o

O AW
L e o
(&)}

-

‘Ray trace geomeiry input parameters. If NZN=0),

no ray frace geometry dafa input is required and
only void tracing for the source surface to detector

surface is performed.

Number of zones in ray trace geometry,
NOTE: DOT-HW or DOT cylindrical surface,

" which defines the MAP source surface, need not be

defined as a zone since ray traces are performed for
outward directions, Dimensions of the source sur-
face in the ray trace geometry, if included, must
not correspond to the DOT-IIW problem exterior
surface or fay trace errors will occur, .

Number of component materials in component-
mixture table, If cross section dufu (SIG) are input
on cards, then NE=0 and NBA=0,

Number of mixture materidls in component-
mixture fable. If ‘cross section data (SIG) are input
on cards, then NM must correspond to fhe number
of sets of SIG data.

- Number of quqdrahc boundary suchces in ray trace .

geéometry,
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Card

Y

Format Column
49 - 60
61 -72

6112 _—
1-12

DATA SET 2 (CONTINUED)

Descriefion

Cross Section Data Input Option
0 - Input macroscopic cross sections for NM
" materials
1 - Calculate cross sections (photon only) from

Variab!é

NBA

"MBT

NTSUR

library tape and internal calculations, library

tape is mounted on Tape 12,

Multiple Scattering (buildup option)
0 - Do not compute buildup factor in ray trace
geometry material penetration

N -

Compute buildup factors in ray trace geometry
using data set N as described in Table 3-1.

Detector surface geomeiry option

1 -

Plane detector surface defined by a set of
radial mesh lines describing radial mesh
intervals at a constant axial dimension.
Plane is normal to Z axis (i,e., DOT-IIW
problem axis) and the midpoint of intervals
define the detector points.

Meridian ring detector surface defined by a
set of angular mesh lines describing the an-
gular mesh intervals on a meridian ring. Mid-
point of intervals define detector points,

Data are entered ih the cosine of the polar
angle, cos o, where a is measured from the
positive Z axis,

Cylindrical detector surface defined by a set
of axial mesh lines describing axial mesh in-
tervals at a constand radial dimension, Surface
is normal to the R axis and the midpoints of
intervals define the detector points.

&
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Card Format

8 6E12,5

4D

Column
13~ 24
25 - 36
. 37 -48
¢ 49 - 480
1-12
13.- 24

DATA SET 2 (CONTINUED)

Variable

- NRJ

NAT

NAS

NRP

O et oy

ZR

Description

4 ' - General detector surface defined by a set of
" radial (R) and axial (Z) detector point co~
- ordinates,

"Number of detector points or mesh intervals at the
 detector surface

Number of tagged surface areas on the top {or

- boftom) of the source surface area, A tagged surface
.area is a set of contiguous mesh infervals on the top,

bottom or side source surface defined by e’ teft-and
right or bottom and top mesh interval numbers of the
source surface area to be tagged. Results are pro-

' vided for edch tagged surface area,

Number of tagged surface areas on ‘the side of the
source surface area, (See description for NAT above)

Number of sets of response function data. ‘At least
one set of data, NRP>1, must be mpuf for the code

to function properly.

Prol:;Iem Normalization-and Detector Surface Data

Scale or normalization factor for al! output data,

SCALE is a constant multiplier applied to all out-
put results and can be used to provide absolute
magnitude results, If SCALE is mpur as 0.0, then
SCALE is set equal to 1,0,

Detector (or coupling)} plane axial coordinate in
reference to the first axial mesh line of-the DOT-1IW
or DOT geometry model dimensions. {NTSUR=1}
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Card

7%

Format

Column

25 - 36

.37 - 48

49 - 60

DATA SET 2 (CONTINUED)

Variable

RZ

ZM

RL

Description
Detector sphere (meridian ring) radius INTSUR=2}

Axial coordinate of the detector sphere (meridian
ring) origin, The X and Y coordinates are assu med

. to be 0,0, {NTSUR=2}

Detector cylinder radius {NTSUR=3}

@)
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MBT Valve

O 0 N O B W N

.
o

P,
13
14
15
17
19
21
23
25
27

*bf(lower) = 0,0 for all data, where bf is the mean free path

**Data does not exist in Library

TABLE 3-1

LIBRARY OF BIVARIANT POLYNOMIAL
DATA FOR GAMMA RAY BUILDUP COEFFICIENT EVALUATION

Applicable Ranges

Material

Water
Water
Water
Aluminum
Afumi‘num
Aluminum
Iron

iron

lron
Uranium
'Urqnium
Uranium
Lead
Lead

Lead

Tin

Tin

Tin
Tungsten
Tungsten

Tungsten

Buildup Type
Dose

Energy

Energy Absorption
Dose

Energy

Energy Absorption
Dose

Energy

Energy Absorption
Dose

Energy

Energy Absorption
Dose

Energy

Energy Absorption
Dose

Energy

Energy Absorption
Dose

Energy

Energy Absorption

3-14

EG(lower)' ,EG(upper) 'bf(upper)*

0.255

- 10

0 20.0

15.0
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DATA SET 3 ~ SOURCE SURFACE, DISCRETE ORDINATE QUADRATURE, DETECTOR SURFACE,
AND RESPONSE DATA

Array

Data

Type °

*or U

*or U

*or U

*or U

Variable

R1

Z1

cTQ

csQ

NTGT

Description

Radial mesh line coordinates {centimeters) at the
source surface., Data must be consistent with the
DOT-1IW or DOT input data. /NRI+1 Values/

Axial mesh line coordinates (centimeters) at the

source surface. Data must be consistant with the
DOT-IIW or DOT input data. /NZI+1 Values/

* Azimuthal mesh line coordinates (degrees) defining

the azimuthal mesh intervals on the §op or bottom)
source surface. NOTE: CTO(1)=0° and
CTO(NMU+1)=180°, /NMU+1 Values/

Azimuthal mesh line coordinates (degrees) defining

the azimuthal mesh intervals on the side source

surface., NOTE: CSQ{1)=0°, The code normalizes.
- the side surface mesh inferval widths fo the angular
- width of the visible side surface,

Tagged surface mesh interval numbers for the top (or
bottom) surface. A set of 2 values of NTGT define -
the left and right mesh intervals bounding a contigu-
ous set of mesh intervals for which the surface
integeal detector response will be calculated.

NTGT(1, 1) = NTGT (2, 1) define the first tagged
surface on top (or bottom) surface.

NTGT(1, 2) - NTGT (2,2) define the second tagged
surface on top (or bottom) surface.

&)
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£ED

Datq
Arraz Tzee
6 s
8 . *orl
10 ) *orU
11 H
12 ForlU
’ .]3 ForlU

DATA SET 3 (CONTINUED)

Variable

NTGS -

Bl

ci

TITLE
DOSE

RJ

DescriE'rion

Tagged surface mesh interval numbers for the side
surface. A sef of 2 values of NTGS define the
bottom and top mesh intervals bounding a contiguous
set of mesh intervals for which the surface integral
detector response will be calculated. (See NTGT
for details)

Discrete ordinate quadrature data at source surface
describing the DOT-IIW (or DOT) input angular flux
data, Data are required for the discrete direction
cosines y, n and the discrete direction quadrature
weights, W in the order of M n, and W, /NQI
values of y, NQIi Vaiues ofn, NQI values of W/

Discrete ordinate quadrature dafa of detector surface
describing the MAP output angular flux-data, Datq
are required for the discrete direction cosines, y, 7,
and the discrete ordinate quadrature weights, W, in
the order of u,n, and W, /NQI values of y, NQJ
values of 5, NQI values.of W/ .

Descriptive titles of response funcfions with each
card containing one title, /NRP titles/

Multigroup response function data. /NRP sets of
data with each set containing NGN values/

Zﬁ’ NTSUR¥£7 Radial coordinates (cm) of point de-
tectors /NRJ values/ ,


http:values.of

£1-%

APP

Data
Arraz Type
14 * aor U
15 * or U
16 * or U
— T

DATA SET 3 (CONTINUED)

ZTF NTSUR=4/ Axial coordinates (cm) of point
detectors /NRJ Values/

/_F NTSUR=T, 37 Mesh lines defining the detector
surface mesh mfervqls. If NTSUR=1, then radial

mesh line coordinates (cm) at defecfor plane surface
are input, If NTSUR=3, then axial mesh line coordin-
ates (cm) of detector cylindrical surface are input.

‘Variable Description
ZJ
R2
/NR K1 values/
R2

———

[NTSUR=27“ Angular mesh line coordinates (cosine
of the polar angle a) at the detector sphere surface
meridian ring) are input,

TERMINATE Cord

@
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DATA SET 4 - RAY TRACE GEOMETRY DATA, REQUIRED ONLY IF NZN>0

Arraz
1

Data
Type

$

*orlU

*or U

Variable

Description

NBZ

NBD

NTR

NBE

X0

YO

Number of boundary surfaces per geometry zone

/NZN valves/

Boundary surface numbers of the infersecting quadratic
boundary surface which define the geometry zone. Six
(6) values per zone must be entered with non~zero
numbers for NBZ values for each zone. The ambiguity
index (+ or ) of each boundary is assigned initially

by the MAP ray trace-technique subroutine, /NBZ
sets of 6 values/

Boundary surface crossing zone numbers, NTR defines
the zone entered upon crossing for boundary surface
of a zone. Six (6) values per zone must be entered
with non-zero numbers for NBZ /NBZ sets of 6

\_fa!ues/ :

Boundary surface equation.type. See Table 3-2 for
definition of equation types and required input
values, /NB values/

Boundary surface coefficients, See Table 3-2 for
definition of required input by equation type NBE,
Only required if non-zero and FIDO input operations
can be used fo place value at correct boundary
number,/NB values/

Boundary surface coefficients. See Table 3-2 for
definition of required input by equation type NBE,
Only required if non-zero and FIDO input operations
can be used to place value ot correct boundary

number., /NB values/
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TABLE 3-2
GEOMETRY BOUNDARY SURFACE TYPES

Boundary Equation

Type (INBE) Quadratic Equation Input Values Required
2 2 2 =
1 Ax +By +Cz +xx+YY+Z Z-D=0,0 A,B,C,x,Y ,Z,D
. (s} Q o . [} a Q
2 2 2
2 A (x-—xo) +B (Y-Yo) +C (z-—zo) ~-D=0.0 A,B,C, X o1 Yo, z D
2 2 2 _
3 (X-—Xo) + (Y—YO) + (Z-ZO) -D=0.0 XO' Yor ZOI D
4 : X-D=0.0 D
5 Y~-D=0.0 ‘ . D
6 Z-D=0,0 D
2 2 2 . 2
7 Ax +By  +Cz +x x+Y Y+Z Z-D"=0,0 A,B,C,x,Y ,Z,D
o o o o oo
2 2
8 | . A (x—xo) +B (y-yo) ' A,B, C,xo,Yo, ZO, D
2 2 2 2
9 (X-—Xo) + (Y-Yo) + (Z-Zo) -D"=0,0 X o Yor Zor D

L4
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FEY

10

H

Data
TZEe

*orl

*or U

*orU

* or U

* or U

DATA SET 4 (CONTINUED)

Variable

Description

Z0

A0

BO

Co

DO

Boundary surface coefficients, See Table 3-2 for
definition of required input by equation type NBE,
Only required if non~zero and FIDO input operations
can be used to place value at correct boundary number.,

/NB values/

Boundary surface coefficients, See Table 3~2 for
definition of required input by equation type NBE,
Only required if non-zero and FIDO input operations
can be used to place value af correct boundary number.

/NB values/

Boundary surface coefficients, See Table 3-2 for
definition of required input by equation type NBE,
Only required if non-zero and FIDO input operations
can be'used to place value at correct boundary number.

/NB values/

Boundary surface coefficients, See Table 3-2 for
definition of required input by equation type NBE,
Only required if non-zero and FIDO input operations
can be used to place value af correct boundary number.

/NB values/

Boundary surface coefficients, See Table 3-2 for
definition of required input by equation type NBE,
Only required if non-zero and FiDO input operations
can be used.to place value ot correct boundary number,
/NB values/
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gty

13
14

15

16

17

Data
TZEe

*orU

*or U

*orU

“*or U

*or U

T

DATA SET 4 (CONTINUED)

Variable

Description

EG

ZOE
COM

NMZ

XPO

SIG

Average energy of each energy group. EG's are used
in computation of group total photon cross sections if

‘NBA>0 and in the computation of building factor for

the MBT input value, /NGN values/

Atomic number of elemenfs in component element-
material mixture table, /NE values/

Partial densities (gm/cm3) of component elements in
material mixtures. /NE values for each of NM sets/

Material mixture in each geometry zone, NMZ assigns
the cross section set SIG to be used in each zone.

/NZN values/

X, Y, and Z coordinates of a point in each zone of
the geometry. XPO is used to assign the ambiguity
index of each boundary of each zone, /3 values for
each of NZN sets/

ZI_F NBA=07 macroscopic multigroup cross sections for
cach zone, If NBA= 0, then S$1G values are required
for. each group and each zone. If NBA>O, then the
MAP code will calculate the values of SIG. /NGN
values for each of NM sets/

TERMINATE Card

This concludes the required input for a MAP code problem. Stacked cases may be input

input beginning with Card 2 in Data Set 2,

®
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3.3 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 evaluvated and summed as noted.
The value of the sum, including the conditions imposed on the expressions, will provide the
~ value of the required input parameter, ISIZE, on card 1 of Data Set 1. For a MAP problem
to run successfully, the input value of ISIZE must be equal to or greater than the calcuiated
value of LAST, All quantities in the expressions below are required input quantities dis-
cussed in Section 3.2 except where defined, The symbolism, Max [x y x2 . e ] ’

signifies the maximum value of the quantities or expressions, x. in the brackets-is used in the

calculation of the overall expression.

MAP Flexible Dimension Data Storage Requirements

If NZ equal to O:
LAST=A+C
If NZ is greater than 0:
LAST = Max [A +B +C, A+B + D]
where: o
A=2. (NRl + NZI| + NAT + NAS) + NMU + NMUS + 11 - (NQI + NQJ) +
NRP . (18 + NGN) + 3 . NRJ + 205
B=17. NZ+8. NB+ NE+ NGN. (NM+2)+ NM.« (NE+ 1)+ Ul .
C=1Ul+ (3+2-NSN)+ (3+ NAT + NAS) - (NRJ +2) + NQI + (NRI + NZI) +
2. (NRJ - NQJ + INMU) + INI + 4 - NRJ + Max (1Ul, IRP) + 5 - NSN
D=4-NZ+2. INMU+ Ul - NGN
and:
Ul = Max [NMU- Max [ NRI,NRK] , NMUS * Max [ NZI, NZK]]
INMU = Max [ NMU, NMUS ]
INI = Max [NRI, NRK, Nz, NZK] C :3 7
IRP = (3 + NAT + NAS) » NRJ - NRP

3-22
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NSN =0, if NiT equal to 0

NSN = \[16-‘- 8. ZNQI ~ 4-' If NIT is; greater than O,

The quantity NSN is the quadrature order of the symmetric quadrature (i. e,

5, n=2 4, 6...) and NQI is the total number of discrete directions,
n

-

3-23



3.4 DESCRIPTION OF QUADRATURE DATA SETS

Symmeiric Quadrature Sets ‘

In the solution of the Boltzmann transport equation employed in the DOT-IIW
(or DOT) code infegration over the §>l direction variable is necessary. In obfaining o numer-
ical solution in the versions of the DOT code, this integration is };>erformed by mechanical
quadrature, where the continuous variabie, €>l ;, is represented by a set of discrete directions
(Qs) and a corresponding set of weights (ps). These directions are then equivalent to a set of
points upon a unit sphere with origin at R, This mechanical quadrature representation is
achieved using a set of direction cosines (pm, "m) for the discrete directions (Qs) and a sef of
level weights (wm) for the sum of the point weights (ps) over the level m.

The development of the MAP code has included the use of the same generalized
angular quadrature data accep.fable to the DOT-IIW code; the MAP code will perform cal-
culations using either symmetric or asymmetric quadrature data, However, the use of
angular flux interpolation is limited to symmetric quadrature data. In addition, the
recommended symmetric quadrafure data for use in DOT-1IW-MAP coupled calculations
using angular flux inferpolation is that data based on a Gaussian mechanical quadrature,

A number of seis of angular quadrature data which have been developed for use in
DOT-1IW and MAP are listed in Tables 3-3, 3-4, and 3-5. The data in Table 3-3 are S4
S 4 38’ and S dlscre’re ordinate quadrature data sefs, These data were calculated using
Gaussian mechanlcal quadrature abscissas and welghfs( ) The data are based on half
symmetry conditions imposed on the selection and solution of the momenfs equations defining
the discrete ordinate direction cosine and point weighi's(s). The data in Table 3-3 are re-
commended for use in DOT-HW and MAP when angular flux interpolation in MAP is used.

The set of angular quadrature data in Table 3-4 satisfies the requirements for ‘
rotation-reflection invariance vu;ith respect to 90° axis rotations and with respect to
reflections about an axis, axes, and the origin, These concepts are discussed inReference 10
as o basis for the selection of a generalized quadratrue data set. This standard set of mech--

anical quadraiure dafa was generafed and in no way biases the results with respect to

A
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geometrical axis, This set of completely symmetric quadrature data sets satisfies certain

|
even moment conditions as well as rotational invariance. These sets are listed in Table 3-4

forSz, 54, 56 S., S

+ Sgr 5., angular quadrature and are recommended for r, z, or %, ¥

12 16
geometries. . .
The asymmetric set of anuglar quadrature dafa in Table 3-5 were developed for
analysis of radiation transport close to the z axis of an r, z geometry problem. The SIO
and S 6 angular quadrature data sets in Table 3-3 were used as base sets and 59 6 Gaussian
mechanical quadrature abscissas and weights were used to preferentially subdivide the first
1 level of the S]0 set into eleven sublevels. Further asymmetry was assigned in the
azimuthal angle, M, The azimuthal asymmetry places discrete directions in close proximity
to the r, z plane in which DOT-1IW solves for the angular flux, ‘

) The angular quadrature data in Tables 3~3, 3-4, and 3-5 satisfy the basic relation-

ships defined by:

T M
Z -wm‘= 1.0
1 )

m =
that:
M
Z ’Tm-'“mwm = 0.0
m=1
and that:

A 0f il
pm#OOGndqm# or all m

The MAP code performs these data checks on the input angular quadrature data;

error messages are returned if the datg are nof consistent with these tests.

3-25



The symmetric and asymmetric quadrature data set parameters required as input to
the MAP code are listed in Table 3-6., The total number of quadrature angles and the nunber
of upward directed angles are (+ndirection) the only required parameters input for MAP, These

data are necessary for the source and detectar surface in MAP,

3~26
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TABLE 3-3

GAUSSIAN MECHANICAL QUADRATUF&E SETS WHOSE ABCISSAS ARE THE
ZEROS OF LEGENDRE POLYNOMIALS. FORX,Y AND R, Z GEOMETRIES

S4  ANGULAR QUADRATURE

8y
-.508374127 ~.3399681043 .339981043 —.940432289 —.B861136312 -.339951043
«339981043 .861136312 -.508374127 -.339981043 .339981043 ~.940432289
—e861136312 —.339981043 .2339981043 .B611363)2
~«B861136312 -.861136312 -.861136312 -.339981043 -.3399381043 ~.339981043
—+335981043 -.339981043 .B861136312 .861136312 .661136312 .339981043

«339981043 .339981043 .339981043 +339981043

0.0 « 0869637113 .0869637113 0.0 + 0869637113 0760725774
«+07T60725774 +(B69637113 0.0 . . «084963T7113 .0869637113 0.0
«086963TL13 0760725774 0760725774 .0869637113,

T ’ .

$6 ANGULAR QUADRATURE
8u

~04361248675~0,238619186 0.238619186-0,750201405-0.661209386-0.238619186

0.238619186 0.661209386-0.9T1113219-0,932469514~0.661209386-0.238619186
0.238619186 0.661205386 0.932469516-0.361248675~0.238619186 0.238619185
=0.750201405-0.661209386-0.238619186 G.238619186 0.661209386~0.971113219
~0(,932469514-0,661209386~-0.238619186 0.238619186 0.661209386 0.932669514
~0.932469514~0,932469514~0.932469514-C.6561209386~0.661209386-0.661209386
—0.661209386-0.661209386~C.238619186-0.2368619166—0.238616186-0.238519186

—0.238619186-0.238619186-0.23861918&

0.661209386
D.238619186

0.000000000

0.034951723

0.039195637

0.0000006000

0.042831123
T .

0,661209386 0.6612093R6

0.238619186

0.042831123
0.055238669
0.034951723
0.085238669
0.034%51723

G.238619186

0.042831123
0.000000000
0.042831123
0.034951723
0.C39195637

0.932469514
0.661209386
0.238619186

0. 000000000
G.042831123
¢.000000000
0.034951723
0.039195637
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0.932469514
0.661209386
0.23861918¢6

0.055238669
0.034951723
0.042831123
0.055238669
0.034951723

0.932469514
0.238619186
0.23861918¢6

0.034951723
0.039195637
0.042831123
0.000000000
0.042831123
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~«279004286
« 183434642
«183434642
-.525532410
-.279004286
«1834340642
«183434642
~+525532410
-.960289856
~e 76666477
-.525532410
-.183434642
-960289856
+T966664TT
+525532410
«183434642

0.0006000000
019972050
«026551604
+026551604

0.000000000
«019972050
026551604
«026551604
T

—=183434642
* 525532410
«525%32410
—+183434642
—alB3434642
«525532410
«525532410
—+ 183434642
—«960289858
“0796666477
—-«525532410
—.183434642
-960289856
« 1366664177
«525532410
«183434642

-025207134
«035623208
«016251849
«018840157
025307134

«035623208-

016251849
-018840157

TABLE 3-3.(CONTINUED)

$8 ANGULAR QUADRATURE

« 183434642
-«850773581
« 796666477
«183434642
«183434642
—« 850773581
« 196666471
183434842
~.960289856
—.525532410
—« 525532410
~e183434642
«9602898556
«525532410
«525532410
«183434642

«025307134
4.4000000000

+035623208.

<018840157
.025307134
€. 000000000
.035623208
.018840157

- 604419162
- 796666477
-.9383031908
«5255372410
~e504419162
~a 196666477
—+983031908
-525532410
~+ 796666477
-.525532410
-«183434642
-+ 183434642
196666477
«525532410
«183434642
«183434642

0.000000000
035623208
0.000000QQ0
«026551604
0.000000000
«035623208
0.000000000
« 026551604
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~+525532410
~2525532410
~.960285856

« 796666477
-+« 525532410
~+525932410
~a960289856

« 1966664717
~e 196666477

"=e525532410

-, 183434642
~.1834346472
« 1966664177
+525532410
183434642
« 183434642

.035423208
+016251849
«025307134
«019972050
«035623208
«016251849
«025307134
019972050

- 163434642
-.183434642
~a T966664TT
960289856
-, 183434642
~. 183434642
-. 796466477

.960289858"
. T96666477
-.525532410

‘=0 183434642

-~ 183434642
« 7966664177
+525532410
+1834340642
«183434642

-019972050
«026551604
«019972050
025307134
«0139972¢50
-,026551604
+019972050
«02530T134



au
-, 226949496
«148874339
4148874339
~ 4433395394
~.988856123
.148874139
~.148874339
-433395394
+633395394
~.14887433
~.973906528
. 433395394
~.973906528
~+865063367
~ 679409568
~.433395394
-.148874339
~.148874339
.973906528
+865063367
«679409568
433395394
.148874339
-148874339

0.000000060

" .012920900
.019216637
.D27468304
0.000000000
+018225074
016667836
024441937
+008549830
.006856609
016667836
006856609
1

-« 148874339
«433395394
«433395394

~«148874339

-.G873906528
«433395394
~-148874339

~+733759251
«+679409568

» 148874339,

~+865063367
«679409568
-.973306528
-.865063367
~. 679409568
—~+4333953%4
~a148874339
-« 148874339
«973906528
+679409568
«679409568
«433395394
+ 148874339
«148874339

-016667836
« 0246419317
- 008549830
«006856609
0164667836
«006856609
+016667836
0.06G0000000
«027011124
«006856609
«012920900
«019210637

TABLE 3-3 (CONTINUED)

510

«148874339
=+ 733759251
«679409568
« 148874339
—.B65063347
+679409568
~-« 501662608
-+ 679409568
~+901203879
«433395394
~+ 679409568
«865063367
—.973906528
~+ 679409568
-« 679409568
~e433395394
-.148874339
-.148874339
- 865063367
«679409568
«433395394
«433395394
+148874339
« 148874339

+016667836
0.000000000
1027011124
006856609
.012920900
019210637
0000000000
027011124
0.£00600000
-027468304
-019210637
«012920900

=+501662608
=« 679409548
~+901203879
«433395394
~. 679409568
« 865063367
—«433395394
-<433395394
~«B865063367
« 679409568
—+433395394
« 973906528
-+ 865063367
-+ 679409568
=.4333953%4
-=433395394
-+ 148874339
~.148874339
. «865063367
« 679409558
«433395394
433395394
-148874339
« 148874339

0.000000000
.027011124
0. 000000000
.027468304
.019210637
.012920900
«024441937
.008549830
+024441937
- 008549830
< 006856609

ANGULAR QUADRATURE

-, 433395394
-.433395394
-.865063367

+679409568
-.433395394

.973906528
-.148874339
-.148874339
-.679409568

«865063367
-.148874339

—« 865063367
-«679409568
—+433395394
—+433395394
-+148874339
-+148874339
«865063367
« 679409568
+433395394
«433395394
148874339

« 024441937
-008549830
«024441937
«008549830
- 006856409
«016667836
«012920900
«019210637
«008549830
« 026441937
«018225074

«016667836

3-29

=« 148874339
-+ 148874339
~e 679409568
«B&5063367
-+ 148874339
~e2269494696
« 148874339
« 148874339
-+433395394
~.988856123
148874339

-+ 865063367
=«5679409568
=« 433395394
—+433395394
-« 148874339
«973906528
«-865063367
«679409568
« 433395394
« 148874339
+ 148874339

«Q1292G900
+019210637
«008549830
» 024441937
-018225074
0.000000000
»012320900
« 019210637
027468304
0.0006000000
«Q1B225074



TABLE 3-4

COMPLETELY SYMMETRIC' QUADRATURE SETS SATISFYING CERTAIN EVEN
. MOMENT CONDITIONS FOR X,Y AND R, Z GEOMETRIES

$2  ANGULAR QUADRATURE
8y . . )
-0.814500000-0.577350000 0.577350000-0.816500000-0.577350000 0.57735000
-0.571350000~0,577350000-0.577350000 0.577350000 0.577350000 0.577350000

£.000000000 0.250000000 0.250000000 0.000000000 0.250000000 0.250000000
Y : . : .

S4 ANGULAR QUADRATURE

:{H ’ .
~e495004728 ~.350021200 .350021200 -,936741778 -.868890280 -.350021200
+350021200 .858890280 -.495004728 ~,350021200 .350021200 -.936741778
--868890280 ~.350021200 .350021200 .,.868890280 .
-«868890280 -.868890280 -.868890280 ~,350021200 -.350021200 -.350021200
=«350021200 -.350021200° .868890280 .868890280 .868890280 .350021200
«350021200 .350021200 .350021200 .350021200 :

0.000000000 ,.083333333 ,083333333 0.000000000 .083333333 .083333333
-083333333 ,083333333 0.000000000 '.083333333 .083333333 (.000000000

«183333333 ,083333333 .083333333 ,(083333333
T

(A

3-30



8y
—-«377079540
+ 266635500
« 266635500
-+731810935
-«926180879
-.926180879
-.681507707
-2 266635500
«681507707
« 266635500

0.000000C00
«039301772
«044031561

0. 000000000
«044031561
T

TABLE 3-4 (CONTINUED)

-+2656635500
«6815G7707
«681507707

—~« 681507707

— 681507707

~«926180879

~.681507707
~a266635500
«681507707
«266635500

«044031561
+039301772
«039301772
039301772
«039301772

§6 ANGULAR QUADRATURE

+ 266635500
~e 963797442
«926180879
~«266635500
-.2666355Q00
-.926180879
~+266635500
-+ 2664635500
+6B81507707
«266635500

« 044031561
0.000000000
-044031561
+G39301772
« 044031561

-.731810935
~«926180879
=+ 377079540
266635500
« 266635500
-. 681507707
~.266635500
«926180879
« 681507707
2266635500

0.000000000
044031561
0.000000000
039301772
«044031561

3-31

—+GB1507T707 =.266635500

-+681507707
~.266635500
«681507707
681507707
-.681507707
-.266635500
«926180879
«681507707
«266635500

«039301772
«039301772
«044031561
«039301772
«039301772

=«266635500
« 266635500
=«963797442
«926180878
~e 681507707
~. 266635500
«926180879
« 266635500
« 266635500

-039301772
« 044031561
« 044031561
0.000000000
« 044031561



8y - - .

- —.308606714 —.218217900
2218217900 .577350269
218217900 .57735026%

~+577350269 ~.218217900
-.308606714 ~.218217900
.2168217900 .577350269
L2.L8217900 577350269
-,577350269 —.218217900
~.951189727 ~.951189727
~.TB6TI5T90 —. 786795790
~.577350269 .~.577350259
~.218217900 -.218217900
.95)1189727 .951189727
.TB6TIS5TI0  .7B6795790
577350269 577350269
L218217900 L2L8217900
0.0060000000 .03024691%
022685185 022685185
0226685185 023148144
022685185 .03(246915
0.000000000 .030246915
022685185 .022685185
L0226B5185 .02314814%
.022685185 .03C246%L5
T

TABLE 3-4 (CONTINUED)

S8 ANGULAR QUADRATURE

218217900 —-.617213403 —.577350569 -.218217500
—.816496581 —. 786795790 —.577350269 —.218217900
-.975900071 -.951189727 -.7867957%0

186795790
«218217900
«»218217900
-+816496581
« 786795790
«218217900
~.951-189727
=«577350269
-.577350269
-.218217900
.951189727
377350269
«57735026%9
«218217900

.030246915
0:000000000
' .022685185
.030246615
.030246915
0. 000000000
.022685185
.030246915

«57T7350269

~+617213403 ~,577350269-

«T86TISTID

e TB&TIDTY0 —. 577350269
-+975900071 -.951189727

«S5T7350269

186735790

=. 786795790 —~.786795790
-.577350269.—-,577350269
—«218217900 ~.218217900
=.218217900 -.218217500

- 786795790
«571350269
«218217900
«218217900

0.go0000000,°

«022685185
0.0006000000
.022685185
0.000000000

.022685185°

6.000000000
022685185

3-32

+ 786795790
«5377350269
«218217900
218217900

.022685185
«02314B8l144
«030246915
022685185
.022685185
.023148144
030246915
«022685185

.951189727
-.218217500
~.218217900
~. 786795790
.951189727
~.786795790
-~ 577350269
~.218217900
~.218217900
.786795790
+577350269
.218217900
.218217500

022685185
022685185
022685185
+ 030246915
022685185
.022685185
‘.022685185
«030246915

a0



8y
~e2364T4327
«167212600
-167212600
— 459547627
-.888153128
«167212600
-«9T7L63T7T37
«16T72126460
-+2364746327
«167212600
«167212600
~+459547627
~«388153128
«167212600
~«971637737
»16721246090
~«971637737
—-a872270557
- 760021024
+2628019093
-~ 459547627
-e 459547627
-+ 1687212600
-+167212600
«9T2EITTAT
«872272557
«7160021G24
528012099
«45954T627
« 459547627
«167212600
«167212600

¢.006000000
«013570277
=009134415
«006462814

0.000000000
«0L3970277
«017690641
«017690641

0.000000000
«013970277
«009334415
«d06462814

0.0C0000000
~013970277
«017690641
«017690641
T

-.167212600
+ 459547627
«459547627

~.167212600

—-.872270557
«459547627

-.B72270557
-459547627

-.167212600
+459547627
« 459547627

-.167212660

~.872270557
2459547627

-.872270557
.459547627

~.971637737

-.872270557

-. 760021024

~.628019099

-.459547627

459547627

-.167212600

~.167212600
-971637737
«872270557
«76C021024
«628019099
459547627
V459547627
.167212600
«167212600

« 017690641
013970277
.012570495
+ 009334415
»013970277
.012570495%
.013970277
.013970277
«G17690641
013970277
«012570495
.009334415
.013970277
«612570495
.013970277
013970277

TABLE 3-4 (CONTINUED)

S$12 ANGULAR QUADRATURE

«16T7212600
~. 649898487
628013099
167212600
-.760021024
« 6280419099
~. 760021024
« 628019099
167212600
-+ 649898487
« 628019099
167212600
-.760021024
« 628019099
-~ 760021024
-628019099
“-.971637137
-.760021024
-~ 760021024
~-.628019099
~2 458547627
- 459547627
-4 167212600
~+167212600
«97T1637737
760021024
© 4760021024
628019099
+459547627
+459547627
+167212600

« 167212600

«017690641
0.000000000
« 09334415
«009334415
«012570495
006462814
«009334415
«009334415
«017690641
0.00000G000
« 009334415
« 009334415
+012570495
« 006462814
«C093344)5
+009334415

-+ 489023594
-+ 628019099
- 778197925
«459547627
-.5628019099
« 760021024
~+62B019C99
+760021024
- 489023594
-+ 628019099
—. 778197925
« 459547627
-.628019099
60021024
-.628019099
760021024
—a 872270557
- 760021024
-+ 628019099
~. 628019099
~. 459547627
—e 459547627
-+167212600
-.167212600
«872270557
760021024
« 628019099
628019099
+ 459547627
459547627
167212600
.167212600

0.000000000
«009334415
¢.00G000000
006462814
+006462814
2012570495
« 009334415
009334415
0.000Q000000
«009334415
0.0000004000
006462814
006462814
«012570495
009334415
009334415

3-33

-e%59547627
—e459547627
~. 760021024
«628019099
—e459547627
.872270557
- 459547627
872270557
~.459547627
- 459547627
-e760021024
«628019099
-a459547627
«872270557
-a459547627
.872270557
~4BT2270557
- 760021024
-.628019099
-.628019099
- 459647627
-4 459547627
~.167212600
-.1672126G0
.872270557
« 760021024
«628019099
.628019099
459547627
c 459547627
.167212600
167212600

.013970277
«012570495
«009334415
»006462814
032570495
013970277
4613970277
.013970277
«0139702T7
012570495
+009334415
006462814
+012570495
013370277
.013970277
«013970277

-.167212600
-.167212600
-. 628019099
« 760021024
~.167212600
—+385920862
-«167212600
«9T1637737
- 167212600
-.167212600
— 628019099
« 760021024
~+167212600
-+ 985920862
~.167212600
«9T1637737
—«872270557
=+ 760021024
-+ 628019093
-« 628019099
-~ 4595478627
-.167212600
-«167212600
-«167212600
.+872270557
« 7600621024
«62801909%9
«628019099
« 459547627
«167212600
«167212600
«167212600

«013970277
009334415
+ 006462814
«009334415
«013970277
0.000000000
«017690641
« 017690641
«013970277
«009334415
« 006462814
009334415
«013970277
0.000000000
.017690641
« 017690641

¢-5¢



8u
~.196514591
+138956800
.138956800
~.392289248
- 759569237
+138956800
~«B831996571
«.138956800
-.919841914
-.352289246
- 746750534
-.831996571
138956800
909285519
-.392289246
-+392289246
~e 650426455
+537096559
-+392289246
~T46750584
-+392289246&
« 746750584
—~e 650426455
«537096559
~.980500900
~2392289244
+ 146750584
-.980500900
-.909285519
~.831996571
- T46 750584
~a 650426455
~+650426455
~+537096559
T ~.537096559
~+322289246
~. 392289246
~.3922892464
-+ 138956800
~.138956800
-+1389564800
«F092B5519
831996571
« 744750584
146750584
«650426455
«650426455
. 537096559
+537096559
3922689246
«392249246
«1389%6800
138956800
+ 138954800

0.000G000000
«010332403
005075791

-+ 138956800
392289246
392289246

~«138956800

-+ 7461750584
392289246

-« 746750584
«392289246

-.90928551%9

-. 138954800
-831996571

—« 146750584
«39228924&
580500900

-+1356956800

~+138956800

—+537096559
« 650426455

-.138956800

—.B43520768

~«138956800
«831996571

~+537096559
«650426455

—-.909285519

-.138956800
«831996571

-. 980500900

~.909285519

—-.831996571

—«T746750584

=+650426455

-« 650426455

~+537096559

-.537096559

=.392289246

—e392289240

~.392289246

=-.138956800
~2138956B00
=.138956800
+909285519
«831996571
« 146750584
« 745750584
+ 650426455
«537096559
«537096559
«537096559
«392289246
392289246
«1389568Q00
138956800
« 138956800

«012246801

010332403
« 009476891

TABLE 3-4 (CONTINUED) -
S16 ANGULAR QUADRATURE

» 138956800
~=554780772
»537096559
»138956800
~.650426455
* 4537096559
—+ 6506426455
«537096559
—.831996571
-13R956800
«909285519
—«650426455
«537096559
~.196514591
‘« 138954800
«138956800
—«392289246
—. 159569237
«138954800
—.831996571
«138956800
—.919841914
~«392289246
746750584
—. 831996571
+138956800
«309285519
=.9805009090
—~«8319965T1
~.831996571
-« 146750584
=+650426455
—«650426455
—~+537096559
-.537096559
—«392289246
—.392289246
“a392289246
-.138556800
~+1389568060
«980500900
«9209285519
«831996571
« 146750584
650426455
«650426455
«337096559
«537096559
392289246
392289246
« 392289246
«1389568B00
«138955800
+138956800

«0122456801
Q. 000000000
« 005075791

~.416172855
—~+ 5370965859
—« 665104177
392289246
~«537096559
+650426455
—«537096559
650426455
—+« 746750584
=392289246

-.99C298444.

—= 537096559
650426455
-2 138956800
« 392289246
«392289246
—- 138956800
~e 746750584
«332289246
- T46750584
»392289246
—-+909285519
-.138956800
«B831996571
-. 746750584
+392289246
+980500900
~.909285519
- 8319946571
~. 146750584
~« 746750584
=+ 650426455
=+ 650426455
~+537096559
-« 537096559
-.392289246
—a 392289246
—~2138956800
~.138956800
-«1389546800
« 980500900
+909285519
« 831996571
-« 146750584
«&504264595
« 650426455
« 537096559
«537096559
« 392289246
»392269246
« 392289246
«138956800
- 138956800
«138956800

0.000000000
« 005075791
c.Qo00000000

3-34

~.392289246
~«39228B9246
e 650426455
.537096559
-.352289246
746750584
~.392269246
746750584
650426455
« 537096559
~.980500500
~.392289246
. T46750584
«138956800
~.5%4780772
«537096559
.138956800
- 650426455
.537096559
-2 650426455
+ 537096559
—.B31996571
. 138956800
.909285519
- . 650426455
537096559

—+.309285519
~+B831996571
-+ 746750584
-. 746750584
-« 6504264535
-« 650426455
~«537096559
~.537096559
-+3922892446
—+ 392289246
-+ 138956800
-.138956800
~-4138956800
+ 980500500
+831996571
+831996571
» 746750584
«450426455
«650626455
«537096559
«537096559
«392289246
«392289246
»392289246
«138956800
« 138956800

«010332403
009476891

-.138956800
-+« 138956800
-.537096559
« 450426455
-« 138956800
~«843520768
~+138956800Q
831996571
=« 537096559
-650426455
~.909285519
~+138956800
+831996571
—.416172855
-.5337096559
- 665104177
«39228924%
-«537096559
«650426455
—.537096559
«650426455
~a 746750584
3922892446
~+ 990298444
~.537096559
«650426455

-.909265519

~«83199657]
. 746750584
-+ 746750584
~ 0650426655
-.537096559

~.537096559

~+537096559
~.2392289246
—+3922892456
~«138956800
~+138956800
—+138954800
«90928551%
«831996571
« 746750584
« 746750584
«5650426455
«650426455
+«537096559
+537096559
«392289246
«3922892446
«1389546800
=« 138956800
.138956800

«010332403
+»0035075791

~0064637520 .003382350

R e L



~0023362350
G.000060000
«006637520
«005075791
+005075791
G.000000000
«009476891

. +003382350

.005075791
012246801
+010332403
.010332403
0094765891
~006637520
.003382350
«008159251
006637520
003382350
.003382350
008159281
003382350
012265801
010332403
006637520
T

.006637520
.006637520
.008159281
.003382350
.003382350
.010332403
.01¢332403
-009476891
.006637520
.010332403
.012246801
«010332403
.005075791
.003382350
.006637520
«006637520
0.000000000
.065075791
-005075791
.003382350
.006159281
.010332403
.012246801
.005075791

«006637520
-00815%281
-002594232
«002594232
+002594232
-009476891
=010332403
=010332403
«006637520
- 005075791
0. 0000060000
«010332403
«Q05075791
«003382350
0.000000000
«006637520
- 005075791
«G05Q75791
0.000000000
«009476891
-003382350
« 005075791
«012246801
«010332403

TABLE 3-4 (CONTINUED)

.003382350
.002594232
.008159281
.002594232
.002594232
.003382350
.009476891
0.000000000
.005075791
006637520
.012246801
.010332403
«009475891
.006637520
.006637520
.00B8159281
.003382350
.003382350
010332403
.010332403
.009476891
~D0663T520
.010337403
.012246801

3-35

.003382350
.008159281
.006637520
.003382350
.003382350
.008159281
.003382350
+012246801
.010332403
. 006637520
+012246801
0.0000000060
.005075791
L +006637520
.008159281

+002594232°

«002594232
0025394232
«0094756891]
010332403
«010332403
«006637520
2« 005075791

006637520
006637520
0.000G00000
005075791
«005075791
«003382350
.008159281
«010332403
«012246501
005075791
0.000000Q00Q0
«005C75791
0.000000000
«003382350
«002594232
«Q0B159281
«002594232
«002594232
.003382350
«005476891
0.000000000
«005075791
«006637520



TABLE 3-5

ASYMMETRIC QUADRATURE SETS SATISFYING CERTAIN EVEN MOMENT
CONDITIONS WHICH ACHIEVE HIGH ANGULAR RESOLUTION IN
THE DIRECTION OF THE Z AX!S (IN THE OPPOSITE HEMISPHERE,
A COMPLETELY SYMMETRIC S6 QUADRATURE SET IS USED., )

8u
-.089555393
-« 154107249
~«218042951
- 281066512
-+342904308
« 148874000
« 148874000
~«%33395000
~.988856000
« 148814000
-«238619000
«661209000
«651209000
~+999689504
~a995981843
-.988054126
-.975939174
-~+.959688291
-.939370340
—+865063000
—+ 679410000
~+433395000
~+ 1488754000
-+ 148874000
«932470000
«661209000
«238619000

0.000000000
0.000000000
0.000000000
0.0600000G00
0.000000000
0.000Q0C00C0
«012920900
«019210500
«027468300
0.0CC000000
«018225100
«042831100
»055238700
«034951700
T

80 ANGLES

-.016347532

-+058753624
-«101103452
~41430490647
-.184396223
- 224965667
+433395000
433395000
-.148874000
~.973907000
« 433395000
«238619000
-.971113000
 +932470000
~+999689504
~«9395981843
~«388054126
-~.975939174
-+ 959688291
-+939370340
~.865063000
-.679410000
-+433395000
—-. 148874000
-« 148874000
« 932470000
«2385819000
«238619000

000199198
+000727683
+001253551
.001774118
+002287168
002884906
024441900
+ 008549830
006856610
016667800
= 0068565610
.042831100
0.000000000
042831100

.016347532
058753624
#101103452
143049047
.164396223
« 224965467

=,733759000
+679410000
148874000

=.865063000
«679410000
~.750201000

~+.932470000

~.599689504
—.395961843
-.98B054126
-.975939174
-.559688291
~.339370340
-.679410000
~.679410000
~+433395000
~. 148874000
~.148874000

.661209000

238619000

.000199198
000727683
-001253551
+001774118
002287168
002884906
0.00G000000
027011100
« 0068565610
« 012920200
«0192104600
0.000000000
042831100

i 49 DEGREES ON A LEVEL
15 ANGLES IN THE ELETA DIRECTIONy 65 ANGLES I[N THE =ETA

~. 057171433
~.121887680
-.186171501
~e249686111
-.312150340
-.501663000
-.679410000
-.901204000

433395000
-. 679410000

+B55063000
-.661209000
~+661209000

-+998364376
-29925439G0
—-.982517263
-.9468326828
—.950032718
-.865063000
-.679410000
—+433395000
~+433395000
~-+148874000
-.148874000

«661209000

»238619000

0. 000000000
0. 000600000
0.000000000
0.000000000
0.000000G00
‘0. 000000000
+«027011100
0.000000000
« 027468300
«019210600
«0129209G60
«055238700
«Q34951700

3-36

-« 037507835
~. 079965513
-.122139494
~.163508828
—=+204789049
—.433395000
~+433395000
~4 865063000

«679410000
~«433355000

+973907000
—.238619000
-+238619000

—+ 998364376
—e 992543900
-.982517263
-.968326828
—«950032718
—.B865063000
—-.679410000
-.433395000
-+433395000
-+ 148874000
-.148874000

«661209000

238619000

000463430
.000991138
«001514636
. «002031719
.002540192
«» 024441900
.008549830
.024441900
.008549830
.006856610
«016667800
+034951700
.039195600

OIRECTION

037507835
.079965513
.122139494
.163808828
« 204789049
-.148874000
-. 148874000
~. 679410000
.865063000
—. 148874000
—.£51249000
238619060
.238619000

-+ 998364376
—+992543900
—. 982517263
~.968326828
-.950032718
-. 865063000
~+679410000
-.433395000
~«423395000
-+.148874000

+932470000

«6€61209000

«238619000

~000463490
.0009911328
+001514636
002031719
.002540192
«012920900
(19210600
«008549830
«024441900
.018225100
0.000000000
034951700
«039195600

53



&5 ANGLES IN THE LETA DIRECTION,

au

80 ANGLES

-+361249000 -.238619000

.238619030
.238619000
-.057171433
-.121887680
-.186171501
-.249686111
~+312150340
-+501663000
-.679410000
~.901204000
«433395000
-+679410000
.865063000
-.932470000
- 661209000
~.238619000
+998364376
+992543900
+982517263
.968326828
+950032718
+865063000
+679410000
+433395000
4433395000
<148874000
+148874000

0.000G00000
«0349517C0
«039195600
0.00000C000
0.000000000
0.000000000
0.0000Q0000
0.000000000
0. 000000500
«027011100
2.00000000C
«027464300
019210600
4012920900
T

«661209000
«66120%5000
«Q37507835
«079965513
«122139494
~163808828
« 204709049
+«%333595000
=»%33395000
-865063000
«679410000
«433395000
«973307000
« 932470000
«661209000
«2384619000
«F983643786
«992543900
« 982517263
«968326828
«950032718
« 863063000
«579410000
+433395000
+433395000
« 148874000
« 148874000

«042831100
-055238700
+034951700
« 3004463490
«000991138
+001514636
.002031 719
«002540192
«024441900
«008549830
-324441900
«308549830
-006856610
«-016667800

TABLE 3-5 (CONTINUED)

«238619000
-.971113000
«932470000
«037507835
«079965513
« 122139494
=-163808828
« 204789049
~+ 148874000
-.148874000
-.67%410000
« 865063000
-.148874000

—«932470000
-«238619000
-.238419000
+«9398364376
+ 992543900
«382517263
«36B326828
«950032718
+ 8650630060
«+679410000
«433395000
+%33395000
+148874000

»042831100
0.0CC0G0000
«042831100
+000463430
- 000991138
001514636
.002031719
002540192
-012920900
.015210600¢
.008%549830
«024441900
.018225100

49 DEGREES ON A LEVEL
15 ANGLES IN THE -ETA DIRECTION

-.750201000
—+932470000
=.024917717
~.089555393
~s154107249
~+218042951
—.281066512
—+342904308

.148874000

+148874000
-.433395000
-.988856000

+148874000

-«661209000
—-.238619000
«999689504
+995981843

+.988054128"

975939174
+359688291
«339370340

«865063000.

«079410000
«433395000
»- 148874000
« 148874000

0.000000000
.042831100
0.500000000
0.40000000C0
0.000000000
0.40004Q0000
G.000000000
C.000000000
12920900
019210600
«027468300
G.0648000000
.018225100

3-37

-+561209000
=+661209000
-e016347532
-«058753624
~+101103452
= 143049047
~«184396223
=2 224965467

+433395000

«433395000
—+148874000
--97390700C0

+433395000

-.561209000
-.238619000
« 9995689504
-995981843
.988054126
+975939174

«959688291°

+939370340
=« 865063000
«679410000
«433395000
«148874000
« 148874000

055238700
«034951700
-000199198
«000727683
001253551
«001774118
.002287168
«G02884906
«024441300
-008549830
Z0068546610
-016667800

« 006856610 .,

~+238619000
-.238619000
«016347532
058753624
-101103452
« 143049047
«184396223
« 224965467
-«T733759000
«579410000
« 148874000
-+865063000
«673410000

-.661209000
~-.238619000
« 9995689504
« 995981843
. 988054126
« 375939174
» 959688291
«939370340
- 579410000
+679410000
«%433395000
«148874000
« 148874000

«034951700
«(39195600
«0001991%98
000727683
«001253551
«001774118
.002287168
+002884906
0.000000000°
.027011100
- 006856610
«012920900
019210600

d-8



87 ANGLES IMN THE EETA DIRECTEONs

8U
-.024917777
-.057162725
~. 058753624
2079965513
.154083777
-.218042951
~.249648083
-.184396223
«204789049
«342852082
o T33759000
«679410000
2148874000
-.865063000
«679410000
-.750201000
-.932470000
~.999689504
-.998364376
~.995981843
-2992543900

. = e9BB054126.-

—<975939174
~.968326828
—.959688291:
-.950032718
~=835370340
=.6794100600
-.679410000
—.433395000
~+148874000
-. 148874000

«661209000

«238619000

0.000000000
»000010300
2000711512
«000969113
.000027857

0. 000000000
.000045149
002236342
002483744
.000064109

0.000090000
«027011100
« 006856610
.012920900
.019210600

0.0048000000
.042831100

-7

TABLE 3-5 (CONTINUED)

102 ANGLES

-.02491398é -« 016347532

£+49 QEGREES ON A LEVEL
15 ANGLES IN THE -ETA DIRECTION

=+301663000 -.423395000

016347532

~-.037507835 .037507835 ,057162725
2058753624 089541753 -.121887680
«121869116 ~.154107249 —o154083777
~a186171501 —.186143147 ~,122139494
~2218009742 ~.143049047 .143049047
-~.163808828 .163808828 .2495648083
«184396222 .281023704 ~,312150340
2312102798 —.342904308 ~.342852082

-~ 148874000

«024913982 —. 057171433

~+089555393 -.089541753
-.121869116 —.079965513
-.101103452

«101103452
«122139494 .1856143147
«21B009T742 —.249686111

~e 679410000 —.433395000 ~. 148874000
-+«901204000 ~.B865063000 ~.67941C000

«433395000 679410000 ,.865063000
—+6T79410000 -.433395000 ~-.148874000

«865063000 973907000 —-.361249000
~«661209000 ~.23861900Q0 .238615000
~s661209000 —.238619000 238615000

~2999689504 -.999689504 —-.999689504
—<998364376 —.998364376 —.998364376
-.995981843 —.595981843 ~.992543900
—~«992543900 —.988054126 —.988054126
—e98251T263. ~. 982517263 —. 982517263
~e 375939174 ~. 975939174 —. 975939174
~.968326828 -.9698326828 -.968326828
~.9594688291 -.959688291 -.950032718
=+950032718 =.939370340 ~.939370340
-. 855063000 -.8585063000 -.865063000
-2 679410000 -.679410000 -.679410000
~+433395000 —.433385000 -.%£33395000
-+433395000 ~.433395000 ~.433395000
-+ 148874000 ~-.3148874000 -.148874000

{

~+1408874000 —. 148874000 .932470000
«5661209000 .661209000 .4661209000
«238619000 .238619000 .238619000
000004427 .0001%94771 L000L94771
«000453190 000453190 L000010300
«+000711512 .000016171 0.000000000
000022025 0.0006000000 . .0000D27857

0.000000000 .000033659 .001480978
«000039425 .0017346%93 ,GO17345693
-001986570 .001986570 .00G0045149
002236342 .Q00050826 0.000000000
»00005644% 0,Q00000000 .0QD064109

0.000000000 .024441900 .012920900
»027011100 008549830 L0L9210600

0.000000000 .024441900 .008549830
2027468300 0068549830 . 024441900
019210600 4006856610 .018225100
+012920900 016667800 0.0G0C000000
«055238700 034951700 .034951700

+039193600

«034951700 - 039195600

3-38

-.281066512 -.281023704%
=+312102798 -.204789049
~2224965467 .224965467
«148874000 .433395000
«148874000 .433395000

-+433395000 -.148874000
—~+ 988856000 —=.97390Q7000

-148874000
-+238619000.

«433395000
+238619000

«661209000 —.971113000

« 661209000

« 332470000

~.999689504 -.998364376
~+995981843 ~.995981843
-e992543500 -.992543900
—+988054126 -.988054126

29825172631 57982517263

—«9759391L74 —.968326828
~+959688291 —.95%688291
—.950032718 -.950032718
—-+939370340 -.939370340
-.865063000 -.865063000
—e 679410000 -.679410000
~-.433395000 —~.433395000
-.146874000 -.148874000
-« 148874000 ~.14BBT4000

932470000 .932470000
-4661209000 .23B619000
-238619000 .238619000
000004427 0.000000000
0.000000000 .000016171
.000022025 .000969113
2001225694 4001225694
«001480978 .000033659
.«000039425 0.000000000
0.000000000 . 000050826
«000056449 .002483744
.002820797 .002820797
»012920900 .024441900
»019210600 .008549830
.027468300 .006856610
0.000000000 .016647800
018225100 006856610
«042831100 .042831100
«»055238700 0.000000000
«034951700 +042831100

.@&ﬁ-’



15 ARKGLES IN

su
=-+361242000
«238619000
238619000
«016347532
-057162725
-.121887680
~«154083777
~«122139494
143049047
«249648083
~«31215034C
~2342852082
—+148874000
-« 148874000
—+679410000
«-8565063C00
-=148874000
-«932470000
~+661209000
—e238619000
«999689504
«998364376
«992543900
«988054126
«982517263
«9T75939174
«968326828
«950032718
+939370340
«865063000
«6794210000
«433295000
«433395000
«148874000

0.000000000
2034951700
«039195600
«200i94771
«000010300

0.000000000
000027857
«001480%78
«001T734693
«000045149

0.000000000
«000064109
«0129209040
«019210600
-008549830
«024441900
~0182251048
¥

102 ANGLES

-+238619000
+661209000
+661209000
.024913982

-.089555393

-.121869116

~+101103452
.122139494
+218009742

-.281066512

-.312102798

~.224965467
148874000
- 148874000

~+433395000
~.988856000
148874000

-.932470000

-.661209000

-.238619000
+999689504
«995981843
+992543900
.988054126
.982517263
.975939174
-959688291
.950032718
+939370340
-865063000
.679410000
-433395000
. 148874000
« 148874000

«042831100
«055238700
«034951700
« 000004427
0.00C000000C
«Q000022025
«001225694
«001480978
« 000039425
0.000Q000000
000056449
«002820797
«012920900
2019210600
= 027468300
0.00C000000
.018225100

TABLE 3-5 (CONTINUED)

THE EETA DIRECTION,

«238619000
-« 971113000
«932470000
=.057171433
~+089541753
-.079965513
«101103452
« 186143147
- 249686111
~.281023704
-+ 204789049
«224965467
«433395000
» 433385000
=.148874000
-« 973907600
« 433395000
-+932470000
-.238619000
~«238619000
+998364376
+«995981843
+ 992543900
< 988054126
« 982517263
+968326828
« 959688291
950032718
«939310340
«865063000
«679410000
+433395000
+ 148874000
« 148874000

«042831100
0.4000C0000
+042831100
0.000000000
+00Q016171
-« 000969113
«001225694
0000334659
0.000000000

.0000%50826°

«002483744
«002820797
024441900
«008549830
+006856610
~0L6667800
006856610

1,49 DEGREES ON A LEVEL
87 ANGLES IN THE -ETA DIRECTION

-.750201000
—+932470000
=.024917777
-.057162725
~-+05875362¢%
«079965513
154083777
~+218G42951
~2243648083
“s184396223
« 204789049
342852082
-.733759000
+679410000
«148874000
~+865063000
«678410000
-.661209000
-+238619000
«999689504
+ 998364376
«995981843
+992543900
« 388054126
« 975939174
«968326828
«959688291
«950032718
«939370340
«679410000
«6T79410000
+«433395000
«148874000
+148874000

0.006000000
.042831100
0.000000000
.000010300
.000711512
.000969113
.000027857
0.000000000
. 000045149
.002236342
<002483744
.0000641C9
0.000000000
.027011160
.006856610
.012920900
.019210600

3-39

-.661209000
—+661209000
~«024913982
=.037507835
-058753624
«121869116
-.186171501
~+218009742
-.163808828
«184396223
«312102798
-+501663000
-«679410000
—+901204000
+433395000
~«679410000
«865063000
=«661209000
=+238619000
« 999689504
«998364376
+ 995981843
«992543900
«982517263
«975939174
+9683268248
«959688291
«950032718
- 865063000
«679410000
«433395000
«433395000
«148874000
«148874000

055238700
«034951700
«000004427
«000453190
«000711512
000022025
0.000000000
«000039425
«001986570
002236342
«000056449
0.000000000
«02701110Q
0.000000000
«027468300
«019210600
012920900

-.2385619000
~+238619000
—.016347532
«037507835
«089541753
—«154107249
-~ 186143147
-« 143049047
«1563808828
«281023704
=+342904308
~«433395000
~+433395000
—+865063000
+6£79410000
-+433395000
« 973907000
—.661209000
-+238619000
« 939689504
«998364376
« 9953961843
+988054126
«982517263
«975939174
. 968326828
«959688291
+339370340
«865063000
« 679410000
«433395000
«433395000
«148874000
-148874000

.034951700
.033195600
.000194771
.000453190
000016171

0.000000000
.060033659
2001734693
.001986570
.C00050826

0.000000000
.024441900
.008549830
+024441900
.008549830
.006856610
. 016667800

df



15 ANGLES IN THE EETA OIRECTION,

BU
~.024917777
-.057117018
~.058753624
079965513
+153960573
-.218042951
-.249448465
~.184396223
.204789049
«342577939
~.733759000
+679410000
+1488740G0
-.865063000
«679410000
~.750201000
-.9324700C0
~+999689504
~.998364376
—.995981643
-+9925439GC
-.988054126
-.975939174
~.36B8326828
-.959688291
~.950032718
~.$39370340
_=«6T79410000
-.5679410000
~.433395000
-.148874000
-.146874004
661209000
-23B619000

¢.000000000
-000025749
.000687256
800936075
000069642

¢.000000000
«000112873
Q02160103
«002399071
000160273

0.Q00000000
027011100
006856610
«012920900
L£19210600

0.0000G0000
042831100
T

102 ANGLES

~.024894060
=.037507835

058753624

2121771670
~-.186171501
~e 217835423
-.163808828

«184396223

.311853242
~.501663000
—.5679410000
-.901204000

«433395000
—.6794106000

565063000
-.661209000
-.661209000
—.995689504
-+938364376
— 995981843
-.292543300
~.982517263
~.975939174
~.968326828
- 959688291
—«350032718
-.B865063000
- 679410000
- 433395000

—-433395000.

—.148874000
—«148874000
.661209000
«23861%000

«000011067
«000437741
-000687256
0000655063
0.000000000
«300098562
001918846
+0021601C3
-00Q141122
0.00C000000
«027C11100
4.00C000000
« 027458300
«019210600
«012920900
055238700
+034951700

TABLE 3-5 (CONTINUED)

—-.016347532
«037507835
«089470156

-« 154107249

~. 185994307

=+ 143049047
163808428
«28079899G

—+3429054308

~+433395Q00

—+433395000

~« 865063000
«679410000

—+433395000
«973907000

~«238619000

—«23B619000Q

-«399689504

-« 938364376

~«9959681843

- 988054126

-+ 982517263

—+975939174

—.968326828

—«953688291

-+939370340

—+865063000

= 673410000

—-+4333495000

~-433395000

~« 148874000

—a 148874000
«661209000
238619000

-000188131
+ 000437741
+000040427
0.000000000
000084146
< 001675556
.001918846
000127065
0.000Q00000
« 024441900
- 008549330
« 024441900
« 008549830
«0068956610
«016667800
+ 034951700
«039193600

2+5+49 DEGREES ON A LEVEL
87 ANGLES IN THE —-ETA DIRECTION

.016347532

-0571170138
-.121887680
—» 153960573
~«122139494

« 143049047

« 249448465
-« 312150340
—.342577939
-+ 148874000
~« 148874000
= 679410000

« 865063000
-« 148874000
~+361249000

«238619000

.238619000
~.999689504
=« 398144376
~+992543900
-.9B8054126
—+382517263
—.975939174
—.968325828
~«2500327186
—+939370340
-+ 865063000
~. 679410000
-«%433395000
--433395000
~. 148874000

« 932470000

«661209000

+238619000

-000188131
.000025749
0.000000000
.000069642
.001430490
.001675556
.000112873
0.000000000
.000160273
. 012920900
-019210600
.008549830
.024441900
.018225190
0.00C000000
.034951700
.039195600

3-40

.024894060
-.089555393
~ 121771670
~.101103452

«122139494

.217835423
-.2B1066512
-.311853242
-.2249654567

.148874000

-148874000
-.433395000
~.988856000

.148874000
-.2385619000

+661209000

-661209000
~.999689504
-.995981 843
- 392543900
~.988054126
~.982517263
~.975939174
~.959688291
—-.950032718
-.939370340
-.865063000
—-.679410000
-.433395000
~. 148874000
~. 148874000

.932470000

«661209000

.238619000

.000011067
0.000000000
000055063
.001183909
.001430430
000098562
0.000000000
.000141122
.002724633
.012920900
.019210600
027468300
0.000000000
.018225100
.042831100
.055238700
+034951700

~.057171433
-.089470156
-.079965513
L101103452
.185994307
-.249686111
-.280798999
~.204789049
.224965467
433395000
.433395000
-+ 148874000
-.973907000
.433395000
+238619000
-.971113000
- 932470000
-.998364376
-.995981843
—+ 392543900
-.988054126
-.982517263
~.968326828
~.959688291
~.950032718
-.939370340
-.865063000
-.679410000
~.433395000
-.148874000
-.148874000
.932470000
«238613000

.238619000

0.000000000
.000040427
.000936075
+001183909
.000084146

0.000000000
.000127065
.002395071
.002724633
.024441900
.008549830
006856610
.016667800
+006856610
+042831100

0.000000000
.042831100



87 ANGLES I[N THE &ETA DIRECTION,

sy
~+361249000
«238619G00
«238619000
+016341532
057117018
-.121887680
-.153960573
-+1221394594%
<143049047
«2649448465
=«312150340
-+342577939
~«148874000
-.148874000
-<679410000
+865063000
~+«148874000
-.932470000
- 661209000
-+238619000
+999689504
2998364376
+992543500
+9880554126
«982517263
«9759391 T4
+968326828
«950032718
939370340
«865063000
+679410000
« 433395000
+%33395000
«148874000

0.0C0000000
«034%51700
«039195600
.000188131
-000025749

0.00C000000
«000069642
«0014320490
«001675556
«000112873

0.000000000
«+000160273
«01292090Q¢C
+019210600
«008549830
«024441900
«018225100
T

© 102 ANGLES

~.2384619000
«661209000
«661209000
« 024894060
~.089555393
~a121771670
~.101103452
«122139494
217835423
~.281064512
~.311853242
~e 224965467
- 148874000
- 148874000
~+433395000
-.988856000
« 148874000
~«932470000
~+661209000
~«238619000
«9995689504
-995981843
+992543900
«388054126
»982517263
«975939174
+95968829%1
+950032718
«933370340
+B865063000
«679410000
+433395000
- 148874000
« 148874000

-042831104Q
+055238700
+034951700
«000011067
0.000000000
«000055063
«001183909
«001430490
.000098562
0.0CCO00000
000141122
«002724633
«01292090C0
«019210600
2027468300
0.0000G0000
018225100

TABLE 3-5 (CONTINUED)

« 238619000
=~+971113000
«532470000
~« 057171433
-.089470156
-.079%65513
«101103452
«185994307
-. 243686111
-.280798999
=« 204789049
« 224965467
«433395000

«433395000.

~. 148874000
-.973907000
«4333350Q0
-.932470000
~.238619000
-.238619000
+ 998364376
+995981843
»992543500
+ 988054126
«982517263
« 9368326828
+959688291

© +950032718

+ 939370340
«865063000
«6T79410000
+ 433395000
- 148874000
+ 148874000

«042831100
0.0008004000
«042831100
0.000000000
«000040427
000936075
-001183909
. 000084146
0,.,000000000
+000127065
«002399071
«002724633
«024441900
-008549830
»Q006856610
«016667800
«006856610

2.5949 DEGREES ON A LEVEL
15 ANGLES IN THE —-ETA DIRECTION

-«750201000
-.932470000
- 024917771
—«057117018
=.058753624
«079965513
«1539460573
—.218042951
-e 248448465
-«184396223
« 204789049
« 342577939
~.733759000
«-679410000
- 148874000
—-.865063000
«679410000
-.661209000
--23861%000
« 999689504
« 998364376
« 995981843
992543900
«988054126
« 575939174
«968326828
-959688291
950032718

9393703407

+679410000
«679410000
.433395000
«148874000
.148874000

0.0000080000
«042831100
¢. 000000000
«000025749
«000687256
«000936075
« 000069642
0.000000000
-000112873
«002160103
«002399071
«000160273
0.000000000
«027011100
« 0068566140
«012920900
«019210600

3-41

-.661209000
~+65612G9000
-.024894060
-.037507835
«058753624
«121771670
-.186171501
-.217835423
—-.163808828
+1843956223
«311853242
-.501663000
—+&79410000
-.901204000
+433395000
~.679410000
«B865063000
—.661205000
—.238619000
«999689504
« 998364376
< 995981843
992543900
«982517263
2975939174
.968326828
+959688291
«950032718
+ 8650463000
«679410000
+433395000
«433395000
- 148874000
«148874000

-055238700
«0343951700
000011067
000437741
-000687256
«000055063
0.000000000
000098562
.001918846&
+0021460103
«000k41122
0.000000000
027011100
0.000000000
027468300
«019210600
«012920900

-.238619000
-.2386190060
-.016347532
« 037507835
089470156
-« 154107249
-« 185994307
=<143049047
163808828
280798999
=«342904308
-«433395000
-.433395000
—.8&65063000
«679410000
—=433395000
=973907000
=«661209000
-.238619000
+ 989689504
« 998364376
«995981843
+988054126
«982517263
« 975939174
+968326828
.959688291
«939370340
865063000
«679410000
- 433395000
«433395000
- L48874000
«148874000

«034951700
«039195600
.000188131
+000437741
«000040427
0.000000000
«000084146
001675556
+001918846
«000127065
0.000000000
« 024441900
«008549830
- 024441900
« 008549830
006856610
«01466467800

(-85



L5 ANGLES I[N THE EETA DIRECTION,

8U
- 024917777
«024913982
$054525365
044777696
-.060943840
-+1646974495
-, 186143147
~.218042951
«218009742
+238123877
«140533256
-.156075170
-.327033651
~.&33395000
-.433395000
-.865063000
+679410000
-.433395000
+973907000
-.23861900C
~.238619600
-.993689504
~. 999689504
~e998364376
~,995981843
-a992543900
—.98805¢126
-.982517263
- -.975639174
~.9759391 74
~e968326828
-.959688291
-.950032718
~«939370340
-.865063000
-.679410000
-.433355000
433395000
~.148874000
-. 148874000
.661209000
+238619000

0.000Ga0000
«000004427
«000144167
«000485122
000660759
«0003899%4%
.000033659
0.000000000
000039425
+000632090
001524778
+001693462
000897526
«D246441900
008549830

124 ANGLES

TABLE 3-5 (CONTINUED)

LelT745+49
109 ANGLES

-.024913982 -.023764506 ~,012458888
~.0587171433 —.057162725 —-.054525365

057162725
085410496
.060943840

-.077053624

-« LT7554917

-.218009742

-.249686111
«249648083
2268057897
~196075170

-.171452154

—. 248874000

~« 148874000

—.&T19410000
«865063000

-, 148874000

~,381249000
238619000
«238619000

~ 399469504

-~ FF3643T6

—«398364376

- 795981843

—~,5%925439040

-.9R8054126

—-+932517263

- 2T5939174

- 68326828

—-.958326828

959688291

~-950032718

—-.939370340

265063000

-.479410000

~.433395000

—+433395000

~=148874000

L+ F3Z24TO000
~&&61209000
«238619000

«0OC0004427
0.090000000
«300010300
«000226390
«000660759
-00C8135700
000471220
-000039425

9.000000000

- 000045149
~000711563
«001693462
.001923271
-0:12920900
-019210600

-.C89555393
.08B9541753
.116246347
.077053624

-.093085751

-.207951259

~.249648083

~.281066512
« 281023704
- 297703070
.171452154
.148874000
.148R74000

-.433395000

~.968856000
- 148874000

~+238619000
+661209000
+ 661205000

-.999689504

~.998364376

-.995981843

-.995981843

-.992543900

-.988054126

~. 582517263

-.975939174

-.968326828

~.959688291

-.959688291

-.950032718

-.939370340

-.865063000

-.67941G000

-.433395000

-+ 148874000

-+ 148874000
- 932470000
.661209000
.238619000

000061973
.000010300
0.00G60060000
«Q00016171
-000308354
.000835700
.001009758
« 000551948
« 000045149

'0.000000000

«000050826
« 000790282
«001923271)
«012920900
«019210600

- 089541753
~.121887680
.121869116
146974695
093085751
-.109021476
-.238129877
~.281023704
-.312150340
.312102798
.327033651
433395000
433395000
-.148874000
-.973967000
«433395000
-238619000
~.971113000
.932470000
-.999689504
-+9983641376
~e995981843
~.992543900
-. 992543900
-.988054126
-.982517263
~. 975939174
-.968326528
~e959688291
~.950032718
-.950032718
~.939370340
-+ 865063000
~.A679410000
~+433395000
-« 148874000
~. 148874000
932470000
238619000
238619000

«000132799
«000144197
-000016171

0.000000000"

-000022025
=000389994
+Q001009758
+001182745
- 000632090
- 000050826
0.00QQ00000
«000056449
- 000897526
«0244641900
«008549830

3-42

DEGREES ON A LEVEL

IN THE ~ETA

.012458888
-.028585716
~e08541049¢6
-.1218891156
~e134107249

«154083777

«177554917

109021476
-.124843056
—.268057897
~«312102798
~e 342904308

«342852082
=+ 733759000

-679410000

148874000
—« 865063000

-679410000
-« 750201000
-.932470000

-.999689504
~.998364376
-.995581843
~.992543900
—«SBBO54126
-.988054126
~-.982517263
~.975939174
~.968326828
~.459688291
~.950032718
-.939370340
~.939370340
-.679410000
- 679410000
~.433395000
-+ 148874000
-.148874000

+0661209000

.238619000

«00013279¢%
«0C0308994
(00226390
«000022025
0.000000000
-0D002785T
«000471220
«001182745
-001354479
«0007T11563
+ 000056449
0.000000000
-000064109
0.00000000C0
-027011100

DIRECTEDN

.023764506
.028585716
—.044177696
~ 116246347
~.154083777
~.1861715C1
.186143147
.207951259
.124843056
-« 140533256
-.297703070
~. 342852082
~.501663000
-.679410000
=-.901204000
+433395000
~+679410000
+865063000
-~.661209000
-.661209000

-«99946B3504
-.998364376
~2995981843
—~+992543900Q
—~+988054126
~.982517263
~«982517263
-+975939174
~.968326828
—«959688291
~.950032718
~«939370340
—+865063000
~.679410000
—-.433395000
-.4333950C0
—« 148874000
~.148874000

«661209000

238619000

.000061973
«000308994
«000485122
« 000308354
-000027857
0.000000000
000033659
« 000551948
2001354479
001524778
000730282
.00006410Q9
0.00GCOCOGO
.027011100
0.000000000Q



+024441900
2008549830
-0048564610
+0j666780C
0349517100
039195400
7

TABLE 3-5 (CONTINIUFD)

008549830 027468300
+«024441900 0.000000000
018225100 018225100
0.000000000 .04283]1100
«034951700 .055238700
+039195600 L034951700

«006856610
L016667800
. 006856610
.042831100
0.000000000
.042831100

3-43

«006856610
012920900
«019210600
0.000000000
-042831100

«0274468300
«019210600
«012920900
«055238700
«-034951700

4o



LO9 ANGLES IN THE LETA ODIRECTION,

EU
—+361249000
-238619000
+2386190040
~.0L2458888
—2054525365
~«089541753
--321887680
«221e69116
«146974695
-0932085751
~.1080214746
-«23R129877
-.281023704
=«.3E2150340
«3EZR02798
«3F3033451
«433395000
4332395000
~« 14314000
~«9739207000
= 433395000
~.232470000
= «56H209000
- 238519000
SUERBI504
«5IBICL3ITE
«93%381843
«9929%33900
922543900
«9RE54126
=9 T5LT263
T3S T4
945226828
«33E688291
«350932718
- 250032718
« 339370340
865263000
« 679410000
- 433395000
« 143874000
‘s 148674000

0.000000000
034961700
- 039195600
000132799
«008144197
«00C016171

0.0000C00Q00
. 000022025
- 000389994
« 001609758
-001182745
« 006632090
000050826

0.000000000
e BO0E56449

—AOGRGZS2A ___OAONNALINA. N ANOANNONL, .

124 ANGLES

-.238619000
«661209000
«661202000
.012458888

~.028585716

—«085410496

—.121863116

—+154107249
«154083777
«177554917
-109021476

—-«124843056

-.268057897

—.312102798

—.347904308
«342852082

-.733759000
«679410000
«L488T4000

=-+.865C63000
2679410000

-+932470000

=+6612090C0

-.238619000
= 999689504
« 398364376
«995981843
«992543900
~388054126
-988054126
+ 982517263
« 975939174
.968326828
-959688291
«950032718
«339370340
«$3937G340
«679410000
579410000
«%433395000
«148874000
« 48874000

042831100
.055238700
.034951700C
L000E32799
.030C308994
.000226390
300022025
0.000600000
.000027857
000471220
+Q01182745
»001354479
+000711563
000056449
Q. Q00000000

TABLE 3-5 (CON T!NUED)

«238619000
-+971113000
+932470000
«023764506
=028585716
~+ 044777696
~+115246347
-« 154083777
-« 186171501
«186143147
».202351259
« 124343056
-.140533256
-« 297703070
—e 342652082
-+ 504563000
- 6719410000
—~« 907204000
« 433395000
~+ 675410000
« 8630363000
-.932470000
235619000
-2238%19000
« 993089504
« 998364376
« 335981843

« 922543500

« 985054126
-982517263
+IBI=LTE63
« 975239174
«968326828
«959688291
«950632718
«939370340
«865063000
« 679410000
« 433395000
+433395000
« 148874000
« 148874000

042831100
0.000000000
«042831100
000061973
«000308994
«000485122
+ 000308354
«000027857
0.000000000
000033659
+ 000551948
« 001354479
+001524778
« 300790282
.000064109

Ly17.5449
15 ANGLES

—-. 750201000
-«932470C00
~=024917777
-024913982
«054525365
044777696
-« 060943840
~e L46974695
-+ 186143147
-2l 8042951
« 218009742
238129877
-140533256
~+156075170
~+327033651
-+%33395000
-=433395000
~-.B865063000
«679410000
~«%433395000
- 973907000
-.661209000
—«238619000
+999689504
« 993689504
« 998364376
«995981843
299254390¢C
.988054126
- 982517263
«975939174
«975939174
.968326828
-959688291
«950032718
«939370340
865063000
-6739410000
«433395000
«433395000
« 148874000
-148874000

G.000000000
-042831100
0.000000000
«0000042%227
«000144197
000485122
- 000660759
«000389994
«000033659
0.000000000
000039425
.000632090
001524778
091693462
-000897526

3-44

DEGREES ON A LEVEL

IN THE -ETA

~.661209000
~«661209000
-.024913982
= 057171433
-05T162725
«085410496
060943840
077053624
~« 177554917
—+218009742
~+ 249686111

« 249648083

« 268057897

« 156075170
« 148874000
+148874000
-+.679410000

« 865063000

-+ 148874000

~+661209000
-.238619000

«999689504

« 998364376
« 998364376
«935981843
«992543900
-988054126
982517263
« 975939174
« 9683260828
«968326828
+939688291
950032718
«939370340
+865063000

«679410600.

«%433395000
+433395000
+ 148874000

.055238700
.034951700
«300004427
. 000000000
.0000103C0
000226390
000660759
-000835700
+00047T1220
.000039425
0.000000000

000045149

«000711563

«0016934562

«001923271

o

DIRECTION

-.238619000
-.238619000
-.023764506
-.057162725
-.089555393
089541753
«l182456347
077053624
.093085751
«20795125%
+ 249648083
+281066512

1

«281023704,

297703070
«171452154
«148874000
«148874000
+433395000
-.388856000

- 148874000

661209000
—.238613000
«999683504
+998364376
« 995981843
«9959681843
«992543900
«938B054126
«982517263
«3T5939174
+968326828
«959688291
«959688291
«950032718
«939370340
«865063000
«679410000
«433395000
« 148874000
«148874000

034951700
039195600
000061973
.000010300
0.0000000060
«000016171
«000308354
.000835700
.001003758
«000551948
«000045149
0.000000000
.000050826
000790282
.001923271

L aN244641200. . A128201900. Q3220900

C

e f


http:1,17.5.49

« 024441900
008549830
006856610
+0166567800

T

'.006856610

0.000000000
.027011100
.006856610
.012920900
2019210600

TABLE 3-5 (CONTINUED)

.027011100
0.000000000
«027468300
«019210600
«012920900

008549830
2024441900
.008549830
006856610
016667800

«019210600
«008549830

.019210600
+027468300
«024441900 0.000000000
.018225100 - .018225100

d-¢ &



8u

124 ANGLES

TABLE 3-5 (CONTINUED)

—e0249177T1 -.024894060 —.023764506
«024894060 ~.057171433 -.057117018

«054525365

044777696
~.060943840
- 146974695
-.185994307
-.218042951

«217835423

.238129877

-140533256
-.156075170
-.327033651
-.433395000
~+433395000
 —.865063000

.679410000
-.433395000

.973907C00
~.238619000
-.238619000
-.999689504
-.999689504
~+998364376
-<995981843
~992543900
~+ 988054126
~.982517263
-e975939174
~.975939174
~2968326828
~-.955688291
~+950032718
~+939370340
-+865063000
~-.619410000
-+433395000
-.433395000
~.148874000
-.148874000

«661209000

2238619000

0.000000000
«000011067
-000128747
«000485122
«000660759
«000348209
«000084 146

0.0000C00000
-000098562
«000564 3066
«001524778
«001693462
+(00801363
«024441900
-008549830

«0571170L8
085410496
060943840
= 077053424
—~«177554917
~.217835423
~«249686111
« 249448465
«268057897
«156075170
- E7L45215%
-.148874C00
~.148874000
—~26794100G0
«86 5063000
~+148874000
—«3612490G0
238619000
-238619000

-.999689504"

~.998364376
~4998364376
-.995981843
~-.992543900
-.988054126
—«982517263
~.975939174
~.968326828
-.968226828
-.959688291
~.950032718
~.939370340
~.865063000
-.679410000
-.433395000
-+433395000
-.148874000

.932470000

+661209000

+238619000

.000011067
0.000000000
«0000257%9
000202134
000660759
.00GC8357C0
<000420732
.000098562
0.000000000
.000112873
.000635324
«001693462
.001923271
012920900
.019210600

~.089555393
089470156
«116246347
«077053624
-.093085751
-.207951259

~e249448465.

~.281066512
+ 280798999
«297703070
« 171452154
+ 148874000
- 148874000
-+433395000
~.988856000
-« 148874000

=.238619000,

6461209000

+661209000
— 393689504
—. 938364374
-.995981843
—.995981843
—.9%32543900
-.988054126
~.982517263
—975939174

~+968326828

-2959688291
-+959688291
-.950032718
~.339370340
~«B65063000
-.679410000
—+433395000
-.148874000
-.148874000C

«932470000

«661209000

«238619000

.000055333
.000025749
G, 000000060
. 000040427
.000275316
. Q00835700
.001009758
.000492810
.000112873
0.000000000
.000127065
000705609
.001923271
.012920900
«019210600

. 2.5417.5+49 DEGREES ON-A LEVEL
-15 ANGLES IN THE E&ETA DIRECTION, 109 ANGLES IN THE —ETA DIRECTION

~.012458888
-.054525365
-.089470156
~.121887480
(121771670
.1469745695
.093085751
-.109021476
-.238129877
-.280798999
-.312150340
.311853242
.327033651
.433395000
. 433395000
~. 148874000
~.973907000
+433395060
+238619000
~.971113000
.932470000
~-.999689504
-.998364376
-.995981843
-.992543900
-.992543900
-.988054126
-.982517263
-. 975939174
-.968326828
-.959688291
~-.950032718
-.950032718
-.939370340
—~. 865063000
~.679410000
-.433395000
-.148874000
-, 148874000
4932470000
.238619000
.238619000

.000132799

.000128747
.000040427
0.0000000G0
« 000055063
.DU034B209
.001009758
«001182745
000564366
.000127065
0.000090Q000
.0uCi4tl22
«000801363
. 024441500
.008549630

«012458888
~-028585716
~+085410496
-.121771670
-+ 154107249

«153960573

«177554917

.109021476
-.124843056
-.268057897

—-«311853242-

-~+342904308
342577939
-+733759000
«679410000
»148874000
-. 865063000
679410000

—.750201000

—-.932470000

~.999689504
-.998364376
-.995981843
-.992543900
-.988054126
~. 988054126
-.982517263
~.975939174
-.968326828
-.959688291
-.950032718
~.939370340
-.939370340
~. 679410000
~.679410000
-+ 433395000
~.148874000
~-.148874000

.661209000

«238619000

«000132799.

.000308994
«000202134
.000055063
0.000600000
« 000069642
«000420732
.001182745
«001354479
« 000635324
«000141122
0.000000000
«0001560273
0.000000000
«027011100

.023764506
.028585716
~.044777696
~. 116246347
~.153960573
-.186171501

« 185994307 |

.207951259
. 124843056
-. 140533256
-.297703070
~e342577939
~. 561663000
-.679410000
-.901204000
.433395000
~2 679410000
. 865063000
—-.661209000
-.661209000

~.999689504
~.998364376
~.995981843
-.992543900
~.988054126
982517263
-.982517263
-.975939174
-.968326828
-.959688291
~.950032718
~.933370340
-.865063000
-.679410000
~+433395000
-.433395000
—. 146874000
~. 148874000

.661209000

235619000

«000055333
.000308994
.000485122
«000275316
-000069642
0.000000000
000084146
000492810
001354479

.001524778"
000765609

000160273
0.06400060C
027011100
0.000000000


http:2.5.17.5.49

-024441900
008549830
«00685661C
016667807
«03495170C
+03915840C
T

.008549830
024441500
«2182251C0
0.0000000G0C
«034951700
«0391950600

TABLE 3-5 (CONTINUED)

027468300
0.40G0002Q00
»018225100
042831100
.055238700C
+ Q34951700

«008685601C
«0L666TEQ0
+006B546610

006856610
«012920900
-019210600

042831100 0.000000000

€. 000000000
-042821100

3-47

.042831100

027468300
«019210600
«012920900
+055238700
«034951700



109 ANGLES IN THE EETA DIRECTION,

BU

124 ANGLES

-+361245000 -.238619000

«238619000
«238619000
--0124588838
~«054525345
—+089470156
-«121887680
«L21771670

« L4869 74695!

093085751
~.109021476
~238129877
~«280798999
~«312150340

«311853242

+327033651

«%33395000

«433395000
~-14887400C0
~.97390Q7000

-%33395000
~+932470000
-+661209000
-.238619000

+9936893504

« 938364376

«9959816843

«992543900

«292543900

«988054126

«982517263

«975939174

«968326828

959688291

«950032718

«950032718

«939370340

« 865063000

«679410000

«%33395000-

« 148874000
«148874000

0.000400Q0000
-034951700
« 039195600
-000132799
«000128747
- 000040427
0.000000000
- 003055663
-000348209
«0010C9758
«001182745
«000564366
«00G127C65
0.000000000

«661209000
661209000
012458888
.028585716
-08541 0496
«L21771670
154107249
+153960573
177954917
.109021476
-« 124843056
«268057897
.311853242

«342904308-

-342577939
« 733759000
«679410C00
- 148874000
+865063000
«-67%410000
-932470000
+661209000
«2384819C00
« 399689504
« 998364376
«335981843
«992543900
«388054126
-988054126
«382517263
«9T75939174
«968326828
«959688291
«950032718
«939370340
+939370340
«679410000
«679410000
« 433395000
-« 148874000
« 148874000

.042831100
.055238700
«034951700
-000132799
- 000308994
-000202134
«000055063
« 00000600
- 000069642
«000420732
+«00L182745
«001354479
«000035324
+00Gl4al 122

-000f41122 0.000000000

TABLE 3-5 (CONTINUED)

2.5917.5:49 DEGREES ON A LEVEL
15 ANGLES IN THE —ETA DIRECTION

.238619000 —.750201000 -,.661209000
=a971113000 -.932470000 -.66120900G

» 932470000
+023T764506
-028585716
—. 044777696
—~+116246347
-. 153960573
-+186L71501
« 185994307
»207951259
« 124843056
-«140533256
«e297703070
~o 342577939
~.501663000
~«679410000
-.901204000
«433395000
~«679410000

«865063000°

-+932470000
-«238619000
—«2386193000
« 999689504
« 338364376
«995981843
«992543900
«388054126
«982517263
«382517263
« 975939174
«968326828
« 959688291
»950032718
+939370340
+865063000
«679410000
+433395000
+433395000
« 148874000
- 148874000

.042831100
€. 000000000
.042631100
. 000055333
. 000308994
000485122
.000275318
000069642
0.000000000
. 000084146
.000492810
L 001354479
.001524778
.000705609
.000160273

~+024917777
«024894060
«054525365
044777696
~.0606943840
~a 146974695
—.185994307
—.218042951
«217835423
«238129877
«140533256
~«156075170
—«.327033651
—.433395000
—=+.433395000
~«B865063C00
«6794L0000
~.4333395000
«9739Q7C000
~«5661209000
—-+238€619C00C
«999689504
« 399689504
+998364378
«595981843
«992543900
+988054126
982517263
«975939174
+97593917¢
-968326828
.959688291
950032718
«939370340
«865063C00
«679410000
+433395000
«4333950C0
+«148874000
«148874000

0.000000000
«042831100
G. 000000000
.000011067
«000128747
000485122
. 000660759
«000348209
«000084146
0,000000000
-.000098562
. 000564346
« 001524778
0016934562
.000801363

3-48

-«024894060
—-.057171433
+057L17018
.085410496
+060943840
- 077053624
~aLT7T554917
-.217835423
—.249686111
«249448465
« 268057897
«156075170
~s171452154
-+ 148874000
—e« 148874000
=.579410000
«865063000
-« 148874000

-.661209000
~.238619000
«399689504
«998364376
+39B8364376
« 995981843
«992543900
« 988054126
«982517263
+975939174
«968326828
«9683268218
«959688291
«950032718

939370340

+ 865063000
«679410000
«433395000
+433395000
«148874000

«055238700
»034951700
«00001L1067
0.000000000
+000025749
+000202134
+000660759
000835700
«000420732
.000098562
0.000000000
.000112873
+000635324
001693462
«001923271

-.238619000
~.238619000
~.023764506
-.057117018
-.089555393
.089470156
. 116246347
.077053624
~.093085751
-.207951259
—+ 2435648455
-.281066512
.280793999
.297703070
«171452154
. 148874000
« 148874000
-.433395000
~.988856000
148874000

-.661209000
—-+238619000
«999689504
998364376
«995981843
995981843
992543300
- 988054126
«982517263
«975939174
»968326828
+959688291
«959688291
+350032718
939370340
«865063000
«679410000
« 433395000
« 148874000
«148874000

«034951700
0391955600
+000055333
000025749
0.000000000
- 000040427
.000275316
«000835700
001009758
.000492810
+»000112873
0.000000000Q
«000127065
«000705609
»001923271

(ﬁ
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+000801363
«024441900
«008543830
«006856610
016667800
+006856510
¥

TABLE 3-5 (CONTINUED)

«000160273 Q.000000000

0.000000000 .027011100
027011100 Q.000000000
«00685661LC 027468300
«012920600 .019210500
«019210600 012920900

+ 024441900
- 008549830
« 024441900
«008549830
- 006856610
«016657800

3-49

'

«012920900
«019210600
~0GB549830
024441900
.018225100

«012920900
«019210600
«(327468300
©.000000000
«018225100



000887134 . _. 000131427 __A00N2TASZ _Q.000Q00000 00003485 __ 0001 34634

C-¢

146 ANGLES

TABLE 3-5 (CONTINUED)

BU
=« 024917777 -.024913982 -.024781274
«021579428 .024781274 .024913582-
—+049511913 —-.0195537682 .019553782
-«089555393 —-.089541753 ~,089064799
«NT7557245 .089064799 .089541753
-«105557827 ~.041688042 .041688042
~«154107249 —,154083777 -.153263033
2133460792 .153263033 .154083777
~al61229250 ~.063674404 063674404
~a218062951 —.2180093742 +,216858489
«188830735 .216848489 .218009742
~+2162346515 -.085397680 .0B5397680
~« 281066512 -.281023704 —.273526800
«2643410739 .279526800° .281023704
—«270330124 —.106761704 .106761704
=+342904308 -.342852082 ~.341025842
«296963842 .341025842 .342852082
«Ll&8874000 .4333495000 -.733759000
« 148874000 .433395000 .67941Q000
~«%433395000 -.148874000 .148374000
=-.9888546000 -.973907000 ~.865063000
»14887T4000 .433395000 .679410000C
-m«238619000 .238619000 ~.750201000
661209000 -.971113000 =-.932470000
«661209000 .932470000
—+999689504 -.999689504 -.999689504
~«9996B89504 —-.999489504 —.999689504
~+998364376 -.998364376 —.998364376
~«9959816843 -.995981843 -.995981843
~+995981843 ~.995981843 -,995981843
—=992543900 ~.992543900 -,992543900
~«988054126 -.98B054126 ~.988054126
-«988054126 ~.98B054126 -~.98B054126
~—«982517263 -.982517263 ~.982517263
~eF75939174 ~.975939174 —.975939174
=ea975939174 -.975939174 -.975939174
~=368326B28 ~.968326828 —-.968326828
-=%5968829]1 —-,959688291F -.959688291
<«259688291 -.959688291 —-.959688291
~.950032718 -.950032718 -.950032718
. —e939370340 -,939370340 -.939370340
—+939370340 ~-,939370340 -.939370340
-.B65063000 -.865063000 ~.679410000
-«679410000 ~.679410000 -.679410000
~a%33395000 -.433395000 -.433395000
-«1488740C0 —,148874000 —.148674000
-«148874000 --.148874000 -.148874000
«3324700C0 .,932470000 .56561209000
«6561209000 .238619000 .238619000
«238619000 ,238619000
0.000000000 .000004427 .000017706
-000088532 .000017706 .000004427
-000205956 ,000205996 .000205996
0.000000000 .0000¢16171 .0OQO64683
000323415 .000064683 .000016171
«000440506 .000440506 .000440506
9.0006G00000 .000027857 .000111427

1,6+30,70 DEGREES ON A LEVEL
15 ANGLES IN THE EETA DIRECTION., 131 ANGLES IN THE ~ETA ODIRECTION

-.021579428
~.057171433
049511913
-, 027557245
-.121887480
.105557827
~.133460792
-+186171501
+161229250
-, 188830735
~.249686111
.216234515
~e 243410739
2312150340
.270330124

-. 296963842,

-« 501663000
~. 679410000

«%433395000
-+ 619410000

865063000
—«8661209000
~«661209000

~e 999689504
-.998364376
—-. 998364376
-« 995981843
~.992543900
~.992543900
~+ 988054126
-~e982517263
-+982517263
- 975939174
-.968326828
-.9683264828
~2959488291
~.950032718
~. 950032718
~.939370340
—e 865063000
-.679410000
—.433395000
-.433395000
—.148874000
-. 148874000

661209000

238619000

.000088532
0.000000000
+Q00265996
-000323415
0.000000000
000440506
« 000557134

3-50

-.008522382
-.057162725

+ 056856242
-.0306297438
~.121869116

.121219967
-. 052707783
~. 186143147

185151634
~.074575081
-.249548083

.248318305
~.096130409
~.312102798

<310440348
-.117280181
~.433395000
~.433395000
—. 8635063000

+679410000
-.4333495000

« 9739070600
~.238619000
-.238615000

~.999689504
-.998364376
~.998364376
-.995981843
~.992543900
~.992543900
~.988054126
-.982517263
—+982517263
~e975939174
-.968326828
-.9483726828
-.959688291
-.950032718
-.950032718
-.939370340
~.865063000
-.679410000
-.4333950600
-.433395000
-.148874000
-.148874000

+661209000

«238619000

-.000088532
.000010360
+000041199
.000323415
.000022025
.000088101
. «00055TLE3%

.008522382
~.056858242
.057162725
.030629748
-.121219567
.121869116
.052707783

—~+185151634

«l86L43147
«074575081
-.248318305
« 249648083
«096130409
~+310440348
«312102798
.117280181
~«146874000

~2 148874000

—+ 679410600
-865063000
. 148874500
-.3612459000
.238619000
-238619000

~.999689504

~.998364376

-.998364376
-.995981843
-.992543900
-.992543900
-.988054126
-.9825172463
-~.982517263
~.975939174
-. 964326828
~.968326828
-.959688291
-.950032718
-.950032718
~493937C340
~-. 865063000
-.679410000
~.433395C00
~+%33395000
-.148874000

.932470000

+661209000

+238619000

.000088532
« 000041199
-000010300
000323415
«000088101
000022025
«000557134

7



«000673172
0.000000000
"«000788497
« 000902986
0.0000000600
«001016519
«001128974
0.000000000
«001282180
«012920904Q
«019210600
«027468300
0.00Q006000
«0¥8225100
«042831100
-056238700
«034951700C
T

«000673172
-000039425
«000157699
« 000902986
+000065082¢6
«000203304
«001128974
« 000064109
«000256436
+024441900
< 008549830
~006856610
« 015667800
+0068546610
«042831100
0.000Q000000
- 042831100

TABLE 3-5 (CONTINUED)

«000573172
-000157699
+000039425
.00090298¢
«000203304
.000050826
.00112897%
+000256436
.000064109
6.000000000
.027011100
.006856610
2012920900
+019210600
0.000000000
042831100

-000673172
-000788497
0.000000000
«000902986
«001016519
0.000000000
«001128974%
.001282180
0.000000000
.027011100
0.000060000
-027448300
.01L9210600
012920900
-055238700
034951700

'3-51

.000134634
L000T8B8437

«000045149-

«.0C0180597
+»001016519
+ 000056449
«000225795
.001282180
«024441900
.008549830
+ 024441900
.008549830
«00685661L0
+016667800
«034951700
.039195600

-000033659
+000788497
.0G0180597
.000045149
.001016519
.000225795
+ 000056449
.001282180

-« 012920900

«01921C600
+008549830
« 024441900
«018225100

" 0,006000000

«034951700
«039195600

ot

Do



131 ANGLES IN THE EEYA DIRECTION,

8u
~.361249000
«238619000
. 4238619000
-.021579428
~ 057171433
.049511913
- 077557245
-.121887680
.105557827
~.133460792
-.186171501
.161229250
-.186830735
-.249686111
.216234515
—a243410739
-.312150340
.270330124
~.296963842
-+501663000
-.679410000
~+901204000
«433395000
~.679410000
.865063000
-.932470000
-.661209000
-, 238619000
+999689504
.998364376
.998364376

f

146 ANGLES

«238619000
«+661209000
«661209000

-.008522382

«057162725
-056858242
«030629748
»121869116
121219967
052707783
« 186143147
«185151634
074575081
2249648083
«248318305
. 096130409
«312102798

.«310440348

«995981843 °

+992543900
-992543900
«98B054126
«982517263
«382517263
« 975939174
« 968326828
«968326828
« 955688291
«9350032718
«950032718
«939370340
«865063000
+679410000
«%433395000
+433395000
148874000
«148874000

0.000000000
«034951700
+» 339195600
000088532

0.,906000000"

<000205994
-000323415

117280181
«433395000
« 433395000
« 865063000
«67941000C
«433395000
-973907000
« 932470000
«661209000
238619000
+999689504
« 998364376
«998364376
«995981 843
«992543900

.992543900 .

«988054126
«982517263
«982517263
«975939174
«968326828
«368326828
-959688291
«950032718
950032718
- 339370340
-B865063000
«679410000
«433395000
« 433395000
- 148814000
«148874000

-042831100
.0552387C0C
034951700
.000088532
«Q00010300
« 0300041199
« 000323415

TABLE 3-5 (CONTINUED)

«238619000
-.971113000
+932470000

008522382 -

-.056858242
<057162725
« 030629748
-121219967
~121869116
.052707783
-. 185151634
<186143147
.074575081
-248318305
+249648083
2096130409
-+ 310440348

312102798

.117280181
-. 148874000
-+ 148874000
-.679410000

« 8650663000
~. 148874000

]

—+932470000
-«238619000
~«238619000
«998689504
«9983684376
«9983643746
«595981843
» 992543900
«892543900
«588054126
« 982517263
«982517263
« 975939174
+968326828
-« 9683268238
-9594688291
«950032718
«950032718
« 939370340
-« 865063000
«679410000
«4%33395000
-433395000
« 148874000

© .042831100
« 000000000
«042831100
. 000088532
- 000041199
- 0000L0300
«000323415

(=]

116130'?0
15 ANGLES

-+750201000
~+§32470000
~.024917777

+021579428
~.049511913
-.089555393

4077557245
~.105557827

-.154107249,

+«1334607932
~.161229250
—-218042951
188830735
~.216234515
—«2B1066512
«243410739
—-.27C330124
-+342904308
296963842
148874000
«-148874000
-«433395000
-« 988856000
«1488T74000

~e661209000
—+2386194000
«999589504
«9399689504
+998364376
«995981843
«995981843
«992543900
.988054126
«988054126
982517263
«975939174
« 375939174
-968326828
«959688291
+9259688291
950032718
«939370340
«339370340
«865063000
«6T79410000
+433395000
«148874000
«148874000

0.000000000
.042831100
€.000000000
«000088532
000205996
¢.000000000
000323415
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-.661209000
~.661209000
~.024913962
<024781274
-.019553782
-.089541753
. «0B9064799
~.041688042
~.154083777
.153263033
-.063674404
~.218009742
216848489
-.085397680
~.281023704
-279526800
~.106761704
~.342852082
4341025842
433395000
433395000
-.148874000
-.973907000
+433395000

=.661209000
—2238619000Q
.999689504
. 9994689504
998364376
«99598]1843
995981843
+992543960
988054126
.988054126
L982517263
+975939174
975939174
.968326828
+ 959688291
.959588291
.950032718
.939370340
4939370340
.865063000
679410000
+433395000
.148874000
.148874000

.055238700
.034951700
«000004427

.000017766 ~

»000205996
.000016171
« 000064683

DIRECTION

-.238619000
~-.238619000
- 024781274
.024913982
.019553782
=.089064799
+089541753
«041688042

-.153263033°

. 154083777
063674404
—. 216848489

.218009742 -

«085397680
—.279526800
.281023704
106761704
-.341025842
+342852082
~«733759000
679410000
148874000
—. 865063000
«679410000

-.661209000
-.238619000
«999689504
+ 999689504
« 998364376
«995381843
.995981843
« 992543500
«588054126
« 988054126
- 982517263
«975939t74
« 375939174
«368326828
.959688291
+ 959688291
-950032718
«939370340
939370340
«679410000
«679410000
«433395000
-148874000
+148874000

034951700
+039195600
.0000177006
« 000004427
.000205996
~000064683
«000016171
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0.000000000
.000440506
.000557134

0.00C000000
«000673172

. 000788497

0.000000000
.(0090298%
+001016519

0.000000500D
«001128974
001282180

0.000000300¢
«027011160

0.000000000
+027468300
.01921060G
.012920900
T

.000022025
.000088101
000557134
+006033659
»000134634
.000788497
.,000045149
L,000180597
+001016519
-000056449
000225795
.001282180
»0Z4441900Q
»008549830
L024441500
008549830
2006856610
»01666T8G0

TABLE 3-5 {CONTINUED)

.000G88101
«000022025
+000557134
000134634

T .0000332659

+000788497
« 00180597
000045149
«001016519
.00022579%
+000056449
«001282180
« 012920900
-0192106090
.008549830
«024441900
«0182251G0

+0004405C6
¢.000000000
«000557134
«000673172
2.000000000
.000788497
«.000902986
G.00000GQ00
-00L016519
«001128974
0.000000000
-001282180
«012920900
.019210600
+027468300
0.000000000
«-01BZ25100
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.000440506
.000027857
000111627
000673172
000039425
000157699
000902986
.000050626
»000203304
.001128974
000064109
000256436
+ 024441900
+008549830
- 006856610
.016667800
+006856610

«000440506
Q00111427
000027857
000673172
-000157699
000039425
0009029856
«000203304
-000050824
.001128974
«000256435
000064109
0000505600
.027011100
«006856610
«012920800
«019210600

L



vG-¢t

TABLE 3-6

QUADRATURE DATA SET PARAMETERS

Symmetric Quadrature Sets

Number of Number of
: Initialization Initiolization
Number of Number of Quadrature Angles directions in directions in
Cuadrature Angles in the upward (+1) direction Number of Quadrature Angles the upward (+n) the downward {(-7)

{NQlor NOJ) (NGIU or NQJIUY in the downward {~%} direction direction direction
) (52} 3 3 L 1
16 (54) 8 8 2. “ 2
30 (56) 15 15 3 3
48 (SB) 24 4 4 4
96 (512) 48 48 6 é
160 (S ]6) 80 80 8 8

Asymmetric Quoadrature Sets

80 (-n asymmetry) © 15 ' 65 3 - 15
80 (+7 asymmetry) 45 - 15 15 . ' 3
102 (-n asymmetry) 15 87 . 3 15
102 (+7 asymmetry) 87 15 15 3
124 {~n asymmetry) 15 109 3 15
124 (+7 asymmetry 109 15 15 3
138 (-1 asymmetry) 15 123 3 17
138 (4n asymmetry) 123 - 15 17 o, 3
144 (-7 asymmetry 15 [ 3 15
146 (+7 asymmetey) 131 ' 5 15 3
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4,0 DETAILED INPUT DATA INFORMATION

The input data requirements for the MAP code have been described in Section 3.0,
In a number of areas, input data preparation guidelines in setting up problems have been
established. As a result, this section presents an expanded description of specific input data

to assist the user in problem setup.

-7



4.1 AZIMUTHAL MESH SPACING

The numerical integrafion over the source surface ina MAP calculation requires
an adequate azimutha! mesh spacing fo obtain an accurate solution while conserving
available core memory data sforage and computer time. This qzir;_wi‘hul‘ mesh spacing is ‘
dependent upon the extent of the visible surface, the locatfion of the defector point, the
anisofropy of the leakage angular flux, and the discrete ordinate angular quadrature at the
source-surface, A few simple rules which will provide a good solution under nermal
circumstances are as follows:

1. An upper limit of the azimuthal mesh spacing,A@ , is determined by the angular
quadrature at the source surface. Generally, the number of mesh intervals should be twice
the angular quadrature order for symmefric quadrature sets, or twice the number of azimutha!
angles in any one of the polar angle {7) levels. This criteria is defined for the top or

bottom and side surfaces as follows:

Top or Bottom Surface:

(o]
ag T8 -8 90°
* Where:
8 tland 8m '€ MAP input (CTQ or CSQ arrays)

N . is the symmetric quadrature order (i.e, 4 for S4)’
) or the maximum number of angles in any nlevel,

This criteria is based on the MAP procedure of rotating the angular flux unit sphere
. o o
through 180° during integration at the top or bottom surface or through a maximum of 90

at the side surface.

i3

-
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This arbitrary criteria is also based on the use of each angle in eachplével ot least once
in the MAP surface azimuthal angle integration.

2. A lower limit to the number of azimuthal mesh intervals is based on the source
surface mesh interval widths Ar, oraz. The length of a surface mesh cell, 58 e
Ag m_ri, should genercily_ be of the same approximate size as the other dimension of the
surface mesh cell, Az or Ar,

The above criteria can be applied to all calculations involving detector points
located at large distances from the source surface. More stringent criteria must be placed
on qzimui‘hc':l mesh spacing when a detector point is in close proximity to the source surface.
where the mesh spacing is of the same size as the distance Frém the source surface to the

detector poinf.



4,2 ANGULAR FLUX !NTERPOLATION

The use of angular flux interpolation to caleulate: the angular dependent source is
limited t6 use with discrete ordinate quadratures which are symmetric cbéuf the z axis-and
are’ defined by the standard Sn discrete. direction pattern. In cddition, the angular flug-infer‘—-
polation technique, i.e., interpolation in the polar angle (), is based on Gq‘uss. mechanical
quadrafure ordinates and weights. Therefore, dafa based on Gauss fnec;h'anicol quadrature are
the recommended discrete ordinate quadrature data for MAP, The input surface angular
fluxes from DO:T—HW should -be for the same quadrature, Experience has shown that ofh-gr
quadrature data {e.g., Lathrop's completely symmetric data) can be uséd in cqlculﬁfing the
surface angular fluxes required for MAP input without any observed loss of a;:curocy, but
the user is cautionéd 'in the use of any data other than that based on Gauss mechanical
quadrature ordinates. Recommended quadrature data are listed in Section 3.4,

One additional limitation in the use of interpolation is the requirement for o large
amount of core memory storage and computer time, The increased storage seg'mex;m_f is discussed

in Section 3,3 and computer time requirements are discussed in Section 5.2.

AL

c7a
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4,3 DETECTOR SURFACE GEOMETRY

A detector surface in the MAP code is defined by a series of point detectors

" which lie on the detecior surface. The MAP code uses the DOT-IIW angular fluxes from

an r, z problem and the conditions of symmetry at the r, z surface require only that a
detector surface be defined as the intersection of the detector surface and the r, z plane of

‘the DOT-IW sofution. Each type of detector surface is described below.

Plane Detector Surface, NTSUR=1

The plane detecior surface which is normal.to the z-axis is represented.as the line
of intersection of a disk and the r, z plane at a constant z. This line is repr,eéenfed as a
series of mesh intervals (mesh line input ideniical to DOT-1IW) each represented by ‘a point
defector at the midpbinf of the interval. Input data for rh‘is opﬁ_op are the s (17% or 17
arrgy)’ of ‘fh'e mesh lines, R2m, and the z of the surface, ZR, which is used to define the
coordinates of the detector point as:

S+
= - R2m+] R2m
m 2.0

Meridian Ring-Spherical Detector Surface, NTSUR=2

A spherical detector surface is defined as the line of intersection of a sphere and _
the r, z plane. This line, which is a circle (meridian ring) is represented as a series of arc
length infervals each represented by a point detector at the midpoint of the arc. The input
to MAP is the cosine of the polar angles which define the limits of the arc length intervals;
the point detector is af the midpoint of the polar angles defining the arc length.

Input data for this option are the cosines of the polar angle mesh lines, R2m, the

radius of the detector surface, RZ, and its origin, ZM. These data are used to define the

-7
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coordinates of the detector poinis as:

a + ct
- s, -1
m RZ sin 50

-
i1

= , o Tmtl Tm
Zm RZ CcOs _-—-—2-:6——-— + ZM

where: a = cos | (R2 )
m m

Cylindrical Detector Surface, NTSUR=3

- The cylindrical detector surface which is parallel to the axis of the r,‘z_geomeiry
.and concentric. with the r, z source surface is represented as the ii_ne of intersection of the
cylindrical surface and the r, z solution plane. This line is represented as a series of mesh
infervals:(mesh fine input identical to DOT-1IW)-each represented by a point detéctor at ‘
the midpoint of the interval, Input data for this option are the z* s (17* or 17 arra;l) of the
mesh lines, R2m; .and the radius Sf the surface, RL, which will be used to define the

coordinates of the detector points as:

R = RL,

m

— R
Z = 2m+1 * R2m .

m 2.0

General Detector Surface, NTSUR=4

A general defecfor surface is deﬂned in the MAP input as the coordinate R 's and
Z 's of detector pomfs. These data, RJ and ZJ are entered in fhe 13* and 14* orruys
for each detector point, ‘

In the MAP code the calculation of the angular flux at a detector point is depend-
ent on the orientation of the defector surface; however, the MAP code does calculate the
current at each detector point based on the detector point located on a plane normal fo the
z axis, excepf when a cylindrical surface (when NTSUR=3) is used, -In this case the outward

directed current is calculated, d T /
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4.4 TAGGED SURFACES

In the final edit of the MAP calculated data at the detector surface the calculation
of the contributions from specified sets of surface mesh cells are provided. This selective
source surface option allows the user fo analyze the effect of portions of surface feakage on
detector response. Input requirements to use this option consist of a pair of mesh interval
numbers (5 $ and 6 § array) for the side surface or for the top (botfom) surface. The contribu-
tion to the detector point flux from each surface mesh cell within the range of each pair

of mesh interval numbers is the tagged surface total.
4.5 RESPONSE FUNCTIONS

A desirable feature of the MAP code is the ability to apply multigroup conversion
factors to the energy dependent neviron or photon scalar flux, at each detector point, For
example, application of the conversion factors to the photon detector flux could, at the
option of the user, provide photon defector response data in units of: Mev/ c:mz—sec,r R/hr,
R/hr-watt, Rads (~carbon)/hr, watts/gm-aluminum, etc., all in a single MAP problem.

The MAP code calculates the total flux af a given detector point from all source
surfaces (including tagged surfaces) as the sum over the coniributing surface mesh cells in
the source surface defined (total, top, bottom, side, or tagged).

A set of input data for each group of the multigroup set and for each type of
detector response Is entered in the 12* or 12U array. These data are then multiplied by the
sets of detector multigroup flux results and summed over energy group for each type of source
surface to provide the detector point response. The user can input as many responses as
desired with ability to provide titles for each set of detecfor data provided in the input using

the 11 H array.

d-#6
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4.6 NORMALIZATION

in order to provide resuits which are normalized to absolute or unit power levels,
a single input value of a normatization factor is provided in the input data to MAP, This
value, SCALE, is a constani multiplier of all MAP calculated flux data and response data,
If SCALE is input as zero, (0.0), MAP sets SCALE to a value of one, {1,0).. The normaliza-
tion factor of the MAP code is dependent upon the units of the surface angular fluxes of the
DOT-HW code problém. The user is referred to Section 3,7.4 of Reference 1 for the dei‘ini—~E
tion of the DOT-IIW normalization.
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47 ZONES AND BOUNDARY SURFACES

The required input-geometry data for the MAP code are described in DATA SET 4 of
Section 3.2. The use of these data in the MAP calculation is described in Section 7.1. In
the setup of the geomeiry, the user describes a set of intersecting quadratic suffaces. These
quadratic surfaces can take the form of the general quadratic equation (wifhouf.crosé-producf
terms) or one of the degenerate forms.” These éﬁuci‘ion fype;, (NBE, 4 $ car'ray),_ are tabulated
in Table 3-2. The user is provided the option to input either the square of the coefficient D
(Tl*sor U array), or the coefficient D. This option is provided as the optional equation fypes
7; 8, or 9. The MAP code calculates 02 and changes the equation type fo fhei input value,
NBE, minus 6. Caution must be exercised in change cases, so that if a boundary of i"ype .
7, 8, or 9 changes, then both NBE and D must be input for the change’cc&se.

With the defined quadratic surfaces the users;ﬁeciﬁe:s the boundary surfaces for
each zone, (NBD, 2 $ array), of a problem. The MAP geometry capability is limited o 6
boundary surfaces per zone. The input of boundary surfaces by -zone are in multiples of six
(one zone per card) with the surface ‘numl;ers not required as inpuf if zero (0). The zone-
boundary surface relationship (i.e., the ambiguity index of + or -) is assigned internal to .
MAP from the MAP input dafa, (XPO,16™ or 16 U array), defined in Data Set 4 of Section

3.2. The user must input the coordinates of a poinf in each zone fo define the proper zone

location. In addition to the zone boundary surfaces, the most probable zone entered vpon
crossmg each zone surface is enfered in NTR (3 § array).” The only limitation is that fhe
number of the zone entered must be greater that 1 and less than or equal to NZ, To
minimize the ray trace geometry calculation time, the user should enter the zone entered
and the most probable ray trace through the boundary or if more than one zone can bé'

‘ entered, then the zone with the smallest number should be used. This approach is suggested
since the zone entered search is performed sequentially from !‘l\iTR to NZ and from 1 to NTR-1,

The material assigned to each zone is defined by: the input value, (NMZ, 15§ array),

80



4.8 CROSS SECTIONS

The user has the capability to input macroscopic cross sections by group, SIG (17*
or 17 U array), or the code will calculate data based on the GAMLEG-W (6) cross section
tapes. The macroscopic cross section data are related fo the zones by the NMZ array ond
these data must be in unifs of cm_I. If the composition material~mixfure material capability
is used with the magnetic fape input, the MAP code calculates only photon cross sections
as described in Section 7.2 for each material. These data are evaluated at energy poinfs,’
(EG, 12* or 12 U array), for elements defined by their atomic numbers, (ZOE, 13* or 13U
array). These data are not multigroup data and care must be exercised in using these

calculated cross sections with multigroup leakage data from DOT-1IW,

4.9 FLUX DATA

The MAP code accepfs as input flux data from the r, z, source surface, the standard
DOT-1IW (or DOT-I1} output flux data tape. This data tape contains the mL%Jifigroup data of
scalar fluxes, higher flux moments, and side, fop and bottom surface leakuée angular fluxes,
The magnetic fape format consists of a logical tape record for each group of the multigroup
solution with-the confent of each record dependent upon the type of DOT-I;W (or DOT-I1)

solution, The confenis of the output tape are described as follows:

1) The flux tape is written in the binary mode and contains one group of data for
each logical record.

2) The first NRI* NZ| (DOT-IW input parameters IMxJM) words in each record
contain the scalar flux data for each mesh cell in the order of all radial mesh
data for axial interval 1, all radial mesh interval data for axial mesh interval
2, etc.

3) The next word (s) is dependent upon the scattering approximation used in the
DOT-1IW (or DbT-[l) problem, If the tape is written from a PO or transport
corrected problem, (DOT-IIW input parameter AQ3=0) then the next word is
a 0,0, If the tape is prepared in a P, problem (A03>0), then the next NRI*

-/,
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NZI* (A03* (A03 + 3 ))/2 words contain the flux moments, The terms are in the
same order by mesh cell as the scalar flux data for each flux moment.

4) The next NQI* NZI (DOT-1IW input parameters AQ04* JM) words are the surface
leakage angular fluxes at the left and right boundaries of the DOT-1IW problem
geometry. These angular fluxes are uséd as input data and those dafa with
positive direction cosines, p>0.0, are the cylindrical surface leakage fluxes.

5) The next NQI* NRI words are the surface leakage angular fluxes at the bottom
and top of the DOT-1IW problem geometry, These angular fluxes are used as
input data to MAP and the data with positive direction cosines,n >0.,0, are the
top surface data, and the data with negative direction cosines,n<0.0, are the
bottom surface,

‘ The MAP code input specifies the number of radial mesh intervals (NRI), axial
mesh intervals (NZ1I), number of quadrature angles (NQI) and the scattering approximation
(NPL), The scalar flux and flux moments data are read sequentially with core memory storage
to minimize computer storage requirements for MAP, The presené:e or absence of higher flux

moments is handled as two seperate fape reads.
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5.0 PROBLEM SETUP INFORMATION

The setup of a MAP code problem is described in this section with a specific sample
problem setup and deck listing given in Section 5.4. This section is intended to define the
deck setup on the WANL CDC 6600 computer system; the setup on other systems can be
derived from this description. The CDC 6600 version of the code resides on a binary tape
and is used in production by the loading of the binary code from tape for each problem
using control cards, The use of fape or disk files, running time estimates, and error

messages are described in the following sections,
5.1 TAPE OR DISK FILE ASSIGNMENTS

The MAP code requires a maximum of six magnetic tape or disk files, The specific
number of files required is dependent upon the type of problem, In some instances the use
of disk devices can be substituted for scratch fapes with a corresponding decrease in
peripheral processor (PP) time and elapsed time. For the majority of problems, only two
tapes are required; all other files can be disk devices. The file assignments for MAP are

as follows:

Tape 3 Cross Section Library Input Tape/Required only if NBA=1/

Tape 4 Scratch-Group Dependent Geometry Data/Required .only if
NzZ>0/

Tape 5 Input Disk

Tape 6 Printed-Output Disk

Tape 7 . 1 Punched Qutput Disk .

Tape ¢ . Ovutput Angular Flux Tape/Required only if NPNH=2 or-3/

Tape 10 - Scratch-Group Independent Geometry Data

Tape 11 Surface Angular Flux Input Tape (Output Scalar Flux Tape

from DOT-HW or DOT)
Tape 12 Scratch~Group Dependent Detector Response
To minimize the peripheral processor (PP) and elapsed time of MAP problems the -
user should use disk devices for Tapes 4 and 10 when geometry and/or angular flux inter-

polation is used because of the large volume of data to be transferred during the detector

multigroup flux solution. _ C _8 é
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5.2 RUNNING TIME

. The tequired- running time on the CDC 6600 computer for a given MAP problem is
mainly dependent upon the number of source surface mesh cells, the number of detectors, the
number of groups, ~and the use of the angular flux interpolation or geometry capabilities, An

upper limit estimate of the central processor (CP) fime required is obtained from the {':ollowing

equation: -
: (NMU* NRI + NMUS* NZIJ* NGN* NRJ* 1.2
CP time = ‘S :
{seconds)
where: NRI and NZI are the number of radial and axial mesh intervals in the

angular flux solution for DOT-IIW or the integration mesh (NRK and NZK)

NMU. and NMUS are the number of azimuthal integration mesh. mferva!s
for the top (or bottom) or side source surfaces -

NCN is the number of energy groups
NRJ is the number of detactor points
S is a constant dependent upon the fype of problem

The constant S in defined as follows:

Angular Flux

Interpolation Geometry .
(NIT) (NZ) S
No No 600
No " Yes 500
Yes No 300
Yes Yes 250
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A number of MAP code generated error messages may be encountered in running a

MAP problem, These messages, are primarily due to the incorrect problem input. The error

1
messages are generally self explanatory.
Message

"This problem has an assigned data array of
locations ({ISIZE), This problem
requires a data array of locations

(LAST)"

"Error in FIDO JERR =

"Error in axial coordinates for interval
Z(1), 21+ 1) = !

"Error in radii for inferval

+ RAI),
(i+1)= " ——r R} R

"Error in (DOT, for example) surface
quadrature, MU = 0.0"

"Error in (DOT, for example) surface quad-
rature, ETA =10,07

“Error in {(DOT, for example) surface quad-
rature, SUM W (I). NE. 1.0"

"Error in {DOT, for example) surface quad-
rature, SUM W (I). NE. 1.0"

Explanation

Problem is too large to fit on the computer
or else the value of ISIZE was input incorrectly,

An input error occurred in the FIDO input
data. JERR arrays are in error and the
FIDO routine prints the error prior to the
reading of data arvays, )

Non-~increasing, axial coordinates Z (I + 1)<
Z (.

Non-increasing, radial coordmafes R(I+ 1)<

R (1),

The direction cosines describing the p quad-
rature coefficients are in error.,

The d:recﬂon cosines descrlbmg the n qucd-
rature coefficients are in error,

The quadrature weights do not sum to 1,0 i.e.,
T 1.0{ >1.0 x 1074

m
Error in direction cosines and/or weights

-4
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“Errors were found"

“Error, N entries required in ( 3%, for example)

array, data edit continues "

"Warning, Interpolation used in the {93, for
example) integer array, data edit continues"

"Fill option ignored in (9%, for exumple) array"

 "Warning, Address is beyond, J'he limits
of (9$, for example) array"

"Geometry error-zone , bnd -
brd no. , eg no. , coordinates x=
,Y" y 2= !

"Geometry error zone , boundary

O )

distance , coordinates (x, y, z) "

“Interpolant out of range"

¢

The MAP code performs all the quadrature
checks, and prints out the total number of
quadrature check errors if any occurred.

Too many or too few pieces of datawere

input to the specified array.

The code is warning the user that integer

interpolation, which involves computer
infeger arithmetic is being used. Computers
in performing integer arithmetic, drop any

fractional remainder.

The code already has all the data it needs

for the specified orray.

The user, in inputing data with the A

format, has exceeded. the storage area set

aside for the specified array.

Input error in the ray tracing geometry

section

Input etror in the ray tracing geometry

saction,

In interpolating the cross section data,

the energy is beyond the range of the

tibrary data,

A

o
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5.4 SAMPLE PROBLEM INPUT

A set of sample problems has been included in this report to itlustrate the flexi-
bility of the input data formats and the problem deck setup. In addition, the DOT-IIW

problem input deck listing (which generates the input magnetic tape for use in the MAP sample

problem) is included so that a test of the MAP code is illustrated for the user.

The sample problem gec;me’rry is a cylindrical slab (i.e., r, z, geometry) of lead.
This problem geometry is shown séhemafica“y in Figure 5-1, The external dimensions of the
slab are 50-cm, in radius by 10,0cm, thick. The DOT-1IW problem is a 25'radial by 5 axial
mesh interval problem in which the radial and mesh interval are of equal size. The broE'lem
is a two group photon transport problem with a uniform fixed distributed source distributed
radially in the fifth axial interval, An 36 angular quadrature approximation and a F’1 '
Legendre polynomial scattering approximation is used, Quadrature data are from Table 3-1
and the P 5 photon transport cross section for the two groups are from GAMLEG-W.(é) The
¢ard listing of the DOT-IIW préblem deck is given in Table 5-1, The output magnetic tape
contfaining the scalar fluxes and surface leakage fluxes is obtained from tape unit 1 and is
required input to the MAP sample prcblem.

The MAP sample problem for this geometry consists of 'rhe DOT-1IW cylmdrlcal
slab and a detector plane normal to the slab z axis. The detector plane is at a z of -487.5
centimeters from the slab lower surface, z = 0.0, A total of 37 radial mesh-intervals are used
to subdivide the detector surface, A card listing of the MAP code problem is given in rTc;bie

5-2. The priﬁfouf of the MAP sample problem is given in Section 6.0.
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Figure 5-1. Geomeirical Model For Lead Slab Test Problem




TABLE 5-1

DOT-IIW CARD INPUT FOR DOT-1IW MAP SAMPLE PROBLEM

30000 5 ] 1 2 8 3 4 6. o Q [¢] o 0 ¢ 0ATA 10
SAMPLE DOT-1IW PROBLEM FOR THE MAP CODE»S&64+PLsPB SLAB ) DATA 20
1 ) 30 1D0ATA 30

25- 5 0.0 0.0001DATA 40

IDATA 50
ODATA 60
6DATA 70
10DaATA 80

" 0.0DATA 90
ODATA 100

. ODATA 110
- 14U o X DATA 120
1.395272€E401 1.561528EL01 1.107841E-01 Q.0 0ATA 130
1.050735E601 l.744405E801L L.453281EL00T.259415E-020ATA 140
0.0 0.0 3.315655E~-01 0.0 DATA 150

0.0 ‘0.0 4.240495E6001.609000E-01DATA 160

0.0 5.499944E-01 . 0.0 * DATA 170
0.0 6.682676EL001.161059E~01DATA 180
0.0 T.645300E-01 0.0 DATA 190
B.591543E800-4%.874446E-02DATA 200
9 T36T724E-01 0.0 DATA 210
9.835920EE00-2.35591E~010DATA 220
1.175978ELQ0Q 0.0 DATA 230
1,035434E601~-3.20071E-Q01DATA 240
0.0 0.0  DATA 250
DATA 260
DATA 270
DATA 280
DATA 290
DATA 300
DATA 310
DATA 320
DATA 330
CATA 340
OATA 350
DATA 360
T . DATA 370
3 T DATA 380

F . OATA 390

T DATA 400

1T* - . DATA 410
1.0 1.0 - DATA 420

T ’ - DATA 430

. 17 . DATA 440.
25R 1.0 : ’ DATA 450

T DATA 460

17% " DATA 470
4R ¢.0 1.0 DATA 48C

T \ DATA 490

T DATA 500
-0.361248675-0.238619186 0.238619186-0,750201405-0.661209386-0.2386191860ATA 510

. 04238619186 0,661209386-0.9T1113219-0.932469514-0.661209386-0.238619186DATA 520 -
0.238619186 0.4461209386 0.932469514-0:3612486715-0.23861918B6 0.2386191860DATA 530
-0.750201405-0.661209386-0.238619186 0.238619186 0.5661209386~0.9711132190ATA 540
—0.932469514-0.661209386-0,238619186 0.238619186 0.661209386 0.932469514DATA 550
—0a932469514-0.932469514-0.932469514-0.661209386-0.661209386-0.6612093B6DATA 560
~0.,661209386-0,661209386-0.238619186~0.238619186~0.238619186-0.2386191860ATA 570
~0,238619186-0.238619186~0,238619184 0.932469514 0.932469514 0.9324695140ATA 580
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TABLE 5~1 (CONTINUED)

5-8

0.661209386 0.661209386 0.661209386 0.661209386 0.661209386
0.238619186 0.238619186 0.238619186 0.238619186 0.238619186
T f
6U
0.000000000 0.042831123 0.042831123 0.000000000 0.055238669
04034951723 0.055238669 0.000000000 0.042631123 0.034951723
0.039195637 0.034951723 0.042831123 0.000000000 0.042831123
0.000000000 0.055238669 0.034951723 0.034951723 0.055238669
0.042831123 0.034951723 0.039195637 0.039195637 0.034951723
v
§%
241 0.0 5040
2>
41 0.0 10.0
8s ,
258 125R 1258 1258 125R TR
st - - -
' ~13
5% .
F (1.0
108 : -
\ 13 13 14 B Y 15
16 16 17 17 18-
11
0 1 0 2
0 & 0 5 0
12% . . '
0.0 0,03290 0.0 0.03290 0.0
0.0 G.03290 0.0 0.03290 Q.0
28 :
. 1
T

0.238619186DATA
0.238619186DATA

0.034951T230ATA
0.0391956370ATA
0.042831123DATA
0.000000000DATA
0.042831123DATA

" 0.032900ATA
.- -’0.03290DATA

590
600
&61Q
620
630
640
650
660
670 .
680
690
T00
710
120
730
T40
150
760
770
T80
790
800
810
820
830
840 .
850
860
870
880
890
900

DATA
DATA

DATA
0ATA
DATA
DATA
DATA
GATA
DATA
BATA
BATA
DATA
DATA
DAY A
I5DATA
18DATA
DATA
3DATA
6DATA
DATA

DATA
DATA
DATA

890



TABLE 5-2

MAP CARD INPUT FOR DOT-IIW MAP SAMPLE PROBLEM

9000 - DATA

SAMPLE MAP PROBLEHM PB SLAB,COMMON PLANE+WITH INTERPOLATION DATA
25 0 5 0 6 3DATA

2 1 30 15 . 30 150ATA"

0 i} 1 DATA

0 y] . Q s} GOATA

1 37 1 1 1 DATA

1.0 -487.5 DATA
1% DATA
241 0.0 50.0 DATA
2% . CATA
41 0.0 10,0 - OATA
3% DAT 4
510.0 ) 180.0 ’ DATA
4% DATA
2I 0.0 90.0 : DATA
5% ; DATA
1 25 . DATA

63 DATA
1 s DATA

8u DATA

~0.361246675-0.238619186 0.238619186-0.750201405-0.661209386~0.238619186DATA
0.238619186 0.661209386-0.571113219~-0.932469514~0.6612093686-0.2386191860ATA
0.238619186 0.661209386 0.932469514-04361248675-0.238619186 0.238619186DATA
~0.750201405-0.661209386~0,238619186 0.238619186 0.661209386-0.971113219CATA
+0.932469514-0.6612C9386~0.238619186 0.238619186 0.661209386 0.932469514DATA
~0.932469514-0.932469514~0,932469514-0.661209386-0.661209386-0.6612093860ATA
~0.661209386~0,0661205306-0.2385619186~0.238619186-0.238619186-0.238619186DATA
-0.238619186-C.233619186~0.2385619186 0.9324569514 0.932469514 0.932469514DATA
0.661209386 0.661209386 0.661209386 0.661209386 0.661209386 0.23861918604T4A
0.238619186 G.2386191566 0.238519186 0.238619186 0.,238619186 0.238619186DATA
0.00C000000 0.042831123 C,042831123 0.000000000 0.055238669 0.034951723DATA
0.034951723 0.055238669 C.000000000 0.042831123 0.034951723 0.039195637DATA
0.039195637 0.034951723 0.042831123 0.000000000 0.042831123 0.042831123DATA
0. 000000000 0.055238669 0.034951723 0.034951723 0.055238669 0.000000G000ATA
0.042831123 0.034951723 0.039195637 0.039195637 0.034951723 0.042831123D4TA
10U DATA
~0.361248675-0.238619186 0.238619186-0.750201405~0.661209386~0.238619186DATA"
0.238619186 0.661209386—0.971113219-0.932469514-0.661209386-0.2386191860ATA
0.228619186 0.661209386 0.932469514~0,361248675-0.238619186 0.2386191B6DATA
~0.750201405-0.661209386-0.238619186 0.238619186 0.661209386~0.9711132190DATA
—0.932469514-0.661209386-0.238619186 0.238619186 0.661209386 0,932469514DATA
~0.932469514-0.932469514~0.932469514-0,661209386-0.661209386-0.661209386DATA
-0.661209386-0.661209386-0.2368619166-0.238619186-0.238619186-0.23856191860ATA
-0.238619186-0,2368619186~0,238619186 0.932469514 0.932469514 0.9324695140ATA
0.661209386 0.561209386 0.661209386 0.661209386 0.66L209386 0.2385619186DATA
0.2386159186 0.238619186 0.238619186 (0.238619186 0.238619186 0.238619186DATA
0.000000000 0.042831123 0.042831123 0.000000000 0.055238669 0.0349517230ATA
0.034951723 0.055238669 0.000000000 0.042831123 0.034951723 0.039195637DATA
0.039195637 0.034951723 0.,042831123 0.0060000000 0.042831123 0.042831)230ATA
0.000000000 0.055238669 0.034951723 0.034951723 0.055238669 0.0000000000ATA

0,042831123 0.034951723 0.039195637 0.039195637 0.034951723 0.0428311230DATA
11H DATA
RESPONSE DATA . DATA

. 12% DATA
F 1.0 DATA
15 DATA
241 0.0 111 50.0 350.0 DATA

09

5-9

400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
S70
580



TABLE 5-2 (CONTINUED)
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6.0 OUTPUT DATA DESCRIPTION

Ovutput data from the MAP code consist of the printed output of the input data and ;

calculated data, the optional magnetic tape output for use as input to DOT-IIW and the

optional puriched output of detector-scalar flux. The following sections describe in detail each

form of the output from the MAP code,

6.1 PRINTED QUTPUT

The user of MAP has the ability to chose the detail of printed output from a prc;blem. ’
The input word NPRT céntrols the detail of output. ‘

The first part of the printed oufpuf is the input data and fhe results of an ed:’r of

this input data, The following quanities are presented:

N
2)
3)

4):

5)
6)

" . point coordinates, ’ I

7)

The core memory allocated by the user, ISIZE,

The amount of core memory required for the problem, LAST,

The F‘IDO subrodtine edit of the input data arrays on cards including the -
number of entries read, The FIDO subroui'ine‘rei-urns an error hessage on
input data read errors (See Section 5.3).

The title card and all input data to-thé code.

The DOT-IIW problem geometry data. ’

The detector surface (or coupling plc;ne) geometry data including the type of
surface, the input data for the surface and the actual calculated defec'fér :
The DOT surface angular quadrature data by discrete direction m where the

columns are defined as: -

B (Input direcfion cosinés)
_ém — (1. O-p "=m 2)
Tm (Input direction cosines)
-‘*’m (Input quadrature weighfs) .

d- 75

b1



' (Calculated lower and upper direction cosines which define
Tm - the fractional solid angle represented by each direction cosine)

8) The input response functions by group and fype. _
9) /Optional/ The ray trace geometry input data read edit from subroutine FIDO
(If NZ is greater than 0),

10) /Optional/ The ray irace geomeiry inpui data,

11) /Optional/ The calculated detailed geomeh;y data consisting of data calculated
at the source surface, the discrete direction chosen for the source direction, the
inverse square factor for each source point to detector point, efc, These
data are for code checkout purposes only,

12) /Optional/ The r, z source surface leakage angular fluxes for the fop and
bottom surfaces (fop surface data are associated with posii'i\'fe pdirection cosines,
bottom are associated with negative ndirection cosines),

13) /Optional/ The r, z source surface leakage angular fluxes for the side surface
(side surface data are associgied with the positive p direction cosines)

14) /Optional/ The angular flux data af the detector surface in discrete ordinate
form, )

15) The scalar flux at the detector surface for the top {or bottom), side and total
visible surfaces. In addition, the particle current at the detector surface
calculated from the calculated direction cosine normal to the surface (MAP)
and the discrefe ordinafe direction cosine closest fo.this direction (DOT) are
printed for the top and side surface data. The final calculated MAP data
conserves particles by being multiplied by the ratio of direction cosines (MAP/
DOT) to provide angular flux data Fo:: use in DOT~IIW as a boundary source.
NOTE: ltems 12~15 are obfained for each group of the solution. C\_ ? % —

6-2
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16)  The final responge data for all detector points and source surface combinations

for each responsé function.

The printed output from the DOT-HW and MAP sample problemg described in. Section
5.0 are illustrated in Tables 6-1 and 6~2,

6.2 PUNCHED CARD OUTPUT

Punched card output from the MAP code is the scalar flux data at each detector
point for each of the principal visible surfaces (total, top or bottom, side) for each energy
group. These data are obtained on punched cards’'in @ FORTRAN (6E12,5) format with each
source surface data and each energy group data starting a new set of cards. The punched

data for each energy group are in the order total source surface dafa, top or bottomn source

surface data and side source surface dafa,

6.3 - TAPE OUTPUT _ .

The output tape prepared by the MAP code is in the c‘xngL'Jlar flux output tape
format of the DOT-1IW (or DOT-11) code. This tape confains the angular flux at the detector
surface in a discrete ordinate format which is directly useable in the DOT-1IW code as a top
boundary source inpuf tape, The tape format is as follows:

1) The first (NGN* 2) + 6 records are one word fong. (a single 0.0 word)

2) The'next 6* NGN records contain the angular flux at the detector surface

for the top or bottom, sic:ie, and total visible source surfaces. The six records.
of each energy group are the top or ‘boffc’;m sourcé surface dnéuibr flux data
as record 1, asingle 0.0 word as records 2, 3, and 4, f};‘e side source surface
angular flux data as record 5, and the total: visible source surface data as |

record 6. These six records are repeated for each energy group.

63
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TABLE 6-1

DOT-1IW SAMPLE PROBLEM PRINTOUT FOR MAP SAMPLE PROBLEM

SaMPLE DOT~IIw PROBLEM FOR THE MAP CODEsS&,P1.P8 SLAY

PuYBLEM I0 ~0, 1
A3 OHDER OF SCATTEAING 1
o [GE frl/72 = A=Y/H /A=Y 1
M NDo OF RADIAL IMTe 25
[0% 0/1727374/5aQ/Ks8LPHAC/2 /B0 0
EVM ELDLENYALUE “0ODIFIER Oc
a0l LEFY BOUDARY CODITION 1
Bu3 TOP BOUNDARY COMDITION ¢
MOT7  FLUX INPUT TRIGGER 0
MT N0o OF SMaTERIALS 18
MCR NQo MaTLSe FHUM CARDS 12
1z NOo Raplak SEARCH ZUNES 0
Su2 0/ /2=MONE /K ALPHA 0
164 NO« OF =NERGY GROUPS 4
IHS PRSITION OF SIGHs GG 5
501 MORMALIZATION FagTOR 1eQO000E<QD
M)A DISTRe SQURCE I%PUT TRIGGER 3
Dos QUTER ITEQB MAX . 1
Bo% NEUTROM «al ANCE EPSe Oo
‘LAL SEARCH EFSTLON O
POD PaRe 0SCa DaMP=SEARCH bo
1aFT  AMNGs FLUX OUTPUT TRIGGER a
406 NQe OF =ETA ANGLES 15
ACH  NOo OF =ET& INIT, DIRECTIONS 3
Alg  e/mmApL/w ZONES OF CONVERGEMCE 1
Al2  -NDo OF NEUTRON GROUPS 0
Alt UPSCATTER EPSILOW laGUOOOE=Q&
I1XBS  y/1/2/3sN0/TUP /- IGHT /B0THTAPE 0
JMOLD NOo OLD AAIA&L T, 0
ID0IR  n/lsUPR/p0wM pIRgeTION 0
NC FInal INTVL.BNDRY SOURCE 0

A02
A04
121
JM
EV
£PS
BO2
BO4
MODE
MO
uTp
JZ
503
IRT
1ITL
MOG
504
GOT
G0s
LAH
EPSA
405
AOT

A09

a1l
K13
AlS
IHMOLD
JMLFV

ISIZE

0/1 a REG./ADJo : 0o
NUMRER OF ANGLES 30
NO. 0OF MATERTAL ZONES 1
HOe OF &XIal NT,. 5
EIGENVALUE GUESS 0.

PRECISIOUN DESIRED

RIGHT BOUNDARY CAMDITION 0

BATTNM rOUNDARY COVDITION o

FLUX CALCULATION “ODE 1

MINING TadLE LENGTH 12
LY
9

1,00000E=0s

MO. MATLS. FROM L13 TAPE

NOs aX1AL SFEARCH ZONES

PARAM, EIGEN,«ST4RCH Qe
POSITION OF SIGHA T 3
TABLE LENGTH s
n/MENO/N ACTe BY ZONE n
INITIaL INNER TTER. MAK, - 16
INNER [TRER, MAX, 10
POINTWISE FLUX EPS. 1-0D0000E=04
el AVEDA HMuX ,=SEARCH Oe

BEwW PaRe EPS,=5EARCH Qo

WMo OF *ETa aNGLES 1
MO+ OF +ETA I41T, DIQECTIONS
0172735 0RMAL/SDR/SPS/CA
NANSALL/NTA INTERVAL ANG FLUXES
n/1EPRINT X=SEC/DH NOT

E4TER, LERO

NOs DLD RADIAL INT,

AKIAL RO« FOR BNDRY S0uRCcE
STARTING INTVLeuNpRY SUURCE .
AVAILABLE CORE' DAT4 STORAGE 3000

C2OIIDDIOI M

5:36 LOCATIONS wILL 3L USED FOR THIS PROBLEN



247

NON=STaNDARD INPUT FORMAT USED

14U
.
34
r
118
T
17#
T
17#
T

NON=STANDARD INPUT FORMAT USER

U
T

NON=STANDARD INPUT FORMAT USED

U
T

ARRAY

AﬁRﬁY

ARRAY

ARRAY

ARRAY

ARRAY

ARRAY

LRHAY
ARRAY
ARRAY
ARRAY
ARRAY

ARRAY

144 ENTRTES READ
¢ ENTRIES RE(D
2 ENTRIES RE~D
25 ENTRIES RZAD

S ENTRIES READ

60 ENTRIES READ

3u ENTRIES READ

75 ENTRIES REaD
& ENTR1£S READ
125 ENTRIES READ
1 ENTRIES.HEQD
2 ENTRIES READ
12 ENTRIES READ

TABLE 6~1 (CONTINUED)
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115 ARRAY

12% ARRAY

283 ARRAY
T

12 ENTRIES READ
12 ENTRIES READ
1 ENTRIES READ

TABLE 6-1 (CONTINUED)



TABLE 6-1 (CONTINUED)

REGION DESCRIPTION RY INTERVAL

X8R
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et~ e
E e B B )
— et ot
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1“1111
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1313 13 13 13

13 13 13 13 13

"33 13 13 13 13

/D

13 13 13.13
13 13 13 13 13

13
13
13
13
13

13 13
13 13
13 13
13 13
1313

MATERIAL

13 13
13 13
13 13
13 13
13 13

13

13,

13
13
13

TABLE 6-1 (CONTINUED)

DESCRIPTION BY INTERVAL

13 13
13 13
13 13
13 13
13 13

13
13
13
13
13

13
13
13
13
13

13
13
13
13
13

13
i3
13
13
13

13
13 13
13 13
1313
13 13

13
13
13
13
13

13
13
13
13
13

13
13

13

13
13

13

13
13
13

13
13
13
13
13
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WEIGHT

G

0.%26831123E=91
.42d3]1123F=0l
&

0:5523ﬂcé95—01
0.34951723E=01
0,34951723F (1
0,5523366%F =gl

N«
0,42831123F=n]
0.34951723F=n]
23919503 TF=yl
0,39195637E~01

0,34951723E<01 .

0,42531123F=01
G

0492531 123F=p1)
0.42931125F =51

0.
055234 nYE=n1
0.36951723Emyl
a34951723F =)
DB52380EYFmp]

Vo

.4n831123E-nl
0,34951723E=pl
0,391955375'01
N,39195637FE=pl
0434951 T23Eaql
0,42831123E=01

TABLE 6-1 (CONTINUED)

ETH
~0a33244951E+00
~},23746351E+00
0393266951 E+00
=1eE0)20939E400
-0,8A120939c+00
~0ePH120YIVE+00
-(,56120939E+00
i), 661209396 +00
=1,23761919E400
“y,23861919€400
~0e 23401919k 400
_n,2;351919a~ou
“{,238R1919E400

=) 23361919E 00"

wn,23851919E200
3¢932646951E+00
NeF32469%51E+00
0.9326099 Eat0
NePB120CIIVEXND
Qetrh]2U739ESGY
0.66120939E+00
Dsbb120:93%9E+10
N,00120939¢+00
Nea23An1JlvE+ (0
N,23uR19192+00
0.23461919E 110
Ne 2IR61919E+00
9. E3HETFLIVESND
N, 23861F19€+00
1423861919E400

M}
w(a 3612400 RE4 00
w(.23B61F)19E*O0
02 2IBHYILYELQO
w0 TH020140E+00
=0.6512023GE+00
=0+ 23861Y19E+ Qv
0.,238619192+00
0.0E120939E+00
=0e7TL11322E+00
«(,93246951F+00
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el 4,00000E+01 4, 10000E+0Q])
ee 4,2000GE+01} 4,30000E+01
23 4.4000¢E+01 4,50000E+0])
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T WL GEn0NEYQN”
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C0.61203 =01
6,6)120%E-0l
6,6120%Ew0]
6,5120%E-01

6,61dygant”

2.38619E~0]
2438619801
2;3&5195ﬂnl
2.36@19Enﬂ1
'2.36619Euﬂ1
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=5,02357TE-D1
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-9032470E'01
=9,32479E=01
=9,3247uE=0]
“-5,61203E~01
<6, E1209E=0]
=6,612¢09e~01
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F.324THE=01
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7.0 METHOD-OF SOLUTION

The numerical technique empl'oyed in the MAP code is an integration of the angular
leakage flux from the visible surface of an r, z geometry model to obtain detector response
at a detector surface or point. The integration over the visible source surface uses the multi-
group angular flux data from a discrete ordinate transport solution in DOT-HW?* code as
energy and anéular dependent source data. Point kernel integration is carried out over the
visible surface to provide the defector response. ‘ '

Detector response at detector P in Figure 7-1 is defined by:

M D = jf <(E) f a(e E R 6 2)B(E blexp(-h) our
P : p;
E S Pp (l", gr Z) i

where,
Dp is the defector response at detector P,
K (E) is the energy dependent detector response for detector point P

q{Q, E, r, 6, z}is the energy-and angular-dependent source term at the source
surface. This term is derived from the discrete ordinate transport

angular flux data.

p (r, 8, z)is the line-of-sight distance from the source surface af coordinates
P (r, 8, z) to the detecior point P,

B (E, b) is the buildup factor to account for multiple scatter on the line-of-sight
penefration through a geometry.

b is the total mean free paths of maferial penetrated on the line~of-sight, p (r, 6,

z).
E is the particle energy
The calculation of B (E, b) and b is performed at user option. If only uncollided
flux is desired, then the ferm B (E, b) is assumed to be 1.0 for all line-of-sight calculations,
The evaluation of equation 1 is performed in MAP as a multigroup spluﬁon using

numerical integration over the visible surface as follows:

*All discussions of the DOT-IIW code are applicable to the DOT-II code with the excep-
tion that an input boundary source outpui tape from MAP can be used as direct input to

DOT-1IW. | _ | d /56



2) D 9q( 8 ,1,8,z) By(bg) exp(-bg)

( ) P Z Z Pp I‘,9,z§2‘ AS
g=1  All Source

where, Points

G is number of groups

AS is surface area associated with each source point

In addition to the above evaluation, the user can obtain the multigroup angular
dependent flux at the detector surface, integral detector response for portions of the visible
top, bottom or side surface of the r, z geometry source surface, and the multigroup scalar .

flux and current at the detector surface. A discussion of each type calculation perforined

by the MAP code is presented in the following sections.

7.1 GEOMETRY CALCULATIONS

The MAP code performs calculations to obtain the required geometry-related data for
use in the integration over the visible surface of the r, z problem geometry of the DOT-IIW

code. These geometry caleulations are categorized info five specific aréas-as follows:

. Source surface calculations to obtain a point source description of the

r,z problem geometry surface,

° Detector surface calculations to represent the surface at a series of
detector points, )

° Source point=to~detector point geometry calculations,

° Discrete ordinate quadrature geomeiry data at the source point and
detector point, and

© Geometry ray trace through a geometry described as zones defined by

intersecting quadratic surfaces.

Each of the categories is described in dei‘qll in the following discussion with the

5T

energy dependent portion of the calculation described in Section 7.2,
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Source Surface Calculations

The source surface in the MAP code is a right circular cylindrical surface as shown
_ in Figure 7-1, This surface is the oufer boundary surface defined by an r, z geometry prob-'
lem in the DOT~HW code, The angular and energy dependent source on this surface is
derived from the angular flux data calculated by DOT-1IW and these flux data are processed
with the MAP code geometry data fo provide detector response, In describing the surface
.source in the MAP code, the numerical technique invelves the use of DOT angular leakage
fluxes and the r, z geomeiry as shown in Figure 7-1 in an infégrcﬁon over the visible top

or botfom and side surfaces, The integration is carried out in'dependenfly for ecch' detector
and all geometry related data are processed prior fo energy calculations in order to reduce

computer time and data handling,

Subdivision of Source Surface into Finife Surface Areas

At each defector point, P, as shown in Figure 7-1, the MAP code e;/olucies all
geomefry related data for finite surface areas on the visible surface of the cylinder, The
visible top or bottom surface as well as the side surfaces are calculated independently
because, if the detector point lies above ‘or befow the top or botfom surface of the source
cylinder, the entire disk is visible o the detector. The visible side surface is defined by the
point of tangency of the line of sight connecting the detector point P and the cylindrical
surface.

In addition fo the geometry calculations relating source point and detector,
the relationship of the discrete ray connecting the definite areas with each defector is
calculated. These geometry dependent data are then associated with the discrete ordinate
angular quadrature data describing the angular flux, and these data are used to process the
energy dependent angular flux in subsequent calculations.

In the current version of the MAP code, two techniques exist to describe the sub-
division of the visible surface area (i.e., top, botiom, or side) into finite surface areas. Each

bl

of these techniques will be discussed in the following sections.
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The top or bottom surface is visible to any detector above or below the plane
.defined by the surface and geometry cafcuquions are similar for both surfaces. Only the top
surface will be described here, The DOT = W angular flux available to describe the angular
leakage flux from this top surface is defined only in those mesh intervals [ying in the r,z
plane at the top. The r,z plane is noted in Figure 7-2 and the mesh intervals, for which
-c:n.gulctr flux exists, are also noted. In the’integration over the visible top surface, consistent
use is made of the angular flux data at each mesh interval during the surface integration.
Since the angular Jeakage flux is obtained only in one quadrant of the unit sphere, the MAP
code performs the integration only in the range of 0 to 180 degress,and the surfcx‘ce areq
associated with each finite surface area is doubled to account for this symmetry condition.
As shown in Figure 7-2, the only input data required for the DOT-IIW code is the radial mesh
line descriptionsri , as shown schematically in Figure 2. Inan r,z problem geometry, the
DOT-IIW code assumes homogeneity of flux solution in'the azimuthal angle 8 suci1
that the anguler flux data in the r,z plane are applicable io all r, z planes-with the proper
translation of the coordinate system. Techr;iques uvqiiabl‘e.in MAP use an arbitrary 8 mesh’
interval description defined by input to subdivide the top surface into a set of annular ring
segments as shown in Figure 7-2. Annular ring segments are then represented as -poinf sources
(e.g., at the point ) whose cylindrical coordinates are the arithemtic .mec:n of the surface
mesh cell boundaries and the axial coordinate Zg of the surface as follows:

- 1ttt

(3 ri=—sp5—

Om + Omt1
(4) ©On= 7.0

(5) zi=z
Using the symmetry condition about the r,z plane, the surface area associafed

with point 5 is given by:

o
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Figure 7-2, Schematic of MAP Surface Infegration Technique - Top Surface
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(6)  AS =(u12-rD) Bpuy-© )

This surface area element is then used in performing the numerical integration.

The visible side surface of the cylindrical source surface is treated in a similar
fashion to the top (or bottom) surface. As shown in Figure 7-3, the side surface integration
involves the determination of the angle 8y which is defined by the line of tangency of the
plane containing the detector point P and the cylindrical source surface (shown by the
dashed [ine in Figure 7-3). Once the angle B7is known for detector point P, the technique
used to define the surface mesh cell boundaries use the arbifrary 8 mesh interval description -
input to the MAP code to define the surfoce mesh cell shown in Figure 7-3, The mesh cell
boundaries are from the input azimuthal angle values, 8, , and the DOT-1IW axial mesh
line valyes zy as follows:

. o

Snt1 ~ 91

7y o ,=6,-

Ihe surface area elements defined by the mesh cell boundaries are then represented
as a point source (e, g., at point S} whose eylindrical coordinates are the arithmetic mean

of the surface mesh cell boundaries and the radial coordinate rg of the eylindrical surface

as follows:
() .ri=rs

- 9 + 9
(10) B, =_.".‘.1'21.._0___"l

.:_. =_._I..___—.lz'+] * 7
(m 3 7.0

At
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Figure 7-3. Schematic of MAP Surface Integration Technique - Side Surface
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Using the symmetry condition about the Iz plane, the surface area associated with point S
is given by

(12)  $=20,r - (6 )+ (zyy-2)

: ml gm
This surface area element is then used in performing the.numerical integration for the side
surface,

Two techniques are available in using the DOT-HW angular flux data. The first
technique uses the mesh interval description as defined by the DOT~HW problem input
directly. In this use, the angular flux data for each radial mesh interval on the top (or bottom)
surface are used in combination with the MAP input azimuthal mesh inferval description to
define the surface source on the entire visible top (or bottom) surface.

A second technique is provided by MAP in which the user specifies the number of
radial or axial mesh intervals on the top, bottom, or side surface in the surface integration.
The MAP code assumes equal Ar mesh intervals in the top or bottom surface integration or
equal-Az mesh intervals in the side surface integration, Angular flux data are assigned fo
the integration mesh intervals-according to the DOT-1IW mesh interval in which the midpoint
of the integration mesh interval lies. This second technique is included in the MAP code
capability to provide a fine uniform mesh cell description for use with highly asymmetric
quadrature angular flux data at the DOT source surface and at the MAP detector surface,

The MAP code does not use any spatial interpolation techniques to define the angular flux
variation at the source surface, The DOT-lIW angular flux data are used as discrete surface
area data. This approach is used to circumvent smoothing of data where particle leakage
from adjacent mesh cells on a surface are drasticaliy different due to physical changes in a
DOT-1IW problem gecmetry internal to the surface {e.g., an edge effect due fo a highly

absorbing shield region adjacent to a void),

L



Detector Surface Calculations

Detector surfaces in the MAP code can be one of three regular surfaces or the

user can, at option, input coordindtes of a series of detector points. The regular detector

surface, definitions available to the user are:

e Plane surface detector normal to the z axis of the DOT-1IW problem,

° Cylindrical surface detector parallel to the z axis of the DOT-IIW
problem, and )

° Spherical surface detector (meridian ring) whose orig'in is defined by

input data,

Each of these detector surfaces are subdivided into surface arees.which are repre-
sented as point detectors. Because of the symmetry conditions in the angular leakage flux
solution at the DOT-1IW surface and the use of numerical integration over the visible source
surface, the three surfaces can be represented as o series of detector points on the line of
intersection of the detector surface and the r,z plane of the DOT-IIW solution. The defec-
tor surfaces are shown in Figure 7=4. The techniques used in MAP to define the coordinates

of the detector points defined these surface detectors are as foliows:

Plane; :

o Tl Tk

(13) S
(14) 2= zp
(15) 8= 0.0

Cylindrical;

(‘[6) Flo = r__ .

- Zl+1 + zk
(17) 2 =0
(18) 8k =0.0

b 7
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Spherical;

a +a
(19) r_k=rl5cos —'f-%—-——-]f
—_ ap+1 + a

(20) z) = Tp sin iil—i—k- + zp

(21) 6.=0.0

Input data to the MAP consist of the radial or axial coordinates defining the mesh
intervals on the detector surface, T OF z, or the cosine of the polar angle, cos al, defining
the angular mesh intervals on the spherical surface. In addition, the axial coordinates zZp
of the plane, the radial coordinate rp of the cylinder, or the origin zp of the sphere must be
input. .

An additional capability available in the MAP code is the option to input the
coordinates of detector points rl, zk in order to specify a surface detector or arbitrary

shape,

Source Point-to~Detector Point Galculations

The numerical integration of the kemel equation over the visible surface of

the cylinder defined by the DOT-IIW sclution is carrizd out using the point source descrip-
fion at the source surface described in the previous sections. Once the cylindrical coordin-
ates of the source points and detector points are known, the void ray trace from ‘each source
point 5 to each detector point P is performed. These calculations are carried out as shown
in Figure 7-3. An X-Y projection of the ray trace, SP, from source point S to detector P is
shown. The MAP code calculates the distance, por the angles, 8, and €y, between the
X=Y prajection of the ray trace SP and the outward directed vectors 05 or OP at points S and

P. The distance, P is obtained by the Law of Cosines as follows:

(22) o= r—i2 + sz ~ 2r; rj cosf

¢/
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Angles 8y and 6, are obtained by the following relationships:

2, -2 2
(23) 6 =cos™! Po Tl i

2 P ?k

(24) 8,=07+8y,

The fotal ray trace distance, defined as Pp(ﬁ,'-é_m, ;i) from the source point S

at coordinates (7;, B, zp) to defector point P at coordinates (f, 7)) is then detemined by:

2, — =2
(25) = Py Tz - Z)
In addition fo the above quantities, the MAP code computes direction cosines

(po, qo) of this ray trace pp at the source surface as:

(26)  ng= (zk - zj)
SP
(27) po=cos B, - sin{cos™! o)
The direction cosines (u3, 71) of the ray trace at the detector surface are defined
by:
(B’ T=,
(29) uy =cosly. sin{cos™1 By
The-direction cosine sets (ug, 7 o) and (1, 7 1) as well as the cosine of 8, and 85
are used in subsequent calculations to obtain the angular dependent source term from discrete

ordinate transport angular flux information.

d- 10
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Discrete Ordinate Quadrature - Geometry Calculations

Geometry calculations associated with the discrete ordinate angular quadrature
are perfomed for a source surface and detector surface, Cal.culaﬂons at the source surface
are necessary to use the angular flux data at the DOT=1IW r,z problem geometry surface.
Two techniques of treating this angular flux data are provided in the current versio.n of the
MAP code. These are:

v " Direct use of discrefe ordinate angular flux data as discrete angular
source data, (This technique is used with symmetric or asymmetric
quadrature data.)

L Angular flux interpolation in the angular variable, n , with the second
variable, p, treated as discrete data.

Calculations at the detector surface are associated with generating angular depen~
dent boundary source data for direct coupling into succeeding DOT-IIW code problems
using magnetic tapes. This coupfing‘ technique is applicable to any discrete ordinate quad-
rature and the detector surface quadrature is not required to be the same as the DOT-IIW ‘
problem data.

The following discussion will expand the preceding discussions to illustrate the
generation of discrete ordinate dependent data for processing the multigroup angular flux

data at the source surface.

Discrete Ordinate Quadrature - Source Surface Calceulations

Discrete ordinate ciuudrature caiculcﬂons at the source surface are carried out to
provide data for calculations of angular dependent source data for use in the kernel integra-
tion over the source surface. The first technique as described above involves the direct use
of angular flux data, These angular flux data are assumed to be discrete ordinate data repre-

senting the angular flux at the discrete ordinate direction cosines. A search of discrete

&7
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ordinate directions is made td find the closest discrete direction to the line-of-sight ray
connecting a source point on the surface and the detector point. This procedure is shown
schematically in Figure 7-6 for the finite surface area A. Since the DOT-IIW solution is
performed in the £,z plane, thé franslation of this plane and its-related angular flux data

into an azimuthol .angle, 8, must be performed, The discrete ordinate quadrature unit sphere’
representing the angular flux distribution as the visible octant of the unit sphere is also shown
in Figure 7-6. The MAP code performs a search of the discrete ordinate directions only

in the visible octant to find the closest discrete ordinate to the ray SP connecting the source
point S and detector point P, This technique involves the calculation of the direction
cosines (uo, Mo, o) Of the ray SP in relation to fhe p = 1. 0 coordinate system shown in
Figure 7-6. The discrete direction numbér chosen as the angular flux best representing the

1]

direction SP is chosen as the direction which fofms the'minimum angle ¥ with ray SP as
i .
follows: 1

T (30)  ¥=cos7T (gt Mo Tm+ Eo Em)

This direction number is then saved to° be used in the calculation of the cngulqr source dctcx

described in Section 7. 2. }

The second ’rechmque available at the source surface mvolves the use of o one~
vcrloble angular flux ml'erpolchon techniquein the direction cosine, n fo defme the cngulcr
dEpendenf sourcey Geomefry related data for this technique include the d:screfe directions,
Lagrangiaon mferpoicn‘mg polynomial coefficients derived for the discrete ordmcfe quadrafure
data,and the ray SP direction cosine, Mo Thediscrete directions fo be used in mferpolofxon
are selected from each 7, level of the octant as shown in Figure 7-7. The selection in
each 1, level is based on the cosine of the angle between the X-Y projection of the ray
5P and the p axis of the unit sphere and the angular 1imits of the quadrature, cos8,, in each
7. level. These limits are calculated based on the angular quadrature weights.

At the complehon of finding the discrete direction in each 7., level of the visible
octcmt the mirror reflection of each discrete 7 direction is chosen based on symmefrlc
quadratures. The Tm values of each level, 1|, and. the dlscrefe ray direction cosme N Gre then

75

used in calculating the Lagrangian interpolating !polynom:ul coefficients as follows:’
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Discussion of the angular source calculafion techniques above were [imited to the
top source only. These techniques are. directly applicable to the bottom surface except that
the discrete direction search is carried out for the negative 7 quadrant of the unit sphere,

| The side surface discrete direction search is carried out in the octant which is
* visible to the detector point,and this search will involve + 7 and =% octants depending upon
the location of the detector point P in relation fo the source points S.  The technique de~
scribed above is applicable to the side surface except that the search is limited to the +u

directions only.
GEOMETRY RAY TRACE CALCULATIONS'

The MAP code, at option, will perform geometry and material penetration calcula-
tions based on a geometry defined by zones defined by intersecting quadratic surfaces. The
geometric surch;s are described by various quadratic equaﬁcms', and materials in the zones
are described. by a mixture material~component material table and component material
nuclear cross secfions or by macroscopic nuclear cross sections.

Based on geometry related data, the MAP code cdlculates the "line-of-sight"”
distance {path length) through each material in each zone between each source point and
each detector point.

Subsequent sections describe the rechniques used in describing the geometry by

surfaces and zones and solving geometry dependent quantities in a MAP problem.
Surfaces

The geometry of the problem can include the following types of quadratic equation

A
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¢  Equotions of a surface ;f revolution about any x, y, or z coordinate axis.
¢ [Equations of a plane nommal to the x, y, or z axis of the reference system..
* tquations of an elliptic cylinder about any z axis.
® Equations of any quadratic surface by specifying appropriate equation coefficients.
To simplify the geometry input description, the program contains specific forms of
the quadratic surface equations. Each of these equations is identified by an input surface

equation number. The equations available are as follows:
A(X%) + B(YD) + C(Z2) + XgX + YQY + ZgZ = D= 0.0
AX-X0)? + BY=Yg) + C(z~Zg)2 - D= 0.0
(X-X0)2 + (Y-Yg)2 - D=0.0

X-D=0.0
(32) Y-D=0.0
Z-D=0.0

A(X?) + B(Y)2 + C(29) + XX + YOY + ZgZ - D? = 0.0
AlX=Xg)? + B(Y-Yg)2 + C(Z-Zo)? - D?=0.0
(XX} + (Y-Yg)? - D2 = 0.0 .

The quanﬁriés A, B, C, Xo, Y0, Zo, and D are input paremeters for the surfaces in o
problem. The surface equation number defines the necessary parameters and only those
parameters are necessary to soive the respective surface equation. The first equation is a
form of the general quadratic equation. The second equation defines an elliptic surfoce, h
which, by proper specification of the A, B, and C coefficients, can describe elliptical cylin-
drical surfoces with their axis pa!'ollel to each of the coordinate axes. The third equation
defines a cylindric surfuce with its axis parallel to the Z axis. The fourth, fifth, and sixth
equations define planes.normal to each of the coordinates. The seventh, eighth, and ninth
equafions define the same quadratic surfaces as the first three equations except for the
required input of the quantity D. By proper manipulation of the coefficients of a quadratic
equation defining o surface, one can calculate the required coefficients A, B, C, D, Xg, Yo,

c 177

and Zq.
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The equations shown above require that all parameters must be in units consistent

with the nuclear cross sections of the zones.

Zones .

A zone is defined as a region cc;nfc:ining a homogeneous composition of mcrife:ria‘ls
and. is bounded by a set of geometrical surfaces as defined by the qucdrahc surface equcf:ons
. Geometrical surfaces described in a problem geometry are used to define the boundarles of
zones in a problem. Each zone is described as a volume bounded by as many as six mrer-
secting surfaces. The boundary surfaces of a zone are designated by their sequence number
in input data, . ‘ ) i 5

The MAP code contains the "poinf=in-region" technique fo assign fhe'boundéry
surface~zone relationship values to each of the zone boundary surface numbers. Thils:relc-
tionship of the zone with respect to each of its boundary surfaces must be known for a MAP
geometry calculation. This relationship is designated by the ;ign (plus or minus) of the
zone boundary number and is called the Yambiguity index, " The ambiguity index defines
the position of a zone with respect to the zone boundary surface as being an intferior () or
exterior (-) zone. In complex geometries, the assignment of ambiguity indices by fhe code
user is difficult and time consuming. To circumvent this problem, the MAP code requ:res as
input the Cartesian coordinates of a point (xp, yp, zp) within each zone. Using these. pomf
coordinates, the designated surface numbers for each boundary of '@ zone, and the equohon
number of the surfaces, the calculation. of the ambiquity index is straightforward. The

surface equation and the coordinates (xp, Yor ZP) define the quantity, V, for each particular

equation type as follows:

X +Y.y +Z.z -D"

2 2 ) 2
V= Alx -X)° + By - -
(xp o (yp Yo +C (zp Zg) X, o TYoYp %57,

ey - 2 2 N 2
33) V= A(x - . R
(33) / (xp Xp) + B br, =Yg * € (zp Zy ,
2 2 ‘ :
(x = X" + b = Y ~D -

o o ett

<
it
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V =x -D
V =y D
p
@) V%D 2 2 2

V=A -XJ)"+B - = - = - p?
V= Alx -X -y )2 -7z)-p?

(XP o *B (yp YO) +C (zP ZO) D
V = 2

(x, = X+ 7 = ¥g)* - D

The sign (+) of the quantity V detemines the ambiguity index of the boundary
surface of the zone. This ambiguity index is assigned to the surface boundary number by the
MAP code. IfV is negative, the zone is internal to the boundary surface and the surface
boundary number is given a positive sign. Similarly, if V is positive, the zone is external to
the boundary surface and the surface boi:ndary number is given o negative sign. The ambi-
guity index calculation is performed at the beginning of a MAP code calculation and the
computed signs are used for all geometry calculations,

External zones in a MAP code problem can be described by a single boundary
surface. External boundary surfaces of external zones need not be defined. An external
zone is recognized by the program if the sign of the input value of the number of boundary

surfaces of a zone is @ negative number.

Geometry Calculations

The geometry calculation begins with the computed Cartesian coordinates of @
source point (xS, Veor zs) and a detecfor point (xp, yp, zp). These coordinates are computed

as follows:

Sourge Point

il

r,cos © orrpcos @
S m m

~

Yg = r sin Gm or rpsin Om

N
W
~

A7y
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Detector Point

Xp=rj
yp=0.0
zp=z; .

The total "line~of-sight" distance, p, between a source point and a detector point,

and the difection cosines (a, g, y) are then computed as follows:

o= (xp = x)2+ (yp = ¥+ (zp - 25)?
L

a.="‘E"““§‘_-p‘

. YPYS

p="""

’ ZP—Z-S

VT

The geometry calculation then proceeds to obtain the path length, o, fraversed in
each zone along the "line-of-sight. * This calculation begins with the coordinates of a
"oseudo-point™ (x', y', z*), along the "line=of-sight" which is removed from the original

source point by the distance A, This calculation is performed as:

x" =xs+CtA
y' =¥S+@A
z'=zs+yA ,

This pseudo-point (x', y*, z*) is used in conjunction with input zone boundaries,
surface numbers, surface equations input surface parameters, and the source zone number to
calcuiate the correct zone in which x', y*, and z* lies, The actual operation performed is a
cyclic caleulation of the quantities, V7, for each boundary, b, of the source zone, Z. The

eyclic calculation begins in the zone area. The values of Vi,7 depend on-the equation

number NEQBD}, of boundary b and follow as:

2

N

(1
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o 2. 2 2
Vbz=A(x -xo) + B (y* -yo) + C (' —zo) +x0x' +y0y+zoz' -D

2 2 2
VbZ=A(x'-xo) +B(y'-y0) +C(z -zo) -D
1 2 1 2
vbz=(x_ HXO) -l “YO) -D

Vbz=x’—D
= -
Vbz y D
Vbz=ZI_D
V, A = x )P 4B Iy -y )P+ C (e 2 xd y gt + 2
bz 0 7 7Y o T TV T %0
2 2 2 2
VbZ=A(x' -xo) + B (y' -Y.O) +C (2 -zo) ~D

V, =0 -x)?+ (- yp)? - D

If the sign of the quantity, Vbz’ and the sign (ambiguity index) of the boundary
surface number are of opposite sign for all boundary sqrfaces, the point (x', y', z') lies
within the region or zone, [f the point does not lie in the zone, the code searches the
zones in sequence up to the number of zones in the problem, If a zone is found which con-
tains the point (x', y', z'), the calculation proceeds fo the next geometry calculation step,
If no zone can be found which contains the point, the region calculation is terminated by
printing an error statement along with the results for source regions preceding that one in
which the error occurred.

The next step in calculating the path length in each region involves the analytic
solution of distances from the point (x', y', z') to each boundary surface of the zone., The
solution is obtained by solving the boundary equations for the point of intersection of the
"line-of-sight" and the surface in question. These distances to each boundary are sequen-
tially tested, and the minimum distance in 'the correct direction is selected as the distance

P, from the "pseudo-point" (x', y', z') to the correct boundary.

!

C/8/
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At this point in the calculation, the correct path length in the zone is caléblated
as:
pz= Pz +A _
The final operation in the source zone path length calculation is the starting point for
obtaining the next zone (along the line~of=sight) path length. Input values define the "most
probable” zone entered upon crossing boundary b of the zone z. With the last calculated
value of p,, a new "pseudo-point" along the line-of=sight is calculated as:
xX* =x* +apz '
y! =y tgez
' =22+ ypz
These current "pseudo-point” coordinates and the zone number are used in the operations
described above in calculating data for' the next zone traversed in the source~detector "line~
of-sight” The data of the correct zone number and zone path length are obtained for each
zone along the line-of-sight, This cyclic procedure (calculation of zone path length) con-
timues-until an."outside zone" is reached or until the detector point (xp, yp, zp) is réached.
This source point-to~detector point calculation is repeated foreach source point on the
source surface and each defector point in the problem. The fotal mean free paths of material

* on each line~of-sight for each group is calculated using neutron cr photon cress sections

described in Section 7. 2,
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7.2 ENERGY DEPENDENT CALCULATIONS

The MAP code performs energy depéndent calculations at three poirits in thé code

logic.
These three separate calculations are:
@ Optional calculation.of material penetration for each group using input
neutron or photon cross sections or calculated photon cross sections af the

energy points describing the average energies of the éroups
e Calculation of the mLingroup angular depen;:lenf detector response, and
e Calculation ofv?he detector response.
Each of the three categories of calculations is described in the following discussion.

Material Penetration Calculation

In Section 7.1 the techniques of calculating the geometry ray trace were described.
The calculated zone path lengths, e,, on each ray trace from a source point to a detector-
point are combined with the mul"riqroup macroscopic neutron or photon cross sections to
provide the fotal mean free paths of material penetration on each ray trace,

Two techniques of specifying neutron and photon cross sections are provided in the
MAP code, The user may input multigroup cross sections for a number of materials and assign
materials to zones or an optional calculation of the photon cross sections by material can
be performed by the code using microscopic library dataon magnetic tape, r

The calculotion of the material penetration on each ray trace, bq, is defined by:

Z

D DR

z=1

where the cross sections, Z g2’ are macroscopic total cross section data for the zone, The
material penetration resulis are calculated for each source point and group and stored on
magnetic tape or disk file by detector point for subsequent use in the calculation of the

multigroup flux data described in lafer sections.
. a 3
18-
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The optional calculation of the %)hofon cross sections involves the use of a mixture
material ~ component material talbe to specify the density (grams per cubic centimeter) of
elements in each mixture material. These data are combined-with photon cross sections
calculated from a microscopic library tape to form macroscopic cross sections.

Component materials, which may be used in as many mixture materials as desired.
are defined in a matrix of input values Amc' The values, Amc' define the density (grams)
per cubic centimeter) of each component ¢ in mixture m and.are used to calculate the photon

cross sections as follows:

Zgm = § o (Eg) A

C.

A "void" is defined as a mixfure material in which all component materials are
with zero density,
" The technique of calculating the microscopic cross. sections, o, (Eg), involves
the use of a basic library of energy dependent photo-electric and pair-production data.
An internal calculation of the absorption cross section and Compton scattering cross section
from the Klein-Nishina equation provides photon cross section data for use in geometry ray

trace calculations. -

Basic Library Data

The basic ‘liBra'ry ‘tape required for the MAP code is in the format generated by the
GAMLEG-W code.

The basic data were obtained from Reference 7. These data were compiled in
tabular form for the 51 elements shown in Table 7-1 as pointwise data at energy points
in the range of 0.01 MeV to 20.0 MeV. Only pair-production and photon-eleciric data
were required as the Compfon data are obtained analytically. The number of energy
points for each element data was dependent on the number of points required to ucéurafely

describe the variations of the data with energy. For photo-electric absorption, the
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presence of a double valued function at the K, L, and M electron shell absorphon edges
necessitated the use of continuous data by use of values of the cross section at two energy
points, Eg,+o and Eg - &, whereswas on the order of 0,001 MeV. This tredtment

allowed the use of these data in the interpolation techniques to obtain specific energy point
values in each code os well as the accurate representation of the double valued electron
sheli edges. )

A description of the contents of the pdir-pr:oduction' and phofo-:elécfric cross section
library tape is shown in Table 7-2. As indicateéd, each element requires that the data be in
order of increasing photon energy. Five binary records describe each element on the
magnetic tap’e. This magnetic tape contains a title record as the first record on tape.

The techniques employed in the MAP code involve the use of the magnetic tape
library datd as input fo a separate subroutine. This subroutine calculates the abgorpfion
cross section, o (Ei)' from the sum of the photo-eleciric absorpﬁon cross section, o, (E e
and pair production cross sections, o _ (E, ) This data is fhen mferpoqued to spechned
energy p-oinf values, Eg fo prov;de I?‘he total absorption cross sections, o, (E ). The .inter-
polation technique used in the code. assumes a linear variation of the logunfhm of the cross
section values with the logarithm of fhe energy for the two energy po:nts boundmg the input
specified energy value, E 5" . If.the energy point E o outside the range of the pomtwuse data
an error messuge is returned and if a value of the pomtw:se data- is zero the interpélant is
sef to zero, '

The calculation of the total cross section in the MAP code provides total, cross
section data at input specified energy points on!y. The interpolated absorption dai‘o,' o, (E ),
described earlier is combined with the Compton scatter cross section, o, (E ), to provide
the total cross secflona (E ). - The Compton cross section in unifs of bcrns/elecfron is
calculated from the KIem—lehma equation for the inelastic scattering of a photon of
energy, Eg’ with a free electron as follows:

: 2 _2EK2 ,(1+Eq)
in(142€ ) FK' -2- E] rav K = @

2
3 o (1+2E ) .
ac(Eg) =(§) (0.665) o ‘ ) Eg i

g units of
electron

rest mosses.é /fl
£ {




YA

Library
dentification
Number

49/ 7

MO NN BN

RNV R RVl RN N T N

Atomic

Number

0O WA —

11
12
13
14
15
16
19
2
22
23
24

26
27
28
29
30

- TABLE 74
GAMMA RAY CROSS SECTION LIBRARY DATA PLACED ON TAPE BY GAMLEG-W

Element Name

Hydrogen
Helium
Lithium
Beryllium
_Boron ._
Carbon
Nitrogen
Oxygen
Sodium
Magnesium
Aluminum
Silicon
Phosphorus
Sulfur
Potassium
Calcium

* Titanium

Vanadium
Chronium
Manganese
Iron
Cobalt
Nicke!
Copper
Zinc

Library
Identification
Number

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

Atomic

Number

39
40
41
42
47
48
49

50 -

55
56
.62
64
66
70
72
73
74
79
80
82
84
20
21
92
93
94

Name
Element

Ytirium
Zirconium
Niobium
Molybdenum
Silver
Cadmium
indium

Tin

Cesium
Barium
Samarium
Gadolinfum
Dysprosium
Ytterbium
Hafnium
Tantalum
Tungsten
Gold
Mercury
lead
Polonium
Thorium
Protactinium
Uranium
Neptunium
Plutonium

@
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TABLE 72

REGQUIRED BASIC LIBRARY DATA FORMAT
(Repeated for Each Element)

Punch Card Type

and FORTRAN Form ‘ Magnetic Tope** Reauired Data
1. (2X, 12A4) Record 1 - ‘Name of Element
2. (13,2E12.5) Record 2 1A, number of energy points

Z, Atomic Number of element,
electrons/atom

AW, Atomic Weight of element
atoms/gram-atom

W

. (6E12.5) Record 3 E;,* A point vdlues of- energy
! - describing the cross section
input, MeV

. (6E12.5) Record 4 e(E ), 1A values of photo-
electric absorption cross
sections at energy points,

(Ei)’ barns

EY

cLn

. (6E12.5) " Record 5 - (E.), 1A values of pair-
ppproduchon cross sections at
energy points, (Ex)’ bains -

b

* Values of E must be in increasing order.

** The |ead record -on the fape confcms a title record. The library tape contcins
(5 x 51) + 1 records. :
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The total cross saction, crf(Eg), in-barns, .is then defined as,

o, (Eg) = GO(EQ) +Z oo UC(EQ)
where Z; is the afomic number (electrons/atom) of the element. in the MAP code, these dota

are combined with densities for each material to form macroscopic cross section data in units

-

of cm

Multigroup Angular Dependent Calculations

In Section 7. 1 the techniques of calculating geometry dependent data for the
source surface and detector surface are described. These geometry related data are processed
with the multigroup angular leakage flux to provide the desired detector response. The
calculations performed in the eneray dependent portion of the MAP code include the
evaluation of the multigroup anqular dependent source, the inverse square attenuation, the
material attenuation and the detector response by energy group, source surface area, and
angle.

The angular dependent source by energy group for the top or bottom surface is

defined as;

q(Q,r, z-)

¥
=

4) ( Tor “o)

or for the side surface as;

i

po, ? (no’ Po)

where the direction cosines M and 1, are at the source surface and are defined in Section

7.1

q(f,r z)

Two techniques of selecting discrete direction angular flux are described in Section
7.1, The first fechnique‘involves the use of the closest discrete ordinate direction for the
values of ¢)(no,po) ond requires only the ordinate direcﬁ?n number to evaluate (i)(r;o,po).
The second technique involves the evaluation of an interpolating polynomial as follows;

boge) = N 0 ¢ Gy ) y
= b
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where the technique of selecting dsscrefe d:rechon anguiar Hux 4) (|.1 . )cmd the ealcula-
tion of the polynomial coefficients L (q )are described in Sechcrn 7. I

The inverse square attenuation cpphed to the angular dependent source is the
i:-werse of the square of the distance p from the source point to the detector point,
The calculation of this distance is deszrib'ed in Section 7.1,

The material attenuation term is calculated based on the total mean free paths of
material traversed along the line-of-sight, fhe calculation of the mean free paths is des-
cribed earlier, Tl:\e differential detector response by energy group, Ad) d‘ (q), due toa
single source point is then defined as:

ﬂr r, 0, z)B (b )exp (‘b ya
A(#)d(ﬂ = %

(I", 8, z)

The material attenuation facter, B(bg) exp ( b ), is' an ophonul calculation, The
buildup factor B(b ) to account for multiple scattering oF photons during ’rhe point kernel

calculation is deflned by the cubic polynomial,

. ¢ 2 3
.B(bg) = u°+q]bg+q2bg +¢:3bg

where the coefficients a of @y Gpr Gy are energy dependenf coefficients obi-amed from

qnalysrs of infinite- medlum moments method results .

Mu I.figroup Detector Response

1
Detector response by energy group is calculated for the top or bottom, side, fotal,
. . s
and selécted portions of the visible source surface. The defector response, d? For surface
area S, is obtained by summation of the differential detector response, cbgni (0 ), as

follows: '

4)59 DY Angni (@)

torj n \
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where the summation over i or j is over either the top or bottom surface (i), the side surface
(i), the total surface (i and i), or, at option, over selected portions of i and | defined by
input to the MAP code. The summation over n is the integrafion over the azimuthal angle,
g, on the visible surface, -

In addition to the scalar detector response, a multigroup angular flux representing
a boundary source at a plane normal fo the z axis or r axis is calculated. This calculation
involves use of the discrete direction in the coupling plane discrete ordinate quadrature
which best represents the direction, Q. The angular flux af the coupling plane normal to the

z axis is defined as:

4>g (B ”m) =2 Z k: ‘Afgni 2

iand | n m

where the index, m, is the representative discrete directionwith direction cosines, pmund

n  The term, , preserves the number of particles incident upon the coupling plane.

-2
m. n
The angular flux af'the cylindrical coupling plane normal fo the r axis is defined as:

By it 1) 22 2

iandj n

A

M, (‘bgni (Q)

M “m

These angular dependent data are placed, at user option, on magnetic tape in g

format compatible with the DOT-1IW code,

Detector Response

Detector response calculations in the MAP code are carried out at the completion
of the source surface integration for all energy groups and detector points. The multigroup
detector fluxes for the total, top or bottom, and side surfaces as well as selected portions ‘

(i.e., tagged surface areas) of the top or bottom, and side surfaces are multiplied

- A90
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b){ the mulf?group detector response data, K(E) or Kg, to-provide detector response:. The~
.us‘er may input detector response data for as many types of detectors desired and' the MAP
code will caleulate the deiector response for each type of detector at each detector point.
The ciefec?or point data for the source surfaces (i.e., top or. boffomi side, total, or fagg-eci

surface areas) are included in the defector response calculations.

-9/
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